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A study of survival in oral cavity cancer patients
Introduction
Oral cavity squamous cell carcinomas (OCSCC) are malignant lesions occurring in the
oral cavity. The majority (84-97%) of OCs are squamous cell carcinomas which arise from preexisting “potentially malignant” lesions or more often from normal appearing epithelium. (1,2)
Oral cancer is one of the most fatal public health problems faced by many countries across the
globe and more so by India. An estimated 300,400 new cases of OC (including lip cancer)
occurred in 2012 worldwide. 36% (108,651) cases were reported from South Central Asia which
is known to have high incidence of OCs. India alone accounted for a quarter (77000 cases) of
total number of cases across the globe. (3,4) Thus, compared to global statistics where oral cavity
cancer is the eleventh leading cancer, in Indian subcontinent oral cancer is a major public health
problem and is the 2nd leading cause of cancer.(5) The relatively high incidence of oral cancer in
India is mainly because of extremely popular use of the smokeless tobacco product called gutkha
and betel quid chewing (with or without tobacco), which renders its population and especially its
youth to a greater risk of developing oral submucous fibrosis, a premalignant disease resulting in
increased incidence of oral cancer in younger patients.(6)
The World Health Organization (WHO) has estimated that oral cancer resulted in a total
of 145,353 years of life lost globally during 2012. This translated to an estimated 97940 deaths in
male and 47413 deaths in females worldwide during 2012. Thus, 2.1% of all cancer related
deaths in males were due to OC’s (4). In India, an estimated 52067 deaths occurred due to Oral
cancers in 2012, with 6.7 deaths per 100,000 males and almost its half i.e 3 deaths per 100,000 in
females (4). Inspite of such disturbingly high figures, there are no organized early detection
programs by the government and health authorities for oral cancers in India. As a result, these
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early detectable and treatable cancers usually present at late stage resulting in increased
treatment morbidity and reduced survival rates.(7)
Long-term survival reflects cure and is a positive measure that can be used by planners
and health professionals to discuss the outcome of cancer diagnosis and treatment. It is also the
result of most interest to patients, their families and the general public. Survival estimates also
provide key information about efficiency of cancer health services and are an indicator of
progress in cancer control in a given region. The 5-year age specific relative survival rate for oral
cancer in India is approximately 37% (26–45), which is much lower as compared to other Asian
countries such as China, South Korea, and Singapore. (8) Furthermore, there is a dearth of
studies pertaining specifically to Indian population. Most of the researchers have studied oral
cancer survival in a fragmented approach, focusing on one or more specific variables which were
of interest to their study.
Tata Memorial Hospital (TMH), Mumbai, is a pioneer cancer centre in India engaged in
cancer diagnosis, treatment, research and education since more than seven decades. On an
average 3000 patients attend the hospital daily for various cancer related investigation, treatment
and follow-up. It has a well organized digital medical record system which provides sufficient
opportunity for research. This study seeks to provide a holistic picture of overall survival and to
also, identify and evaluate the impact of patient characteristics and tumor related factors on
survival of patients with oral cavity cancer (malignancy of Lip (C00.3/4), Tongue (C02), Gum
(C03), Floor of mouth (C04), Hard Palate (C05.0), Cheek Mucosa (C06.0), Vestibule of mouth
(C06.1) and Retromolar Area (C06.2))
.
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Hypothesis
Patient characteristics and tumor related factors impact survival of oral cavity cancer
patients.
Aim
To determine and study factors affecting survival in oral cavity cancer patients.
Primary Objectives

1.

To compute overall survival of oral cavity cancer patients.

2.

To identify the difference in survival with regards to subsite, clinical extent and

stage of the disease at diagnosis, Lymph node involvement including histopathological
characteristics, treatment modalities and selected baseline laboratory parameters.

3.

To evaluate the effect of demographic factors, Lifestyle factors (smoking, tobacco

chewing, alcohol etc), major co-morbidities on overall survival of oral cavity cancer
patients.

Secondary Objective

1.

To identify time lines between registration and diagnosis, diagnosis &

commencement of treatment, treatment commencement & treatment completion, and to
further evaluate its effect on overall survival.

2.

To study patterns and factors which contribute to loss to follow-up and to

compute loss adjusted survival rates (LAR) for the associated factors.

A study of survival in oral cavity cancer patients
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Material and methods:
Study Design:
The study was a retrospective analysis of hospital records of oral cavity cancer patients
from the Tata Memorial Hospital (TMH) Cancer Registry. All Oral cancer patients who were
residents of Mumbai and registered in TMH from 01 January 2006 to 31 December 2008 and had
completed at least one modality of cancer directed treatment at TMH were included in the study.
Inclusion Criteria:
•

All newly diagnosed oral cavity cancer patients registered in TMH between 01 st

January 2006 to 31st December 2008.
•

Oral cavity cancer patients who are residents of Mumbai (who have been residing

in Mumbai for more than 1 year)
•

All cases who have completed at least one modality of cancer directed treatment

at TMH
Exclusion Criteria:
•

All cases who have received any form of cancer directed therapy before

registering in Tata Memorial Hospital

Sample Size:
Total 889 oral cavity cancer cases who residents of Mumbai, registered in TMH between
01st Jan 2006 to 31st Dec 2001, 163 cases were excluded (104 were prior treated cases and 59
cases were excluded due to incomplete treatment). A total of 726 oral cavity cancer patients were
included in the study and their medical records were analyzed retrospectively. Oral cavity cases
comprised of malignancy of Lip (C00.3/4) excluding skin of lip, Tongue (C02) excluding base of
A study of survival in oral cavity cancer patients

Page | 4

Synopsis…
tongue, Gum (C03), Floor of mouth (C04), Hard Palate (C05.0), Other and Unspecified parts of
mouth (C06) (Cheek Mucosa (C06.0), Vestibule of mouth (C06.1) and Retromolar Area (C06.2))
Data Collection
Details regarding demographic characteristics, disease (tumor) related factors (including
histological characteristic of the tumor), treatment received, baseline laboratory parameters, comorbid conditions, lifestyle habits, dates of important evolutions during treatment in the hospital
(date of registration, diagnosis, treatment start date, etc) and vital status of the patient on the last
date of follow-up, for each case was retrieved from the patient medical case file and hospital
based electronic medical record system (EMR).
Statistical Analysis:


Survival Analysis:

The only event in this study was death due to any cause. Patients’

overall survival (OS) duration was defined as the time interval between the date of
diagnosis and the date of death or the date of the last follow-up, whichever was earlier.
The closing date for recording the last follow-up was taken as 31st December 2014. The
Overall survival was calculated by using actuarial method (9) and the difference in
survival rates with regards to various factors were studied by Kaplan-Meier method (10)
and compared using log-rank test (11). The Cox-regression model (12) was used to
investigate the effect of these factors simultaneously on overall survival in

a

multifactorial setting. All statistical analyses were performed using the Statistical
Package for Social Science program (SPSS for Windows, version 20, SPSS, Chicago,
IL). A probability, p value < 0.05 was considered to be statistically significant.


Statistical Analysis for timelines: Time periods in days were calculated from date of
registration

to

diagnosis,

diagnosis

A study of survival in oral cavity cancer patients
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commencement to treatment completion and Overall Treatment Time (OTT) i.e time
period from date of registration to treatment completion.

These periods have been

described in median, minimum and maximum period. The median time was taken as cutoff for categorization of time period and for analysis of its effect on overall survival.


Computation of Loss-adjusted survival (LAR): Loss-Adjusted Survival Rate (LAR)
a method proposed by Ganesh (13) was applied to obtain the corrected survival rates for
various groups. Loss-adjusted survival is estimated under the assumption that survival of
patients lost to follow-up is the same as that for patients with known follow-up time and
have similar characteristics of different prognostic factors at first entry. Thus, using this
method the estimated deaths in those with complete follow-up were calculated and then
subsequently, these estimates were applied to those with incomplete follow-up to get
expected deaths. A standard framework, such as the actuarial one, was then applied with
the sum of observed and expected outcome events. The above methods alongwith
mathematical derivations are described in detail elsewhere. (14)

Results and Discussion
Overall Survival:

A total of 726 cases of oral cancer, comprising cancers of the lip,

buccal mucosa, gingiva, retromolar trigone, floor of mouth, hard palate and anterior tongue, were
included in the study. The closing date for recording the last follow-up was taken as 31st
December 2014, vital status of the each case on the last date of follow-up, was retrieved from the
patient’s medical case file and hospital based electronic medical record system (EMR). Out of
the 726 patients, at the end of follow-up (31st Dec 2014), 329 (45.3%) patients had expired, and
397 (54.7%) were censored. The overall 5 yr survival rates of all cases and subsets are presented
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in table no.1. The observed 5 yr survival of the cohort was found to be 52%. Sankaranarayanan R
et al. (2010) in his study of 25 population-based cancer registries in 12 countries in sub-Saharan
Africa, Central America and Asia, found India to have the lowest survival rate in Asian countries
and this difference was attributed to lack of established screening and early detection
programmes, which in turn results in majority of cases presenting with advanced stage disease
and lower survival. (8) Survival rates similar to our study were reported by Rogers SN et al.
(2009) who in their study of 541 patients with oral squamous cell carcinoma found 5 yr overall
survival of 56%. (15) A multicentric study of 2003 patients who had received treatment for oral
cavity sqamous cell carcinoma (OCSCC) from 2000 to 2011 in 7 cancer centers worldwide,
including TMH, reported an observed 5yr survival of 70% (16). The 5yr survival rate of 52%
found in our study is much lower than this multicenteric study which is due to, firstly, 5 out of
the 7 collaborating centers were from developed countries, contributing to more than 70% of the
data/cases. Secondly, in our study, almost 70% (stage IV 54%; and stage III 15.3%) of cases had
advanced stage disease at diagnosis as compared to only 55% in multicentric international
collaborative study. This is further substantiated by the fact that 5yr survival of patients with
early stage disease (TNM I & II) was found to be same in both the studies i.e 77%. However in
our study, 5yr survival of patients with advanced stage disease (TNM III & IV) was found to be
much lower i.e 40% as compared to 63% found in multicentric international collaborative study
(16). Thus, higher percentage of advanced stage cases with lower survival rate can possibly
explain the lower overall survival found in our study. The 5yr survival rate of 40% in advanced
stage cases found in our study is comparable with similar rates reported from India by Sayed SI
et al. (2013) in their study of 1,408 oral cavity cancer patients. (17)
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Table No. 1: Overall Survival
Total
Number

Factor
All cases
Early stage
Advanced Stage
Tongue Cancer Cases
Cheek Mucosa & others
Table 2

726
223
503
245
481

Survival in percentage
1 Yr
78
91
70
76
79

2 Yr
62
82
53
58
64

3 Yr
57
79
47
52
60

4Yr
54
77
43
51
55

5Yr
52
77
40
50
52

Summary of independent predictors of survival of oral cancer

All Cases
(n=726)

Advanced
Disease
(n=503)

Early Disease
(n=223)

Tongue Cancer
(n=245)

Cheek mucosa
and others
(n=481)

 Age

 Age

 Age

 Comorbidity

 Age

 Comorbidity

 Comorbidity

 Poorly
Differentiated

 Poorly
Differentiated

 Poorly
Differentiated

 Poorly
Differentiated

 Poorly
Differentiated

 Tumor Size
(histological)

 Tumor Size
(histological)

 Tumor Size
(histological)

 Tumor Size
(histological)

 Tumor Size
(histological)

 Perineural
invasion

 Lymph
node  Lymph
node
involvement
involvement

 Lymph
node  Lymph
node
involvement
involvement
(histological)
 Advanced
 Perineural
Stage
invasion
 Perineural
invasion
 Extracapsualar
spread
 Extracapsualar
Spread
 Monocyte
count
 Monocyte
 Neutrophil
count
Lymphocyte
ratio
 Neutrophil
Lymphocyte
ratio
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 Advanced
Stage

 Advanced
Stage

 Perineural
invasion

 Perineural
invasion

 Extracapsualar
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spread
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Independent predictors of survival:

Table 2 (given above) provides a summary of the

identified independent predictors of overall survival in all cases as well as in various subset
analysis. Age of more than 40 yrs was found to be an independent prognostic factor overall
except tongue cancer cases, however in tongue cancer subset it was found to influence survival
significantly in univariate analysis but failed to achieve statistical significance in multivariate
model, this may be because very few patients were of age less than 40 years in this subset (59
cases). Similarly, though patients with comorbidity were found to have lower survival it failed to
attain statistical significance in early stage and cheek mucosa subsets. Heamatological
parameters namely monocyte and neutophil-lymphocyte ratio were found to be independent
predictors of poor survival both in overall and in advanced stage disease, but failed to influence
survival of cases with early stage disease. This is because in contrast to early stage, advanced
stage is known to be associated with higher inflammatory state of the body and heamatological
parameters are known to be marker of infection and inflammation. This effect was also seen
when all the cases was considered together as majority (70%) of cases in our cohort were of
advanced stage disease. Apart from these few exceptions, age, comorbidity, poor differentiation,
lymph node involment (clinical/ histopathological), advanced disease, tumor size, perinueral
invasion and extracapsular spread were found to be independent predictors of survival overall,
and also in all the subsets.

Timelines:

Delay in cancer diagnosis and treatment may be detrimental in several ways: a

more advanced stage at diagnosis, poorer survival, greater disease-related and treatment-related
morbidity and adverse psychological adjustment. Conversely, harm may be caused to the patients
by earlier detection of cancers without improving survival (lead-time), and detection of slowA study of survival in oral cavity cancer patients
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growing tumors not needing treatment (over-diagnosis). (18) Hence in order to assess the
influence of time on oral cancer survival we estimated four broad timelines in our study (table 3).
Majority, of the patients were diagnosed within 7 days and the median period of diagnosis was
found to 3 days. On survival analysis time required for diagnosis was not found to be associated
with survival. Seoane et al in his study of oral cancer cases found that when survival was
adjusted for tumor stage at diagnosis, diagnostic delay did not influence survival. And hence
suggested that, survival from oral cancer is affected more by the biology of the cancer (rapid
tumor growth) than by diagnostic delay.(19)
In the present study, the median time from diagnosis to initiation of treatment was found
to be 30 days and it was not found to be associated with overall survival (p> 0.05). Jimmy J et al.
in his study of locoregionally advanced head and neck cancer also reported a similar median time
of 34 days and found that a longer diagnosis to treatment interval (DTI) was not significantly
associated with locoregional control (P=0.11), distant metastases-free survival (P=0.32), or
overall survival (P=0.07). (20) Furthermore, in our study overall the median time required for
treatment completion was 30 days and Overall Treatment Time (OTT) i.e. time taken from
registration of the patient in this centre to treatment completion was 106 days. Both were not
found to be associated with overall survival (p> 0.05). It is generally accepted that the overall
treatment time for oral cancer patients should not exceed 100 days measured from the day of
surgery to the end of adjuvant therapy. (21,22) Tribuis S et al. (2016) analyzed survival in
patients of head and neck cancer according to treatment duration >100 days vs. ≤100 days and
observed that disease free survival and recurrence free survival was not significantly different in
these 2 groups, however overall survival was lower in patients with treatment time of more than

A study of survival in oral cavity cancer patients

Page | 10

Synopsis…
100 days. (23) In our study we tried to see the influence of treatment time on survival by taking
multiple cut-offs (≤ 60 days, 61 – 90 days, 91 - 120 days and ≥ 121days ) as well as the
traditional 100 days cut-off. In both the analysis we found that the patients treated for longer
duration did have a lower survival (36.6% for patient treated for ≥ 121 days ; 45% for patient
treated for > 100 days), however this difference in survival as compared patients with lower
treatment time failed to achieve statistical significance (p> 0.05) . One reason for this could be
that majority (>80%) of our patients had completed treatment within 100 days. Nonetheless, as
far as possible treatment delays should be avoided, especially delay in initiating radio (chemo)
therapy after surgery should be minimized as much as possible under local circumstances and
considering patient characteristics.
Table 3:
Sl.
No.
1.
2.
3.
4.

Descriptive analysis of Timelines

Timelines
Time taken for Diagnosis
Time taken to start Cancer Directed treatment
Time taken for treatment completion
Overall treatment time

Loss adjusted survival rate (LAR):

Median
(days)
03
30
30
106

Minimum
(days)
01
01
01
5

Maximum
(days)
56
188
198
317

In our study overall 5yr survival for all cases by

actuarial method was found to be 52% and Loss adjusted survival rate was found to be 51.25%.
Similarly, in subset analysis for early and advanced diseases the 5yr survival by actuarial and
LAR method was found to be 77% & 76.15%, and 40% & 39.40% respectively. Thus,
adjustment for loss of follow-up gave an estimated 0.8% units less 5 years survival than the
observed (actuarial) survival. The small difference between the absolute (actuarial) survival and
the loss-adjusted survival observed in this study is much less than in other studies. (24,25) This
A study of survival in oral cavity cancer patients
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can be because our study had only 19% loss to follow up as compared to much higher loss to
follow-up reported by other quoted studies i.e Ganesh et al. (24) loss to follow-up of 35-43%;
Sriamporn et al. (25) loss to follow-up- loss to follow-up of 26.7%. The low loss to follow-up
observed in our study was because our study cohort comprised of only those cases who were
residents of Mumbai. This observation of small difference between the absolute (actuarial)
survival and the loss-adjusted survival is not confined to cancer of the oral cavity; differences for
other sites like female breast (data from six registries from developing countries) and larynx
(data from Chennai and Mumbai cancer registries) have also been reported of similar (small)
size. (26)
Summary and Conclusion
Summary:


The overall 5 year survival of oral cavity cancer (all cases) was found to be 52%. The 5
year overall survival for Early stage disease (TNM I &II), Advanced stage disease (TNM
III & IV), Tongue and Cheek mucosa cancer was found to be 77%, 44%, 50% and 52%
respectively.



In Oral cavity cancer (all cases) the independent predictors of prognosis were Age,
Comorbidity, Poor differentiation, Tumor Size, Lymph node involvement, Advanced
Stage, Perineural invasion, Extracapsualar Spread, pretreatment Monocyte count and
Neutrophil-Lymphocyte ratio.



In Early stage cancer (TNM I & II) the independent predictors of prognosis were Age,
Poor differentiation, Tumor size and Perineural invasion.

A study of survival in oral cavity cancer patients
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In Advanced stage cancer (TNM III & IV) the independent predictors of prognosis were
Age, Comorbidity, Poor differentiation, Tumor Size, Lymph node involvement,
Perineural invasion, Extracapsualar Spread, pretreatment Monocyte count and
Neutrophil-Lymphocyte ratio.



In Tongue cancer the independent predictors of prognosis were Comorbidity, Poor
differentiation, Advanced stage, Tumor Size, Lymph node involvement, Perineural
invasion and Extracapsualar Spread.



In Cheek mucosa and other sites of oral cavity cancer (excluding tongue) the independent
predictors of prognosis were Comorbidity, Poor differentiation, Advanced stage, Tumor
Size, Lymph node involvement, Perineural invasion and Extracapsualar Spread.



The median time period from registration to pathological confirmation of diagnosis was 3
days, from diagnosis to commencement of treatment was 30 days, from treatment
commencement to treatment completion was 30 days and median overall treatment time
was found to be 106 days. The time periods were not found to be associated with
survival.



Overall 5 year survival rate and loss-adjusted survival rate were found to be 52% and
51.25% respectively.

Conclusion:
The current study is one of the few Indian studies to comprehensively analyze and
present a holistic picture of oral cancer survival in patients treated at a premier cancer hospital of
India. Our study shows that oral cancer mortality may be reduced if lesions are detected,
diagnosed, and treated at an earlier stage. The 5-year survival rates were better in patients with
A study of survival in oral cavity cancer patients
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the early stages of OSCC than in those with the advanced stages. Therefore, we are tempted to
conclude that the periodic screening of high risk populations for OSCC and early treatment may
appreciably reduce oral cancer mortality in India. Contrary to what is generally accepted socoiodemographic factors such as education and marital status were not found to affect oral cancer
survival in our study. Similarly, various time periods involved in evolution of cancer treatment in
the hospital namely, time for diagnosis, treatment initiation, treatment completion and overall
treatment time were not found to influence overall survival. Furthermore, cancer as a disease
bears such an intense burden that role other chronic co-morbities is often undermined, but our
study shows that presence of co-morbidity has a significant influence on outcome of oral cancer
patients. In addition, ours is the only study in India to report prognostic role of heamatological
parameters such as neutrophil-lymphocyte ratio (NLR) and monocyte counts in oral cancer
patients. Given the low cost, easy accessibility, and reproducibility of a full blood count, both
NLR and monocyte counts seem promising candidates for use in clinical practice. Finally, our
study demonstrates that, in addition to TNM classification other clinical and pathological factors
also have a significant role in predicting survival. Therefore, although the TNM classification
harbors very important clinical information the role of other factors viz tumor differentiation,
extracapsular spread and perineural invasion cannot be ignored and hence, there is a need to
develop a more powerful and precise modular prognostic system that will not only be reliable
and reproducible but also flexible and easy to use.
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CHAPTER 1
INTRODUCTION

“Physicians of the Utmost Fame
Were called at once; but when they came
They answered, as they took their Fees,
"There is no Cure for this Disease."
- Hilaire Belloc

“In solving a problem of this sort,
the grand thing is to be able to reason backwards.
That is a very useful accomplishment,
and a very easy one, but people do not practice it much.”
- Sir Arthur Conan Doyle

1.1

Brief History of Cancer:

Cancer is often described as the plague of our generation,

but this disease has afflicted mankind since time immemorial. So it‘s no surprise that from the
dawn of history people have written about cancer. The earliest recording of a cancer case dates
back to around 1500-3000 BC. It‘s scripted on the Edwin Smith Papyrus, which is part of an
ancient Egyptian textbook on surgery and medicine and describes eight breast tumors that were
actually removed by cauterization, or burning the area with an ancient tool. The Egyptian writers
state in the papyrus, simply: ―There is no treatment‖. (1) However, it wasn‘t until the 400s BC
when a term was created for the disease. Hippocrates, a Greek physician, was the first to coin the
term ―carcinos”. In Greek, these words refer to a crab, most likely applied to the disease because
the finger-like spreading projections from a cancer called to mind the shape of a crab. The
A study of survival in oral cavity cancer patients
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Roman physician, Celsus (28-50 BC), later translated the Greek term into cancer, the Latin word
for crab. Galen (130-200 AD), another Greek physician, used the word oncos (Greek for
swelling) to describe tumors and it is from here that we derive the modern word oncology. (2,3)

1.2

Thereafter, the war against cancer began with ancient arsenal comprising removal of

affected organ and use of a variety of substances, such as honey, bees wax, oils and fats, and in
combination with lead, gypsum, copper ore, rock alum etc to modern complex treatment
protocols.(3) Thus, Cancer has a long and a complex history, from first record of a tumor in
ancient Egypt to the modern use of targeted cancer treatments, we‘ve learned a great deal about
cancer how it spreads, how it resists, and how it‘s defeated but we still have a lot to learn before
it can be conquered and eradicated from human race.

1.3

In today‘s world, millions of people are living with cancer or have had cancer. Cancer is

the leading cause of death in both economically developed and developing countries alike. The
burden of cancer is increasing in economically developing countries as a result of population
aging and growth as well as, increased adoption of cancer-associated lifestyle choices including
smoking, physical inactivity, and ‗‗westernized‘‘ diets. (4) Based on the GLOBOCAN 2012
estimates, about 14.1 million cancer cases and 8.2 million cancer deaths are estimated to have
occurred in 2012; of these, 57% of the cases and 65% of the deaths occurred in the economically
developing world. (5) Furthermore, it is estimated that between 1990 and 2013, absolute
disability-adjusted life year (DALYs) due to all cancers for both sexes increased by 29%
globally, by 10% in developed countries, and by 40% in developing countries. In 2013, the
cancers with the highest incidence on a global scale for men were prostate cancer (1.4 million),
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tracheal, bronchus, and lung (TBL) cancer (1.3 million), and colon and rectum cancer (873 000).
For women, the cancers with the highest incidence were breast cancer (1.8 million), colon and
rectum cancer (700 000), and TBL cancer (535 000). (6)

1.4

In India, approximately 1 million new cases were detected, and 680,000 deaths occurred

due to cancer in 2012. The top three leading sites of cancer for both the sexes combined are
breast, cervix and oral cavity. These three cancer sites together amount to 34% incidence and
27.8% cancer related mortality in India. (5,7) As compared to global statistics where oral cavity
cancer is the eleventh leading cancer, in Indian subcontinent oral cancer is a major public health
problem and is the 2nd leading cause of cancer.(6) The relatively high prevalence of oral cancer
in India is mainly because of extremely popular use of the smokeless tobacco product called
gutkha and betel quid chewing (with or without tobacco), which renders its population and
especially its youth to a greater risk of developing oral submucous fibrosis, a premalignant
disease resulting in increased incidence of oral cancer in younger patients.(8) Inspite of such
disturbingly high figures, there are no organized early detection programs for oral cancers in
India. As a result, these early detectable and treatable cancers usually present at late stage
resulting in increased treatment morbidity and reduced survival rates.

1.5

Long-term survival reflects cure and is a positive measure that can be used by planners

and health professionals to discuss the outcome of cancer diagnosis and treatment. It is also the
result of most interest to patients, their families and the general public. Cancer survival can be
estimated from hospitals and clinical trial settings which reflects the experience of groups of
patients in specific settings, or from estimates of population-based survival based on all cancer
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patients diagnosed by all means in a given geographical region or country which incorporates the
influence of different socio-economic factors, natural histories, health-seeking behaviours,
awareness, early detection practices and treatment availability and accessibility. Such survival
estimates provide key information about efficiency of cancer health services and are an indicator
of progress in cancer control in a given region. Studies have found striking differences in cancer
survival between countries and within countries, these are largely related to differences in
general awareness, early detection practices, availability of trained human resources, diagnosis
and treatment, and development and accessibility to cancer health services. (9) Countries with
well developed health services with advanced diagnostic and treatment centres have much better
cancer survival rates as compared to India, where cancer health services are moderately
developed with diagnostic and treatment facilities mainly centered in and around urban cities.
(10)

1.6

The 5-year survival rate for oral cancer in India is approximately 37% (26–45), which

much less as compared to other Asian countries such as China, South Korea, and Singapore. (10)
Furthermore, there is dearth of studies pertaining specifically to Indian population. Most of the
researchers have studied oral cancer survival in a fragmented approach, focusing on one or more
specific variables which were of interest to their study. Therefore, this study was planned to
comprehensively study and to evaluate the impact of demographic factors, patient characteristics
and tumor related factors on overall survival in patients with oral cavity cancer.
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CHAPTER 2
REVIEW OF LITERATURE

2.1

Descriptive Epidemiology
Oral cancers (OC) are malignant lesions occurring in the oral cavity. The majority (84-

97%) of OCs are SCCs which arise from pre-existing ―potentially malignant‖ lesions or more
often from normal appearing epithelium. (11,12) Oral cancer is one of the most fatal public
health problems faced by many countries across the globe and more so by India, because of
cultural, ethnic, geographic factors and the popularity of addictive habits, the frequency of oral
cancer is high.

2.1.1 Burden of disease
An estimated 300,400 new cases of OC (including lip cancer) occurred in 2012
worldwide. 36% (108,651) cases were reported from South Central Asia which is known to have
high incidence of OCs. India alone accounted for a quarter (77000 cases) of total number of
cases across the globe. (4,5) Oral cancer is of signiﬁcant public health importance to India.
Because, firstly, it is diagnosed at later stages which result in low treatment outcomes and
considerable costs to the patients whom typically cannot aﬀord this type of treatment. (13)
Secondly, majority of our population resides in rural areas which have inadequate access to
trained providers and limited health services. As a result, delay has also been largely associated
with advanced stages of oral cancer. (14) Thirdly, oral cancer aﬀects those from the lower
socioeconomic groups, that is, people from the lower socioeconomic strata of society due to a
higher exposure to risk factors such as the use of tobacco. (15)
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2.1.2 Incidence of the Oral Cancer
The world age adjusted incidence rates of OC is 5.5 per 100,000 for men, 2.5 per 100,000
for women and 4 per 100,000 for both sexes combined. (5) There is a significant difference in
the incidence of oral cancer in different regions of the world, with the age-adjusted rates varying
from over 7 per 100,000 population in India and Sri Lanka, to 5 per 100,000 in the U.S.A, and
less than 2 per 100,000 in the Middle East. Overall, the highest rates of oral cancer are found in
Melanesia, South-Central Asia, and Central and Eastern Europe, whereas the lowest are in
Western Africa and Eastern Asia [Figure 1]. (4) In India, oral cancer is a significant public health
problem and accounts for 7.6% of all cancers and has an age adjusted incidence rate 7.2 per
100,000 population. In Indian males OC age adjusted incidence rates are much higher (10.1 per
100,000) as compared to females (4.3 per 100,000) (5). Within India, there is wide variation of
OC incidence rates ranging from 17.1 per 100,000 males reported by Ahemadabad urban
population based cancer registry (PBCR) to as low as 1.3 per 100,000 males reported by
Mizoram PBCR. (16) OC‘s still continues to increase in our country, major PBCR‘s such as
Delhi, Mumbai, Bhopal and Bangalore have shown an statistically significant increase in age
adjusted rates. Delhi (for 2003-2009), Mumbai (for 1999-2010) and Bangalore (for 1993-2009)
has reported an significant positive annual percentage (APC) change of 7.6%, 3.3% and 2.4 %
respectively. The variation in incidence and pattern of the disease can be attributed to the
regional differences in the prevalence of disease-specific risk factors. (17)
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Figure 2.1: Oral Cancer Incidence Rates by Gender and World Area (global cancer
statistics, 2012)
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2.1.3 Mortality
The World Health Organization (WHO) has estimated that oral cancer resulted in a total
of 145,353 years of life lost globally during 2012. This translated to an estimated 97,940 deaths
in male and 47,413 deaths in females worldwide during 2012. Thus, 2.1% of all cancer related
deaths in males were attributed to OC‘s (5). There is a wide variation in mortality rates due OC‘s
across various regions of the globe with excess of 10 deaths per 100,000 in Melanasia and 4.7
deaths per 100,000 in South Central Asia to less than 1 death per 100,000 in Central and
Northern America as well as Western and Eastern Asia [figure 2]. In India, an estimated 52,067
deaths occurred due to OC‘s in 2012, with 6.7 deaths per 100,000 males and almost half i.e 3
deaths per 100,000 in females (5). Smoking is estimated to account for about 71% of deaths from
oral cavity cancer (including pharynx) in high-income countries and 37% of deaths in lowincome and middle-income countries, whereas alcohol is estimated to account for about 33%
and14% of deaths, respectively. (18)
Figure 2.2: Age Standardized (world) Mortality Rate (per 100,000) of Oral Cancer (both
sexes). (5)

Source: GLOBOCAN 2012 (IARC)
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2.2

Cancer Survival
Cancer survival is the main indicator of outcome of cancer health services or treatment,

and survival has long been recognized as an important component in monitoring cancer control
activities.(19) Cancer registries have long served as potential sources of data for estimating
survival. Hospital-based cancer registries usually report survival of a selected series of treated
patients that are registered in a hospital or group of hospitals without specific coverage of
geographical area or background population. On the other hand, population-based cancer
registries, which include all incident cases treated or not from a specific geographical area,
usually report average survival in specific regions. Cancer survival reported from both settings
may have different perspectives, but estimation of survival rates is routinely done using standard
life table approaches such as the actuarial (20) or Kaplan-Meier (21) methods. The life table, one
of the basic tools in the description of mortality experience of a population, was first developed
as early as 1693 by E. Halley in England. It forms the basis for calculation of the life table
estimate of the survivor function, which is still widely used today in the analysis of data from
epidemiological studies.

2.2.1 Oral Cancer Survival
The level of development of health services and their efficiency to provide early
diagnosis, treatment, and clinical follow-up care have a profound effect on cancer survival. The
5-year age standardized relative survival rate for oral cavity cancer in India has been reported to
be approximately 37% (26–45), which much less as compared to other Asian countries such as
China (67%), Pakistan (39%), Thailand (32%) and Singapore (44%).(10) In India itself there is
wide variation in tongue and oral cavity cancer survival with highest 5 year relative survival
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reported in Karungappally and lowest in Barshi, Maharashtra [Table 1]. (9) The observed
differences in survival between countries and different regions seems to be largely a result of
differences in screening programmes, early detection services, and cancer treatment facilities in
these regions which have probably contributed to variation in survival observed. (10)

Table No. 2.1: 3 and 5 year absolute and relative survival of different sites in India (9)
Tongue

Oral Cavity

Sl.
Place (Registry)
No.

No.

% Absolute
survival

% Relative
survival

3 Yrs

5 Yrs

3 Yrs

5 Yrs

No.

% Absolute
survival

% Relative
survival

3 Yrs

5 Yrs

3 Yrs

5 Yrs

1.

Barshi (1993–2000)

47

8.5

8.5

9.5

9.9

55

30.6

21.7

32.4

23.6

2.

Bhopal (1991–95)

127

20.5

9.4

22.6

10.8

172

45.9

29.1

50.4

33.6

3.

Chennai (1993–99)

988

25.7

19.4

28.4

23.0

1662

35.3

30.5

38.8

35.7

4.

Karungappally

86

35.3

25.9

39.4

31.9

123

41.1

33.1

46.5

41.2

Mumbai (1992–94)

2106

31.2

25.3

34.2

29.3

2769

39.4

32.3

42.8

37.0

(1991−97)

5.

2.2.2 Factors affecting Oral Cancer Survival
2.2.2.1 Age
The effect of age on prognosis of oral cancer patients has been controversial. Some
authors have reported that as the age of the patient increases, 5-year survival rate decreases, thus
indicating worse prognosis in older patients. (22,23) Conversely, many studies have found no
significant relationship between age and oral cancer survival. (24–27) The lack of consensus for
the age ranges that define the periods of life may attribute to the discrepancies in the influence of
age on survival. (28)
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2.2.2.2 Gender
Most of the researchers have found no prognostic differences between males and females.
(24,29) However, some researchers have reported higher survival rates for females as compared
to males.(30,31) The reasons for these higher survival rates in women could be associated with a
biological superiority of women in response to illness and treatment, or a higher awareness in
women concerning their bodies, and consequently, a higher percentage of early-state diagnosis
females.(32,33)

2.2.2.3 Level of education
It has been previously shown and generally accepted that cancer incidence is strongly
influenced by a person's social position or education, as the risk factors of cancer may not be
evenly distributed. The less educated may well be less aware of early symptoms and may
experience a delay in diagnosis. Thus, educational status has been reported to be associated with
survival of oral cancer patients, with illiterate or patients with lower educational level having
poorer survival. A higher education may help in navigating within the health system thus
enabling better and more timely care. For example, a higher education of the patient can improve
the patient–doctor interaction and the ability to follow care regimens.(34–37) However, few
studies have failed to find any association between education status and OC prognosis. (31)

2.2.2.4 Marital Status
Forty-seven percent of Indians are married. (38) However this percentage varies from
country to country depending upon the cultural and social architecture of a particular nation.
Studies assessing the impact of marital status on survival among patients with cancer have
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yielded conflicting results ranging from, with protective,(39–43) mixed,(44,45) and
nonsignificant. (46–48) One of the larger studies conducted on 1,260,898 patients of various
cancer sites including head and neck cancers found that married patients are less likely to die as a
result of their cancer after adjusting for demographics, stage, and treatment (adjusted hazard
ratio, 0.80; 95% CI, 0.79 to 0.81; P< 0 .001) than unmarried patients and these associations
remained significant when each individual cancer was analyzed.(49) Psychologically, the
diagnosis of cancer may result in more distress than other diagnoses.(50) Patients who are
married display less distress, depression, and anxiety than their unmarried counterparts after a
diagnosis of cancer, as a partner can share the emotional burden and provide appropriate social
support.(51) Depression may, in part, be a mediator of the association between marital status and
adherence to medical recommendations. DiMatteo et al. demonstrated a strong relationship
between depression and nonadherence, and married patients display lower risk of major
depression. (52) Given that patients who lack emotional support mechanisms do poorly after
diagnosis with numerous health-related conditions, the importance of adequate support cannot be
understated. If the benefits of marriage on survival are mediated through improved support, then
the most effective way to combat the increased risks associated with unmarried status in patients
with cancer would be to aggressively promote support mechanisms.(53)

2.2.2.5 Lifestyle Habits (Tobacco chewing, smoking and Alcohol)
Tobacco and alcohol consumption are the established risk factors for oral cancer which
may act either separately or synergistically. (54) However, its influence on patient survival is still
unclear. Smokers and alcohol drinkers seem to be at higher risk for the development of second
primary oral cancer than nonsmokers and nondrinkers, thus facing more onerous outcomes. (55–
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58) This is also the case for those who maintain tobacco and alcohol consumption following
diagnosis of the primary tumor. (55,57–59) Thus, though some authors have reported higher
mortality in smokers and alcohol drinkers (23,56,60), there are studies which deny any
association between survival and smoked tobacco or alcohol consumption (24,61). Another
causative factor for oral cancer associated with lifestyle habit, particularly in the South Asia,
Southeast Asia and Pacific Islands countries, is betel quid chewing (62). Betel quid, also referred
to as pan consist of pieces of areca nut, processed or unprocessed tobacco, aqueous calcium
hydroxide (slaked lime), and some spices wrapped in the leaf of piper betel vine leaf. This is
very common and is accepted socially and culturally in many parts of India. Additionally, gutka,
zarda, kharra, mawa, and khainni are all dry mixtures of lime, areca nut flakes, and powdered
tobacco custom mixed by vendors. In recent years, commercially available sachets of premixed
areca nut, lime, condiments with or without powdered tobacco have become very popular,
particularly among younger Indians. (63) Indian studies have reported a significant association
between oral cancer incidence and tobacco chewing. (64,65) However, effect of tobacco chewing
on OC survival is uncertain as some studies have found poorer prognosis in tobacco chewers
(66) and some have reported no association. (61,67)

2.2.2.6 Comorbidity
Comorbidity is defined as the ―coexistence of disorders in addition to a primary disease
of interest‖. (68) Comorbidities are generally more common among the elderly than younger
adults, and many of these are Chronic diseases which are not life threatening in the short term.
Consequently, many people live with, rather than die from, chronic health conditions. Cancer
itself is a chronic disease with long-term consequences for health and quality of life and is more
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prevalent among older people. The importance of comorbidities is that they influence overall
survival and frequently influence treatment options for individual patients. (56) Comorbid
conditions have a significant impact on the survival of patients with head and neck cancer.
Studies have reported poor prognosis in OC patients with comorbidities and this effect was found
to remain significant after even after adjusting for the confounding effects of stage and other
tumor related factors. (69)

2.2.2.7 Blood group
The associations between ABO blood group and survival have been evaluated in several
malignancies. (70) Few studies in Indian population, have suggested that patients with blood
group A may have predisposition for oral cancer, but there is a dearth of evidence regarding role
of blood group in oral cancer survival. (71,72)

2.2.2.8 Tumor-related factors
2.2.2.8.1

Anatomic site
The site of primary tumour has an important influence on patient survival for reasons

including ease of early diagnosis and accessibility for surgical removal with sufficient margin.
(73) In addition, the vascular and lymphatic networks which vary between different sites may
influence the metastatic capacity and hence the prognosis (28). Different opinions exist in the
literature with regard to influence of oral cancer sites on patient survival. These disparities are
perhaps due to misclassification of the original tumour site owing to the complex anatomical
structures in the oral cavity. Besides, tumours that arise from adjacent sites may both spread and
become overlap easily. It is thus quite common for a certain level of uncertainties in determining
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the intraoral sub-sites of tumour origin to occur, particularly in advanced stages (35). However,
most studies agreed that lip cancer was associated with the best survival rates while tongue had
the worst. (35,74,75)

2.2.2.8.2

Disease staging (TNM Staging)
The French surgeon, Denoix (76) developed the TNM system at the Institut Gustave-

Roussy in Paris between 1943 and 1952, and in 1953 it was proposed to the Union Internationale
Centre le Cancer (UICC) as a prognostic system that would be applicable for staging solid
tumors. (77) In the United States, the American Joint Committee on Cancer (AJCC) was
established in 1959 with the mission of formulating and publishing systems of classification of
cancer that would be useful not only for selection of treatment and determining prognosis, but
also for continuing evaluation of cancer control measures. The AJCC and UICC versions of the
TNM system were unified in 1987 and these organizations have since maintained a liaison to
ensure compatibility of revised staging classifications through continuous collaboration.(77) The
AJCC/UICC TNM staging system is now in its seventh version and the next edition is due for
publication in 2016. The TNM consists of (1) the size of the primary tumor (Tis, T1, T2, T3, T4),
(2) description of regional (N0, N1, N2a, N2b, N2c, N3), and (3) distant metastasis (M0, M1).
Each combination of these three variables can be seen as a bin into which patients with these
characteristics are placed. This is called the TNM-bin model and consists of 60 bins (5X6X2).
(78) Over the years, the TNM system has fulfilled its original mandate remarkably and has
become the most widely accepted prognostic system in routine clinical practice worldwide
because of its timetested consistency and user-friendliness. It is the mainstay of cancer outcome
prediction in patients with head and neck squamous cell carcinoma (HNSCC). (79)
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2.2.2.8.3

Tumour size
Surface greatest dimension—‗‗tumour diameter‘‘— is used to indicate tumour size

in the TNM staging classification system (80). In pathological assessment of resection specimens
(81), the maximum diameter are measured to the nearest millimetre using an optical micrometer
to supplement the macroscopic inspection of the resection specimen. The size of the primary
tumour affects both the choice and outcome of treatment. Tumour size is an important factor in
determining the surgeon‘s ability to obtain tumour-free margins, and the dose necessary to effect
a cure in patients treated by radiotherapy. (82) Large size at presentation is associated with an
increased risk of local recurrence; (83,84) increased cervical lymph node metastasis; (85) and
poor survival. (86,87)

2.2.2.8.4

Node metastases
Cervical node metastases have variable incidence and are widely accepted as one of

the major prognostic factors in patients with OSCC. (88–90) Cervical lymph node metastases
may be subdivided into two categories: overt nodal disease (clinical metastases) and nonovert
nodal disease (occult or subclinical metastases). There are two classes of occult metastases. (91)
The first consists of occult metastases identified by ‗‗established‘‘ or traditional methods. These
are metastatic deposits small enough to evade detection on clinical or radiographic examination
using the most sensitive and technologically advanced procedures, (91,92) but that are detected
by light microscopy. The incidence of these established occult metastases varies with the
location, size and thickness (93) of the primary tumor. A second class of occult metastases may
be designated ‗‗subpathological‘‘ or ‗‗submicroscopic‘‘, because they are too small to be
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detected by light microscopy on hematoxylin and eosin-stained slides, but may be detected in the
pathologically dissected lymph nodes by means of Immunohistochemistry and/or molecular
analysis. (94,95) These newer techniques are capable of converting the status of nodes from
negative (as assessed by conventional microscopy and sampling) to positive. (96) Even though
these techniques are not used in regular clinical practice, there appears to be tremendous interest
in these approaches to enhance detection, as the presence of cervical lymph node metastasis is
the single most adverse independent prognostic factor in OSCC. The presence of cervical node
metastasis is associated with a decrease in global survival to roughly half as well as with higher
recurrence rates. (93,94,97)

2.2.2.8.5

Extracapsular spread (ECS)
Extracapsular spread is defined as extranodal extension of metastatic deposits outside

the lymph node capsule. A descriptive evaluation system of ECS extension subdivides it into
macro- and microscopic. Macroscopic ECS is evident to the naked eye, and microscopic ECS is
only demonstrable during histologic analysis. The extent of ECS is recorded by noting the
tissues/structures that are involved by tumour (for example, the internal jugular vein,
sternocleidomastoid muscle, perinodal adipose tissue, immediate pericapsular fibrous tissue).
(97) ECS shows a significant correlation with unfavourable histological features at the primary
tumour site such as a non-cohesive pattern of invasion, vascular and perineural invasion, and
close/involved resection margins. ECS is a simple, readily detectable indicator of tumour
aggression.(85) Thus, ECS is a noticeably important prognostic factor, associated with higher
locoregional recurrence rates, distant metastases, and lower survival rates. (88,89,97)
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2.2.2.8.6

Perineural invasion (PNI)
Perineural invasion is defined as a tropism of tumour cells for nerve bundles in the

surrounding tissues. It is a form of tumor spread exhibited by neurotropic malignancies that
correlates with aggressive behavior.(98) PNI is considered a tumour spread similar to but distinct
from vascular or lymphatic invasion, that hinders the ability to establish local control of a
malignancy because neoplastic cells can travel along nerve tracts far from the primary lesion and
are often missed during surgery.(98,99) Studies show that infiltration of the perineural space of
nerves at the advancing front of the tumour is related to the site, the diameter and thickness of
the tumour, pattern of invasion at the advancing tumour front, presence of nodal metastasis;
close/involved resection margins and survival.(84,100) PNI is considered as a significant
prognostic indicator due to its association with regional recurrence and poor overall survival.
(99,101)

2.2.2.8.7

Bone involvement
Oral carcinoma may progress to directly invade the bone, a feature associated with a

worse prognosis. Bone invasion is one criterion of the American Joint Committee on Cancer
classification for the most advanced primary stage (T4) and overall stage (IV) for these tumors.
(80) Bone invasion by oral squamous cell carcinoma may progress by either an infiltrative or an
erosive histological pattern. The infiltrative pattern is marked by nests and cords of tumor cells
along an irregular tumor front, and the erosive pattern exhibits a broad, pushing tumor front. The
erosive pattern of bone invasion has been hypothesized to extend in a more predictable fashion
than the infiltrative pattern. (102) The infiltrative pattern of bone invasion by oral squamous cell
carcinoma is correlated with a significantly worse prognosis when compared with the erosive
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pattern of invasion. The infiltrative pattern clearly exhibits a more aggressive behavior with an
increased likelihood of positive margins, recurrence, death with disease, and shorter disease-free
survival. Studies of mandibular resections from previously untreated patients, (103–105) have
found that an infiltrative, but not an erosive, pattern of invasion was predictive for local
recurrence and survival even after taking into account the prevailing soft tissue prognosticators.
Thus, though postoperative determination of an erosive or infiltrative pattern of bone invasion is
an easy assessment to make based on simple histological characteristics and does not incur any
additional costs, it is not typically reported by pathologists in their analysis of bone specimens.
(102) Therefore, this non-characterization of bone invasion have resulted in uncertainties on the
prognostic significance of bone involvement. (99)

2.2.2.8.8

Skin involvement
Direct skin involvement has been found to be a prognostic sign of poor outcome on

oral squamous cell carcinoma. However, Cole and McGuirt (106) in their found study found
lymphatic spread to skin was an even more ominous sign with a median survival of only three
months as compared to seven months in patients with direct spread. Furthermore, involvement of
facial skin was found to be better prognostically for duration of survival than was involvement of
neck skin.(106)

2.2.2.8.9

Histological grade (differentiation)
The potential prognostic significance of cellular morphology has long recognized in

squamous cell carcinoma. Hence, it has been customary to grade OSCC according to the method
originally described by Broders, (107) and adopted by the WHO which takes into account a
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subjective assessment of the degree of keratinisation, cellular and nuclear pleomorphism, and
mitotic activity. The WHO grading system recommends three categories: grade 1 (well
differentiated); grade 2 (moderately differentiated) and grade 3 (poorly differentiated). In a
tumour showing different grades, the higher grade determines the final categorization. Most
authors have established significant correlations between lower histologic differentiation and
poorer prognosis (24,26,108–110), however, some researchers did not find such association
(29,60,111).The subjective nature of the assessment; small biopsies from tumours showing
histological heterogeneity and inadequate sampling; reliance on structural characteristics of the
tumour cells rather than functional ones; have all been cited as possible explanations for not
finding association between tumor differentiation and survival. (99)

2.2.2.9 Treatment
Treatment of OSCC traditionally includes single modality surgery, radiotherapy
[external beam radiotherapy (EBRT) and/or brachytherapy], or various combinations of these
modalities with or without systemic therapy (chemotherapy and/or target agents). The selection
of treatment is based on considerations of disease control, anticipated functional and cosmetic
outcomes, and availability of resources and expertise. However, of the three modalities, the
mainstay of treatment for OSCC is surgery, and EBRT with or without chemotherapy is
generally employed in selected situation as illustrated in table-2. (112,113) The past few years
have witnessed considerable improvements in preoperative imaging assessment, technical
advances in tumor resection, new reconstruction methods, effective radiotherapy, stringent case
selection, and the fruitful cooperation of multidisciplinary clinical teams. These developments
have contributed to safely treating tumors involving the oral cavity while providing a good
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quality of life for patients. (114) However, inspite of these advances in cancer treatment,
advanced stage OCSCC remains a challenging disease to treat. Management of advanced stage
oral cavity squamous cell carcinoma (OCSCC) has classically involved surgical resection with
postoperative adjuvant radiotherapy (S-RT)

(115). Despite this aggressive dual modality

therapy, local or regional disease recurrence and low survival remain a concern (116) Patients
with adverse features of ECS, LVI, and PNI are at particular risk of disease progression and
higher death rates. (117) The treatment options expanded in 2004 when level I evidence was
established with the findings of the Radiation Therapy Oncology Group (RTOG) 9501 and
European Organization for Research and Treatment of Cancer 22931 trials. (118,119) These two
largescale, independent, but similar, trials conducted in the U.S. and Europe demonstrated that
compared to postoperative radiotherapy (RT) alone, adjuvant concurrent chemo-radiotherapy
(CRT) for advanced stage OCSCC was more efficacious in local and regional control as well as
disease-free survival. (120–122) Based in part on these landmark trials, many centers today have
adopted triple modality therapy consisting of surgery and adjuvant concurrent chemotherapy and
RT (S-CRT) for advanced stage OCSCC. The basis of adding concurrent chemotherapy to
adjuvant RT is that advanced tumors respond better to concurrent CRT rather than to RT alone.
(123–126)

A study of survival in oral cavity cancer patients

Page | 49

Review of Literature…
Table No. 2.2: Summary of Role of Radiotherapy and Chemoradiotherapy in Oral Cavity Cancer

Primary setting

Adjuvant setting

Salvage setting

External Beam
Radiotherapy (EBRT)
 Early disease when 
patient intolerant of
surgery
 Early disease when
anticipated cosmetic
consequence
of
surgery is a concern,
especially for lip
cancer
involving
commissure
 Unresectable disease,
usually
combined
with chemotherapy
 Advanced disease for
patients intolerant of
surgery due to poor
performance status or
comobidities
 Unfavorable

pathological features
 Combined with
chemotherapy
for
positive
resection
margins
and
extracapsular nodal
extension



Adjuvant treatment 
after salvage surgery
Primary treatment
modality,
usually
combined
with
chemotherapy
if
further surgery is not
feasible
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Chemotherapy
Advanced disease 
or
unresectable
disease,
in
combination with
radiotherapy

Interstitial
Brachytherapy
Early and superficial
welldefined
tumor
located more than 5
mm
from
the
mandible

Combined
with 
radiotherapy
for
positive resection
margins
or 
extracapsular nodal
extension

Combined
radiotherapy

Brachytherapy alone
for positive resection
margins
In combination with
external
beam
radiotherapy
to
augment radiotherapy
dose to the high risk
area
with  Especially useful for
reirradiation:
o for persistent or
recurrent disease
after
previous
radiation,
o 2nd primary cancer
occurrence within
previous radiation
field
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2.2.2.9 Baseline Laboratory parameters
Prognostic factors in cancer patients provide information about possible clinical
outcomes and help classify patients into different risk groups. Treatment and clinical
management decisions are often challenging, thus the availability of reliable and accessible
prognostic markers is vital when designing treatment plans and discussing them with patients.
The complete blood cell count components (i.e., white blood cell count, absolute neutrophil
count, absolute lymphocyte count, absolute monocyte count, and hemoglobin level) in the recent
past have been found to be of prognostic value in regard to clinical outcomes in patients with
malignant disorders. (127)

2.2.2.9.1

Hemoglobin
Anemia commonly occurs in patients with head and neck cancer and may be due to a

number of causes, including comorbid illness, intraoperative blood loss, toxicity from
chemotherapy and/or radiation, and malignancy-associated anemia of chronic disease. Anemia is
commonly thought to enhance radioresistance via enhancing tumor hypoxia. Numerous
retrospective studies have suggested a strong association between anemia and inferior localregional control and survival among patients treated for HNSCC. (128–132) The optimal
timepoint to assess anemia for the purposes of prognostication is unclear and varies widely
throughout the literature. (133–135) Options include pretreatment hemoglobin, midradiation
hemoglobin, postoperative hemoglobin, and drop in hemoglobin concentration during radiation.
Due to colinearity in these measures, they all likely confer some degree of prognostic
significance. The optimal hemoglobin cutpoint for defining anemia is also unclear, ranging from
10 to 14 g/dL, depending on the study. Two studies have shown a strong dose-response
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relationship when hemoglobin is divided into quartiles, (133,134) suggesting that a single
cutpoint for defining anemia may be inadequate.

2.2.2.9.2

White Blood Cell count (WBC)
The absolute white blood cell (WBC) count obtained from the CBC count has been

historically used as a marker of infection and inflammation. It is a widely available tool for
clinicians to identify the presence of infection and monitor the patient‘s response to treatment,
such as antibiotics. Nonetheless, the role of the WBC count has gone beyond the assessment of
infectious processes and it has become an important prognostic measurement of outcomes in
cancer treatment. The inflammatory process that takes place during cancer development and
progression are, in part, reflected in abnormalities of the WBC count. (127) In addition to
hematologic malignancies, the WBC count has been reported to be of prognostic value in solid
tumors. Pre-treatment leukocytosis, defined as a WBC count >10,000/μl, has been shown to be
an independent prognostic factor of survival in cervical cancer (136) and non-small cell lung
cancer patients. (137) A large study of 143,748 post-menopausal women conducted to determine
the association of WBC count with the incidence of cancer and cancer mortality, concluded that
women with higher WBC counts have an increased risk of developing invasive breast, colorectal,
endometrial, and lung cancer, as well as a higher risk of overall mortality in breast and lung
cancer. (138) However, a study of 278 patients with oral cancer failed to demonstrate any
association between elevated WBC count and recurrence or further metastases. (139)
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2.2.2.9.3

Absolute Neutrophil count (ANC)
Many of the cells and mediators involved in the development of the systemic

inflammatory response are also found in the microenvironment of tumors; it is believed that
these factors support tumor growth and progression, affecting host antitumor activity, which
underlies the importance of identifying markers associated with cancer-inflammatory response.
(140,141) Neutrophils are central to this inflammatory response. The prognostic significance of
the absolute neutrophil count (ANC) has been extensively studied, with evidence to suggest that
blood neutrophils provide significant information when monitoring cancer progression,
anticipating possible complications and assessing patient‘s tolerance to therapy. (142–144)

2.2.2.9.4

Absolute Lymphocyte Count (ALC)
The absolute lymphocyte count (ALC) has been studied in hematologic and solid

malignancies as a marker of host antitumor immunity. Its prognostic significance has been
evaluated during different clinical stages of cancer, including at diagnosis, at different phases of
chemotherapy or radiation treatment, and after autologous stem-cell transplantation (ASCT).
ALC is proven to be an independent prognostic factor for survival, and it is included in several
validated prognostic scores, such as the IPS in advanced Hodgkin‘s Lyphoma.(145) A low ALC
has been identified as an adverse prognostic factor associated to inferior OS in both
hematological and solid malignancies.(145–148)
2.2.2.9.5 Absolute Monocyte Count
It has been postulated that monocytes promote tumor progression and support host
antitumor immunity. Moreover, an increased monocyte count in the peripheral blood is
considered a predictive factor of poor prognosis in cancer patients. There is substantial evidence
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in advanced cancer that the host systemic immune response is an important independent
predictor of outcome, and that pretreatment measurements of the systemic inflammatory immune
response can be used to independently predict cancer survival. (149) Many studies have
demonstrated that a high pretreatment monocyte count is an independent indicator of prognosis
for patients with metastatic gastric cancer, (150) skin, (151) colon, (152) and oral cavity. (153)

2.2.2.9.6 Neutrophil-to-lymphocyte ratio (NLR)
The tumor microenvironment and, in particular, the inflammatory response play an
important role in cancer development and progression and may be associated with systemic
inflammation. (154,155) An elevated ratio of peripheral neutrophils-to-lymphocytes (NLR) has
been recognized as a poor prognostic indicator in various cancers including oral cancer. (156)
The mechanisms underlying the association of high NLR and poor outcome of cancer patients
are poorly understood. One potential mechanism underlying the prognostic impact of NLR may
be an association of high NLR with inflammation. Neutrophilia as an inflammatory response
inhibits the immune system by suppressing the cytolytic activity of immune cells such as
lymphocytes, activated T cells, and natural killer cells.(157,158) The importance of lymphocytes
has been highlighted in several studies in which increasing infiltration of tumors with
lymphocytes has been associated with better response to cytotoxic treatment and prognosis in
cancer patients.(159) Thus, it can be assumed that in cancer patients NLR optimally represents
the two opposing but interconnected pathways of the immune system .(160)
2.2.3 Timelines
2.2.3.1
considerable

Symptomatic diagnosis of cancer is important and has been the subject of
intervention in recent years to achieve timelier and earlier-stage diagnosis. A
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Longer time to diagnosis may be detrimental in several ways: a more advanced stage at
diagnosis, poorer survival, greater disease-related and treatment-related morbidity and adverse
psychological adjustment. (161) Thus it is easy to presume that delay in diagnosis results in a
larger cancer and a reduction in survival. However, it is unclear whether more timely cancer
diagnosis brings favorable outcomes, with much of the evidence, in head and neck cancer, being
equivocal. (162)
2.2.3.2

Physicians and patients are also often concerned regarding any prolonged

treatment delay from the time of diagnosis of a squamous cell carcinoma of the head and neck.
This concern stems from the belief that delays allow the growth of the local tumor and increase
the likelihood of distant metastases. Clearly, delays that exceed a certain threshold will
eventually result in progression. Patients with locoregionally advanced head and neck cancer
(LAHNC) often present with many baseline difficulties that require social, dental, and nutritional
interventions. Also, the treatment planning process for these complex tumors may take longer
than that for other tumors. This process has become increasingly complex with the advent of
treatment planning procedures that may include the fusion of magnetic resonance or positron
emission images with computed tomographic (CT) images. (163) Current evidences fail to
conclusively prove association between time to treatment initiation and survival, as some studies
have shown positive association (164,165) and some have found to no association. (163)
2.2.3.3

The treatment time factor is a key element in oncology and generally, overall

treatment time should be as short as reasonably possible especially in patients with locally
advanced head and neck cancer. (166) Therefore, the importance of delays during a course of
treatment has been emphasized in recent decades, and different recommendations on the delaycompensation options have been published. (167–169) However, treatment delays in completing
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radiotherapy have been much more extensively studies as compared to other modalities (surgery/
chemotherapy or combination) in head and neck cancer. In, radiotherapy treated patients, fast
tumor cell repopulation has been suggested as the main reason why prolonging overall treatment
time (OTT) negatively affects local control (LC) and overall survival (OS) in many human
tumors. (170) However, there is still a considerable lack of high-level evidence supporting this
observation. (171)

2.2.4 Loss-adjusted survival of cancer patients
Cancer survival data is a key indicator for monitoring progress against cancer. There are
several publications on oral cancer survival from all over the world, but in spite of it being a
major public health problem studies from Indian subcontinent are sparse which is essentially due
lack of adequate follow-up. The same is true for many developing countries, where health
information systems are not well developed. Sufficient follow-up is the key for estimating
survival because if the proportion of cases lost to follow-up is substantial and if the loss to
follow-up is correlated with the probability of death (prognosis) of the patient after he or she was
lost the survival estimates likely to be biased (172). Socio-demographic and clinical
characteristics of patients may help to predict loss to follow-up as the losses are also likely to be
related to the patient's prognosis: low social status is related to lack of continuous patient
surveillance; extent of disease is related to the motivation of follow-up, etc. Thus, Information on
the association between prognostic factors and loss to follow-up can be used to reduce the bias in
estimates of survival (173). Ganesh et al. in 1995 (174) proposed a method to reduce this bias by
computation of loss-adjusted survival. This method takes into consideration differential losses,
by assuming that patients lost to follow-up within strata defined by certain variables have the
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same probability of death as those still remaining under observation and belonging to the same
stratum. It is reasonable to expect survival experience in patients lost to follow-up and with
complete follow-up to be more similar within a prognostic group, than when all patients are
considered together. The difference between the crude actuarial survival and the loss adjusted
value thus indicates the magnitude of the effect of differential loss to follow-up (173).
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CHAPTER 3
AIMS AND OBJECTIVES

3.1

Aim
To determine and study factors affecting survival in oral cavity cancer patients.

3.2

Primary Objectives

3.2.1

To compute overall survival of oral cavity cancer patients.

3.2.2

To identify the difference in survival with regards to subsite, clinical extent and

stage of the disease at diagnosis, Lymph node involvement including histopathological
characteristics, treatment modalities and selected baseline laboratory parameters.

3.3.3

To evaluate the effect of demographic factors, Lifestyle factors (smoking, tobacco

chewing, alcohol etc), major co-morbidities on overall survival of oral cavity cancer
patients.

3.3.

Secondary Objective
3.3.1

To identify time lines between registration and diagnosis, diagnosis &

commencement of treatment, treatment commencement & treatment completion, and to
further evaluate its effect on overall survival.
3.3.2

To study patterns and factors which contribute to loss to follow-up and to

compute loss adjusted follow-up for the associated factors.
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CHAPTER 4
MATERIAL AND METHODS

4.1

Study Design:
The study was a retrospective analysis of hospital records of oral cavity cancer patients

from the Tata memorial hospital (TMH) cancer registry. All Oral cancer patients who are
residents of Mumbai and registered in TMH from 01 January 2006 to 31 December 2008 were
included in the study.

4.2

Inclusion Criteria:

•

All newly diagnosed oral cavity cancer patients registered in TMH between 01st January

2006 to 31st December 2008.
•

Oral cavity cancer patients who are residents of Mumbai (who have been residing in

Mumbai for more than 1 year)
•

All cases who have completed atleast one modality of cancer directed treatment at TMH

4.3

Exclusion Criteria:

•

All cases who have received any form of cancer directed therapy before registering in

Tata Memorial Hospital

4.4

Attributes of the study cohort:
4.4.1

Oral Cavity Cancer cases: Patients with cancer of following subsites (table- 2)

were included as Oral cavity cancer in the study.
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Table 4.1:

Subsites of oral cavity included in the study with ICD Codes

Sl. No.

Subsite (ICD code
as per ICD-10)

1.

Lip
(C00)
Excludes skin of lip

2.

Tongue
(C02)
Excludes base of
tongue

Specific site
(nomenclature as per
AJCC manual 7th edition)
with ICD-10 codes
Mucosa of Upper lip
(C00.3)
Mucosa of Lower lip
(C00.4)
Dorsal surface of tongue
(C02.0)
Tongue border (C02.1)
Ventral surface of tongue
(C02.2)
Anterior 2/3rd of tongue
(C02.3)
Tongue, NOS (C02.9)
Upper Gum (C03.0)

3.

Gum
(C03)

4.

Floor of mouth
(C04)

5.

Hard Palate
(C05.0)

6.

Other and
Unspecified parts of
mouth
(C06)

Lower Gum (C03.1)
Gum, unspecified
(C03.9)
Floor of mouth,
Unspecified
(C04.9)
Hard Palate
(C05.0)
Cheek Mucosa
(C06.0)
Vestibule of mouth
(C06.1)
Retromolar Area
(C06.2)
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Specific site
(nomenclature as per
Medical records of TMH)
with ICD-10 codes
Upper lip (C00.3)
Lower lip (C00.4)
Dorsal surface of tongue
(C02.0)
Tongue border (C02.1)
Ventral surface of tongue
(C02.2)
Anterior 2/3rd of tongue
(C02.3)
Tongue, NOS (C02.9)
Upper Alveolar
(C03.0)
Lower Alveolar
(C03.1)
Alveolar, unspecified
(C03.9)
Floor of mouth,
Unspecified
(C04.9)
Hard Palate
(C05.0)
Buccal Mucosa
(C06.0)
Mouth vestibule
(C06.1)
(includes buccal and labial
sulcus)
Retromolar Trigone
(C06.2)
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4.4.2

Newly Diagnosed Cases:

Patients who had the first diagnosis confirmed at

TMH.

4.4.3

Prior Treated Cases:

Those patients who have received any form of partial or

complete cancer directed treatment before registration at TMH.

4.4.4

Completed cancer directed treatment:

Patients who had received atleast one

modality of cancer directed treatment i.e surgery, radiotherapy, chemotherapy either
alone or in combination as per treatment planned in TMH.

4.4.5

No/ Incomplete cancer directed treatment:

Patient who had not received

or not accepted treatment, or those patients who had taken incomplete treatment at TMH
or patients in whom treatment status was unknown as per the hospital records.

4.4.6

Residents of Mumbai:

Patients whose permanent resident address in

medical records was of Mumbai or who have been residing in Mumbai for a period of
more than 1 year.

4.5

Period of enrolment:
All oral cavity cancer patients registered in TMH between 01st January 2006 to 31st

December 2008
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4.6

Sample Size:

Records of 726 oral cavity cancer patients were selected as per the inclusion and exclusion
criteria (Fig 4.1) and retrospectively analyzed.

Fig 4.1.

Flowchart for selection of cases

5673
Total oral cavity cancer cases
registered in TMH between 01st
Jan 2006 to 31st Dec 2008
4784 cases excluded as they were not
residents of Mumbai
889 Cases
Total oral cavity cancer cases
who were residents of Mumbai
and registered in TMH between
01st Jan 2006 to 31st Dec 2008

104 prior treated cases excluded

785 Cases

59 cases excluded due to incomplete
treatment (RT/ CT)

726 Cases
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4.7

Data Collection:
Data of the following factors was retrieved from the patient file and hospital based

electronic medical record system (EMR).

4.7.1 Demographic variables

4.7.1.1 Age: This refers to the age in completed years on the date of registration in
TMH. The date was calculated from the date of birth of the patient mentioned in the
hospital records till the date of registration.

4.7.1.2 Gender:

4.7.1.3

Gender of the patient was recorded as male/ female.

Marital Status:

Marital status at the time of registration was recorded as

Unmarried/ Married/ Widow/ Widower.

4.7.1.4 Education Status:

Educational Status at the time of registration was recorded

illiterate/ school level (Primary, Middle or Higher secondary)/ college and above.

4.7.2 Disease (tumor) related factors

4.7.2.1

Specific subsite:

Specific site of the tumor was recorded from the medical

records as per the ICD-10 coding and the clinical notes.
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4.7.2.2 Primary Histology:

Primary histological type of the tumor was obtained from

the biopsy reports (Squamous Cell Carcinoma/ Mucoepidermoid Carcinoma/ others).

4.7.2.3

TNM Staging:

Details of TNM staging was obtained from the clinical

notes in the medical records. All patients were staged according to the seventh edition of
the American Joint committee on cancer (AJCC) staging manual on TNM classification
system.

4.7.2.4

Histological characteristic of the tumor:

Details of the histological

characteristics of the tumor such as tumor grade, tumor size (maximal cross-sectional
diameter of a resected tumor), skin involvement, bone involvment, perineural invasion,
lymphovascular invasion, histological lymph node involvement and extrcapsular spread
was obtained histopathological reports of the surgical specimen.

4.7.3 Treatment Given:

Details of the cancer directed treatment i.e surgery,

radiotherapy, chemotherapy either alone or in combination provided, was obtained from
the patient‘s medical records and the hospital based electronic medical record system
(EMR).

4.7.4 Baseline laboratory parameters:

Pretreatment

counts

of

certain

heamatological factors namely heamoglobin levels, total white blood cell count, and
absolute neutrophil, lymphocyte and monocyte counts were obtained from the medical
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records. Pretreatment counts means the levels of selected heamatological parameters
analyzed from the patient‘s blood sample drawn before the onset of any type of caner
directed therapy.

4.7.5 Co-morbid conditions:

Presence of following co-morbid conditions was

obtained from medical records.


Hypertension



Diabetes Mellitus



Ischeamic heart disease



Asthama



Human immunodeficiency virus positivity.

4.7.6 Lifestyle habits:

Presence/ absence of following Lifestyle habits was

obtained from medical records. However further details such as age of starting, duration
of use, per day consumption etc were not available in the patient‘s medical records.


Cigarette



Beedi



Tobacco chewing



Alcohol consumption



Pan masala chewing



Use of Mishri



Betel nut chewing



Gutkha chewing
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4.7.7 Timelines:

4.7.7.1

Following time periods for each patient was calculated for each patient.

Time between registration and diagnosis:

Time between registration to

diagnosis was calculated as time from date of registration to the date of pathological
reporting of malignancy at TMH.

4.7.7.2

Time between diagnosis and commencement of treatment:

Time between

diagnosis and treatment commencement was calculated as time from date of pathological
reporting of malignancy to the date surgery or date of Ist cycle of chemotherapy or date of
Ist fraction of planned dose of Radiotherapy, or in case of multimodality treatment, date
of initiation of whichever modality of treatment given first to the patient.

4.7.7.3

Time between treatment commencement and treatment completion:
Time between treatment commencement to treatment completion was calculated

as follows depending on the type of treatment administered to the patient.


Patients treated with only Surgery:

From date of surgery to date

of discharge.


Patients treated with only Radiotherapy:

From date of giving Ist

fraction of planned dose to date of administering the last fraction.


Patients treated with more than one modality of treatment:

From

date of initiation of whichever modality of treatment given first to the last date
of last modality of treatment given to the patient.
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Overall treatment time: From the date of registration at Tata Memorial

hospital to completion of Cancer Directed Treatment (CDT) at this centre

4.8

Statistical Analysis:
The only event in this study was death due to any cause. Patients‘ overall survival

duration (OS) was defined as the time interval between the date of diagnosis and the date of
death or the date of the last follow-up whichever was earlier. The closing date for recording the
last follow-up was taken as 31st December 2014. The Overall survival was calculated by using
actuarial method (20) and the difference in survival rates with regards to various factors were
studied univariately by Kaplan-Meier method (21) and the log-rank test (175). The Coxregression model (176) was used to investigate the effect of these factors simultaneously on
overall survival in a multifactorial setting. All statistical analyses were performed using the
Statistical Package for Social Science program (SPSS for Windows, version 20, SPSS, Chicago,
IL). A probability, p value < 0.05 was considered to be statistically significant.

4.8.1 Statistical Analysis for timelines:
Time periods in days were calculated from date of registration to diagnosis, diagnosis to
treatment commencement and treatment commencement to treatment completion. These periods
have been described in median, minimum and maximum period. The median time was taken as
cut-off for categorization of time period and for analysis of its effect on overall survival using
Kaplan-Meier method and the log-rank test.
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4.8.2 Computation of Loss-adjusted survival:
Loss-Adjusted Survival Rate (LAR) a method proposed by Ganesh (174) in 1995 was
applied to obtain the corrected survival rates for various groups. Loss-adjusted survival is
estimated under the assumption that survival of patients lost to follow-up is the same as that for
patients with known follow-up time and have similar characteristics of different prognostic
factors at first entry. Thus, using this method the estimated deaths in those with complete followup were calculated and then subsequently, these estimates were applied to those with incomplete
follow-up to get expected deaths. A standard framework, such as the actuarial one, was then
applied with the sum of observed and expected outcome events. The above methods along with
mathematical derivations are described in detail elsewhere. (173,174)
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CHAPTER 5
RESULTS
5.1

Descriptive Analysis:

Medical records of 726 pathologically proven oral cancer

patients were retrospectively analyzed. Distribution of these patients as per patient characteristics
and tumor related factors is presented in succeeding paragraphs.
5.1.1 Age and gender distribution:

The age and gender distribution of all patients is

summarized in table 5.1.1. As shown, the overall median age was 51 years (range: 18-85 years),
and the percentage of males and females were 72.9% and 27.1% respectively. Maximum number
of case were in the age group 40 to 49 yrs at the time of diagnosis and more than 50% of cases
were diagnosed between 40 to 60 years for both males as well as females. The median age of
diagnosis for males (50 yrs) was slightly less than females (53 yrs) and almost 20% of males
were less than 40 yrs as compared to only 13% in females.
Table 5.1.1:

Distribution as per age and gender of patients

Age (years)

Males (%)

Females (%)

Total (%)

< 40

104 (19.7)

26 (13.2)

130 (17.9)

40 to 49

155 (29.3)

50 (25.4)

205 (28.2)

50 to 59

150 (28.4)

48 (24.4)

198 (27.3)

60 to 69

97 (18.3)

52 (26.4)

149 (20.5)

≥ 70

23 (4.3)

21 (10.7)

44 (6.1)

Total

529 (100%)

197 (100%)

726 (100%)

Median Age (All patients)

51 Years (Range: 18-85 years)

Median Age (Male patients)

50 Years (Range: 18-85 years)

Median Age (Female patients)

53 Years (Range: 18-85 years)
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5.1.2 Education Status:

76.3% of patients were found to be literate with almost 50%

patients reported to have high school or above level of education (table 5.1.2). Only 23.7%
patients were found to be illiterates.
Table 5.1.2:

Distribution as per education status of patient

Education Status

Number (%)

Illiterate

172 (23.7)

Primary School

162 (22.3)

Middle School

28 (3.9)

High School

257 (35.4)

Graduation and above

107 (14.7)

Total

726 (100%)

Illiterate

172 (23.7)

Literate

554 (76.3)

5.1.3 Marital Status:

Majority of the patients (83.7%) were married and only 5% were

found to be unmarried (table 5.1.3).
Table 5.1.3:

Distribution as per marital status of patient

Marital Status
Unmarried

Number (%)
37 (5.0)

Married

608 (83.7)

Widow/ widower

81 (11.1)
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5.1.4 Blood group:

Distribution of patients as per blood group is presented in table 5.1.4.

As shown, B+ve (31.%) was the most common and AB+ve was the least common blood group.
Table 5.1.4:

Blood
Group

A

B

AB

O

Distribution as per blood group of the patient

Number (%)

Blood Group (Rh group)

Number (%)

A Positive

193 (26.6)

A Negative

8 (1.1)

B Positive

226 (31.1)

B Negative

13 (1.8)

AB Positive

59 (8.1)

AB Negative

2 (.3)

201 (27.7)

239 (32.9)

61 (8.4)

O Positive

216 (29.8)

O Negative

9 (1.2)

225 (31.0)

5.1.5 Lifestyle habits:

Gender wise distribution of lifestyle habits has been depicted in

table 5.1.5. Tobacco chewing (54.5%) was the most common habit in both the sexes combined.
Males were found to have much higher frequency of smoking (Cigarette/ Biddi) and gutkha use,
whereas females were found to use mishri and betal nut more as compared to males. 17.2%
patient‘s reported of drinking alcohol of which 98.4% were males. 30.5% of the female patients
did not have any form of lifestyle habit as compared to only 11.9% males. Overall, of the 726
oral cavity cancer patients 83.1% (both sexes combined) were found to have some form of
lifestyle habit.
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Table 5.1.5: Distribution of lifestyle habits as per gender
Lifestyle habits

Males (%)

Females (%)

Total (%)

Cigarette smoking

119 (22.5)

1(0.5)

120(16.5)

Biddi smoking

68 (12.9)

2 (1)

70 (9.6)

Tobacco chewing

312 (42.6)

84 (59)

396 (54.5)

Paan Masala

44 (6.1)

12 (8.3)

56 (7.7)

Gutkha

89 (16.8)

6 (3)

95 (13.1)

Mishri

16 (3)

50 (25.4)

66 (9.1)

Betul nut chewing

94 (17.8)

46 (23.4)

140 (19.3)

Alcohol consumption

122 (23.1)

3 (1.5)

125 (17.2)

Use of alcohol and tobacco together

110 (20.8)

3 (1.5)

113 (15.6)

Use of more than one tobacco product

137 (25.9)

24 (12.2)

161 (22.2)

No Habit (not even betul nut)

63 (11.9)

60 (30.5)

123 (16.9)

5.1.6 Comorbidity:

Record of five main comobidities namely Hypertension, Diabetes

mellitus, Heart Disease, Asthma and Human Immunodeficiency Virus (HIV) infection was
obtained from the medical records of the patients and their distribution is given in table 5.1.6.
247 (34%) cases were found to have single or multiple comobidities and Hypertension (24.7%)
was the most commonest comorbidity among all patients.
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Table 5.1.6:

Distribution as per co-morbidities

Co-morbidities

Number (%)

Hypertension

179 (24.7)

Diabetes mellitus

102 (14)

Heart Disease

29 (4)

Others (Asthma and HIV)

22 (3)

Hypertension and Diabetes

52 (7.2)

Co-morbidity present
(any of the above mentioned )

247 (34)

5.1.7 Subsites of oral cavity:

Tongue (C02) and cheek Mucosa (C06.0) were the leading

sites, contributing to more than 60% of total patients. Lip, Hard palate and Floor of the mouth
were found to be the least common sites and all three combined contributed to less than 10% of
all patients (table 5.1.7).

5.1.8 TNM Staging:

All the 726 patients were staged according to the seventh edition of

the American Joint committee on cancer (AJCC) staging manual on TNM classification system.
56% (385) cases had clinical lymph node involment at the time of presentation (table 5.1.8).
Majority of cases 69% were found to have advanced stage disease (stage III/ IV) at the time of
diagnosis (table no 5.1.9).
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Table 5.1.7: Distribution as per subsites of oral cavity

Sl.
No.

Subsite (ICD code
as per ICD-10)

1.

Lip
(C00)
Excludes skin of lip

Specific site
(nomenclature as per
AJCC manual 7th edition)
with ICD-10 codes

Specific site
No. (%)

Mucosa of Upper lip
(C00.3)

2 (0.2)

Mucosa of Lower lip
(C00.4)

20 (2.6)

Dorsal surface of tongue
(C02.0)
2.

Tongue
(C02)
Excludes base of
tongue

Tongue border (C02.1)
Ventral surface of tongue
(C02.2)
Anterior 2/3rd of tongue
(C02.3)
Upper Gum (C03.0)

3.

Gum
(C03)

4.

Floor of mouth
(C04)

5.

Hard Palate
(C05.0)

6.

Other and
Unspecified parts of
mouth
(C06)

Lower Gum (C03.1)
Gum, unspecified
(C03.9)
Floor of mouth,
Unspecified
(C04.9)
Hard Palate
(C05.0)
Cheek Mucosa
(C06.0)
Vestibule of mouth
(C06.1)
Retromolar Area
(C06.2)

Total
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Subsite Total
(%)

22 (3.0)

5 (0.7)
216 (29.7)
229 (31.5)
1 (0.1)
7 (1)
14 (2)
97 (13.3)

112 (15.4)

1 (0.1)
16 (2.2)

16 (2.2)

20 (2.8)

20 (2.8)

232 (32.0)

232 (32.0)

74 (10.2)

74 (10.2)

21 (2.9)

21 (2.9)
726 (100%)
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Table 5.1.8: Distribution as per clinical T and N classification
Classification
T1
T2
T3
T4
Total

N0
N1
N2
N3
78
17
8
0
145
50
28
1
26
18
19
0
92
116
122
6
341
201
177
7
** No case has distant metastasis (All cases were M0)

Total
104
227
66
329
726

Table 5.1.9: Distribution as per TNM Stage
TNM Stage

Number (%)

Stage I

78 (10.7)

Stage II

145 (20)

Stage III

111 (15.3)

Stage IV

392 (54)

Total

726 (100%)

5.1.9 Primary Tumor Histology:

Squamous Cell Carcinoma was the most common

primary tumor histology and other histological variants were very few accounting for only 2.6%
cases (table 5.1.10).
Table 5.1.10: Distribution as per primary tumor histology
Sl.
No.
1.

Tumor Histology

Number (%)

Squamous Cell Carcinoma, Nos

558 (76.9)

2.

Squamous Cell Carcinoma, Keratinising, NOS

144 (19.8)

3.

Squamous Cell Carcinoma, Sarcomatoid

5 (0.7)

4.

Verrucous Carcinoma, Nos

14 (1.8)

5.

Basaloid squamous cell carcinoma

2 (0.3)

6.

Mucoepidermoid Carcinoma

2 (0.3)

7.

Myoepithelial carcinoma

1 (0.1)

Squamous Cell Carcinoma
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5.1.10 Treatment:

Surgery individually or in combination with Radiotherapy/

Chemotherapy was the main modalities of treatment adopted in all stages of oral cancer. In stage
I the main modality of treatment was only surgery (75.6%), whereas in Stage II, III and IV the
most common form treatment given to the patients was surgery in combination with
radiotherapy. 24% of stage IV patients received a combination of all three modalities of
treatment. 55 cases did not receive any form of surgical intervention (table5.1.11)

Table 5.1.11: Distribution as per treatment and stage

Type of treatment
Stage

Surgery
only

Radiotherapy
only

Surgery +
Radiotherapy

Surgery +
Radiotherapy +
Chemotherapy

Radiotherapy +
Chemotherapy

Total

I
(%)

59 (75.6)

1 (1.3)

16 (20.5)

2 (2.6)

0 (0.0)

78 (100)

II
(%)

65 (44.8)

1 (0.7)

63 (43.4)

16 (11.0)

0 (0.0)

145 (100)

III
(%)

42 (37.8)

3 (2.7)

46 (41.4)

20 (18.0)

0 (0.0)

111 (100)

IV
(%)

96 (24.5%)

20 (5.1)

152 (38.8)

94 (24.0)

30 (7.7)

392 (100)

Total

262 (36.1)

25 (3.4)

277 (38.2)

132 (18.2)

30 (4.1)

726 (100)

5.1.11 Histopathological Features:

Histological characteristics of the tumor were obtained

from histopathological reports of 671 cases that had undergone surgical intervention. The
distribution of these histological features is as follows
5.1.11.1 Tumor Size:

75% (488) of the 671 surgically treated patients had tumor size

of more than 2 cms of which 28% (137) had tumor of more than 4 cms (Table 5.1.12)
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Table 5.1.12:

Distribution as per tumor size (histopathological, n=671)

Size in greatest dimension

Number (%)

2 cms or less

183 (25.2)

2.1 – 4 cms

351 (48.3)

4.1 – 6 cms

122 (16.8)

6.1 – 8 cms

11 (1.5)

More than 8 cms

4 (0.6)

Total

5.1.11.2

671 (100)

Infiltration into surrounding tissue:

27.4% cases showed histological

evidence of bone infiltration, whereas skin involvement was seen only in 7.7 % cases. Similarly,
lymphvascular involvement was also seen in only 1.9% cases and perineural invasion was seen
in 18.9% of surgically treated cases (table 5.1.13).
Table 5.1.13: Distribution as per infiltration/ invasion into surrounding tissues
(histopathological, n=671)
Infiltration/ Invasion

Number (%)

Skin

52 (7.7)

Bone

184 (27.4)

Lymphovascular
Perineural

5.1.11.3

13 (1.9)
127 (18.9)

Lymph Node Involvment (histopathological):

Information

on

histopathological node involvement was not available for 142 cases (Non surgically treated cases
= 55 + Lymph nodes not dissected = 87 ). Out of the remaining 584 cases almost 50% were
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positive for nodal metastatsis and bilateral nodal involvement was seen in only 7.3% cases (table
5.1.14). Extracapsular spread (ECS) was seen in 224 (38.3%) cases.
Table 5.1.14: Distribution as per lymph node involvement (n=584)
Lymph Node involvement

Number (%)

Nodes Negative for metastasis

293 (50.1)

Ipsilateral Positive

243 (41.0)

Contralateral Positive

5 (0.8)

Bilateral Positive

43 (7.3)

Extracapsular spread Positive
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5.2.

Survival Analysis of oral cavity cancer (All cases, n= 726)

5.2.1 Overall Survival:

Patients‘ overall survival (OS) was calculated as the time interval

between the date of diagnosis and the date of death or the date of last follow-up. The closing date
for recording the last follow-up was taken as 31st December 2014. Out of the 726 patients, at the
end of follow-up (31st Dec 2014), 329 (45.3%) patients had expired, and 397 (54.7%) were
censored. The median follow-up period was 31 months (range, 1 to 103 months). The 5 year
overall survival of the cohort calculated by using actuarial method was found to be 52% (table
5.2.1).
Table 5.2.1: Overall survival
Survival in percentage

Total Number
726

1 Yr
78

5.2.2 Survival according to Age:

2 Yr
62

3 Yr
57

4 Yr
54

5 Yr
52

Patients were categorized according to several cut-offs of

age at registration and its effect on survival was analyzed using Kaplan-Meier curves and the
log-rank test. The difference in 5 yr overall survival rate between age group less than 40 yrs, 4049, 50-59, 60-69 and more than 70 yrs was not found to be statistically significant (table 5.2.2).
Similarly, no significant difference in 5yr survival was observed in age groups formed by taking
median age i.e 51 yrs or 65 yrs as a cut-off. However, when 40 yrs was taken a cut-off, it was
observed that patients with age less than 40 yrs had a 5yr survival of 58.5% and those of age 40
yrs and above had a 5 yr survival of 49.3%, this difference was found to be statistically
significant (p=0.03) (Fig. 5.2.1).
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Table 5.2.2: Observed survival rate (%) according to age
Factor

Total
Number

Age (years)
130
< 40
205
40 to 49
198
50 to 59
149
60 to 79
44
≥ 70
Age (as per median age 51 yrs)
360
≤ 51
366
> 51
Age (as per cut-off of 65 yrs)
649
<65
77
≥ 65
Age (as per cut-off of 40 yrs)
130
< 40
596
≥ 40
Univariate analysis
Age < 40 Yrs
Age ≥ 40 Yrs
*Calculated using Log Rank Test

Survival in percentage

p
Value*

1 Yr

2 Yr

3 Yr

4 Yr

5 Yr

83.1
73.4
75.4
73.6
67.4

68.2
56.7
65.0
61.2
57.8

63.9
52.7
58.5
57.9
52.8

60.4
50.9
53.4
52.0
47.4

58.5
50.3
50.6
47.5
44.4

0.22

77.2
73.5

62.0
62.1

56.9
57.5

54.3
52.7

52.6
49.8

0.45

75.8
71.7

61.9
63.2

57.2
58.7

53.6
52.5

51.8
45.9

0.38

83.1
73.7

68.2
60.7

63.9
55.9

60.4
52.0

58.5
49.3

0.03

Hazard Ratio (95% CI)
1
1.37 (1.01 – 1.85)

p Value
0.03

Figure 5.2.1: Observed survival rate (%) of oral cancer according to age
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5.2.3 Survival according to Gender:

A 5 yr survival rate for males and females

was found to be 50.6% and 53% respectively (table 5.2.3), but this difference was not
statistically significant (p=0.43) (Fig. 5.2.2).

Table 5.2.3: Observed survival rate (%) according to gender

Factor

Survival in percentage

Total
Number
1 Yr

2 Yr

3 Yr

4Yr

p
Value*
5Yr

Gender
Male

529

75.1

60.8

56.4

52.3

50.6

Female

197

79.2

65.4

60.3

56.4

53.0

0.43
*Calculated using Log Rank Test

Figure 5.2.2: Observed survival rate (%) according to gender
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5.2.4 Survival according to Marital Status:

The patients were divided into three

categories as per their marital status reported at the time of registration. No significant (p=0.99)
difference in survival was observed between the three groups namely unmarried, married or
widow/ widower (table 5.2.4) (Fig. 5.2.3).
Table 5.2.4: Observed survival rate (%) according to marital status

Factor

Total
Number

Survival in percentage
1 Yr

2 Yr

3 Yr

4 Yr

5 Yr

p
Value*

Marital Status
Unmarried

37

76.9

62.0

55.5

52.0

52.0

Married

608

75.6

61.4

57.3

53.2

51.3

76.1

65.3

58.6

55.0

49.3

81
Widow/ widower
*Calculated using Log Rank Test

0.99

Figure 5.2.3: Observed survival rate (%) according to marital status
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5.2.5 Survival according to Educational Status: The education level reported by the patient
at the time of registration was taken into consideration for classifying the patient as per
educational status. The 5yr survival rate was found to be highest for patients with educational
qualification of college and above (56.5%), followed by those who had done any level of
schooling (51.7%) and lowest survival rate was found to be of illiterate (45.7%) patients (table
5.2.5). However, this difference in 5yr survival between the three levels of education failed to
attain statistical significance (p=0.34) (Fig. 5.2.4).
Table 5.2.5: Observed survival rate (%) according to education status

Factor

Total
Number

Survival in percentage
1 Yr

2 Yr

3 Yr

4 Yr

5 Yr

p
Value*

Education Status
Illiterate

172

73.1

59.2

54.0

50.8

45.7

Schooling

447

75.7

62.4

56.4

52.9

51.7

107
College and above
*Calculated using Log Rank Test

77.4

62.8

59.7

57.5

56.5

0.34

Figure 5.2.4: Observed survival rate (%) according to education status
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5.2.6 Survival according to Lifestyle Habits:

Patients having habit of any form/ type of

tobacco or alcohol were grouped in one category. There was no significant (p> 0.60) difference
in survival between patients having or not having a lifestyle habit (table 5.2.6) (Fig. 5.2.5).
Table 5.2.6: Observed survival rate (%) according to presence of any habit (including
smoking, any type of tobacco chewing and alcohol consumption)

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

75.0

62.8

60.1

56.4

54.5

75.5

61.6

56.8

52.9

50.5

Lifestyle habits
Absent

123

603
Present
*Calculated using Log Rank Test

0.60

Figure 5.2.5: Observed survival rate (%) according to presence of lifestyle habit
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5.2.7 Survival according to Comorbidity:

Oral cancer patients having a concomitant

comorbidity (Hypertension, Diabetes mellitus, Heart Disease, Asthma and HIV) were found to
have significantly lower survival (p<0.001) as compared to patients without any comorbidity
(Fig. 5.2.6). On univariate analysis cases with comobidity were found to have unadjusted hazard
of 1.38 (1.10 - 1.72) of outcome as compared to those without comorbidity (table 5.2.7).
Table 5.2.7: Observed survival rate (%) according to presence of comorbidity

Factor
Comorbidity
Absent
Present
Univariate analysis

Total
Number
479
247

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

78.5
69.4

64.9
55.3

59.9
51.2

57.5
46.0

55.1
44.0

Absent
Present
*Calculated using Log Rank Test

p
Value*

<0.001

Hazard Ratio (95% CI)

p
Value

1
1.38 (1.10 - 1.72)

<0.001

Figure 5.2.6: Observed survival rate (%) according to presence of comorbidity
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5.2.8 Survival according to Blood Group:

No significant difference (p=0.85) in 5yr

survival was observed in oral cancer patients when they were categorized as per their blood
groups (table 5.2.8) (Fig. 5.2.7).
Table 5.2.8: Observed survival rate (%) according to blood group

Factor

Survival in percentage

Total
Number

p Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

Blood Group
A

201

77.4

62.0

57.8

53.5

52.0

B

239

77.6

63.0

57.3

55.3

51.7

AB

61

68.3

59.4

51.7

45.8

45.8

O

225

76.1

61.2

57.0

53.7

50.1

0.85

Figure 5.2.7: Observed survival rate (%) according to blood group
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5.2.9 Survival according to TNM staging:
affect overall survival (p<0.001) (Fig. 5.2.8).

TNM stage was found to significantly
Stage IV had the lowest 5yr survival rate of

35.9% and stage I had the highest survival rate of 84.7% (table 5.2.9). Thus, higher stages were
found to have poorer prognosis as compared to lower stages.
Table 5.2.9: Observed survival rate (%) according to TNM Stage
Factor
TNM Stage
I
II
III
IV
Univariate analysis

Total
Number
78
145
111
392

Survival in percentage
1 Yr

2 Yr

3 Yr

4 Yr

5 Yr

94.7
86.8
84.2
64.1

89.2
76.9
68.6
48.5

86.2
73.8
63.3
42.6

84.7
71.1
57.6
38.2

84.7
69.9
52.8
35.9

I
II
III
IV
*Calculated using Log Rank Test
Figure 5.2.8:

p Value*

Hazard Ratio (95% CI)
1
2.32 (1.15 – 4.65)
4.27 (2.16 – 8.45)
7.07 (3.75 – 13.33)

<0.001

p Value
0.01
<0.001
<0.001

Observed survival rate (%) according to TNM Stage
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5.2.10

Survival according to Lymph Node Involvement (“N” Classification):

Clinical

lymph node status was found to be significantly associated with overall survival (Fig. 5.2.9).
Patients with lymph node involvement had poorer survival as compared to node negative (N0)
patients (table 5.2.10).
Table 5.2.10: Observed survival rate (%) according to nodal status
Factor
N Classification
N0
N1
N2
Univariate analysis

Total
Number
341
201
184

Survival in percentage

p Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

87.5
74.9
53.1

77.7
58.1
35.6

74.0
52.4
31.0

70.4
49.4
25.7

69.6
44.3
24.2

N0
N1
N2
*Calculated using Log Rank Test

Hazard Ratio (95% CI)
1
2.11 (1.60 – 2.78)
3.86 (2.96 – 5.04)

<0.001

p Value
<0.001
<0.001

Figure 5.2.9: Observed Survival rate (%) according to Clinical Lymph Node status
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5.2.11 Survival according to differentiation (n=671):

Patients

having

Poorly

differentiated tumor were found to have the worst 5yr survival of 25.5%, whereas well and
moderately differentiated tumors had better survival of 87.6% and 58.2% respectively (table
5.2.11) (Fig. 5.2.10). Tumor differentiation of 40 patients was unknown, however 5yr survival
rate of these patients was not found to be significantly (p <0.001) different from well/ moderately
differentiated tumors (table 5.2.11).
Table 5.2.11: Observed survival rate (%) according to tumor differentiation (n=671)
Factor
Differentiation
Well Differentiated
Mod. Differentiated
Poorly Differentiated
Unknown
Univariate analysis

Total
Number

1 Yr

Survival in percentage
2 Yr
3 Yr
4 Yr

5 Yr

74
423
134
40

97.1
82.7
54.5
97.0

92.5
68.5
35.3
83.3

87.6
58.2
25.5
56.2

Well Differentiated
Mod.Differentiated
Poorly Differentiated
Unknown
*Calculated using Log Rank Test

90.9
63.6
29.8
76.1

89.3
60.3
26.8
68.7

Hazard Ratio (95% CI)
1
3.47 (1.83 – 6.58)
9.48 (4.93 – 18.27)
2.76 (0.97 – 6.47)

p
Value*

<0.001

p Value
<0.001
<0.001
0.18

Figure 5.2.10: Observed survival rate (%) according to tumor differentiation
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5.2.12 Survival according to Tumor size (Histopathological) (n=671):

5 yr survival rate of

oral cavity cancer patients was found to be significantly associated with size of the primary
tumor (Fig. 5.2.11). Patients with tumor size of more than 4 cms had poorer prognosis as
compared to patients with smaller size tumors (table 5.2.12).
Table 5.2.12: Observed survival rate (%) according as per tumor size

Factor

Total
Number

Size in greatest dimension (n=671)
2 cms or less
183
2.1 – 4 cms
351
More than 4 cms
137
Univariate analysis

Survival in percentage
1 Yr

2 Yr

3 Yr

4 Yr

5Yr

91.5
78.2
65.2

80.8
63.9
49.4

77.2
58.4
45.2

72.7
54.8
41.7

70.7
52.1
39.0

Hazard Ratio (95% CI)
2 cms or less
2.1 – 4 cms
More than 4 cms
*Calculated using Log Rank Test

1
2.01 (1.46 - 2.78)
3.02 (2.11 – 4.33)

p
Value*

<0.001

p
Value
<0.001
<0.001

Figure 5.2.11: Observed Survival rate (%) according as per tumor size
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5.2.13 Survival according to skin infiltration (n=671): 5 yr survival of patients having skin
infiltration was found to be 44.8% and for those not having skin infiltration was found to be
55.7% (table 5.2.13). However, this difference in survival rate failed to achieve statistical
significance (p=0.06) (Fig. 5.2.12).
Table 5.2.13: Observed Survival rate (%) according to skin infiltration

Factor

Survival in percentage

Total
Number

p Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

80.5

66.4

62.1

58.0

55.7

64.0

54.8

50.1

47.4

44.8

Skin Infiltration (n=671)
Absent

619

52
Present
*Calculated using Log Rank Test

0.06

Figure 5.2.12: Observed Survival rate (%) according as per skin infiltration
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5.2.14 Survival according to bone infiltration (n=671):

Patients with bone infiltration on

histology were found to have significantly lower survival (p<0.001) as compared to patients
without any bone involvement (Fig. 5.2.13). On univariate analysis cases with presence of bone
involvement was found to have unadjusted hazard of 1.66 (1.29 - 2.12) of outcome as compared
to those without evidence bone infiltration (table 5.2.14).
Table 5.2.14: Observed survival rate (%) according to bone infiltration
Factor

Total
Number

Bone Infiltration (n=671)
487
Absent
184
Present
Univariate analysis

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

82.5
70.7

69.0
56.1

65.2
50.6

61.9
44.6

60.1
41.0

Absent
Present
*Calculated using Log Rank Test

p
Value*

<0.001

Hazard Ratio (95% CI)

p
Value

1
1.66 (1.29- 2.12)

<0.001

Figure 5.2.13: Observed survival rate (%) according as per bone infiltration
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5.2.15 Survival according to Perineural invasion (PNI) (n=671):

Presence of perineural

invasion on histology was found to significantly affect the survival adversely. Patients with PNI
had 5yr survival of only 31.2% as compared to 61.0% in those patients without PNI (table
5.2.15) (Fig. 5.2.14).
Table 5.2.15: Observed survival rate (%) according perineural invasion

Factor

Total
Number

Perineural invasion (n=671)
544
Absent
127
Present
Univariate analysis

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

82.8
64.4

70.8
43.0

66.5
38.1

62.6
33.6

61.0
31.2

Absent
Present
*Calculated using Log Rank Test

p
Value*

<0.001

Hazard Ratio (95% CI)

p
Value

1
2.26 (1.74- 2.94)

<0.001

Figure 5.2.14: Observed survival rate (%) according as per perineural invasion
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5.2.16 Survival according to histopathological Lymph Node involvement (n=584):

Out of

671 patients who underwent surgical treatment, neck dissection reports were available for 584
patients, out of which 291 patients were positive for nodal metastasis. 5 yr survival for node
negative and node positive patients was found to be 69.1% and 32.4% respectively (table 5.2.16)
(Fig. 5.2.15).
Table 5.2.16: Observed survival rate (%) according to histopathological lymph node
involvement (n=584)
Factor

Total
Number

Lymph Node involvement (n=584)
Nodes Negative for
293
metastasis
Nodes Positive for
291
metastasis
Univariate analysis

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

89.6

81.0

77.1

71.8

69.1

p
Value*

<0.001
65.1

43.9

38.6

34.7

32.4

Hazard Ratio (95% CI)
Nodes Negative for
metastasis
Nodes Positive for
metastasis
*Calculated using Log Rank Test

p
Value

1
<0.001
3.21 (2.47 - 4.16)

Figure 5.2.15: Observed survival rate (%) as per histopathological lymph node
involvement (n=584)
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5.2.17 Survival according to Extra Capsular Spread (ECS) (n=584): Positive

ECS

was

found in 224, these patients were found to have significantly lower 5 yr survival of 27.3% as
compared to 65.7% in patients found negative for ECS (table 5.2.17) (Fig. 5.2.16).
Table 5.2.17:

Observed survival rate (%) according to extra capsular spread

Factor

Total
Number

Extra Capsular Spread (n=584)
360
ECS negative
224
ECS positive

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

87.4
61.3

78.1
37.7

74.3
31.9

68.5
28.6

65.7
27.3

p
Value*

<0.001

Univariate analysis

ECS negative
ECS positive
*Calculated using Log Rank Test

Hazard Ratio (95% CI)

p
Value

1
3.30 (2.58 - 4.22)

<0.001

Figure 5.2.16: Observed survival rate (%) according as per extra capsular spread
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5.2.18 Survival according to Treatment: Surgery individually or in combination with
Radiotherapy/ chemotherapy was the main modality of treatment. Out of 726 patients except for
55 cases, all other patients received surgery. These non-surgically treated cases had the lowest
5yr survival i.e 9.7% and 3.5%, for only radiotherapy, and chemotherapy plus radiotherapy
respectively (Fig. 5.2.17). Out of the 671 surgically treated cases, only surgically treated cases
had the highest 5 yr survival of 61.7% and the patients who received all the three modalities of
treatment namely Surgery, Radiotherapy and Chemotherapy had the lowest survival of 40.7%
(table 5.2.18).
Table 5.2.18: Observed survival rate (%) according to treatment

Factor

Survival in percentage

Total
Number

p Value*

1 Yr

2 Yr

3 Yr

4 Yr

5 Yr

Treatment
Surgery only

262

81.1

72.1

68.0

63.7

61.7

Radiotherapy only
Surgery +
Radiotherapy
Surgery +
Radiotherapy +
Chemotherapy
Radiotherapy +
Chemotherapy
Univariate analysis

25

43.8

29.2

14.6

14.6

9.7

277

794

66.3

61.3

58.1

56.1
<0.001

132

76.2

54.9

49.3

44.2

40.7

30

20.8

10.4

6.9

3.5

3.5

Hazard Ratio (95% CI)
Surgery only
Radiotherapy only
Surgery +
Radiotherapy
Surgery +
Radiotherapy +
Chemotherapy
Radiotherapy +
Chemotherapy
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p Value

1
4.43 (2.72 – 7.22)

<0.001

1.18 (0.89 – 1.56)

0.22

1.67 (1.23 – 2.27)

<0.001

6.16 (3.99 – 9.50)

<0.001
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Figure 5.2.17:

Observed survival rate (%) according to type of treatment

5.2.19 Multifactorial analysis for determining independent prognostic factors for overall
survival:
All the factors which were found to influence overall survival in univariate analysis, such
as age (≥ 40yrs), presence of comorbidity, overall stage, lymph node involvement, histological
tumor size, treatment modality, tumor differentiation, bone infiltration, perineural invasion and
extra capsular spread were considered for further multifactorial analysis. However, as overall
TNM stage includes tumor size and lymph node involvement, in order to avoid interaction
between these factors two models were developed, one with overall TNM stage and other taking
tumor size and lymph node involvement separately, keeping all the other variables same in both
the models. The results showed that age of 40 yrs or more (HR = 1.60, 95% CI = 1.14 - 2.24; P
<0.001), presence of comorbidity (HR = 1.58, 95% CI = 1.23 - 2.03; p<0.001), poor tumor
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differentiation (HR = 1.92, 95% CI = 1.193 - 3.092; p <0.001), perineural invasion (HR = 1.45,
95% CI = 1.09 - 1.91; p <0.001), extra capsular spread (HR = 2.33, 95% CI = 1.79 – 3.04;
p<0.001), advanced TNM stage (HR = 1.96, 95% CI = 1.37 - 2.80; p<0.001) (table 5.2.18),
lymph node involvement (HR = 1.48, 95% CI = 1.11 - 1.97; p= <0.001) and tumor size of more
than 4 cms (HR = 1.83, 95% CI = 1.23 – 2.74; p= 0.02) (table 5.2.19) were found to be
independent predictors for poor overall survival of oral cavity cancer patients.
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Table 5.2.19: Univariate and multifactorial analysis of prognostic factors for overall survival in patients with oral cavity
cancer
Model-1
Parameter
Age (< 40 yrs)
Age (≥ 40 yrs)
Comorbidity (Absent)
Comorbidity (Present)
Differentiation
Well Differentiated
Moderately Differentiated
Poorly Differentiated
Unknown
Early Stage (TNM I &II)
Advanced Stage (TNM III &IV)
Bone Infiltration (Absent)
Bone Infiltration (Present)
Perineural invasion (Absent)
Perineural invasion (Present)
ECS (Absent)
ECS (Present)
Treatment
Surgery only
Radiotherapy only
Surgery + Radiotherapy
Surgery + Radiotherapy +
Chemotherapy
Radiotherapy + Chemotherapy

No. of
cases
130
596
479
247

Univariate
HR (95% CI)
1
1.37 (1.01 – 1.85)
1
1.38 (1.10 - 1.72)

Multifactorial
HR (95% CI)
p value

p value

1

1.60 (1.14 - 2.24)

0.03

1

<0.001

1.58 (1.23 - 2.03)

<0.001**

<0.001
<0.001
0.18

1
1.87 (0.97 – 3.59)
4.18 (2.11 – 8.25)
1.61 (0.69 – 3.78)

0.05
<0.001**
0.26

<0.001

1.96 (1.37 - 2.80)

<0.001**

74
423
134
40
223
503
487
184
544
127
360
224

1
3.47 (1.83 – 6.58)
9.48 (4.93 – 18.27)
2.76 (0.97 – 6.47)
1
3.48 (2.56 – 4.74)
1
1.66 (1.29- 2.12)
1
2.26 (1.74- 2.94)
1
3.30 (2.58 - 4.22)

262
25
277

1
4.43 (2.72 – 7.22)
1.18 (0.89 – 1.56)

<0.001
0.22

132

1.67 (1.23 – 2.27)

<0.001

30

6.16 (3.99 – 9.50)

<0.001

<0.001

0.45
1

<0.001

1.45 (1.09 - 1.91)

<0.001**

1

2.33 (1.79 – 3.04)
--

<0.001

§ Abbreviations: HR, hazard ratio; CI, confidence interval; ECS, Extra capsular spread
** Significant (p value <0.05)
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Table 5.2.20: Univariate and multifactorial analysis of prognostic factors for overall survival in patients with oral cavity
cancer
Model-2
Parameter

No. of
cases

Univariate
HR (95% CI)

Multifactorial
HR (95% CI)
p value

p value

Age (< 40 yrs)
1
1
(130/ 596)
1.37 (1.01 – 1.85)
0.03
Age (≥ 40 yrs)
1.59 (1.13 - 2.23)
Comorbidity (Absent)
1
1
(479 / 247)
1.38 (1.10 - 1.72)
<0.001
Comorbidity (Present)
1.55 (1.21 – 1.99)
Differentiation
Well Differentiated
74
1
1
Moderately Differentiated
423
3.47 (1.83 – 6.58)
<0.001
1.98 (1.03 – 3.81)
Poorly Differentiated
134
9.48 (4.93 – 18.27)
<0.001
4.44 (2.48 – 8.76)
Unknown
40
2.76 (0.97 – 6.47)
0.18
1.63 (0.69 – 3.82)
Tumor Size
183
1
1
< 2cms
351
2.01
(1.46
2.78)
<0.001
1.30
(0.91
- 1.85)
2- 4 cms
137
3.02 (2.11 – 4.33)
<0.001
> 4cms
1.83 (1.23 – 2.74)
341
1
Lymph node (Absent)
1
385
2.81 (2.22 – 3.56)
<0.001
Lymph node (Present)
1.48 (1.11 - 1.97)
487
1
Bone Infiltration (Absent)
184
1.66 (1.29- 2.12)
<0.001
Bone Infiltration (Present)
544
1
Perineural invasion (Absent)
127
2.26 (1.74- 2.94)
<0.001
Perineural invasion (Present)
1.38 (1.04 - 1.82)
360
1
ECS (Absent)
224
3.30 (2.58 - 4.22)
<0.001
ECS (Present)
2.24 (1.69 – 2.95)
-Treatment
262
1
Surgery only
25
4.43 (2.72 – 7.22)
<0.001
Radiotherapy only
277
1.18 (0.89 – 1.56)
0.22
Surgery + Radiotherapy
Surgery + Radiotherapy +
132
1.67 (1.23 – 2.27)
<0.001
Chemotherapy
30
6.16 (3.99 – 9.50)
<0.001
Radiotherapy + Chemotherapy
§ Abbreviations: HR, hazard ratio; CI, confidence interval; ECS, Extra capsular spread, ** Significant (p value <0.05)
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<0.001**
<0.001**

0.04**
<0.001**
0.26

0.14
<0.001**
<0.001**
0.62

0.02**
<0.001**
0.16

Results … Early Stage (TNM I & II)
Early Disease (TNM Stage I and II)

5.3

Survival Analysis of Early Stage Oral Cavity Cancer (n= 223)
At the end of follow-up (31st Dec 2014) out of the 223 patients, ,

5.3.1 Overall Survival:

48 (21.5%) patients had expired, and 175 (78.5%) were censored. The median follow-up period
was 66 months (range, 1 to 97 months). The 5-year overall survival of the cohort calculated by
using actuarial method was found to be 77% (table 5.3.1).
Table 5.3.1: Overall survival of early stage oral cancer
Survival in percentage
Total Number

223

1 Yr

2 Yr

3 Yr

4 Yr

5 Yr

91

82

79

77

77

5.3.2 Survival according to Age:

Patients were categorized according to cut-offs based on

age at registration and its effect on survival was analyzed using Kaplan-Meier curves and the
log-rank test. The difference in 5 yrs overall survival rate between age group less than 40 yrs, 4049, 50-59, 60-69 and more than 70 yrs was not found to be statistically significant (table 5.3.2).
Taking, 40 yrs as a cut-off, it was observed that patients with age less than 40 yrs had a 5yr
survival of 88.2% and those of age 40yrs and above had a 5yr survival of 74.1%, however this
difference was not found to be statistically significant (p=0.06) (Fig. 5.3.1).
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Table 5.3.2: Observed survival rate (%) of early stage cancer according to age

Factor

Survival in percentage

Total
Number
1 Yr

2 Yr

3 Yr

4Yr

p
Value*
5Yr

Age (years)
< 40

37

100

91.4

88.2

88.2

88.2

40 to 49

62

90.3

77.9

76.0

74.1

74.1

50 to 59

61

86.4

81.0

73.2

69.1

69.1

60 to 69

46

95.3

85.6

80.2

80.2

80.2

≥ 70

17

74.6

74.6

74.6

74.6

74.6

< 40

37

100

91.4

88.2

88.2

88.2

≥ 40

186

88.9

80.6

76.1

74.1

74.1

0.27

Age (as per cut-off of 40 yrs)
0.06

*Calculated using Log Rank Test

Figure 5.3.1:

Observed survival rate (%) of early stage oral cancer according to age
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5.3.3 Survival according to Gender, Marital and Educational Status: A 5 yr survival rate
for males and females was found to be 74.7% and 82.3% respectively (table 5.3.3), but this
difference was not statistically significant (p=0.25). Patients were categorized as per their marital
and educational status at the time of registration. No significant difference was seen in 5 yr
survival of patients based on marital and educational status (table 5.3.3).
Table 5.3.3: Observed survival rate (%) of early stage cancer according to gender,
marital status and education

Factor

Survival in percentage

Total
Number
1 Yr

2 Yr

3 Yr

4Yr

p
Value*
5Yr

Gender
Male

170

89.7

80.1

76.8

75.5

74.7

Female

53

91.9

89.7

84.8

82.3

82.3

Marital Status
Unmarried/ Widow/
Widower/ Divorced
Married

31

100

96.0

91.4

86.6

86.6

192

89.2

80.3

76.7

75.5

74.9

Illiterate

39

94.3

91.1

84.4

81.1

81.1

Schooling

129

90.3

80.1

76.4

74.6

73.5

55
College and above
*Calculated using Log Rank Test

87.1

81.5

79.6

79.6

79.6

0.25

0.12

Education Status

5.3.4 Survival according to Lifestyle Habits:

0.54

Patients having habit of any form/ type of

tobacco or alcohol were grouped in one category and their effect on survival was analyzed. There
was no significant (p= 0.30) difference in survival between patients having or not having a
lifestyle habit (table 5.3.4) (Fig. 5.3.2).
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Table 5.3.4: Observed survival rate (%) according to presence of any habit (including
smoking, any type of tobacco chewing and alcohol consumption)

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

Lifestyle habits
Absent

46

80.0

77.6

75.0

72.4

72.4

Present

177

93.6

83.6

79.7

78.3

77.5

0.30
*Calculated using Log Rank Test

Figure 5.3.2: Observed survival rate (%) according to presence of lifestyle habit

5.3.5 Survival according to Comorbidity:

Early stage oral cancer patients having a

concomitant comorbidity (Hypertension, Diabetes mellitus, Heart Disease, Asthma and HIV)
were found to have 5yr survival of 69.9% as compared to 80.3% in patients without any
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comobidity (Fig. 5.3.3), but this difference did not achieve statistical significance (p= 0.06)
(table 5.3.5).
Table 5.3.5: Observed survival rate (%) according to presence of comorbidity

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

94.1

85.4

82.1

81.3

80.3

85.1

77.1

72.9

69.9

69.9

Comorbidity
Absent

139

84
Present
*Calculated using Log Rank Test

0.06

Figure 5.3.3: Observed survival rate (%) of early stage cancer according to presence of
comorbidity
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5.3.6 Survival according to differentiation (n=221):

Out of the 223 patients 02 patients

did not receive surgical treatment hence their tumor differentiation could not be ascertained as
the histopathological report for them was not available. Patients having Poorly differentiated
tumor were found to have the worst 5yr survival of

42.2%, whereas patients with well

differentiated tumors or for those whose tumor differentiation was not reported/ available had
near 100% 5yr survival i.e there was no reported deaths in this group of patients (Fig. 5.3.4).
Therefore, in order to compute hazard ratio in univariate analysis, patients with Well/
Moderately / Unknown differentiation were clubbed together and was used as a reference
category. The patients with poorly differentiated tumor were found to have significantly higher
hazard of an event i.e death as compared to the reference category (table 5.3.6).
Table 5.3.6: Observed Survival rate (%) according to tumor differentiation (n=221)

Factor

Survival in percentage

Total
Number
1 Yr

2 Yr

3 Yr

p Value*

4Yr

5Yr

Differentiation
Well Differentiated
Moderately
Differentiated
Poorly Differentiated

36

No Death in 5 yr follow-up

147

91.4

81.6

78.2

76.8

76.8

25

70.0

64.6

53.8

48.4

42.4

Unknown

13

No Death in 5 yr follow-up

<0.001

Univariate analysis
Hazard Ratio (95% CI)
Well/ Moderately
Differentiated/
Unknown
Poorly Differentiated
*Calculated using Log Rank Test
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p Value

1
3.39 (1.76 – 6.53)
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Page | 106

Results … Early Stage (TNM I & II)
Figure 5.3.4: Observed survival rate (%) of early stage cancer according to tumor
differentiation

5.3.7 Survival according to Tumor size (Histopathological) (n=221): 5 yr survival rate of
oral cavity cancer patients was found to be significantly associated with size of the primary
tumor (Fig. 5.3.5). Patients with tumor size of more than 4 cms had poorer prognosis as
compared to patients with smaller size tumors (table 5.3.7).
Table 5.3.7: Observed Survival rate (%) according as per tumor size
Factor

Total
Number

Size in greatest dimension (n=221)
2 cms or less
111
2.1 – 4 cms
103
More than 4 cms
7
Univariate analysis

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

95.3
87.9
57.1

85.6
80.3
57.1

84.6
73.2
57.1

83.6
70.7
57.1

83.6
69.2
57.1

Hazard Ratio (95% CI)
2 cms or less
2.1 – 4 cms
More than 4 cms
*Calculated using Log Rank Test
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1
1.99 (1.09 – 3.65)
4.24 (1.24 – 14.53)

p
Value*

0.01

p
Value
0.02
0.02

Page | 107

Results … Early Stage (TNM I & II)
Figure 5.3.5:

Observed Survival rate (%) according as per tumor size (Histological)

5.3.8 Survival according to Perineural invasion (PNI) (n=221):

Presence of perineural

invasion on histology was found to significantly affect the survival adversely. Patients with PNI
had 5 yr survival of only 52.7% as compared to 80.1% in those patients without PNI (table 5.3.8)
(Fig. 5.3.6).
Table 5.3.8: Observed survival rate (%) according perineural invasion

Factor

Total
Number

Survival in percentage
1 Yr

3 Yr

4Yr

5Yr

Perineural extension (n=221)
188
93.4
85.1
82.0
Absent
33
75.7
65.8
58.0
Present
Univariate analysis (Cox- Proportional Hazard Model)

80.8
52.7

80.1
52.7

Absent
Present
*Calculated using Log Rank Test
A study of survival in oral cavity cancer patients

2 Yr

p
Value*

<0.001

Hazard Ratio (95% CI)

p
Value

1
2.88 (1.54 - 5.39)

<0.001
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Figure 5.3.6: Observed Survival rate (%) according as per Perineural invasion

5.3.9

Survival according to Histopathological Lymph Node involvement (n=221):

221

patients who underwent surgical treatment, neck dissection reports were available for 147
patients, out which 45 patients had positive for nodal metastasis. 5yr survival for node negative
and node positive patients was found to be 83.2% and 46.6% respectively (table 5.3.9).
Table 5.3.9: Observed survival rate (%) according to lymph node involvement (histo)
Total
Number 1 Yr
Lymph Node involvement (n=147)
Nodes Negative for
102
96.0
metastasis
Nodes Positive for
45
73.0
metastasis
Univariate analysis
Factor

Survival in percentage
2 Yr
3 Yr
4Yr
89.8

85.5

A study of survival in oral cavity cancer patients

83.2
<0.001

59.3

53.1

Hazard Ratio (95% CI)
Nodes Negative for
metastasis
Nodes Positive for
metastasis
*Calculated using Log Rank Test

83.2

5Yr

p
Value*

50.0

46.6
p
Value

1
<0.001
4.28 (2.22 – 8.25)
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Figure 5.3.7:

Observed survival rate (%) as per lymph node involvement (histo)

5.3.10 Survival according to Treatment:

Surgery individually or in combination with

Radiotherapy/ chemotherapy was the main modalities of treatment. Out of 221 patients except
for 2 cases all other patients received surgery. Out of the 221 surgically treated cases only
surgically treated cases had 5 yr survival of 82.5% (table 5.3.10), however no significant (p>
0.13) difference was observed between surgery alone or surgery given in combination with other
treatment such as Radiotherapy and Chemotherapy (Fig. 5.3.8).
Table 5.3.10: Observed survival rate (%) according to treatment
Factor

Total
Number

Survival in percentage
1 Yr

Treatment
124
Surgery only
2
Radiotherapy only
Surgery +
79
Radiotherapy
Surgery +
18
Radiotherapy +
Chemotherapy
*Calculated using Log Rank Test
A study of survival in oral cavity cancer patients

2 Yr

3 Yr

4Yr

5Yr

94.2
100

85.2
100

83.4
100

82.5
100

82.5
100

87.2

87.2

72.7

69.6

67.8

83.3

69.9

69.9

69.9

69.9

p
Value*

0.13
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Figure 5.3.8:

Observed survival rate (%) according to type of treatment

5.3.11 Multifactorial analysis for determining independent prognostic factors for overall
survival:
All the factors which were found to influence overall survival in univariate analysis, such
histological tumor size, tumor differentiation, histological lymph node involvement and
perineural invasion were considered for further multifactorial analysis. In addition, age (≥40 yrs)
and treatment was also considered so as to adjust for their effect in multifactorial model. Thus,
using, multifactorial cox propotional step down reduction method we found, age (≥40 yrs) (HR =
2.85, 95% CI = 1.01 – 8.03; p=0.04), poor tumor differentiation (HR = 3.33, 95% CI = 1.67 –
6.60; p<0.001), tumor size (> 2 cms) (HR = 1.86, 95% CI = 11.01 – 3.42; p=0.04) and presence
of perineural invasion (HR = 2.06, 95% CI = 1.07 – 3.96; p=0.04) as independent predictors for
poor overall survival in early stage oral cancer patients (table 5.3.11).
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Table 5.3.11: Univariate and multifactorial analysis of prognostic factors for overall survival in patients with early stage oral
cavity cancer

Parameter
Age (< 40)
Age (≥ 40)
Well/ Moderately
Differentiated/ Unknown
Poorly Differentiated
Tumor Size (≤2 cms)
Tumor Size (>2 cms)
Perineural invasion Absent
Perineural invasion Present
Treatment

No. of
cases
37
184

Univariate
HR (95% CI)
--

196

1

25
111
110
188
33
--

3.39 (1.76 – 6.53)
1
2.05 (1.13 – 3.71)
1
2.88 (1.54 - 5.39)
--

Multifactorial
HR (95% CI)
p value
1
2.85 (1.01 – 8.03)
0.04**

p value
0.06

1
0.02
0.01
<0.001
0.13

§ Abbreviations: HR, hazard ratio; CI, confidence interval
** Significant (p value <0.05)
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3.33 (1.67 – 6.60)
1
1.86 (1.01 – 3.42)
1
2.06 (1.07 – 3.96)
--

<0.001**
0.04**

0.03**
0.80

Results … Advanced Stage (TNM III & IV)
Advanced Disease (TNM Stage III and IV)

5.4

Survival Analysis of Advanced Stage Oral Cavity Cancer (n= 503)
At the end of follow-up (31st Dec

5.4.1 Overall Survival of advanced stage cancer:

2014) out of the 503 patients, 281 (55.9%) patients had expired, and 222 (44.1%) were censored.
The median follow-up period was 19 months (range, 1 to 103 months). The 5-year overall
survival of the cohort calculated by using actuarial method was found to be 40% (table 5.4.1).
Table 5.4.1: Overall Survival of advanced stage cancer

Survival in percentage
Total Number

503

1 Yr

2 Yr

3 Yr

4 Yr

5 Yr

72

53

47

43

40

5.4.2 Survival according to Age:

Patients were categorized according to cut-offs based on

age at registration and its effect on survival was analyzed using Kaplan-Meier curves and the
log-rank test. The difference in 5 yrs overall survival rate between age group less than 40 yrs, 4049, 50-59, 60-69 and more than 70 yrs was not found to be statistically significant (table 5.4.2).
Taking, 40 yrs as a cut-off, it was observed that patients with age less than 40 yrs had a 5yr
survival of 46.2% and those of age 40yrs and above had a 5yr survival of 37.9%, however this
difference was not found to be statistically significant (p>0.09) (Fig. 5.4.1).
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Table 5.4.2: Observed survival rate (%) of advanced stage cancer and according to age

Factor

Survival in percentage

Total
Number
1 Yr

2 Yr

3 Yr

4Yr

p
Value*
5Yr

Age (years)
< 40

93

76.4

58.7

52.7

47.6

46.2

40 to 49

143

65.6

47.0

42.1

40.4

39.5

50 to 59

137

70.3

57.6

50.8

46.2

42.2

60 to 69

103

63.9

50.3

46.8

39.5

33.1

≥ 70

27

63.0

48.1

40.1

36.1

28.1

< 40

93

76.4

58.7

52.7

47.6

46.2

≥ 40

410

66.6

51.4

46.6

41.8

37.9

0.17

Age (as per cut-off of 40 yrs)
0.09

*Calculated using Log Rank Test

Figure 5.4.1:

Observed Survival rate (%) of advanced stage oral cancer according to Age
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5.4.3 Survival according to Gender, Marital and Educational Status: A 5 yr survival rate
for males and females was found to be 41.4% and 46.6% respectively (table 5.4.3), but this
difference was not statistically significant (p=0.38). Patients were categorized as per their marital
and educational status at the time of registration. No significant difference was seen in 5 yr
survival based on marital and educational status (table 5.4.3).
Table 5.4.3: Observed survival rate (%) of advanced stage cancer according to gender,
marital and educational status

Factor

Survival in percentage

Total
Number
1 Yr

2 Yr

3 Yr

4 Yr

p
Value*
5 Yr

Gender
Male

170

359

68.0

51.5

46.4

41.4

Female

53

144

69.2

56.0

51.0

46.6

Unmarried

30

71.0

56.1

56.1

56.1

56.1

Married

416

69.1

52.5

48.1

42.6

39.8

Widow/ widower

57

65.9

53.7

42.9

40.8

32.2

Illiterate

133

65.7

51.5

46.8

43.9

37.9

Schooling

318

69.7

55.0

49.3

44.0

42.4

52
College and above
*Calculated using Log Rank Test

67.3

42.8

38.5

34.0

31.7

0.38

Marital Status
0.43

Education Status

5.4.4 Survival according to Lifestyle Habits:

0.37

Patients having habit of any form/ type of

tobacco or alcohol were grouped in one category and their effect on survival was analyzed. There
was no significant (p=0.46) difference in survival between patients having or not having a
lifestyle habit (table 5.4.4) (Fig. 5.4.2).
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Table 5.4.4: Observed survival rate (%) of advanced stage cancer according to presence
of any habit (including smoking, any type of tobacco chewing and alcohol consumption)

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

71.9

54.2

50.0

47.1

44.0

67.7

52.3

47.0

42.1

38.6

Lifestyle habits
Absent

77

426
Present
*Calculated using Log Rank Test

0.46

Figure 5.4.2: Observed survival rate (%) of advanced stage cancer according to presence
of lifestyle habit

5.4.5 Survival according to Comorbidity: Advanced stage oral cancer patients having a
concomitant comorbidity (Hypertension, Diabetes mellitus, Heart Disease, Asthma and HIV)
were found to have significantly lower survival as compared to patients without any comorbidity
(Fig. 5.4.3). On univariate analysis cases with comobidity were found to have unadjusted hazard
of 1.39 (1.09 – 1.77) of outcome as compared to those without comorbidity (table 5.4.5).

A study of survival in oral cavity cancer patients

Page | 116

Results … Advanced Stage (TNM III & IV)
Table 5.4.5: Observed survival rate (%) of advanced stage cancer according to presence
of comorbidity

Factor

Survival in percentage

Total
Number

p Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

Comorbidity
Absent

340

71.9

56.0

50.3

47.7

43.7

Present

163

61.5

46.5

40.4

34.3

31.4

<0.001

Univariate analysis
Hazard Ratio (95% CI)
Absent
Present
*Calculated using Log Rank Test

1
1.39 (1.09 – 1.77)

p Value
<0.001

Figure 5.4.3: Observed survival rate (%) of advanced stage cancer according to presence
of comorbidity
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5.4.6

Survival according to Lymph Node Involvement (“N” Classification):

Clinical

lymph node status was found to be significantly associated with overall survival (Fig. 5.4.4).
Patients with lymph node involvement had poorer survival as compared to node negative (N0)
patients (table 5.4.6).
Table 5.4.6: Observed survival rate (%) of advanced stage cancer according to clinical
nodal status
Factor
N Classification
N0
N1
N2
N3
Univariate analysis

Total
Number
118
201
177
7

Survival in percentage

p Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

81.3
74.9
54.1
28.6

69.8
58.1
37.1
14.3

65.8
52.4
32.4
00.0

58.5
49.4
26.8
00.0

55.0
44.3
25.4
00.0

Hazard Ratio (95% CI)
1
N0
1.29 (0.92 – 1.81)
N1
2.31 (1.66 – 3.21)
N2
6.17 (2.79 – 13.67)
N3
*Calculated using Log Rank Test

<0.001

p Value
0.12
<0.001
<0.001

Figure 5.4.4:
Observed survival rate (%) of advanced stage cancer according to
clinical nodal status
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5.4.7 Survival according to differentiation (n= 450):

Out of the 503 patients 53 patients

did not receive surgical treatment hence their tumor differentiation could not be ascertained as
the histopathological report for them was not available. Patients having Poorly differentiated
tumor were found to have the worst 5yr survival of 20.2%, whereas well and moderately
differentiated tumors had better survival of 74.6% and 49.5% respectively (table 5.4.7) (Fig.
5.4.5). Tumor differentiation of 27 patients was unknown, however 5yr survival rate of these
patients was not found to be significantly (p=0.14) different from well/ moderately differentiated
tumors (table 5.4.7).
Table 5.4.7: Observed survival rate (%) of advanced stage cancer according to tumor
differentiation (n=450)

Factor

Survival in percentage

Total
Number

p Value*
1 Yr

2 Yr

3 Yr

4Yr

5Yr

Differentiation
Well Differentiated

38

94.0

84.3

81.1

77.8

74.6

Moderately
Differentiated

276

78.2

62.5

58.4

52.8

49.5

Poorly Differentiated

109

50.7

28.7

24.4

21.9

20.2

Unknown

27

95.7

77.4

67.8

58.1

41.6

<0.001

Univariate analysis
Hazard Ratio (95% CI)
Well Differentiated

p Value

1

Moderately
Differentiated

2.07 (1.09 – 3.95)

0.02

Poorly Differentiated

5.18 (2.67 – 10.02)

<0.001

Unknown

1.88 (0.81 – 4.36)

0.14

*Calculated using Log Rank Test
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Figure 5.4.5:
differentiation

Observed survival rate (%) of advanced stage cancer according to tumor

5.4.8 Survival according to Tumor size (Histopathological) (n=450): 5 yr survival rate of
oral cavity cancer patients was found to be significantly associated with size of the primary
tumor (Fig. 5.4.6). Patients with tumor size of more than 4 cms had poorer prognosis as
compared to patients with equal to or less than 2 cms size tumors (table 5.4.8).
Table 5.4.8: Observed survival rate (%) of advanced stage cancer according as per tumor
size
Factor

Total
Number

Size in greatest dimension (n=217)
2 cms or less
72
2.1 – 4 cms
248
4.1 – 6 cms
130
Univariate analysis

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

88.5
77.6
65.6

73.3
56.6
49.0

65.5
52.3
44.6

57.4
48.2
40.1

50.4
45.0
38.1

Hazard Ratio (95% CI)
2 cms or less
2.1 – 4 cms
More than 4 cms
*Calculated using Log Rank Test
A study of survival in oral cavity cancer patients

1
1.35 (0.91 – 1.99)
1.675 (1.10 – 2.53)

p
Value*

0.04

p
Value
0.12
0.01
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Figure 5.4.6: Observed survival rate (%) of advanced stage cancer according to tumor size

5.4.9 Survival according to skin infiltration (n=450):

5 yr survival of patients having skin

infiltration and of those not having skin infiltration was found to be almost similar i.e 44.8% and
44.9% respectively (p= 0.74) (table 5.4.9).
Table 5.4.9: Observed Survival rate (%) of advanced stage cancer according to skin
infiltration

Factor

Survival in percentage

Total
Number
1 Yr

2 Yr

3 Yr

4Yr

p
Value*
5Yr

Skin Infiltration (n=450)
Absent

398

74.8

57.5

52.8

47.4

44.9
0.74

Present

52

64.0

54.8

50.1

47.4

44.8

*Calculated using Log Rank Test
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5.4.10 Survival according to bone infiltration (n=450): Patients with bone infiltration on
histology were found to have significantly lower survival (p=0.03) as compared to patients
without any bone involvement (Fig. 5.4.7). On univariate analysis cases showing presence of
bone involvement were found to have unadjusted hazard of 1.66 (1.29 - 2.12) of outcome as
compared to those without evidence bone infiltration (table 5.4.10).
Table 5.4.10:
infiltration
Factor

Observed survival rate (%) of advanced stage cancer according to bone

Total
Number

Bone Infiltration (n=450)
277
Absent
173
Present
Univariate analysis

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

78.3
66.3

60.2
52.4

55.4
47.3

51.0
41.8

48.2
38.2

Absent
Present
*Calculated using Log Rank Test

p
Value*

0.03

Hazard Ratio (95% CI)

p
Value

1
1.31 (1.01 - 1.70)

0.03

Figure 5.4.7: Observed survival rate (%) of advanced stage cancer according to bone
infiltration
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5.4.11 Survival according to Perineural Invasion (PNI) (n=671):

Presence of perineural

invasion on histology was found to adversely affect survival. Patients with PNI had 5 yr survival
of only 23.3% as compared to 49.2% in those patients without PNI (table 5.4.11) (Fig. 5.4.8).
Table 5.4.11: observed survival rate (%) of advanced stage cancer according perineural
infilteration

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

Perineural extension (n=450)
Absent

351

77.2

63.1

58.2

52.8

49.2

Present

99

60.0

34.0

30.2

26.2

23.3

<0.001

Univariate analysis
p
Value

Hazard Ratio (95% CI)
Absent
Present
*Calculated using Log Rank Test

1
2.19 (1.64 - 2.90)

<0.001

Figure 5.4.8:
observed survival rate (%) of advanced stage cancer according to
perineural invasion
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5.4.12

Survival according to histopathological Lymph Node involvement (n=437):

450

patients who underwent surgical treatment, neck dissection reports were available for only 437
patients, out which 246 patients were positive for nodal metastasis. 5 yr survival for node
negative and node positive patients was found to be 62.0% and 29.4% respectively (table 5.4.12)
(Fig. 5.4.9).
Table 5.4.12: observed survival rate (%) of advanced stage cancer according to
histopathological lymph node involvement (n=437)
Factor

Total
Number

Lymph Node involvement (n=437)
Nodes Negative for
191
metastasis
Nodes Positive for
246
metastasis
Univariate analysis

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

86.0

76.0

71.1

65.3

62.0

63.6

41.2

36.0

32.0

29.4

<0.001

Hazard Ratio (95% CI)
Nodes Negative for
metastasis
Nodes Positive for
metastasis
*Calculated using Log Rank Test
Figure 5.4.9:

p
Value*

p
Value

1
<0.001
2.67 (2.05 – 3.56)

observed survival rate (%) of advanced stage cancer according to
histopathological lymph node involvement (n=437)
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5.4.13

Survival according to Extra Capsular Spread (ECS) (n=437):

Positive ECS

was found in 194, these patients were found to have significantly lower 5 yr survival of 26.0%
as compared to 57.9% in patients negative for ECS (table 5.4.13) (Fig. 5.4.10).
Table 5.4.13:

Observed survival rate (%) of advanced stage cancer according ECS
Survival in percentage

Total
Number

Factor

p Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

Extra Capsular Spread (n=437)
ECS negative

243

83.7

73.0

68.1

61.6

57.9

ECS positive

194

60.5

35.9

30.5

28.0

26.0

<0.001

Univariate analysis
Hazard Ratio (95% CI)
ECS negative

1

ECS positive
*Calculated using Log Rank Test
Figure 5.4.10:

2.64 (2.02 – 3.45)

p Value
<0.001

Observed survival rate (%) of advanced stage cancer according to ECS
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5.4.14 Survival according to Treatment: Surgery individually or in combination with
Radiotherapy/ Chemotherapy was the main modality of treatment. Majority of the patients 62%
received either RT or CT in addition to surgery (table 5.4.14). Out of the 450 surgically treated
cases, surgery plus radiotherapy treated cases had the highest 5 yr survival of 50.6% and the
patients who received all the three modalities of treatment namely Surgery, Radiotherapy and
Chemotherapy had the lowest survival of 36.8% (Fig. 5.4.11)
Table 5.4.14: Observed survival rate (%) of advanced stage according to treatment

Factor

Survival in percentage

Total
Number

p Value*
1 Yr

2 Yr

3 Yr

4Yr

5Yr

Treatment
Surgery only

138

68.4

59.3

51.8

45.2

41.2

Radiotherapy only

23

27.3

21.9

05.5

05.5

00.0

76.2

60.0

56.5

53.3

50.6

75.1

50.9

46.3

40.8

36.8

20.8

10.4

06.9

03.5

03.5

Surgery + Radiotherapy 198
Surgery + Radiotherapy
114
+ Chemotherapy
Radiotherapy +
30
Chemotherapy

<0.001

Univariate analysis (Cox- Proportional Hazard Model)
Hazard Ratio (95% CI)
1

Surgery only
Radiotherapy only
Surgery + Radiotherapy
Surgery + Radiotherapy
+ Chemotherapy
Radiotherapy +
Chemotherapy
*Calculated using Log Rank Test
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p Value

(1.97 – 5.38)

<0.001

0.75

(0.55 – 1.03)

0.77

.998

(0.77– 1.39)

3.49

(2.23 – 5.46)

3.26

0.99
<0.001
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Figure 5.4.11:
treatment

Observed survival rate (%) of advanced stage cancer according to

5.4.15 Multifactorial analysis for determining independent prognostic factors for overall
survival:
All the factors which were found to influence overall survival in univariate analysis, such
as presence of comorbidity, histological lymph node involvement, histological tumor size, tumor
differentiation,

extra capsular spread, bone

infiltration, perineural invasion and treatment

modality were considered for further multifactorial analysis. In addition, age (>40 yrs) was also
considered so as to adjust for its effect in multifactorial model. Thus, using, multifactorial cox
proportional step down reduction method we found that age ≥ 40 yrs (HR = 1.51, 95% CI = 1.06
- 2.15; P= 0.02), presence of comorbidity (HR = 1.44, 95% CI = 1.09 – 1.89; p<0.001), poor
tumor differentiation disease (HR = 3.12, 95% CI = 1.56 - 6.26; p<0.001), tumor size more than
4 cms (HR = 1.43, 95% CI = 1.06 - 2.21; p= 0.04), perineural invasion (HR = 1.53, 95% CI =
1.13 - 2.06; p<0.001), extra capsular spread (HR = 1.53, 95% CI = 1.01 – 2.33; p= 0.04),
histological lymph node involvement (HR = 1.64, 95% CI = 1.04 - 2.57; p= 0.03) (table 5.4.14)
were found to be independent predictors for poor overall survival of advanced stage oral cavity
cancer patients.
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Table 5.4.15: Univariate and multifactorial analysis of prognostic factors for overall survival in patients with advanced stage
oral cavity cancer
Parameter
Age (< 40 yrs)
Age (≥ 40 yrs)
Comorbidity (Absent)
Comorbidity (Present)
Differentiation
Well Differentiated
Moderately Differentiated
Poorly Differentiated
Unknown
Tumor Size
< 2cms
2- 4 cms
> 4cms
Histological Lymph node (Absent)
Histological Lymph node (Present)
Bone Infiltration (Absent)
Bone Infiltration (Present)
Perineural invasion (Absent)
Perineural invasion (Present)
ECS (Absent)
ECS (Present)
Treatment
Surgery only
Radiotherapy only
Surgery + Radiotherapy
Surgery + Radiotherapy +
Chemotherapy
Radiotherapy + Chemotherapy

No. of
cases
93
410
340
163

Univariate
HR (95% CI)

1
1.30 (0.94 – 1.78)

0.10

1
1.39 (1.09 – 1.77)

<0.001

Multifactorial
HR (95% CI)
1
1.51 (1.06 - 2.15)
1
1.44 (1.09 – 1.89)

38
276
109
27

1
2.07 (1.09 – 3.95)
5.18 (2.67 – 10.02)
1.88 (0.81 – 4.36)

0.02
<0.001
0.14

1
1.41 (0.72 – 2.76)
3.12 (1.56 – 6.26)
1.24 (0.52 – 2.92)

72
248
130
190
247
277
173
351
99
243
194

1
1.35 (0.91 – 1.99)
1.67 (1.10 – 2.53)
1
2.67 (2.05 – 3.56)
1
1.31 (1.01 - 1.70)
1
2.19 (1.64 - 2.90)
1
2.64 (2.02 - 3.45)

138
23
198

1
3.26 (1.97 – 5.38)
0.75 (0.55 – 1.03)

<0.001
0.77

114

0.99 (0.77 – 1.39)

0.99

30

3.49 (2.23 – 5.46)

<0.001

p value

0.12
0.01
<0.001

0.02**
<0.001**

0.30
<0.001**
0.62
0.06
0.88
0.04**
0.03**
0.97

0.03
<0.001
<0.001

§ Abbreviations: HR, hazard ratio; CI, confidence interval, ** Significant (p value <0.05)
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1
1.03 (0.68 – 1.55)
1.43 (1.06 – 2.21)
1
1.64 (1.04 - 2.57)
--

p value
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1
1.53 (1.13 - 2.06)
1
1.53 (1.01 – 2.33)
--

<0.001**
0.04**
0.09
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Tongue Cancer
5.5

Survival Analysis of Tongue Cancer (n= 245)
At the end of follow-up (31st Dec 2014) out

5.5.1 Overall Survival of Tongue Cancer:

of the 245 patients, 115 (46.9 %) patients had expired, and 130 (53.1%) were censored. The
median follow-up period was 26 months (range, 1 to 98 months). The 5-year overall survival of
the cohort calculated by using actuarial method was found to be 40% (table 5.5.1).
Table 5.5.1: Overall survival of tongue cancer

Survival in percentage
Total Number

245

1 Yr

2 Yr

3 Yr

4 Yr

5 Yr

76

58

52

51

50

5.5.2 Survival according to Age:

Patients were categorized according to cut-offs based on

age at registration and its effect on survival was analyzed using Kaplan-Meier curves and the
log-rank test. The difference in 5 yrs overall survival rate between age group less than 40 yrs, 4049, 50-59, 60-69 and more than 70 yrs was not found to be statistically significant (table 5.5.2).
Taking, 40 yrs as a cut-off, it was observed that patients with age less than 40 yrs had a 5yr
survival of 63.5% and those of age 40yrs and above had a 5yr survival of 45.5%, this difference
was found to be statistically significant (p=0.01) (Fig. 5.5.1).
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Table 5.5.2: Observed survival rate (%) of tongue cancer according to age
Total
Number

Factor

Survival in percentage

1 Yr
Age (years), Median – 48 years (18-80 yrs)
59
89.5
< 40
68
70.8
40 to 49
62
66.4
50 to 59
46
70.7
60 to 79
10
50.0
≥ 70
Age (as per cut-off of 40 yrs)
59
89.5
< 40
186
68.1
≥ 40

p
Value*

2 Yr

3 Yr

4Yr

5Yr

72.9
57.1
51.9
52.5
40.0

65.5
55.3
43.9
47.4
30.0

65.5
55.3
41.9
41.9
30.0

63.5
53.3
41.9
41.9
20.0

0.01

72.9
53.2

65.5
47.4

65.5
46.1

63.5
45.5

0.01

Univariate analysis

Age < 40 Yrs
Age ≥ 40 Yrs
*Calculated using Log Rank Test
Figure 5.5.1:

Hazard Ratio (95% CI)
1
1.83 (1.13 – 2.97)

p Value
0.01

Observed survival rate (%) of tongue cancer according to age
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5.5.3 Survival according to Gender:

A 5 yr survival rate for males and females

was found to be 47.6% and 54.7% respectively (table 5.5.3), but this difference was not
statistically significant (p=0.32) (Fig. 5.5.2).
Table 5.5.3: Observed survival rate (%) of tongue cancer according to gender

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

Gender
Male

187

72.9

55.0

50.2

48.3

47.6

Female

58

74.3

68.2

54.7

54.7

54.7

0.32
*Calculated using Log Rank Test
Figure 5.5.2:

Observed survival rate (%) of tongue cancer according to gender
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5.5.4 Survival according to Marital Status:

The patients were divided into three

categories as per their marital status reported at the time of registration. No significant (p=0.84)
difference in survival was observed between the three groups namely unmarried, married or
widow/ widower (table 5.5.4) (Fig. 5.5.3).
Table 5.5.4: Observed survival rate (%) of tongue cancer according to marital status

Factor

Total
Number

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

p
Value
*

Marital Status
Unmarried

14

71.4

64.3

56.3

56.3

56.3

Married

208

72.9

56.6

52.2

50.5

50.5

23
Widow/ widower
*Calculated using Log Rank Test

77.3

60.9

48.7

48.7

42.6

Figure 5.5.3:

0.84

Observed survival rate (%) of tongue cancer according to marital status
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5.5.5 Survival according to Educational Status:

The education level reported by the

patient at the time of registration was taken into consideration for classifying the patient as per
educational status. The 5yr survival rate was found to be highest for patients with educational
qualification of college and above (56.1%), followed by those who had done any level of
schooling (51.6%) and lowest survival rate was found to be of illiterate (33.4%) patients (table
5.5.5). However, this difference in 5yr survival between the three levels of education failed to
attain statistical significance (p=0.11) (Fig. 5.5.4).
Table No. 5.5.5:
Factor

Observed survival rate (%) of tongue cancer according to education
Total
Number

Education Status
42
Illiterate
151
Schooling
52
College and above
*Calculated using Log Rank Test
Figure 5.5.4:

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

63.5
74.5
76.7

49.4
59.3
60.4

37.1
54.0
58.3

37.1
52.4
56.1

33.4
51.6
56.1

p
Value*

0.11

Observed survival rate (%) of tongue cancer according to education status
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5.5.6 Survival according to Lifestyle Habits:

Patients having habit of any form/ type of

tobacco or alcohol were grouped in one category. There was no significant (p=0.96) difference in
survival between patients having or not having a lifestyle habit (table 5.5.6) (Fig. 5.5.5).
Table 5.5.6: Observed survival rate (%) of tongue cancer according to presence of any
habit (including smoking, any type of tobacco chewing and alcohol consumption)

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

65.7

57.5

55.2

55.2

55.2

Habit
Absent

54

0.96
Present

191

75.4

58.1

51.6

49.7

48.4

*Calculated using Log Rank Test
Figure 5.5.5: Observed survival rate (%) according to presence of lifestyle habit
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5.5.7 Survival according to Comorbidity:

Tongue cancer patients having a concomitant

comorbidity (Hypertension, Diabetes mellitus, Heart Disease, Asthma and HIV) were found to
have significantly lower survival (p=0.01) as compared to patients without any comorbidity (Fig.
5.5.6). On univariate analysis cases with comobidity were found to have unadjusted hazard of
1.62 (1.12 – 2.37) of outcome as compared to those with comorbidity (table 5.5.7).
Table 5.5.7: Observed Survival rate (%) according to presence of comorbidity

Factor
Comorbidity
Absent
Present
Univariate analysis

Total
Number
155
74

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

78.1
62.8

62.9
47.2

56. 7
42.8

56.0
39.7

55.2
38.1

Absent
Present
*Calculated using Log Rank Test

p
Value*

<0.001

Hazard Ratio (95% CI)

p
Value

1
1.62 (1.12 – 2.37)

0.01

Figure 5.5.6: Observed survival rate (%) according to presence of comorbidity
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5.5.8 Survival according to TNM staging:
affect overall survival (p<0.001) (Fig. 5.5.7).

TNM stage was found to significantly
Stage IV had the lowest 5yr survival rate of

26.7% and stage I had the highest survival rate of 85.4% (table 5.5.8). Thus, higher stages were
found to have poorer prognosis as compared to lower stages.
Table 5.5.8: Observed survival rate (%) of tongue cancer according to TNM Stage
Factor
TNM Stage
I
II
III
IV
Univariate analysis

Survival in percentage

Total
Number

1 Yr

2 Yr

3 Yr

4Yr

5Yr

44
75
37
89

95.3
79.5
66.3
59.3

90.5
67.8
44.2
39.4

85.4
63.0
41.0
30.5

85.4
63.0
37.9
29.3

85.4
61.2
37.9
26.7

I
II
III
IV
*Calculated using Log Rank Test
Figure 5.5.7:

Hazard Ratio (95% CI)
1
3.29 (1.35 – 7.97)
6.38 (2.57 – 15.84)
8.09 (3.49 – 18.77)

p
Value*

<0.001

p Value
<0.001
<0.001
<0.001

Observed survival rate (%) according to TNM Stage
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5.5.9 Survival according to Lymph Node Involvement:

Clinical lymph node status was

found to be significantly associated with overall survival (Fig. 5.5.8). Patients with lymph node
involvement had poorer survival as compared to node negative (N0) patients (table 5.5.9).
Table 5.5.9: Observed survival rate (%) according to clinical nodal status

Factor

Total
Number

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

p
Value*

Lymph Node Involvement (clinical)
Absent

142

81.3

69.8

66.5

65.7

64.8

Present

103

61.6

40.8

30.6

29.5

28.3

<0.001

Univariate analysis
Hazard Ratio (95% CI)
Absent
Present
*Calculated using Log Rank Test

p
Value

1
2.63 (1.81 – 3.82)

<0.001

Figure 5.5.8: Observed survival rate (%) according to clinical lymph node status
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5.2.10 Survival according to differentiation (n=229):

Out of the 245 patients 16 patients

did not receive surgical treatment hence their tumor differentiation could not be ascertained as
their histopathological report was not available.

Patients having poorly differentiated tumor

were found to have the worst 5yr survival of 28.7% , whereas well and moderately differentiated
tumors had better survival of 72.0% and 59.3% respectively (table 5.5.10) (Fig. 5.5.9). In
addition, tumor differentiation of 18 patients was not mentioned in the histopathological reports
hence a separate category of ―unknown differentiation‖ was created and taken into consideration
for survival analysis.

However, 5 yr survival rate of these patients was not found to be

significantly (p=0.71) different from well/ moderately differentiated tumors (table 5.2.10).
Table 5.5.10:

Observed Survival rate (%) of tongue cancer according to tumor
differentiation (n=229)

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

Differentiation (n=229)
Well Differentiated
Moderately
Differentiated
Poorly Differentiated

15

93.3

80.0

72.0

72.0

72.0

139

81.6

65.6

60.9

60.1

59.3

57

58.2

40.3

33.8

31.6

28.7

Unknown

18

91.7

82.5

72.2

61.9

61.9

<0.001

Univariate analysis
Hazard Ratio (95% CI)
Well Differentiated
Moderately
Differentiated
Poorly Differentiated
Unknown
*Calculated using Log Rank Test
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p
Value

1
1.73 (0.62 – 4.78)

0.28

3.94 (1.40 – 11.07)

<0.001

1.29 (0.32 – 5.16)

0.71
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Figure 5.5.9:

Observed Survival rate (%) to tumor differentiation (n=229)

5.5.11 Survival according to Tumor Size (Histopathological) (n=229):

5 yr survival rate

of tongue cancer patients was found to be significantly associated with size of the primary tumor
(Fig. 5.5.10). Patients with tumor size of more than 4 cms had the worst survival of 24.8%
followed by 46.4% 5yr survival of patients with tumor more than 2 cms but less than 4cms.
(table 5.5.11).
Table 5.5.11: Observed survival rate (%) according as per tumor size
Factor

Total
Number

Size in greatest dimension (n=229)
2 cms or less
80
2.1 – 4 cms
109
More than 4 cms
40
Univariate analysis

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

92.3
72.1
58.6

81.9
54.5
34.1

76.6
48.9
27.9

75.2
47.7
24.8

73.8
46.4
24.8

Hazard Ratio (95% CI)
2 cms or less
2.1 – 4 cms
More than 4cms
*Calculated using Log Rank Test
A study of survival in oral cavity cancer patients

1
2.69 (1.61 – 4.50)
4.76 (2.64 – 8.56)

p
Value*

<0.001

p
Value
<0.001
<0.001
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Figure 5.5.10:

Observed survival rate (%) of tongue cancer according to tumor size

5.5.12 Survival according to Perineural invasion (PNI) (n=229):

Presence of perineural

invasion on histology was found to significantly affect the survival adversely. Patients with PNI
had 5 yr survival of only 28.0% as compared to 61.2% in those patients without PNI (table
5.5.12) (Fig. 5.5.11).
Table 5.5.12: Observed Survival rate (%) of tongue cancer according Perineural invasion

Factor

Total
Number

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

p
Value*

Perineural extension (n=229)
Absent

170

81.6

68.7

63.3

61.9

61.2

Present

59

64.3

39.3

32.9

30.6

28.0

<0.001

Univariate analysis
Hazard Ratio (95% CI)
Absent
Present
*Calculated using Log Rank Test
A study of survival in oral cavity cancer patients

1
2.43 (1.62- 3.65)

p
Value
<0.001
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Figure 5.5.11:

5.5.13

Observed survival rate (%) of tongue cancer according to perineural
invasion

Survival according to histopathological Lymph Node Involvement (n=189):

229

patients who underwent surgical treatment, neck dissection reports were available for 189
patients, out which 110 patients were found to be positive for nodal metastasis. 5yr survival for
node negative and node positive patients was found to be 72.8% and 31.3% respectively (table
5.5.13)
Table 5.5.13: Observed survival rate (%) of tongue cancer according to histopathological
lymph node involvement (n=189)
Total
Number
Lymph Node involvement (n=189)
Nodes Negative for
79
metastasis
Nodes Positive for
110
metastasis
Univariate analysis
Factor

1 Yr

Survival in percentage
2 Yr
3 Yr
4Yr

5Yr

92.1

78.6

75.7

72.8

72.8

61.0

42.3

34.7

32.5

31.3

p
Value*

<0.001

Hazard Ratio (95% CI)
Nodes Negative for
metastasis

1

Nodes Positive for
metastasis

3.77 (2.29 – 6.23)

p Value
<0.001

*Calculated using Log Rank Test
A study of survival in oral cavity cancer patients
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Figure 5.5.12:

5.5.14

Observed survival rate (%) of tongue cancer according to
histopathological lymph node involvement (n=189)

Survival according to Extra Capsular Spread (ECS) (n=189):

Positive ECS

was found in 224 patients, these patients were found to have significantly lower 5yr survival of
25.4% as compared to 68.8% in patients found negative for ECS (table 5.5.14) (Fig. 5.5.13).
Table 5.5.14:

Observed survival rate (%) of tongue cancer according ECS

Factor

Survival in percentage

Total
Number
1 Yr

2 Yr

3 Yr

4Yr

p
Value*
5Yr

Perinodal Extension (n=189)
ECS negative

102

.88.7

76.9

72.4

70.0

68.8

ECS positive

87

57.1

34.9

28.2

26.9

25.4

<0.001

Univariate analysis
Hazard Ratio (95% CI)
ECS negative
ECS positive
*Calculated using Log Rank Test
A study of survival in oral cavity cancer patients

1
3.92 (2.50 - 6.13)

p
Value
<0.001
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Figure 5.5.13:

Observed survival rate (%) of tongue cancer according to ECS

5.5.15 Survival according to Treatment: Surgery individually or in combination with
Radiotherapy/ chemotherapy was the main modality of treatment. Out of 245 patients except for
16 cases, all other patients received surgery. These non surgically treated cases had the lowest
5yr survival i.e 0.0% and 10.0% for only radiotherapy, and chemotherapy plus radiotherapy
respectively (Fig. 5.5.14). Out of the 229 surgically treated cases only surgically treated cases
had the highest 5 yr survival of 63.3% and the patients who received all the three modalities of
treatment namely Surgery, Radiotherapy and Chemotherapy had the lowest survival of 44.1%
(table 5.5.15).
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Table 5.5.15: Observed survival rate (%) of tongue cancer according to treatment
Factor
Treatment
Surgery only
Radiotherapy only
Surgery +
Radiotherapy
Surgery +
Radiotherapy +
Chemotherapy
Radiotherapy +
Chemotherapy
Univariate analysis

1 Yr

Survival in percentage
2 Yr
3 Yr
4Yr

5Yr

89
6

85.5
16.7

70.1
16.7

64.7
0.00

64.7
0.00

63.3
0.00

92

72.2

57.0

50.9

49.7

48.3

Total
Number

<0.001
48

72.5

.542

46.7

44.1

44.1

10

20.02

10.0

10.0

10.0

10.0

Hazard Ratio (95% CI)

p Value

1

Surgery only
Radiotherapy only
Surgery +
Radiotherapy
Surgery +
Radiotherapy +
Chemotherapy
Radiotherapy +
Chemotherapy
*Calculated using Log Rank Test
Figure 5.5.14:

p
Value*

8.86 (3.63 – 21.67)

<0.001

1.59 (1.00 – 2.54)

0.04

1.73 (1.01 – 2.96)

0.04

5.72 (2.68 – 12.21)

<0.001

Observed survival rate (%) of tongue cancer according to treatment
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5.2.18 Multifactorial analysis for determining independent prognostic factors for overall
survival of tongue cancer:
All the factors which were found to influence overall survival in univariate analysis, such
as age (≥ 40yrs), presence of comorbidity, overall stage, lymph node involvement, histological
tumor size, tumor differentiation, bone infiltration, perineural invasion, extra capsular spread
and treatment modality were considered for further multifactorial analysis. However, as overall
TNM stage includes tumor size and lymph node involvement, in order to avoid interaction
between these factors two seperate models were developed, one with overall stage and other with
tumor size and lymph node involvement, keeping all the other variables same in both the models.
The results showed that presence of comorbidity (HR = 3.04, 95% CI = 1.94 - 4.78; p<0.001),
poor tumor differentiation (HR = 1.99, 95% CI = 1.24 – 3.18; p <0.001), perineural invasion (HR
= 1.90, 95% CI = 1.23 - 2.95; p <0.001), extra capsular spread (HR = 2.96, 95% CI = 1.83 4.80; p <0.001), advanced TNM stage (HR = 1.79, 95% CI = 1.09 - 2.95; p= 0.02) (table 5.5.18),
lymph node involvement (HR = 1.76, 95% CI = 1.13 – 2.91; p<0.001) and tumor size of more
than 4cms (HR = 2.77, 95% CI = 1.39 – 5.49; p <0.001) (table 5.5.17) were found to be
independent predictors for poor overall survival of tongue cancer patients.
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Table 5.5.16: Univariate and multifactorial analysis of prognostic factors for overall survival in patients with tongue cancer

Model - 1

Parameter
Age (< 40 yrs)
Age (≥ 40 yrs)
Comorbidity (Absent)
Comorbidity (Present)
Well/ Moderately
Differentiated/ Unknown
Poorly Differentiated
Early Stage (TNM I &II)
Advanced Stage (TNM III &IV)
Perineural invasion (Absent)
Perineural invasion (Present)
ECS (Absent)
ECS (Present)
Treatment
Surgery only
Radiotherapy only
Surgery + Radiotherapy
Surgery + Radiotherapy +
Chemotherapy
Radiotherapy + Chemotherapy

No. of
cases
59
186
155
74

Univariate
HR (95% CI)
1
2.42 (1.61 – 3.65)
1
1.66 (1.13 – 2.45)

Multifactorial
HR (95% CI)
p value

p value
<0.001
0.01

-1
3.04 (1.94 - 4.78)

0.11
<0.001**

172

1

57
119

2.42 (1.61 – 3.65)
1

<0.001

1.99 (1.24 – 3.18)
1

<0.001**

126
158
59
102
87

3.25 (2.16 – 4.88)
1
2.43 (1.62- 3.65)
1
3.92 (2.50 - 6.13)

0.01

1.79 (1.09 – 2.95)
1
1.90 (1.23 - 2.95)
1
2.96 (1.83 - 4.80)
--

0.02**

89
6
92

1
8.86 (3.63 – 21.67)
1.59 (1.00 – 2.54)

<0.001
0.04

48

1.73 (1.01 – 2.96)

0.04

10

5.72 (2.68 – 12.21)

<0.001

1

<0.001
<0.001

§ Abbreviations: HR, hazard ratio; CI, confidence interval
** Significant (p value <0.05)
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Table 5.5.17: Univariate and multifactorial analysis of prognostic factors for overall survival in patients with tongue cancer
Model - 2

Parameter
Age (< 40 yrs)
Age (≥ 40 yrs)
Comorbidity (Absent)
Comorbidity (Present)
Well/ Moderately
Differentiated/ Unknown
Poorly Differentiated
Tumor Size
< 2cms
2- 4 cms
> 4cms
Lymph node (Absent)
Lymph node (Present)

No. of
cases
59
186
155
74
172

Univariate
HR (95% CI)
1.83 (1.13 – 2.97)
1.66 (1.13 – 2.45)
2.42 (1.61 – 3.65)

Multifactorial
HR (95% CI)
p value

p value
0.01
0.01

-1
3.19 (2.02 - 5.04)

<0.001

57
80
109
40
142

1
2.69 (1.61 – 4.50)
4.76 (2.64 – 8.56)
1

<0.001
<0.001

103
158
59
102
87

2.63 (1.81 – 3.82)
2.43 (1.62- 3.65)

<0.001
<0.001

Perineural invasion (Absent)
Perineural invasion (Present)
3.92 (2.50 - 6.13)
<0.001
ECS (Absent)
ECS (Present)
Treatment
89
1
Surgery only
6
8.86 (3.63 – 21.67)
<0.001
Radiotherapy only
92
1.59 (1.00 – 2.54)
0.04
Surgery + Radiotherapy
Surgery + Radiotherapy +
48
1.73 (1.01 – 2.96)
0.04
Chemotherapy
10
5.72 (2.68 – 12.21)
<0.001
Radiotherapy + Chemotherapy
§ Abbreviations: HR, hazard ratio; CI, confidence interval, ** Significant (p value <0.05)
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0.11
<0.001**

1
1.95 (1.23 – 3.11)

<0.001**

1
1.50 (0.81 – 2.77)
2.77 (1.39 – 5.49)
1

0.19
<0.001**

1.76 (1.13 – 2.91)
1
1.85 (1.19 - 2.85)
1
3.19 (1.99 - 5.13)
--

0.02**
<0.001**
<0.001**
0.88
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Cheek Mucosa and Other Sites in Oral Cavity (Except Tongue)

5.6

Survival Analysis of Cheek Mucosa and Other Sites In Oral Cavity (n=481)

5.6.1 Out of the total 726 oral cancer cases, 245 cases were of tongue cancer which has been
analyzed separately and results have been presented in section 5.5. The remaining 481 cases
which include cheek mucosa and other sites in the oral cavity were analyzed together as one
group and results of the same are presented in succeeding paragraphs. The site wise breakdown
of the cases analyzed in this section are as follows (table 5.6.1).
Table 5.6.1: Distribution of cases as per subsites

Sl.
No.

Subsite (ICD code
as per ICD-10)

Specific site
(nomenclature as per
AJCC manual 7th edition)
with ICD-10 codes

1.

Lip
(C00)
Excludes skin of lip

Mucosa of Upper lip
(C00.3)
Mucosa of Lower lip
(C00.4)
Upper Gum (C03.0)

2.

3.

4.

Gum
(C03)

Lower Gum (C03.1)

Gum, unspecified
(C03.9)
Hard Palate
Hard Palate
(C05.0)
(C05.0)
Cheek Mucosa
(C06.0)
Other and
Unspecified parts of Vestibule of mouth
(C06.1)
mouth
(C06)
Retromolar Area
(C06.2)

Total
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Specific site
No.

Subsite Total
(%)

2
22 (4.5)
20
14
97

112 (23.3)

1
20
232
74
21

20 (4.1)
232 (48.2)
74 (15.3)
21 (4.3)
481 (100%)
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At the end of follow-up (31st Dec 2014) out of

5.6.2 Overall Survival of Cheek Mucosa:

the 481 patients, 214 (44.5 %) patients had expired, and 267 (55.5%) were censored. The median
follow-up period was 36 months (range, 1 to 103 months). The 5-year Overall survival of the
cohort calculated by using actuarial method was found to be 52% (table 5.6.2).
Table 5.6.2: Overall survival of cheek mucosa cancer
Survival in percentage

Total Number
481

1 Yr
79

2 Yr
64

5.6.3 Survival according to Age:

3 Yr
60

4 Yr
55

5 Yr
52

Patients were categorized according to several cut-offs of

age at registration and its effect on survival was analyzed using Kaplan-Meier curves and the
log-rank test. The difference in 5 yr overall survival rate between age group less than 40 yrs, 4049, 50-59, 60-69 and more than 70 yrs was not found to be statistically significant (table 5.6.3).
Similarly, no significant difference in 5 yr survival was observed in age groups formed by taking
40 yrs as a cut-off (p= 0.53) (Fig. 5.6.1).
Table 5.6.3: Observed survival rate of cheek mucosa cancer according to age
Factor

Total
Number

1 Yr
Age (years), Median – 52 years (18-85 yrs)
71
78.0
< 40
137
74.7
40 to 49
136
79.6
50 to 59
103
75.0
60 to 79
34
72.6
≥ 70
Age (as per cut-off of 40 yrs)
71
78.0
< 40
410
76.2
≥ 40
*Calculated using Log Rank Test
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Survival in percentage

p
Value*

2 Yr

3 Yr

4Yr

5Yr

64.3
56.6
71.2
65.6
63.1

62.7
50.7
65.2
62.0
59.8

56.1
48.9
58.7
57.0
56.3

54.4
47.9
54.6
50.6
52.3

0.65

64.3
64.1

62.7
59.5

56.1
54.6

54.4
52.1

0.53
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Figure 5.6.1:

Observed survival rate (%) of cheek mucosa cancer according to age

5.6.4 Survival according to Gender:

The 5 yr survival rate for males and females was

found to be 51.7% and 52.1% respectively (table 5.6.4), which was not significantly different for
each other (p=0.81) (Fig. 5.6.2).

Table 5.6.4: Observed survival rate (%) of cheek mucosa cancer according to gender

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

342

76.3

64.1

59.4

54.4

51.7

139
Female
*Calculated using Log Rank Test

77.1

63.4

61.6

56.1

52.1

Gender
Male
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Figure 5.6.2: Observed survival rate (%) of cheek mucosa cancer according to gender

5.6.5 Survival according to Marital Status:

The patients were divided into three

categories as per their marital status reported at the time of registration. No significant (p=0.92)
difference in survival was observed between the three groups namely unmarried, married or
widow/ widower (table 5.6.5) (Fig. 5.6.3).
Table 5.6.5: Observed survival rate (%) of cheek mucosa cancer according to marital
status

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

Marital Status
Unmarried

23

70.7

65.7

54.7

48.7

48.7

Married

400

76.9

64.0

59.4

54.6

51.7

58
Widow/ widower
*Calculated using Log Rank Test

75.8

.67.1

62.5

60.1

51.9
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Figure 5.6.3: Observed survival rate (%) of cheek mucosa cancer according to marital
status

5.6.6

Survival according to Educational Status:

The 5yr survival rate was found to be

highest for patients with educational qualification of college and above (56.7%), followed by
those who had done any level of schooling (51.2%) and lowest survival rate was found to be of
illiterate (49.8%) patients (table 5.6.6). However, this difference in 5yr survival between the
three levels of education failed to attain statistical significance (p=0.68) (Fig. 5.6.4).
Table 5.6.6: Observed survival rate (%) of cheek mucosa cancer according to education

Factor

Total
Number

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

p
Value*

Education Status
Illiterate

130

76.3

64.3

61.5

57.5

49.8

Schooling

296

76.3

63.9

58.9

53.0

51.2

55
College and above
*Calculated using Log Rank Test

78.2

65.0

60.9

58.8

56.7
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Figure 5.6.4:
status

observed survival rate (%) of cheek mucosa cancer according to education

5.6.7 Survival according to Lifestyle Habits:

Patients having habit of any form/ type of

tobacco or alcohol were grouped in one category. Patients having lifestyle habit were found to
have a 5 yr survival of 51.1 % and those without any had a 5 yr survival of 54.4% (table 5.6.7).
However, this difference not statistically significant (p= 0.45) (Fig. 5.6.5).
Table 5.6.7: Observed survival rate (%) of cheek mucosa cancer according to presence of
any habit (including smoking, any type of tobacco chewing and alcohol consumption)

Factor

Survival in percentage

Total
Number
1 Yr

2 Yr

3 Yr

4Yr

5Yr

p
Value
*

Habit
Absent

65

82.1

67.1

62.5

56.2

54.4

Present

164

75.5

63.3

59.0

54.4

51.1

0.45
*Calculated using Log Rank Test
A study of survival in oral cavity cancer patients
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Figure 5.6.5: Observed survival rate (%) of cheek mucosa cancer according to presence of
lifestyle habit

5.6.8 Survival according to Comorbidity:

Cheek mucosa cancer patients having a

concomitant comorbidity (Hypertension, Diabetes mellitus, Heart Disease, Asthma and HIV)
were found to have significantly lower survival (45.9%) as compared to patients without any
comorbidity (55.3%) (Fig. 5.6.6). However, this difference in survival rates between the two
groups failed to attain statistical significance (p=0.07) (table 5.6.8).
Table 5.6.8: Observed survival rate (%) of cheek mucosa according to presence of
comorbidity

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

78.8

65.9

62.1

58.4

55.3

72.4

59.0

55.0

48.9

45.9

Comorbidity
Absent

312

169
Present
*Calculated using Log Rank Test

A study of survival in oral cavity cancer patients

0.07

Page | 154

Results … Cheek Mucosa Cancer
Figure 5.6.6 : Observed survival rate (%) of Cheek Mucosa cancer according to presence
of comorbidity

5.6.9 Survival according to TNM staging:

TNM stage was found to significantly

associated with overall survival (p<0.001) (Fig. 5.6.9).

Stage IV had the lowest 5 yr survival

rate of 38.6% and stage I had the highest survival rate of 86.7% (table 5.6.7).

Table 5.6.9: Observed survival rate (%) of cheek mucosa according to TNM Stage
Factor
TNM Stage
I
II
III
IV
Univariate analysis

Total
Number
34
70
74
303

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

96.7
97.1
92.8
65.6

90.0
892
78.9
51.2

90.0
84.0
74.0
47.0

86.7
82.2
68.9
41.7

86.7
82.2
59.7
38.6

I
II
III
IV
*Calculated using Log Rank Test
A study of survival in oral cavity cancer patients

Hazard Ratio (95% CI)
1
1.37 (0.43 – 4.32)
3.60 (1.26 – 10.29)
7.23 (2.68 – 19.50)

p
Value*

<0.001

p Value
0 .58
0.01
<0.001
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Figure 5.6.7:
Stage

Observed survival rate (%) of cheek mucosa cancer according to TNM

5.6.10 Survival according to Lymph Node Involvement:

Clinical lymph node status was

found to be significantly associated with overall survival (Fig. 5.6.8). Patients with lymph node
involvement had poorer survival as compared to node negative (N0) patients (table 5.6.10).
Table 5.6.10: Observed survival rate (%) of cheek mucosa cancer according to clinical
nodal status
Factor

Total
Number

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

Lymph Node Involvement (Clinical)
199
92.1
Absent
282
65.4
Present
Univariate analysis

83.6
50.0

79.4
45.5

74.4
40.7

72.3
37.1

Hazard Ratio (95% CI)
Absent
Present
*Calculated using Log Rank Test
A study of survival in oral cavity cancer patients

1
3.11 (2.27 – 4.27)

p
Value*

<0.001

p
Value
<0.001
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Figure 5.2.8: Observed survival rate (%) of cheek mucosa cancer according to clinical
lymph node status

5.6.11 Survival according to Tumor Differentiation:

Out of the 481 patients 39 patients

did not receive surgical treatment hence their tumor differentiation could not be ascertained due
to non-availability of their histopathological reports.

Patients having Poorly differentiated

tumor were found to have the worst 5yr survival of 20.9% , whereas well and moderately
differentiated tumors had better survival of 92.0% and 57.4% respectively (table 5.6.11) (Fig.
5.6.9). In addition, tumor differentiation of 22 patients was not mentioned in the
histopathological reports hence a separate category ―Unknown differentiation―was created and
taken into consideration for survival analysis. The 5yr survival rate of these patients was found
to be 51.9%.
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Table 5.6.11:

Observed survival rate (%) of cheek mucosa cancer according to tumor
differentiation

Factor
Differentiation (n=442)
Well Differentiated
Moderately
Differentiated
Poorly Differentiated
Unknown
Univariate analysis

Total
Number

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

59

98.2

96.2

96.2

94.1

92.0

284

83.2

69.9

66.3

60.2

57.4

77
22

51.6
94.7

31.5
84.2

28.5
78.6

23.2
66.0

20.9
51.9

Hazard Ratio (95% CI)
Well Differentiated
Moderately
Differentiated
Poorly Differentiated
Unknown
*Calculated using Log Rank Test

<0.001

p
Value

1
4.75 (2.08 – 10.81)

<0.001

14.85 (6.37 – 34.58)
3.91 (1.35 – 11.29)

<0.001
0.01

Figure 5.6.9:
Observed survival rate (%) of cheek mucosa cancer
differentiation (n=442)
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p
Value*

to tumor
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5.6.12 Survival according to Tumor size (Histopathological): 5 yr survival rate of oral
cavity cancer patients was found to be significantly associated with size of the primary tumor
(Fig. 5.6.10). Patients with tumor size of more than 4cms had poorer prognosis as compared to
patients with smaller size tumors (table 5.6.12).
Table 5.6.12: Observed survival rate (%) of cheek mucosa cancer according as per tumor
size

Factor

Total
Number

Size in greatest dimension (n=442)
2 cms or less
103
2.1 – 4 cms
242
More than 4cms
97
Univariate analysis

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

90.8
80.9
67.8

79.9
67.6
55.2

77.7
63.7
52.9

70.6
58.0
47.0

69.4
54.0
44.4

2 cms or less
2.1 – 4 cms
More than 4cms
*Calculated using Log Rank Test
Figure 5.6.10:
size

p Value*

Hazard Ratio (95% CI)
1
1.70 (1.27 – 2.57)
2.40 (1.52 – 3.79)

<0.001

p Value
0.01
<0.001

Observed survival rate (%) of cheek mucosa cancer according to tumor
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5.6.13 Survival according to skin infiltration:

5 yr survival of patients having skin

infiltration was found to be 44.8%, which was significantly (p <0.001) lower than those not
having skin infiltration (57.9%) (table 5.6.13) (Fig. 5.6.11).
Table 5.6.13: Observed survival rate (%) of cheek mucosa r according to skin infiltration

Factor

Survival in percentage

Total
Number

p Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

Skin Infiltration (n=442)
Absent

390

82.5

69.4

65.9

60.2

57.9

Present

52

64.0

54.8

50.1

47.4

44.8

0.03

Univariate analysis
p Value

Hazard Ratio (95% CI)
Absent
Present
*Calculated using Log Rank Test

1

0.04

1.55 (1.02 – 2.37)

Figure 5.6.11: Observed survival rate (%) of cheek Mucosa cancer according to skin
infiltration
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5.6.14 Survival according to bone infiltration:

Patients with bone infiltration on histology

were found to have significantly lower survival (p<0.001) as compared to patients without any
bone involvement (Fig. 5.6.12). On univariate analysis cases showing presence of bone
involvement were found to have unadjusted hazard of 1.96 (1.46- 2.63) of outcome as compared
to those without evidence bone infiltration (table 5.6.14).
Table 5.6.14: Observed survival rate (%) of cheek mucosa according to bone infiltration

Factor

Total
Number

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

86.6
71.1

75.2
56.7

72.5
51.6

67.8
45.4

64.8
41.7

p
Value*

Bone Infiltration (n=442)
Absent
Present

269
173

<0.001

Univariate analysis
Hazard Ratio (95% CI)
Absent
Present
*Calculated using Log Rank Test

1
1.96 (1.46- 2.63)

p
Value
<0.001

Figure 5.6.12: Observed survival rate (%) of cheek mucosa cancer according as per bone
infiltration
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5.6.15 Survival according to Perineural Invasion (PNI):

Presence

of

perineural

invasion on histology was found to significantly affect the survival adversely. Patients with PNI
had 5yr survival of only 34.1% as compared to 59.3% in patients without PNI (table 5.6.15) (Fig.
5.6.13).
Table 5.6.15: Observed survival rate (%) of cheek mucosa according perineural invasion

Factor

Total
Number

Perineural extension (n=442)
374
Absent
68
Present
Univariate analysis

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

83.4
64.5

71.7
44.4

67.4
42.6

62.8
36.2

59.3
34.1

Absent
Present
*Calculated using Log Rank Test

p
Value*

<0.001

Hazard Ratio (95% CI)

p
Value

1
2.11 (1.48- 3.06)

<0.001

Figure 5.6.13: Observed survival rate (%) of cheek mucosa cancer according to
perineural invasion
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5.6.16

Survival according to histopathological Lymph Node Involvement:

442 patients

who underwent surgical treatment, neck dissection reports were available for 395 patients, out of
which 181 patients were positive for nodal metastasis. 5 yr survival for node negative and node
positive patients was found to be 68.4% and 32.2% respectively (table 5.6.16).
Table 5.2.16: Observed survival rate (%) of cheek mucosa cancer according to
histopathological lymph node involvement
Factor

Total
Number

Survival in percentage
1 Yr

Lymph Node involvement (n= 395)
Nodes Negative for
214
88.6
metastasis
Nodes Positive for
181
67.5
metastasis
Univariate analysis

2 Yr

3 Yr

4Yr

5Yr

80.8

77.6

71.4

68.4

44.9

40.9

35.3

32.2

<0.001

Hazard Ratio (95% CI)
Nodes Negative for
metastasis
Nodes Positive for
metastasis
*Calculated using Log Rank Test

p
Value

1
<0.001
3.01 (2.21 – 4.11)

Figure 5.6.14: Observed survival rate (%) of cheek mucosa cancer
histopathological lymph node involvement
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p
Value*

according to
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5.6.17 Survival according to Extra Capsular Spread (ECS):

Positive ECS was found in

137, these patients were found to have significantly lower 5 yr survival of 28.5% as compared to
64.4% in patients found negative for ECS (table 5.6.17) (Fig. 5.6.15).
Table 5.6.17:
Observed survival rate (%) of cheek mucosa cancer according to extra
capsular spread

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

Extra Capsular Spread (n=395)
ECS negative

258

86.9

77.8

74.1

67.9

64.4

ECS positive

137

64.0

37.8

34.3

30.6

28.5

<0.001

Univariate analysis
Hazard Ratio (95% CI)
ECS negative
ECS positive
*Calculated using Log Rank Test

1
3.03 (2.25 - 4.10)

p
Value
<0.001

Figure 5.6.15: Observed survival rate (%) of cheek mucosa cancer according as per extra
capsular spread
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5.6.18 Survival according to Treatment: Surgery individually or in combination with
Radiotherapy/ chemotherapy was the main modality of treatment. Out of 481 patients except for
39 cases, all other patients received surgery. These non-surgically treated cases had the lowest
5yr survival i.e 13.2% and 0.00%, for only radiotherapy, and chemotherapy plus radiotherapy
respectively (Fig. 5.6.16). Out of the 442 surgically treated cases, only surgically treated cases
had the highest 5 yr survival of 61.0% and the patients who received all the three modalities of
treatment namely Surgery, Radiotherapy and Chemotherapy had the lowest survival of 39.0%
(table 5.6.18).
Table 5.6.18: Observed survival rate (%) of cheek mucosa cancer according to treatment
1 Yr

Survival in percentage
2 Yr
3 Yr
4Yr

5Yr

173

78.8

73.3

69.0

63.3

61.0

19

39.5

.32.9

19.8

19.8

13.2

185

83.0

70.5

66.6

62.3

59.3

84

78.4

53.0

49.4

44.4

39.0

20

21.2

10.6

05.3

00.0

00.0

Total
Number

Surgery only
Radiotherapy only

Factor

p
Value*

Treatment

Surgery +
Radiotherapy
Surgery +
Radiotherapy +
Chemotherapy
Radiotherapy +
Chemotherapy
Univariate analysis

Hazard Ratio (95% CI)
Surgery only
Radiotherapy only
Surgery +
Radiotherapy
Surgery +
Radiotherapy +
Chemotherapy
Radiotherapy +
Chemotherapy
*Calculated using Log Rank Test
A study of survival in oral cavity cancer patients

<0.001

p
Value

1
3.61 (2.01 – 6.48)

<0.001

1.00 (0.71 – 1.42)

0.96

1.64 (1.12 – 2.38)

<0.001

6.53 (3.84 – 11.09)

<0.001
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Figure 5.6.16: Observed survival rate (%) of cheek mucosa cancer according to treatment

5.6.17 Multifactorial analysis for independent prognostic factors for overall survival:
All the factors which were found to influence overall survival in univariate analysis, such
as, overall stage, lymph node involvement, histological tumor size, tumor differentiation, bone
infiltration, perineural invasion, extra capsular spread and treatment modality were considered
for further multifactorial analysis. However, as overall TNM stage includes tumor size and
lymph node involvement, in order to avoid interaction between these factors two separate models
were developed, one with overall stage and other with tumor size and lymph node involvement,
keeping all the other variables same in both the models. The results showed that age (HR = 1.59,
95% CI = 1.02 – 2.48; p= 0.03) poor tumor differentiation (HR = 6.69, 95% CI = 2.79 – 16.05;
p<0.001), perineural invasion (HR = 1.48, 95% CI = 1.02 - 2.14; p= 0.03), extra capsular spread
(HR = 2.07, 95% CI = 1.48 – 2.90; p<0.001), advanced TNM stage (HR = 2.38, 95% CI = 1.33 –
4.23; p<0.001) (table 5.6.17), lymph node involvement (HR = 1.84, 95% CI = 1.27 – 2.69;
p<0.001) and tumor size of more than 4 cms (HR = 1.73, 95% CI = 1.06 – 2.82; p= 0.02) (table
5.6.18) were found to be independent predictors for poor overall survival of cheek mucosa
cancer patients.
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Table 5.6.19: Univariate and multifactorial analysis of prognostic factors for overall survival in patients with cheek mucosa
cancer
Model - 1
No. of
Univariate
cases
Parameter
HR (95% CI)
p value
71
Age (< 40 yrs)
410
1.13 (0.76 – 1.66)
0.53
Age (≥ 40 yrs)
Differentiation
Well Differentiated
59
1
Moderately Differentiated
284
4.75 (2.08 – 10.81)
<0.001
Poorly Differentiated
77
14.85 (6.37 – 34.58)
<0.001
Unknown
22
3.91 (1.35 – 11.29)
0.01
104
5.06 (2.99 – 8.57)
0.01
Early Stage (TNM I &II)
Advanced Stage (TNM III
377
&IV)
390
Skin Infiltration (Absent)
0.04
52
1.55 (1.02 – 2.37)
Skin Infiltration (Present)
269
Bone Infiltration (Absent)
<0.001
173
1.96 (1.46 - 2.63)
Bone Infiltration (Present)
374
Perineural invasion (Absent)
68
2.11 (1.48- 3.06)
<0.001
Perineural invasion (Present)
258
ECS (Absent)
137
3.03 (2.25 - 4.10)
<0.001
ECS (Present)
Treatment
173
1
Surgery only
19
3.61 (2.01 – 6.48)
<0.001
Radiotherapy only
185
1.00 (0.71 – 1.42)
0.96
Surgery + Radiotherapy
Surgery + Radiotherapy +
84
1.64 (1.12 – 2.38)
<0.001
Chemotherapy
20
6.53 (3.84 – 11.09)
<0.001
Radiotherapy + Chemotherapy
§ Abbreviations: HR, hazard ratio; CI, confidence interval, ** Significant (p value <0.05)
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Multifactorial
HR (95% CI)
p value
1
1.59 (1.02 – 2.48)
0.03**
1
2.88 (1.24 – 6.66)
6.69 (2.79 – 16.05)
2.05 (0.70 – 6.00)
1

0.01**
<0.001**
0.18

2.38 (1.33 – 4.23)

<0.001**

--

0.14

-1
1.48 (1.02 - 2.14)
1
2.07 (1.48 – 2.90)
--

0.18
0.03**
<0.001**
0.84
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Table 5.6.20: Univariate and multifactorial analysis of prognostic factors for overall survival in patients with Cheek Mucosa
cancer
Model - 2
Parameter
Age (< 40 yrs)
Age (≥ 40 yrs)
Differentiation
Well Differentiated
Moderately Differentiated
Poorly Differentiated
Unknown
Tumor Size
<2cms
2- 4 cms
> 4cms
Lymph node Involvment (Absent)
Lymph node Involvment (Present)
Skin Infiltration (Absent)
Skin Infiltration (Present)
Bone Infiltration (Absent)
Bone Infiltration (Present)
Perineural invasion (Absent)
Perineural invasion (Present)
ECS (Absent)
ECS (Present)
Treatment
Surgery only
Radiotherapy only
Surgery + Radiotherapy
Surgery + Radiotherapy +
Chemotherapy
Radiotherapy + Chemotherapy

No. of
cases
71
410

Univariate
HR (95% CI)

Multifactorial
HR (95% CI)

1.13 (0.76 – 1.66)

0.53

1
1.59 (1.02 – 2.48)

0.03**

59
284
77
22

1
4.75 (2.08 – 10.81)
14.85 (6.37 – 34.58)
3.91 (1.35 – 11.29)

<0.001
<0.001
0.01

1
3.24 (1.40 – 7.50)
7.62 (3.17 – 18.29)
1.97 (0.67 – 5.78)

<0.001**
<0.001**
0. 21

103
242
97
199
282
390
52
269
173
374
68
258
137

1
1.70 (1.27 – 2.57)
2.40 (1.52 – 3.79)
3.11 (2.27 – 4.27)

p value

0.01
<0.001
<0.001

1
1.27 (0.82 – 1.98)
1.73 (1.06 – 2.82)
1
1.84 (1.27 – 2.69)

p value

0.27
0.02
<0.001**

1.55 (1.02 – 2.37)

0.04

--

0.25

1.96 (1.46 - 2.63)

<0.001

0.25

2.11 (1.48- 3.06)

<0.001

3.03 (2.25 - 4.10)

<0.001

-1
1.38 (1.01 - 2.00)
1
1.87 (1.32 – 2.65)
--

173
19
185

1
3.61 (2.01 – 6.48)
1.00 (0.71 – 1.42)

<0.001
0.96

84

1.64 (1.12 – 2.38)

<0.001

20

6.53 (3.84 – 11.09)

<0.001

§ Abbreviations: HR, hazard ratio; CI, confidence interval, ** Significant (p value <0.05)
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Laboratory Parameters
5.7.1

Distribution of laboratory parameters:

In the recent past, there have been a number

of publications suggesting the role of various hematological parameters in cancer survival.
Hence, pretreatment levels of hemoglobin, red cell distribution width percentage (RDW) total
white blood cell count (WBC), absolute neutrophil, lymphocyte and monocyte counts were
obtained from the hospital electronic medical record system. Out of total 726 cases, pretreatment
counts for the above mentioned selected parameters were available for only 498 cases. Basic
descriptive analysis of these parameters including their minimum and maximum values is
presented in table 5.7.1. For the purpose survival analysis all the continuous variables were
converted to categorical variable by taking their median values as cut-off‘s, except for
hemoglobin for which 12gm% was taken as a cut-off.
Table 5.7.1: Descriptive data of hematological parameters

Sl
No.

Parameter

Mean ± SD

Median

Minimum

Maximum

1.

Hemoglobin (g/dL)

12.99 ± 2.16

13.25

6.11

18.50

2.

RDW (%)

14.13 ± 2.26

13.65

10.70

26.70

4.

WBC (109/L)

8.82 ± 3.26

8.20

4.13

26.70

5.

Neutrophil (109/L)

5.68 ± 2.87

5.00

1.10

22.18

6.

Lymphocyte (109/L)

1.99 ± 0.72

1.95

0.24

5.46

7.

Monocyte (109/L)

0.57 ± 0.23

0.52

0.073

1.60

2.50

0.76

45.10

Neutrophil/ lymphocyte
3.67 ± 4.29
ratio (NLR)
§ Abbreviations: SD, Standard deviation
8.
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5.7.2

Survival Analysis (n= 498):

5.7.2.1 Survival according to heamoglobin levels:

In order to access the effect of

heamoglobin on survival, oral cancer patients were divided into two groups first by taking
median value of 13.25 gm% as a cut-off and then also by taking 12gm% as a cut-off (table
5.7.2.1). However, in both the settings the survival was not found to be significantly different
between two comparison groups (table 5.7.2.1) (Fig 5.7.2.1)
Table 5.7.2.1: Observed survival rate (%) according to heamoglobin levels

Factor

Total
Number

Survival in percentage
1 Yr

Heamoglobin (Median 13.25 gm%)
249
71.2
Heamoglobin (≤ 13.24)
249
80.0
Heamoglobin (≥ 13.25)
Heamoglobin (taking cut-off of 12 gm%)
148
72.8
Heamoglobin (≤ 11.99)
350
76.8
Heamoglobin (≥ 12.00)
*Calculated using Log Rank Test

2 Yr

3 Yr

4 Yr

5 Yr

60.4
61.5

55.2
56.6

51.2
54.3

47.4
53.8

61.4
60.7

55.0
55.9

49.8
53.9

45.1
52.4

p
Value*

0.13

0.16

Figure 5.7.2.1: Observed survival rate (%) of oral cancer according to heamoglobin levels
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5.7.2.1 Survival according to Red cell distribution width (%) (RDW):

A RDW (%) of

13.65 was considered as a cut-off for survival analysis. Patients with lower RDW were found to
have 5yr survival of 54.1% and those with higher RDW(%) were found to have survival of
48.4% (table 5.7.2.2). However, this difference failed to attain statistical significance (p=0.06)
(fig. 5.7.2.2)
Table 5.7.2.2: Observed Survival rate (%) according to Red Cell Distribution Width
(RDW) percentage

Factor

Survival in percentage

Total
Number
1 Yr

p
Value*

2 Yr

3 Yr

4Yr

5Yr

Red Cell Distribution Width (RDW), %
RDW (≤ 13.64)

249

81.2

63.2

59.5

56.1

54.1

249
RDW (≥ 13.65)
*Calculated using Log Rank Test

73.0

58.6

52.3

49.9

48.4

0.06

Figure 5.7.2.2: Observed Survival rate (%) of oral cancer according to red cell
distribution width (RDW) percentage

A study of survival in oral cavity cancer patients

Page | 171

Results … Laboratory Parameters
5.7.2.3 Survival according to White Blood Cell Count (WBC):

Patients‘ with lower WBC

count were found to have significantly (p<0.001) (fig. 5.7.2.3) better 5 yr survival (57.2%) as
compared to patients with higher WBC counts (44.2%) (table 5.7.2.3).
Table 5.7.2.3: Observed survival rate (%) according to white blood cell count (WBC)

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

9

White Blood Cell Count (10 /L)
WBC (≤ 8.19)

248

81.2

68.9

61.1

59.1

57.2

WBC (≥ 8.20)

250

70.0

52.9

50.6

46.8

44.2

<0.001

Univariate analysis
Hazard Ratio (95% CI)
WBC (≤ 8.19)
WBC (≥ 8.20)
*Calculated using Log Rank Test

1
1.46 (1.13- 1.89)

p
Value
<0.001

Figure 5.7.2.3: Observed survival rate (%) of oral cancer according to white blood cell
count (WBC)
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5.7.2.4 Survival according to Neutrtophil count:

An absolute neutrophil count of 4.99

(109/L) was taken as a cut-off for dividing neutrophil count into a categorical variable. Patients
having lower neutrophil count were found to have significantly (p=0.01) (fig. 5.7.2.4) better 5 yr
survival (56.5%) as compared to patients with higher neutrtophil count (46.1%) (table 5.7.2.4).
Table 5.7.2.4: Observed survival rate (%) according to neutrtophil count
Total
Number

Factor

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

80.2
75.4

68.6
53.4

61.5
50.3

59.1
47.0

56.5
46.1

p
Value*

9

Neutrophil Count (10 /L)
246
Neutrophil (≤ 4.99)
254
Neutrophil (≥ 5.00)
Univariate analysis

Neutrophil (≤ 4.99)
Neutrophil (≥ 5.00)
*Calculated using Log Rank Test

0.01

Hazard Ratio (95% CI)

p
Value

1
1.37 (1.05 -1.77)

0.01

Figure 5.7.2.4: Observed survival rate (%) of oral cancer according to neutrtophil count
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5.7.2.5 Survival according to Lymphocyte count:

Absolute Lymphocyte count was found to

be inversely related to survival. Patients having lower lymphocyte count were found to have
significantly (p<0.001) (fig. 5.7.2.5) poorer 5 yr survival (44.1%) as compared to patients with
higher lymphocyte count (58.4%) (table 5.7.2.5).
Table 5.7.2.5: Observed survival rate (%) according to lymphocyte count
Total
Number

Factor

Survival in percentage
1 Yr

2 Yr

3 Yr

4 Yr

5 Yr

70.5
80.7

55.7
66.1

49.8
61.9

46.1
60.0

44.1
58.4

p
Value*

9

Lymphocyte Count (10 /L)
249
Lymphocyte (≤ 1.94)
249
Lymphocyte (≥ 1.95)
Univariate analysis

Lymphocyte (≥ 1.95)
Lymphocyte (≤ 1.94)
*Calculated using Log Rank Test

<0.001

Hazard Ratio (95% CI)

p
Value

1
1.46 (1.13 - 1.89)

<0.001

Figure 5.7.2.5: Observed survival rate (%) of oral cancer according to lymphocyte count
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5.7.2.6 Survival according to Monocyte count:

Absolute monocyte count was found to be

significantly (p<0.001) associated with survival. Patients with lower monocyte count were found
to have better 5 yr survival (57.8%) as compared to patients with higher monocyte count (43.4%)
(table 5.7.2.6) (fig. 5.7.2.6).
Table 5.7.2.6: Observed survival rate (%) according to monocyte count
Survival in percentage

Total
Number

Factor

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

9

Monocyte Count (10 /L)
Monocyte (≤ 0.51)

249

82.5

69.9

62.7

60.8

57.8

Monocyte (≥ 0.52)

249

68.6

51.7

48.9

45.0

43.4

<0.001

Univariate analysis
Hazard Ratio (95% CI)
Monocyte (≤ 0.51)
Monocyte (≥ 0.52)
*Calculated using Log Rank Test

1
1.63 (1.25- 2.11)

p
Value
<0.001

Figure 5.7.2.6: Observed survival rate (%) of oral cancer according to monocyte count
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5.7.2.7 Survival according to Neutrtophil/ Lymphocyte ratio (NLR):

The absolute

neutrophil count was divided by absolute lymphocte count to calculate NLR. A median value of
2.49 was taken as a cut-off for converting NLR into a categorical variable. Patients having lower
NLR were found to have significantly (p< 0.05) (fig. 5.7.2.7) better 5 yr survival (60.2%) as
compared to patients with higher NLR (41.3%) (table 5.7.2.7).
Table 5.7.2.7: Observed survival rate (%) according to neutrtophil/ lymphocyte ratio:
Factor

Total
Number

Neutrophil Lymphocyte ratio
248
NLR (≤ 2.49)
250
NLR (≥ 2.50)
Univariate analysis

Survival in percentage
1 Yr

2 Yr

3 Yr

4 Yr

5 Yr

83.6
68.0

71.7
50.8

65.9
46.4

63.4
43.2

60.2
41.3

Hazard Ratio (95% CI)
NLR (≤ 2.49)
NLR (≥ 2.50)
*Calculated using Log Rank Test

1
1.77 (1.36- 2.31)

p
Value*

<0.001

p
Value
<0.001

Figure 5.7.2.7: Observed survival rate (%) of oral cancer according to NLR
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5.7.2.8 Multifactorial analysis for independent prognostic factors for overall survival:
All the heamatological factors which were found to influence overall survival in
univariate analysis, viz. Total WBC, neutrophil count, lymphocyte count, monocyte count and
NLR were considered for further multifactorial analysis. In addition, other clinical and
histological factors which were found to significantly affect overall survival in section 5.2 (table
Table 5.2.18), were included in multifactorial analysis. The results showed that higher NLR
level (HR = 1.40, 95% CI = 1.03 – 1.90; p= 0.02), monocyte count (HR = 1.45, 95% CI = 1.08 –
1.96; p= 0.01). In addition, presence of comorbidity, poor differentiation, advanced stage
disease, extra capsular spread and perineural invasion were also found to be independent
predictors for poor overall survival of oral cavity cancer patients (table 5.7.2.8).
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5.7.2.8 :

Multifactorial analysis of prognostic factors for overall survival in oral cavity cancer for heamatological factors

Parameter
Age (< 40 yrs)
Age (≥ 40 yrs)
Comorbidity Present
Comorbidity Absent
Differentiation
Well Differentiated
Moderately Differentiated
Poorly Differentiated
Unknown
Early Stage (I &II)
Advanced Stage (III & IV)
Bone Infiltration (Absent)
Bone Infiltration (Present)
Perineural invasion (Absent)
Perineural invasion (Present)
ECS (Absent)
ECS (Present)
WBC ≤ 8.19 109/L
WBC ≥ 8.20 109/L
Neutrophil ≤ 4.99109/L
Neutrophil ≥ 5.00 109/L
Lymphocyte ≤ 1.94 109/L
Lymphocyte ≥ 1.95 109/L
Monocyte ≤ 0.51 109/L
Monocyte ≥ 0.52 109/L
NLR ≤ 2.49
NLR ≥ 2.50
Treatment
Surgery only
Radiotherapy only
Surgery + Radiotherapy
Surgery + Radiotherapy + Chemotherapy
Radiotherapy + Chemotherapy

No. of
cases
91
407
326
172

Univariate
HR (95% CI)
1
1.26 (0.89 – 1.78)
1
1.44 (1.11 - 1.86)

49
290
94
22
148
350
325
120
375
80
247
151
248
252
246
254
249
249
247
251
248
252

1
3.32 (1.55 – 7.12)
7.97 (3.64 – 17.45)
2.63 (0.95– 7.28)
1
3.97 (2.71 – 5.84)
1
1.67 (1.25- 2.23)
1
2.22 (1.61- 3.07)
1
3.25 (2.42 - 4.36)
1
1.46 (1.13- 1.89)
1
1.37 (1.05 -1.77)
1
1.46 (1.13 - 1.89)
1
1.63 (1.25- 2.11)
1
1.77 (1.36- 2.31)

171
19
187
97
24

1
5.11 (2.94 – 8.90)
1.28 (0.92 – 1.78)
1.56 (1.08 – 2.26)
5.78 (3.52 – 9.49)
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p value
0.18
<0.001**

<0.001
<0.001
0.06
<0.001**

Multifactorial
HR (95% CI)
1
-1
1.60 (1.18 - 2.17)
1
2.00 (0.91 – 4.39)
3.85 (1.69 – 8.78)
1.28 (0.45 – 3.66)
1
2.12 (1.35 - 3.34)

<0.001**
<0.001**
<0.001**

p value
0.09
<0.001**

0.08
<0.001**
0.13
<0.001**
0.75

1
1.69 (1.20 - 2.37)
1
2.87 (2.08 – 3.97)

<0.001**
<0.001**

<0.001**

0.82

0.01

0.16

<0.001**
0.01**
<0.001**

<0.001
0.14
0.01
<0.001
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0.73
1
1.45 (1.08 – 1.96)
1
1.40 (1.03 – 1.90)
--

0.01**
0.02**
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Laboratory Parameters in Early Stage (TNM Stage I and II)
5.7.3.1 Distribution of laboratory parameters in early stage disease:

Out

of

total

223

patients with early stage disease, pretreatment counts for hemoglobin, red cell distribution width
percentage (RDW), total white blood cell count (WBC), absolute neutrophil, lymphocyte and
monocyte counts parameters were available for only 148 cases. Basic descriptive analysis of
these parameters including their minimum and maximum values is presented in table 5.7.3.1.
Table 5.7.3.1: Descriptive data of laboratory parameters in early stage disease

Sl
No.

Parameter

Mean ± SD

Median

Minimum

Maximum

1.

Hemoglobin (g/dL)

13.42 ± 2.08

13.60

6.50

18.50

2.

RDW (%)

14.11 ± 2.38

13.55

10.70

26.70

3.

WBC (109/L)

8.27 ± 3.21

7.47

4.45

26.70

4.

Neutrophil (109/L)

5.02 ± 2.57

4.49

1.92

20.22

5.

Lymphocyte (109/L)

2.09 ± 0.72

2.06

0.25

5.07

6.

Monocyte (109/L)

0.52 ± 0.18

0.48

0.07

1.26

7.

Neutrophil/ lymphocyte
ratio (NLR)

3.01 ± 3.50

2.17

0.75

26.23

5.7.3.2 Survival according to various laboratory parameters: All the selected laboratory
parameters namely hemoglobin, red cell distribution width percentage (RDW), total white blood
cell count (WBC), absolute neutrophil, lymphocyte and monocyte counts and NLR were not
found to be significantly (p> 0.05) associated with survival of earl stage oral cancer patients
(5.7.3.2)
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Table 5.7.3.2: Observed survival rate (%) of early stage cancer according to selected
laboratory parameters

Factor

Survival in percentage

Total
Number
1 Yr

2 Yr

3 Yr

4 Yr

p
Value*
5 Yr

Heamoglobin (gm%)
Heamoglobin (≤ 11.99)

30

93.3

89.6

85.3

80.8

80.8

Heamoglobin (≥ 12.00)

118

93.1

82.1

78.1

77.0

77.0

79.9

0.62

Red Cell Distribution Width (RDW), %

RDW (≤ 13.64)

77

93.4

84.9

.83.3

81.7

RDW (≥ 13.65)

71

92.9

82.0

75.6

75.6

0.49
75.6

White Blood Cell Count (109/L)

WBC (≤ 8.19)

85

91.7

82.8

77.5

77.5

75.9

WBC (≥ 8.20)

63

95.2

84.5

82.5

80.4

80.4

Neutrophil (≤ 4.99)

89

.92.0

85.7

81.6

81.6

80.0

Neutrophil (≥ 5.00)

59

94.9

80.5

76.6

74.7

74.7

Lymphocyte (≤ 1.94)

61

86.4

73.1

73.1

73.1

73.1

Lymphocyte (≥ 1.95)

87

94.2

84.0

82.7

81.1

81.1

Monocyte (≤ 0.51)

90

95.5

87.2

83.6

79.9

78.4

Monocyte (≥ 0.52)

58

89.5

77.6

77.6

77.6

776

NLR (≤ 2.49)

96

91.6

82.2

78..5

78.5

770

NLR (≥ 2.50)

52

96.1

86.0

81.6

79.3

79.3

0.52

Neutrophil Count (109/L)
0.49

Lymphocyte Count (109/L)
0.28

Monocyte Count (109/L)
0.61

Neutrophil Lymphocyte ratio
0.68

*Calculated using Log Rank Test
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Laboratory Parameters in Advanced Stage (TNM Stage I and II)
5.7.4.1 Distribution of laboratory parameters in advanced stage disease:

Out of total

503 patients with advanced stage disease, pretreatment counts for hemoglobin, red cell
distribution width percentage (RDW), total white blood cell count (WBC), absolute neutrophil,
lymphocyte and monocyte counts parameters were available for only 350 cases. Basic
descriptive analysis of these parameters including their minimum and maximum values is
presented in table 5.7.4.1.
Table 5.7.4.1: Descriptive data of laboratory parameters

Sl
No.

Parameter

Mean ± SD

Median

Minimum

Maximum

1.

Hemoglobin (g/dL)

12.80 ± 2.17

13.10

6.11

17.80

2.

RDW (%)

14.14 ± 2.21

13.70

10.90

24.30

3.

WBC (109/L)

9.06 ± 3.27

8.40

4.13

26.70

4.

Neutrophil (109/L)

5.96 ± 2.94

5.17

1.10

22.18

5.

Lymphocyte (109/L)

1.95 ± 0.72

1.90

0.24

5.46

6.

Monocyte (109/L)

0.60 ± 0.25

0.54

0.07

1.60

7.

Neutrophil/ lymphocyte
ratio (NLR)

3.95 ± 4.56

2.69

0.89

45.09

A study of survival in oral cavity cancer patients

Page | 181

Results … Laboratory Parameters (Advanced Stage)
5.7.4.2 Survival according to heamoglobin levels:

In order to access the effect of

heamoglobin on survival of patients with advanced stage disease were divided them into two
groups by taking 12gm% as a cut-off. Survival was not found to be significantly different
between two comparison groups (table 5.7.4.2) (fig 5.7.4.1)
Table 5.7.4.2: Observed survival rate (%) of advanced stage oral cancer according to
heamoglobin levels

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

Heamoglobin
Heamoglobin (≤ 11.99)

118

67.3

54.1

47.2

42.0

36.2

Heamoglobin (≥ 12.00)

232

67.8

49.6

44.4

41.5

39.4

0.55

*Calculated using Log Rank Test
Figure 5.7.4.1: Observed survival rate (%) of advanced stage oral cancer according to
heamoglobin levels
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5.7.4.3 Survival according to Red cell distribution width (%) (RDW):

Patients with lower

RDW were found to have 5 yr survival of 41.7% and those with higher RDW(%) were found to
have survival of 35.2% (table 5.7.2.2). However, this difference failed to attain statistical
significance (p=0.10) (fig. 5.7.4.3) (fig 5.7.4.2)
Table 5.7.4.3: Observed survival rate (%) of advanced stage oral cancer according to red
cell distribution width (RDW) percentage

Factor

Survival in percentage

Total
Number
1 Yr

p
Value*

2 Yr

3 Yr

4Yr

5Yr

Red Cell Distribution Width (RDW), %
RDW (≤ 13.64)

172

70.4

53.1

47.2

43.8

41.7

178
RDW (≥ 13.65)
*Calculated using Log Rank Test

6.49

49.1

42.9

39.6

35.2

0.10

Figure 5.7.4.2: Observed survival rate (%) of advanced stage oral cancer according to red
cell distribution width (RDW) percentage

A study of survival in oral cavity cancer patients

Page | 183

Results … Laboratory Parameters (Advanced Stage)
5.7.4.4 Survival according to White Blood Cell Count (WBC):

Patients‘ with lower WBC

count were found to have significantly (p<0.001) (fig. 5.7.4.3) better 5yr survival (45.5%) as
compared to patients with higher WBC counts (32.3%) (table 5.7.4.4).
Table 5.7.2.4: Observed survival rate (%) of advanced stage oral cancer according to white
blood cell count (WBC)

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

White Blood Cell Count (109/L)
WBC (≤ 8.19)

163

74.7

61.2

52.2

48.5

45.5

WBC (≥ 8.20)

187

61.5

42.4

38.8

35.7

32.3

<0.001

Univariate analysis
Hazard Ratio (95% CI)
WBC (≤ 8.19)
WBC (≥ 8.20)
*Calculated using Log Rank Test

1
1.48 (1.12- 1.96)

p
Value
<0.001

Figure 5.7.4.3: Observed survival rate (%) of oral cancer according to white blood cell
count (WBC)
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5.7.4.5 Survival according to Neutrtophil count:

An absolute neutrophil count of 4.99

(109/L) was taken as a cut-off for dividing neutrophil count into a categorical variable. Patients
having lower neutrophil count were found to have 5 yr survival (41.8%) as compared to patients
with higher neutrtophil count (35.7%) (table 5.7.4.5) (fig 5.7.4.4). However, this difference
between the two groups failed to achieve statistical significance (p= 0.15)
Table 5.7.4.5: Observed survival rate (%) of advanced stage oral cancer according to
neutrtophil count
Total
Number

Factor

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

72.6
63.5

58.8
44.8

50.2
40.8

46.4
38.3

41.8
35.7

p
Value*

9

Neutrophil Count (10 /L)
157
Neutrophil (≤ 4.99)
193
Neutrophil (≥ 5.00)
*Calculated using Log Rank Test

0.15

Figure 5.7.4.4: Observed survival rate (%) of advanced stage oral cancer according to
neutrophil count
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5.7.4.6 Survival according to Lymphocyte count:

Absolute Lymphocyte count was found to

be inversely related to survival. Patients having lower lymphocyte count were found to have
significantly (p= 0.05) (fig. 5.7.4.5) poorer 5 yr survival (34.7%) as compared to patients with
higher lymphocyte count (42.9%) (table 5.7.4.6) (fig 5.7.4.5) .
Table 5.7.4.6: Observed survival rate (%) of advanced stage oral cancer according to
lymphocyte count
Total
Number

Factor

Survival in percentage
1 Yr

2 Yr

3 Yr

4 Yr

5 Yr

63.4
72.6

46.8
56.2

40.3
50.6

36.7
47.6

34.7
42.9

p
Value*

9

Lymphocyte Count (10 /L)
188
Lymphocyte (≤ 1.94)
162
Lymphocyte (≥ 1.95)
Univariate analysis

Lymphocyte (≥ 1.95)
Lymphocyte (≤ 1.94)
*Calculated using Log Rank Test

0.05

Hazard Ratio (95% CI)

p
Value

1
1.31 (1.01 - 1.72)

0.05

Figure 5.7.4.5: Observed survival rate (%) of advanced stage oral cancer according to
lymphocyte count
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5.7.4.7 Survival according to Monocyte count:

Absolute monocyte count was found to be

significantly (p<0.001) associated with survival. Patients with lower monocyte count were found
to have better 5 yr survival (43.9%) as compared to patients with higher monocyte count (33.9%)
(table 5.7.4.7) (fig. 5.7.4.6).
Table 5.7.4.7: Observed survival rate (%) of advanced stage oral cancer according to
monocyte count
Total
Number

Factor

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

74.1
62.3

59.6
44.0

51.1
40.5

48.8
35.8

43.9
33.9

p
Value*

9

Monocyte Count (10 /L)
157
Monocyte (≤ 0.51)
193
Monocyte (≥ 0.52)
Univariate analysis

Monocyte (≤ 0.51)
Monocyte (≥ 0.52)
*Calculated using Log Rank Test

<0.001

Hazard Ratio (95% CI)

p
Value

1
1.44 (1.09 - 1.91)

0.01

Figure 5.7.4.6: Observed survival rate (%) of advanced stage oral cancer according to
monocyte count
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5.7.4.8 Survival according to Neutrtophil/ Lymphocyte ratio (NLR):

The absolute

neutrophil count was divided by absolute lymphocte count to calculate NLR. An overall median
value of 2.49 was taken as a cut-off for dividing NLR into a categorical variable. Patients having
lower NLR were found to have significantly (p<0.001) (fig. 5.7.4.7) better 5 yr survival (46.7%)
as compared to patients with higher NLR (32.2%) (table 5.7.4.8).
Table 5.7.4.8: Observed survival rate (%) of advanced stage oral cancer according to
neutrtophil/ lymphocyte ratio (NLR):
Factor

Total
Number

Neutrophil Lymphocyte ratio
152
NLR (≤ 2.49)
198
NLR (≥ 2.50)
Univariate analysis

Survival in percentage
1 Yr

2 Yr

3 Yr

4 Yr

5 Yr

.75.4
61.8

62.3
42.7

55.5
37.1

51.7
34.7

46.7
32.2

Hazard Ratio (95% CI)
NLR (≤ 2.49)
NLR (≥ 2.50)
*Calculated using Log Rank Test

1
1.66 (1.25 - 2.21)

p
Value*

<0.001

p
Value
<0.001

Figure 5.7.4.7: Observed survival rate (%) of advanced stage oral cancer according to
NLR
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5.7.4.9 Multifactorial analysis for independent prognostic factors for overall survival:
All the heamatological factors which were found to influence overall survival in
univariate analysis, such as, Total WBC, lymphocyte count, monocyte count and NLR were
considered for further multifactorial analysis. In addition other clinical and histological factors
which were found to significantly affect survival in advanced stage oral cancer in section 5.4
(table 5.4.14), were included in multifactorial analysis. The results showed that higher NLR
level (HR = 1.69, 95% CI = 1.22 - 2.34; p=0.01), monocyte count (HR = 1.47, 95% CI = 1.06 2.02; p=0.02). In addition, age, presence of comorbidity, poor differentiation, histological lymph
node involvement, extra capsular spread and perineural invasion were also found to be
independent predictors for poor overall survival of advanced stage oral cancer patients (table
5.7.4.9).
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Table 5.7.4.9: Multifactorial analysis of prognostic factors for overall survival in patients with of advanced stage oral cancer
No. of cases
Parameter
Age (< 40 yrs)
Age (≥ 40 yrs)
Comorbidity Present
Comorbidity Absent
Differentiation
Well Differentiated
Moderately Differentiated
Poorly Differentiated
Unknown
Tumor Size
< 2cms
2- 4 cms
> 4cms
Lymph node Absent (Histo)
Lymph node Present (Histo)
Bone Infiltration (Absent)
Bone Infiltration (Present)
Perineural invasion (Absent)
Perineural invasion (Present)
ECS (Absent)
ECS (Present)
WBC ≤ 8.19 109/L
WBC ≥ 8.20 109/L
Lymphocyte ≤ 1.94 109/L
Lymphocyte ≥ 1.95 109/L
Monocyte ≤ 0.51 109/L
Monocyte ≥ 0.52 109/L
NLR ≤ 2.49
NLR ≥ 2.50
Treatment
Surgery only
Radiotherapy only
Surgery + Radiotherapy
Surgery + Radiotherapy + Chemo
Radiotherapy + Chemotherapy

Univariate
HR (95% CI)

67
283
233
117

1
1.21 (0.84 – 1.75)
1
1.39 (1.05 – 1.84)

27
191
77
14

1
2.19 (1.02 – 4.74)
4.78 (2.17 – 10.53)
2.09 (0.75 – 5.78)

53
174
82
132
169
186
123
247
62
171
130
163
187
188
162
157
193
152
198

1
1.56 (0.98 – 2.48)
1.99 (1.21 – 3.30)
1
2.67 (1.90 – 3.75)
1
1.29 (1.01 - 1.58)
1
2.27 (1.61 - 3.19)
1
2.77 (2.02 - 3.79)
1
1.48 (1.12- 1.96)
1
1.31 (0.99 - 1.72)
1
1.44 (1.09 - 1.91)
1
1.66 (1.25 - 2.21)

90
17
136
83
24

1
4.48 (2.52 – 7.97)
0.88 (0.61 – 1.28)
1.02 (0.68 – 1.51)
3.39 (2.03 – 5.67)
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Multifactorial
HR (95% CI)

p value

0.02

1
1.51 (1.06 - 2.15)
1
1.57 (1.14 – 2.17)

0.04
<0.001
0.15

1
1.52 (0.68 – 3.37)
2.87 (1.25 – 6.58)
1.17 (0.41 – 3.35)

0.28

p value
0.02**
<0.001**

0.29
0.01**
0.75
0.33

0.05
<0.001
<0.001

1
1.70 (1.04 - 2.88)

0.04

0.04**
0.54

<0.001

1
1.83 (1.28 - 2.62)
1
1.77 (1.07 – 2.90)

<0.001

--

0.24

0.05

-1
1.47 (1.06 - 2.02)
1
1.69 (1.22 - 2.34)
------

0.80

<0.001

0.01
<0.001

<0.001
0.51
0.91
<0.001
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Treatment Time
5.8.1

Time taken for diagnosis: Time period from registration of patient at Tata memorial

Hospital to pathological confirmation of malignancy was taken as time to diagnosis. The median
duration for diagnosis was 03 days (table 5.8.1). Majority of cases (87.1%) were diagnosed in
less than 07 days and only 07 cases (1%) required more one month for diagnosis (table 5.8.2).
The duration taken for diagnosis was divided into three categories for analyzing its effect on
overall survival of patients (table 5.8.3). No significant difference in 5 yr survival rates was
observed as per the time taken for diagnosis (figure 5.8.1).
Table 5.8.1: Time taken for diagnosis
Sl.
Time period from date of registration to date to diagnosis
No.
1.
Median
2.
Minimum
3.
Maximum

Duration (days)
03
01
56

Table 5.8.2: Distribution of patients as per time taken for diagnosis
Sl.
No.
1.
2.
3.
4.

Time taken for Diagnosis (days)

No. of patients (%)

≤ 7 days
8 to 15 days
16 to 30 days
≥ 31 days

632 (87.1)
68 (9.3)
19 (2.6)
07 (1.0)

Cumulative total
(%)
632 (87.1)
700 (96.4)
719 (99.0)
726 (100)

Table 5.8.3: Observed survival rate (%) of oral cavity cancer according to time taken for
diagnosis
Factor

Total
Number

Time taken for diagnosis (Days)
632
≤ 7 days
68
8 to 15 days
26
≥ 16 days

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

75.7
74.6
79.0

61.9
60.6
69.7

57.4
54.2
65.1

53.4
50.7
60.1

51.1
48.9
55.1
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p
Value*

0.77
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Figure 5.8.1: Observed survival rate (%) of oral cancer according to time taken for
diagnosis

5.8.2

Time between diagnosis and commencement of treatment:

Time period between

pathological confirmation of malignancy and initiation any type of cancer directed treatment
(CDT) i.e surgery or radiotherapy or chemotherapy, was considered as time taken for treatment
commencement. The median duration for treatment initiation was 30 days (table 5.8.4). In
majority of patients (80.9%) treatment was started within 60 days of pathological diagnosis of
malignancy (table 5.8.5). The duration taken for treatment initiation was divided into four
categories for analyzing its effect on overall survival of patients (table 5.8.5). No significant
(p<0.05) difference in 5 yr survival rates was observed as per the time taken for commencement
of cancer directed treatment (figure 5.8.2).
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Table 5.8.4: Time taken to start cancer directed treatment
Sl.
Time period from date of diagnosis to date of start of
No.
cancer directed treatment
1.
Median
2.
Minimum
3.
Maximum

Duration (days)
30
01
188

Table 5.8.5: Distribution of patients as per time taken to start cancer directed treatment
Sl.
No.
1.
2.
3.
4.

Time taken for Diagnosis (days)
≤ 30 days
31 – 60 days
61 - 90 days
≥ 91 days

No. of patients (%)

Cumulative total (%)

365 (50.3)
222 (30.6)
90 (12.4)
49 (6.7)

365 (50.3)
587 (80.9)
677 (93.3)
726 (100)

Table 5.8.6: Observed survival rate (%) of oral cavity cancer according to time taken to
start cancer directed treatment
Factor

Total
Number

Survival in percentage

1 Yr
2 Yr
Time taken to start Cancer Directed treatment (Days)
≤ 30 days
365
75.7
62.5
31 – 60 days
222
79.1
60.9
61 - 90 days
90
77.5
60.2
≥ 91 days
49
84.9
66.6

3 Yr

4Yr

5Yr

58.4
55.6
56.3
57.1

54.2
52.7
51.0
57.1

51.8
50.8
47.7
54.5

p
Value*

0.76

Figure 5.8.2: Observed Survival rate (%) of oral cancer according to Time taken from
diagnosis to start of Cancer Directed Treatment
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5.8.3

Time taken from start of Cancer Directed treatment to completion:

The

median

duration of treatment (all modalities together) was 30 days (table 5.8.7). The median, minimum
and maximum duration taken for completion of each modality of treatment is provided in table
5.8.7. Irrespective of modality of treatment used 70% of patients completed treatment in less
than 90 days, whereas in only surgically treated cases 93% cases completed treatment in less
than 21 days. Multimodality treatment required more time, approximately 42% patients in
surgery plus radiotherapy group required more than 90 days for treatment completion, similarly
60% of patients in surgery plus radiotherapy plus chemotherapy group required more than 90
days for treatment completion (table 5.8.8). The time taken for treatment completion was divided
into four categories (≤ 60 days, 61 – 90 days, 91 - 120 days and ≥ 121 days) for analyzing its
effect on overall survival of patients (table 5.8.9). Patients who had completed CDT in less than
60 days had the best 5 yr survival of 55.4% and patients who had undergone treatment for more
than 121days had the worst 5yr survival of 36.6% (figure 5.8.3). However, this difference in
survival failed to achieve statistical significance (p=0.12). In addition, we also took the global
recommended 100 days as cut-off, but no significant difference (p=0.19) was observed in
individuals who completed treatment within 100 days and those who completed in more than 100
days (table 5.8.10), (figure 5.8.4).
Table 5.8.7: Time taken from start of cancer directed treatment to completion
Duration (days)

Time
taken to
complete
CDT

Sx Only
(n= 262)

Sx + RT
(n= 277)

Sx + RT +
CT
(n= 132)

RT only
(n= 25)

RT + CT
(n= 30)

Overall
(n= 726)

Median
Minimum

07
01

87
42

93
48

34
21

100
47

30
01

Maximum

67

184

198

66

187

198

A study of survival in oral cavity cancer patients

Page | 194

Results … Treatment Time
Table 5.8.8: Distribution of patients as per time taken for treatment (CDT) completion
Sl.
No.

Time taken for CDT completion

No. of patients (%)

Cumulative total
(%)

1.

≤ 60 days

313 (43.1)

313 (43.1)

2.

61 – 90 days

196 (27.0)

509 (70.1)

3.

91 - 120 days

159 (21.9)

668 (92.0)

4.

≥ 121 days

58 (8.0)

726 (100)

Only Surgically Treated cases (n=262)
1.

≤ 10 days

195 (74.4)

195 (74.4)

2.

10 – 20 days

49 (18.7)

244 (93.1)

3.

≥ 21 days

18 (6.9)

262 (100)

Surgery and Radiotherapy Treated cases (n=277)
1.

≤ 90 days

159 (57.4)

159 (57.4)

2.

90 – 120 days

96 (34.7)

255 (92.1)

3.

≥ 121 days

22 (7.9)

277 (100)

Surgery, Radiotherapy and Chemotherapy Treated cases (n=132)
1.

≤ 90 days

53 (40.2)

53 (40.2)

2.

90 – 120 days

55 (41.7)

108 (81.9)

3.

≥ 121 days

24 (18.1)

277 (100)

Table 5.8.9: Observed Survival rate (%) of oral cavity cancer according to time taken to
for completion of cancer directed treatment (CDT)

Factor

Survival in percentage

Total
Number

p
Value*

1 Yr

2 Yr

3 Yr

4Yr

5Yr

Time taken for CDT completion
≤ 60 days

313

76.3

66.5

61.5

57.5

55.4

61 – 90 days

196

72.2

.55.8

51.6

49.1

47.7

91 - 120 days

159

77.6

.63.7

59.5

55.8

52.6

≥ 121 days

58

76.5

.56.5

48.7

40.6

36.6

0.128
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Figure 5.8.3: Observed Survival rate (%) of oral cancer according to Time taken for
completion of CDT

Table 5.8.10: Observed survival rate (%) of oral cavity cancer according to time taken to
complete cancer directed treatment (taking a cut-off of 100 days)
Factor

Total
Number

Time taken for CDT completion
594
≤ 100 days
132
> 100 days

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

75.1
76.4

62.6
59.6

57.9
53.6

54.4
49.0

52.9
45.0

p
Value*

0.19

Figure 5.8.4: Observed survival rate (%) of oral cancer according to time taken for CDT
completion (taking a cut-off of 100 days)
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5.8.3.1 Time taken from start of cancer directed treatment to completion as per stage: In
order to further evaluate the effect of duration required for treatment completion on survival,
patients were divided as per early and advanced disease, and impact of treatment duration was
assessed in each category. Median treatment duration for patients with early stage disease was 10
days and for patients with advanced stage disease was 80 days (table 5.8.11). Treatment duration
was found to have significant effect on survival of both early and advanced stage patients (fig
5.8.5 & 5.8.6). In early stage category patients having treatment duration of less than 10 days had
better survival as compared to patients with treatment duration of more than 10 days, whereas in
advanced stage diseases reverse was seen i.e patient with treatment duration of more than 80
days had better survival than patients with treatment duration of less than 80 days (table 5.8.12/
14). Patients undergoing unimodality treatment in both categories (early and advanced stage) had
lower treatment time as compared to patients given multimodality treatment (table 5.8.13/ 15).

Table 5.8.11: Time taken for treatment completion as per Stage
Duration (days)
Sl.
Time taken for treatment completion
No.
Early Stage

Advanced Stage

1.

Median

10

80

2.

Minimum

01

1

3.

Maximum

180

198
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Table 5.8.12: Observed survival rate (%) of early stage oral cavity cancer according to
time taken to complete cancer directed treatment
Total
Number

Factor

Time taken for CDT completion
112
≤ 10 days
111
> 10 days

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

94.4
86.3

85.6
79.2

84.6
72.7

83.6
70.4

83.6
69.0

p
Value*

0.01

Figure 5.8.5: Observed survival rate (%) of early stage oral cancer according to time taken
for CDT completion

Table 5.8.13: Distribution of time taken for treatment completion in early stage cancer as
per type of treatment
Time taken
to complete
CDT
≤ 10 days
> 10 days

Sx Only

RT only

Sx + RT

Sx + RT +
CT

Overall
(n= 223)

112
12

0
02

0
79

0
18

112
111
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Table 5.8.14: Observed survival rate (%) of Advanced stage oral cavity cancer according
to time taken to complete cancer directed treatment
Total
Number

Factor

Time taken for CDT completion
256
≤ 80 days
247
> 80 days

Survival in percentage
1 Yr

2 Yr

3 Yr

4Yr

5Yr

63.9
72.9

51.1
54.6

44.9
50.6

38.9
40.8

35.3
43.6

p
Value*

0.02

Figure 5.8.6: Observed survival rate (%) of advanced stage oral cancer according to time
taken for CDT completion

Table 5.8.15: Distribution of time taken for treatment completion in advanced stage cancer
as per type of treatment
Time taken
to complete
CDT

Sx Only

RT only

Sx + RT

Sx + RT +
CT

Rt + CT

Overall
(n= 503)

≤ 80 days

138

23

64

21

10

256

> 80 days

00

00

134

93

20

247
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5.8.4

Overall Treatment Time (OTT): Time period between registration of patient in Tata

Memorial Hospital to completion of CDT, was considered as overall treatment time (OTT). The
median OTT was 106 days (table 5.8.16). Almost half of the patients (48.1%) had OTT of more
than 90 days and only 11% patients had OTT of more than 6months (> 180 days). The overall
treatment time was divided into three categories for analyzing its effect on overall survival of
patients (table 5.8.18). No significant (p=0.45) difference in 5 yr survival rates was observed as
per OTT (figure 5.8.7).
Table 5.8.16: Overall treatment time (OTT)
Sl.
No.
1.
Median
2.
Minimum
3.
Maximum

Overall treatment time

Duration (days)
106
5
317

Table 5.8.17: Distribution of patients as per OTT
Sl.
No.
1.
2.
3.

OTT
≤ 90 days
91 – 180 days
≥ 181 days

Table No. 5.8.18:

Factor

No. of patients (%)

Cumulative total (%)

296 (40.8)
349 (48.1)
81 (11.1)

296 (40.8)
645 (88.9)
726 (100)

Observed survival rate (%) of oral cavity cancer according to OTT
Survival in percentage

Total
Number
1 Yr

2 Yr

3 Yr

4Yr

p
Value*
5Yr

Time taken for CDT completion
≤ 90 days

296

76.2

65.3

60.9

57.2

54.5

91 – 180 days

349

73.2

59.4

53.7

51.2

49.7

≥ 181 days

81

82.1

62.2

56.8

51.1

44.5
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Figure 5.8.7:

Observed survival rate (%) of oral cancer according to OTT
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5.9

Loss-adjusted survival (LAR):

Loss adjusted survival rates were calculated by

using method proposed by Ganesh (1995) (173). The proportion and risk (hazard ratio) of death
and loss to follow-up at 5 years from the index date, by prognostic factors, are presented in Table
5.9.1. The proportion of patients lost to follow-up during the 5-year period was 18 %, and of
dying was 43.9 %. The risk of loss to follow-up varied from 1.5-fold by age at diagnosis of more
than 40 yrs and 1.1-fold by stage of disease. The risk of death increased 1.3-fold by age at
diagnosis of more than 40 yrs, 1.3-fold by presence of comorbidity (p<0.001) and 3.3-fold with
advanced stage of disease (p=0.02). The observed (actuarial) survival at 5 years was 52.0%
(Table 5.9.2). During this period, 18.1% of cases were lost to follow-up; 7.6% in the first year,
5% of those remaining in the second and third years, and 5.5% of the remainder in the fourth and
fifth years (Table 5.9.2). Adjustment for loss of follow-up gave an estimated survival of 51.2% at
5 years from index date, 0.8 % units less than the observed (actuarial) survival. This suggests
that the patients who were lost to follow-up had a slightly higher mortality than assumed in the
actuarial method of survival analysis, in which such deaths occur at the same rate as among those
with complete follow-up. Table 5.9.2 also gives the estimate of loss-adjusted survival stage,
adjusted for differential loss to follow-up by age and comorbidity.
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Table 5.9.1: Number of cases, proportion and risk (Hazard ratio, HR) of death and loss to
follow-up at 5 years from the index date (date of registration) and 95% confidence interval
(CI) by factors studied

Proportion at 5
years from index
date

Hazard Ratio (HR) and 95% CI,
(p value)

Number
of cases

Lost
(%)

Dead
(%)

Lost HRa

Deadb HR

All Cases

726

18.1

43.9

--

--

Age (< 40 yrs)

130

14.6

37.7

1

1

Age (≥ 40 yrs)

596

18.8

45.3

1.5 (0.9 – 2.6),
(0.06)

1.3 (0.9 – 1.7),
(0.08)

Comorbidity (absent)

479

19.8

40.1

1

1

Comorbidity (present)

247

14.6

51.4

0.7 (0.4 – 1.0),
(0.12)

1.3 (1.1 – 1.6),
(0.02)

Early Stage

223

21.1

21.1

1

1

Advanced Stage

503

16.7

54.1

1.1 (0.7 – 1.5),
(0.60)

3.3 (2.4 – 4.5),
(<0.001)

Factors studied

a

ORs of each factor adjusted for all other factors in the table. bEstimated among those with
complete follow-up only.
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Table 5.9.2: Number of cases, proportion dead and lost to follow-up at varying intervals
of time and 5-year cumulative absolute and loss-adjusted survival

Survival in percentage

1 Yr

2 Yr

3 Yr

4 Yr

5 Yr

All Cases
Total No.

Dead
(%)

Lost
(%)

726

21.1

7.6

Dead
(%)

14.2

Lost
(%)

Dead
(%)

Lost
(%)

Dead
(%)

Lost
(%)

Dead
(%)

Lost
(%)

2.9

4.1

2.1

3.0

1.8

1.5

3.7

Actuarial

78

62

57

54

52

LAR*

77.1

61.8

56.9

53.2

51.2

(*adjusted for age, stage and comorbidity)

Early Stage
Total No.

Dead
(%)

Lost
(%)

Dead
(%)

Lost
(%)

Dead
(%)

Lost
(%)

Dead
(%)

Lost
(%)

Dead
(%)

Lost
(%)

223

8.5

6.7

8.1

4.5

3.1

3.1

1.3

1.8

0.0

4.9

Actuarial

91

82

79

77

77

LAR*

90.8

81.6

77.8

76.1

76.1

(*adjusted for age and comorbidity)

Advanced Stage
Total No.

Dead
(%)

Lost
(%)

Dead
(%)

Lost
(%)

Dead
(%)

Lost
(%)

Dead
(%)

Lost
(%)

Dead
(%)

Lost
(%)

503

26.6

8.0

16.9

2.2

4.6

1.6

3.8

1.8

2.2

3.2

Actuarial

72

53

47

43

40

LAR*

71.1

52.1

46.8

42.3

39.4

(*adjusted for age and comorbidity)

A study of survival in oral cavity cancer patients

Page | 204

Discussion…
CHAPTER 6
DISCUSSION
Tata Memorial Hospital (TMH), Mumbai, is a pioneer cancer centre in India
engaged in cancer diagnosis, treatment, research and education since more than seven decades.
On an average 3000 patients attend the hospital daily for various cancer related investigation,
treatment and follow-up. It has a well organized digital medical record system which
comprehensively archives all patient details and provides sufficient opportunity for research. In
India, though oral cavity is one of the leading sites of cancer, there is a dearth of studies
describing the pattern of survival in oral cancer patients, and the few studies published focus on
one more specific variable which was of interest to their study. Thus, literature with respect to
oral cancer survival in India is deficient and incomprehensive. Therefore, this study seeks to
provide a holistic picture of overall survival and to also, identify and evaluate the impact of host
characteristics and tumor related factors on survival of oral cavity cancer patients.
6.1 Overall Survival:

A total of 726 cases of oral cavity cancer, comprising cancers of

the lip, buccal mucosa, gingiva, retromolar trigone, floor of mouth, palate and tongue (Table
5.1.7), were included in the study. The observed 5 yr survival of the cohort was found to be 52%.
Sankaranarayanan R et al. (2010) in his study of 25 population-based cancer registries in 12
countries in sub-Saharan Africa, Central America and Asia, found India to have the lowest
survival rate in Asian countries and this difference was attributed to lack of established screening
and early detection programmes, which in turn results in majority of cases presenting with
advanced stage disease and lower survival. (10) Survival rates similar to our study were reported
by Rogers SN et al. (2009) who in their study of 541 patients with oral squamous cell carcinoma
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found 5 yr overall survival of 56%. (177) However, more closer to home, Yeole et al. (35) in his
study of 1808 oral cancer cases in Mumbai reported a 5-year observed and relative survival rates
for oral cancer as 30.5 and 39.7%, respectively, which is much lower than our study. This
difference can be because Yeole‘s study is based on Mumbai cancer registry data which also
included data from death certificates mentioning ‗cancer‘ or ‗tumour‘ obtained from the Bombay
Municipal death registration office and many of these patients probably would have never
received any significant medical care (35). In contrast, our study comprised of only those
patients who were diagnosed and had received atleast one modality of cancer directed therapy at
Tata Memorial Hospital (TMH). A multicentric study of 2003 patients who had received
treatment for OCSCC from 2000 to 2011 in 7 cancer centers worldwide, including TMH,
reported an observed 5yr survival of 70%. (178) The 5 yr survival rate of 52% found in our study
is much lower than this multicenteric study which is due to, firstly, 5 out of the 7 collaborating
centers were from developed countries, contributing to more than 70% of the data/cases.
Secondly, in our study, almost 70% (stage IV 54%; and stage III 15.3%) of cases had advanced
stage disease at diagnosis as compared to only 55% in multicentric international collaborative
study. This is further substantiated by the fact that 5yr survival of patients with early stage
disease (TNM I & II) was found to be same in both the studies i.e 77%. However in our study,
5yr survival of patients with advanced stage disease (TNM III & IV) was found to be much
lower i.e 40% as compared to 63% found in multicentric international collaborative study. (178)
Thus, higher percentage of advanced stage cases with lower survival rate can possibly explain
the lower overall survival found in our study. The 5yr survival rate of 40% in advanced stage
cases found in our study is comparable with similar rates reported from India by Sayed SI et al.
(2013) in their study of 1,408 oral cavity cancer patients. (179) Furthermore, overall survival for
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only tongue cancer cases (n=245) was found to be 50% (table 5.5.1) and for cheek mucosa and
other sites of oral cavity cancer (n=481) was found to be 52% (table 5.5.1). Only a limited
number of studies have examined large series of tongue cancer. Spiro and Strong evaluated 314
patients (1957-1963) with tongue cancer and found an overall 5-year survival rate of only 42%.
(180) Pernot et al. found 5-year survival rate of 44% in his review the medical records of 448
patients with tongue cancer who were exclusively treated with radiation based therapy either as
a combination of brachytherapy and external beam radiation or as a combination of
brachytherapy and neck dissection. (181) A more recent study (Kokemueller H et al. @2011), of
total 341 patients with squamous cell carcinoma of the tongue who were treated surgery alone or
in combination with other modality found a 5 yr survival of 50.6%, (182) which is similar to
survival rates found in our study.
6.2 Factors affecting survival:
6.2.1 Age:

The median age of patients in our study was 51 Years (Range: 18-85 years),

which is similar to median age and range reported in some of the oral cancer studies from Indian.
(67,179) The correlation of prognosis with age seems controversial, and some authors show no
relationship between them, (29,111,183) whereas others demonstrate worse prognosis in older
patients. (23,60) This dichotomy on the role of age in prognosis is largely due lack of consensus
for the age ranges which should be used to analyze effect the age on cancer survival. (28) In our
study, we used multiple cut-offs of age to evaluate its influence on survival. When age was
categorized based on decades of age or median age of series 51 yrs or taking old age 65 yrs as
cut off, age was not found to influence survival. However, when 40 yrs was taken as a cut-off,
age was found to influence overall survival (Table 5.2.2). Similar, 40 yr age cut-off has also been
used by other studies from Indian subcontinent. (179). Thus in our study, age was found to
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influence survival both in univariate and multifactorial in analysis of all cases combined and
advanced stage disease subset (Table 5.2.18-19, 5.3.11). However, only tongue subset though the
patients more than 40 yrs showed poorer 5yr survival rate, it failed to achieve statistical
significance in multifactorial analysis (Table 5.4.14, 5.5.16 & 5.6.17) Many researchers have
similarly found age as a factor to influence outcome in certain cancers. (184) Pulte and Brenner
(185) analyzed the Surveillance, Epidemiology and End Results (SEER) database based on
population based cancer registries during 1973–2006 in the US, and found improvement in
survival among all age groups except in the elderly population (>75 years). They also noticed a
lower survival rate of 52.7% for these patients and a better survival of 72% for patients younger
than 44 years. It has been suggested that the affect of age may be because younger and older
patients might have different etiological reasons for developing cancer that can influence its
biological behavior and outcome. (186)
6.2.2 Gender:

Majority of the patients in study were males 73% (table5.1.1) The lower

number females as compared to males is indicative of gender differences in the lifestyle and
behavioural patterns associated with incidence of oral cancer. In our study we did not find any
survival/ prognostic differences between males and females. The role of gender in cancer
survival remains ambiguous, some authors have reported lower survival rates in females,
attributed to delay in seeking medical care and lower acceptance of treatment. (60) A few have
also reported more favorable outcome for females. (67) Owing to biological superiority and
higher awareness in women concerning their bodies. (132,133) However, majority of the studies
have not found any correlation between gender and oral cancer survival. (177,187)
6.2.3 Level of education:

Educational inequalities in mortality have been documented

across a wide range of countries. Several investigators have examined the statistically significant
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effect of income and education on cancer survival. This is true when treatment quality is
expected to depend on income when health services must be brought in the open market. A
difference in economic resources is not the only possible mechanism behind the relationship
between education and health. Highly educated individuals may have better understanding of the
relationship between health inputs and health outcomes, thus enabling them to choose treatment
options better. A related hypothesis is that, more highly educated people may be better at finding
their way through health bureaucracy, acquiring relevant information and communicating their
symptoms (188). In our study, we did not find any statistically significant relationship between
education status and oral cancer survival. The possible explanation is that though differences in
lifestyle and health behaviors are the major factors driving the positive association between
education and health, but the quality of treatment also plays a big role in survival. (188) As all
the patients in our study were treated at a single institute, where singular aim is to provide high
quality health care, regardless of caste, education or socioeconomic status, we could not find any
difference in survival based on educational status. Similarly, some studies of oral cancer patients
have also reported no association between education and overall survival. (31)
6.2.4 Marital Status:

It is widely believed that, adhering to the vow, ―'Till death do us

part,‖ may be health-promoting. Among individuals who are well and among patients who are
suffering a wide array of illnesses, marriage is often associated with longer life and better quality
of life. (189–191) It is well known that social support and environmental factors may influence
overall mental state of well‐being, so as to exerting a significant effect on the outcome,
especially for cancer patients. Some studies have been shown that married persons have better
mood and receive more social support, including practical support and financial resources, so
that they can focus on treatment and may show a better recovery from malignancy. (192)
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However, Studies assessing the impact of marital status on survival among patients with cancer
have yielded inconsistent results, with some reporting protective effect, (39–43) and some failing
to find any relationship. (46–48) In our cohort of patients 83.7% were married and 11.3 were
either unmarried or widow/ widower at the time of registration in the hospital (table 5.1.3) and
Marital status was not found to have any influence on oral cancer survival. There can be a
number of reasons for not finding any association between marital status and oral cancer
survival, firstly, only a very few number i.e 37 patients out of 726 were unmarried and therefore,
it is very difficult to draw any logical conclusion from such a small number. Secondly, marital
status was determined only at the time of diagnosis and patients‘ status may have changed over
time. Thirdly, most of the studies showing improved survival in married individuals are from
western developed world, where better social support and companionship have been cited as the
main reasons for improved survival (47). India is culturally and socially very different from the
western countries, and is socially very closely knit; particularly the concept of joint families may
make up for the social and emotional support for the unmarried or widowed elders in the family.
6.2.5 Lifestyle Habits (Tobacco chewing, Smoking and Alcohol):

There is convincing

evidence that tobacco chewing and smoking, are both strong and independent risk factors for oral
cancer especially in Indian subcontinent. (13) In addition, studies have also found habit of
alcohol to be a risk factor as well as to have synergistic effect with tobacco in causation of oral
cancer. (193) We tried to evaluate the association between survival and tobacco or alcohol use
by retrieving details of a number of habits including Cigarette smoking, Biddi smoking, Tobacco
chewing, Paan Masala, Gutkha, Betul nut chewing, alcohol consumption etc from the patients
case sheets. Tobacco chewing was found to be the most common habit (54%), followed by betul
chewing (19.3) in males and females combined (Table 5.1.5). This confirms the popularity of
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tobacco / betul nut chewing in Indian subcontinent as reported by other studies. (187) However,
the case sheets did not provide any information regarding the quantity, frequency and duration of
use of tobacco/ alcohol product or any further detail regarding continuation or cessation of habits
after diagnosis. Hence, for survival analysis we categorized the individuals into two categories as
per the presence or absence of any habit. Presence of lifestyle habit was not found to have any
prognostic impact on oral cancer survival overall or in any of the subset (early/ advanced stage,
tongue, cheek mucosa). The effect of tobacco/ alcohol habit on prognosis of oral cancer patients
has been controversial. Some studies have found poorer prognosis in tobacco/ alcohol users,
especially in those who maintain tobacco and alcohol consumption following diagnosis of the
malignancy. (194) Whereas, some researchers have reported no association between lifestyle
habits and survival. (61,67)
6.2.6 Comorbidity:

Comorbidity is common among cancer patients, in our study 34%

patients had one or more comorbidities (Hypertension, Diabetes mellitus, Heart Disease, Asthma
and Human Immunodeficiency Virus (HIV) (table 5.1.6). Although there is general agreement
that comorbidity is common among cancer patients, it is difficult to state with any certainty how
common it is. This is because the prevalence of measured comorbidity varies, sometimes
dramatically, depending on the measure of comorbidity used, the study population, and the
cancer type. In a review of the impact of comorbidity on chemotherapy use and outcomes among
patients with solid tumors, Lee et al. reported a wide prevalence range for comorbidity of 0.4%
to 90% among cancer patients. (195) Thus, though some studies have reported a prevalence of
comobidity between 30-40% in different types of cancers. (196,197) In general, results from
several studies (198–200) are consistent with there being a spectrum of comorbidity prevalence
among cancer patients. In our study we found the presence of comorbidity to be independent
A study of survival in oral cavity cancer patients

Page | 211

Discussion…
predictor of poor prognosis for patients with oral cancer (HR = 1.58, 95% CI = 1.23 - 2.03; p<
0.01) (table 5.2.18) as well as in subset analysis of advanced stage disease (HR = 1.44, 95% CI =
1.09 – 1.89; p< 0.05) (table 5.4.14) and tongue cancer (HR = 3.04, 95% CI = 1.94 - 4.78; p<
0.05) (table 5.5.16) patients. In early stage disease (table 5.3.5) and cheek mucosa (table 5.6.8)
subset analysis patients with comorbidity were found to have considerably lower survival as
compared to patients without co morbidity, however this difference failed to achieve statistical
significance (p=0.06 & p=0.07, respectively). Comorbidity has consistently been found to have
an adverse impact on cancer survival. (195,201,202) The magnitude of the association is
variable, depending on how comorbidity is measured, the measure of survival used, the cancer
studied, and the population included. It head and neck cancer, it has been shown to be an
independent predictor of survival, with increased severity of comorbidity associated with as
much as a 2- fold increase in cancer-associated mortality. (23) There are several reasons why
comorbidity impacts survival. The most obvious is the direct, independent impact of concomitant
disease on noncancer mortality. Cancer-specific survival is also sometimes found to be reduced
among those with comorbidity. One possible explanation for this is that it is caused by artifact,
where those with cancer who die of unrelated comorbid conditions are incorrectly categorized as
dying from their cancer. (203) Secondly, there is consistent evidence that those with comorbidity
receive less active treatment than those without, and this impacts their survival probabilities.
Those with comorbidity may also suffer higher levels of toxicity from cancer treatments, which
may also detrimentally impact their cancer-specific survival. (195) A third mechanism is through
a direct impact of comorbidity on cancer progression. Researchers have found there is more
rapid tumor progression as well a higher risk of recurrence in those with comorbidity. Consistent
with this, Piccirillo et al. in their study of 17,712 cancer patients, found that the likelihood of
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developing a recurrence of cancer increased with increasing level of comorbidity (hazard radio,
1.18 for mild, 1.37 for moderate, and 1.54 for severe. (204)
6.2.7 Blood group:

In recent past, the associations between ABO blood group and

survival have been evaluated in several malignancy, including pancreatic cancer (205)
esophageal squamous cell carcinoma (206), colon cancer (207), lung (208) and breast cancer
(209). However, to date, the impact of ABO blood group on the survival of patients with cancer
remains uncertain. A few studies in Indian population, have shown that patients with blood group
A have predisposition for oral cancer (210–212), but there is a dearth of evidence regarding role
of blood group in oral cancer survival. In our study we did not find any association between
ABO blood group and oral cancer survival (table 5.2.8).
6.2.8 Disease staging (TNM Staging):

The TNM grading system has been the mainstay of

cancer outcome prediction in patients with head and neck squamous cell carcinoma (HNSCC)
for many years. It has served several important functions including therapeutic decision making,
patient counseling, stratifying patients for clinical trials and interpreting results, and designing
treatment strategies. (77) In our study, TNM staging was found to significantly affect survival in
all cases (table 5.2.9) as well as in tongue (table 5.5.8) and cheek mucosa (table 5.6.9.) subset.
The overall 5yr survival rates for stage I, II, III and IV were found to 84.7%, 69.9%, 52.8% and
35.9% respectively. Similar, 5 yr survival rates of 75%, 65.6%, 49%, and 30% for stage I, II, III
and IV respectively, have been reported Lo WL et al. in his study of 378 Oral cavity squamous
cell carcinoma patients (OSCC). (183) A large, international, multicenter, pooled study of 2738
patients who received treatment for OSCC from 1990 to 2011 in 7 cancer centers worldwide
have also found a similar stage wise survival (stage I (81%), II (63%), III (55%) and IV (41%).
(178) In multifactorial analysis also advanced stage (TNM stage III & IV) was found to be
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independent predictor of poor survival (HR = 1.96, 95% CI = 1.37 - 2.80; p< 0.01) (table 5.2.18)
in overall as well as in tongue (HR = 1.79, 95% CI = 1.09 - 2.95; p< 0.05) (table 5.5.18) and
cheek mucosa subset analysis (HR = 2.38, 95% CI = 1.33 – 4.23; p< 0.05) (table 5.6.17).
6.2.9 Node metastases:

In our study cervical node metastasis (both clinical node

involvement and histologically positive nodes) was associated with poor survival. In
multifactorial analysis also nodal metastasis was found to be independent predictor of poor
survival overall (HR = 1.48, 95% CI = 1.11 - 1.97; p< 0.01) (table 5.2.19) as well as in each of
the subset (early stage, advanced stage, tongue and cheek mucosa). Cervical node metastasis is
widely accepted as one of the major prognostic factors in patients with OSCC. Its presence is
associated with a decrease in survival as well as with higher recurrence rates. (89,97,213,214) In
addition to clinical node involvement we also examined the role of histological nodal metatstasis,
which was found to be independent predictor of poor survival. These findings are in line with
many other studies who have reported histologically positive cervical lymph nodes for squamous
cell carcinoma as one of the simplest, and perhaps most important, prognostic markers in oral
cancer. (215–218)
6.2.10 Tumor Size: In this study, tumor size was taken as the pathologically measured
maximum cross-sectional diameter of a resected tumor. (99) We found that tumor size
significantly influenced oral cancer survival. Tumor size was observed to be independent
predictor of poor survival overall (HR = 1.83, 95% CI = 1.23 – 2.74; p< 0.01) (table 5.2.19) as
well as in early and advanced stage disease, tongue (HR = 2.77, 95% CI = 1.39 – 5.49; p< 0.05)
(table 5.5.17) and cheek mucosa (HR = 1.73, 95% CI = 1.06 – 2.82; p< 0.05) (table 5.6.18)
subset. Maximum tumor diameter has traditionally been considered an important risk factor for
the presence of concomitant nodal metastases, local recurrence, and poor survival. For example,
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in two studies conducted on a total of 603 patients with HNSCC, Magnano et al. found that T
stage was a consistent, independent predictor of pathologically positive cervical lymph
nodes.(219,220) In addition, pathologic maximal tumor diameter has been shown to predict local
recurrence in tumors arising from the oral cavity. (221) Finally, numerous studies, (221–224)
have shown a univariate association between either clinical or pathologic tumor diameter and
survival. Furthermore, we also observed that in multifactorial analysis tumor size of 2-4 cms did
not show significant increase the risk of outcome as compared to tumors < 2ms (reference
category), while tumors of more than 4 cms continued to have significantly higher risk of
outcome. Similar, limitation of using tumor size as a prognostic determinant was highlighted by
Moore et al., who stratified 155 patients with oral SCC based on surface diameter of the primary
tumor. (222) Eighty-four percent of patients with tumors ≤2 cm survived disease free for 3 years,
compared with 52% of patients with tumors larger than 4 cm. However, no significant
differences in survival existed between tumors with surface diameters in the following three
groups: 2.1 to 3 cm and 3.1 to 4 cm. Thus, although a gross trend exists between surface
diameter and survival, but this trend does not follow a simple dose–response relationship. (222)
6.2.11 Histological grade (Tumor differentiation):

Pathologists have long recognized

the potential prognostic significance of cellular morphology in squamous cell carcinoma. Over
the years, it has become customary to grade OSCC according to the method originally described
by Broders, (225) and adopted by the WHO which takes into account a subjective assessment of
the degree of keratinisation, cellular and nuclear pleomorphism, and mitotic activity. However,
in recent past tumor differentiation has come into criticism due subjective nature of the
assessment; small biopsies from tumours showing histological heterogeneity and inadequate
sampling; reliance on structural characteristics of the tumour cells rather than functional ones;
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and evaluation of tumour cells in isolation from the supporting stroma and host tissues. In spite
of these limitations, numerous authors have established significant correlations between lower
histologic differentiation and poorer prognosis. (26,108,109,183,226) Similarly, in our study also
poor tumor differentiation was found to be an independent predictor of poor survival overall as
well as in all the subsets.
6.2.12 Skin involvement: Skin invasion is an established risk factor for head and neck cancer
patients. It is regarded as a T4 category in the TNM classification of various types of head and
neck cancers, i.e., oral and nasal/paranasal cancers. (227) Skin invasion is closely related to
tumor volume, larger tumors tend to show skin invasion and, at the same time, may pose higher
risk of poor prognosis. In our study skin infiltration was found to correlate with survival in
univariate analysis (table 5.2.13) (table 5.6.13) but failed to predict survival in multifactorial
modeling (table 5.6.17). Similarly, Kang et al in his study of 467 OSCC patients did not find skin
infilteration to be an independent predictor survival. (228)
6.2.13 Bone Involvement: The extension of oral squamous cell carcinoma into bone classifies
the tumor as stage IV and is considered an indicator of poor prognosis. In the present study, bone
involvement was found to significantly influence survival on univaraite analysis. However, on
multifactorial modeling it failed to emerge as an independent predictor of survival in overall
(table 5.2.18/19) or in subset analysis. Evidences suggest that, mandible invasion may progress
through the bone in an infiltrative, mixed or erosive histological fashion. (229) These distinct
histological patterns exhibit a different behaviors and questions previous assumptions that bone
invasion presents ominous sign. (230,231) Poor clinical outcome is highly correlated with the
infiltrative histological pattern of invasion. (102) Woolgar et al. in his studies of mandibular
resections from previously untreated patients, (103,105,232) found infiltrative, but not an
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erosive, pattern of invasion was predictive for local recurrence and survival even after taking into
account the prevailing soft tissue prognosticators. (105) Furthermore, it has been suggested that
non-characterization of bone invasion may result in uncertainties on the prognostic significance
of bone involvement. (99) Ours was a retrospective study and the details of histological pattern
of bone invasion as erosive, mixed, or infiltrative pattern was not available, this could probably
be the reason of bone invasion not emerging as an independent prognosticator of oral cancer
survival in our cohort.
6.2.14 Perineural invasion (PNI):

Almost 19% (18.9%) of patients in

our study

showed tumor cell infiltration into perineural spaces (PNI) (table 5.1.13). Another Indian study
(Sayed et al) had also found 18% prevalence of PNI in their cohort of 1,408 OSCC patients.
(179) Similarly, few others studies have also reported PNI prevalence between 20-25%
(177,233). However, the percentage of mucosal HNSCCs positive for PNI varies widely in the
literature, from 5% (234) to 52% (235), this discrepancy may result from a tendency of some
researchers to identify PNI only when large, named nerves are involved. PNI may be mediated
by the presence of nerve cell adhesion molecule (N-CAM) on the surface of squamous
carcinoma cells, which engages in homophilic binding with N-CAM expressed in neural and
perineural tissues. In two studies of 76 and 66 patients with HNSCC, expression of N-CAM on
the surface of neoplastic cells was significantly associated with PNI detected on review of
pathologic sections. (236,237) We found PNI to be an independent predictor of poor survival
overall as well as in all the subsets. Numerous clinical studies of oral cavity, (235,238,239) have
identified PNI as an important predictor of poor prognosis. The presence of PNI in the primary
tumor is associated with poor local control (234,235,240), regional control (241), local-regional
control (242–244), cause-specific survival (235,243) and overall survival (243,245). The
A study of survival in oral cavity cancer patients

Page | 217

Discussion…
association between PNI and local recurrence may result from either centrifugal or centripetal
propagation of malignant cells along perineural spaces and away from the primary tumor. Most
primary tumors will only disseminate up to 2 cm along the perineural space, (246) although PNI
12 cm from the primary tumor has been also reported.(247) As a result, PNI may allow
malignant cells to evade surgical excision or radiotherapy and result in local recurrence. In
addition, the association between PNI and regional recurrence implies that these tumors may be
more biologically aggressive. The association between perineural invasion and tumor
aneuploidy, a known marker of poor prognosis, lends support to this hypothesis.(248)
6.2.15 Extracapsular spread (ECS):

ECS was found in 76% of patients with positive

nodes (table 5.1.14). ECS has been reported to occur in roughly 65-75% of patients with positive
cervical nodes in many national and international publications.(67,179,249,250) In our study
ECS was found to significantly influence survival and was an independent predictor of poor
prognosis (HR = 2.33, 95% CI = 1.79 – 3.04; p< 0.01) (table 5.2.18). Woolgar et al. in their
study of 173 positive neck dissections found ECS as the best prognosticator in the stepwise
regression model of Cox. (89) The prognostic importance of ECS has also been emphasized by
several recent studies. (97,213,251) Furthermore, extracapsular spread (ECS) is a also noticeably
important

prognostic factor, associated with higher locoregional recurrence rates, distant

metastases, and lower survival rates. (88,89,97) Some authors report a decrease in survival rates
between 29% and 60%, as well as an increase in nodal metastases rates, when ECS is observed
(213); others have shown 5-year survival rates of 21% in patients with ECS vs 64% for those
without ECS. (97) These 5 yr survival rates are similar to rates observed in our study i.e 65.7%
and 27.3% in patients with and without ECS (table 5.2.17). A descriptive evaluation system of
ECS extension subdivides it into macro- and microscopic. Macroscopic ECS is evident to the
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naked eye, and microscopic ECS is only demonstrable during histologic analysis. By studying
the cervical nodes of 173 patients diagnosed with OSCC and histologically confirmed presence
of nodal metastases, Woolgar et al. (89) found that the 3-year survival probability was similar in
those with macroscopic or microscopic ECS (33% and 36%, respectively) and much worse than
those with strict intranodal metastases. In view of the recent convincing evidence on the
importance of ECS, researchers have recommended to integrate ECS into pathologic staging
systems. (89)
6.2.16 Treatment:

Surgery is the frontline treatment for oral cancer. (252) In our study also

92% (671) of cases were treated with surgery either alone or in combination with radiotherapy
(RT) or chemotherapy (CT) (table 5.1.11). In, unvariate analysis, we found that compared with
surgery alone patients treated with RT alone or RT + CT to have consistently significant highest
risks of death (table 5.2.18). Similarly, patients treated with surgery + RT or surgery + RT+CT
showed significant improvement in survival as compared to RT/ RT+CT. Patients with surgery
alone were found to have the best survival rates as compared to all the other modalities /
combination of therapies (table 5.2.18). However, in multifactorial analysis treatment was not
found to be an independent prognostic factor overall (table 5.2.19/20) as well as in all the subset
analysis. Subjects who opt for early surgical intervention have been shown to have a survival
advantage. (60,66,253,254) Leite et al. reported that subjects treated with surgery had the highest
survival rate, followed by surgery plus radiotherapy, but subjects treated with chemotherapy or
radiotherapy had the worst prognosis. (60) Other authors have also indicated that patients treated
with radiotherapy alone had a higher risk of death than those receiving surgical treatment alone.
(253,254) Selection of treatment modalities is not only according to primary carcinoma
extension, but also might be decided by clinical indices (i.e. tumor size, clinical stage, distant
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metastasis, histological differentiation, and lymph-node involvement). Subjects who accepted
surgery alone were often at an earlier clinical stage (75% cases of stage I in our study were
treated with surgery alone). On the other hand, treatment with CT alone or RT alone might
indicate that they were diagnosed in advanced stages of the disease (In our study, 95% of
patients treated with RT alone and all the patients treated with RT + CT had advanced stage
disease). Therefore, the better survival rates seen in only surgically treated might have been due
to differences in disease stage and presence of other tumor related factors, rather than differences
in effectiveness of treatment methods.(60)

6.2.17 Laboratory parameters (Hematological Factors):

In the recent past, there have

been a number of publications suggesting the role of various hematological parameters in cancer
survival. Therefore, in the present study we tried to access the role of pretreatment heamoglobin,
total white blood cell count along with its individual cell components and neutrophil lymphocyte
(NLR) ratio in oral cancer survival. However, the pretreatment counts/ levels of the mentioned
parameters were available for only 458 patients; hence a subset analysis was carried out taking
into consideration these 458 patients.
6.2.17.1 Hemoglobin:

In our study, we did not find any association between pretreatment

heamoglobin levels and oral cancer survival. Similarly, several other authors have also failed to
find any association between pretreatment heamoglobin and overall survival or local recurrence
in head and neck cancers (255,256). Thus, although several investigators in the past have
documented the prognostic impact of heamoglobin levels on cancer survival. (128–132) The role
of heamoglobin as an independent prognosticator has been largely inconclusive firstly, due to
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variability in literature regarding optimal timepoint to assess anemia, which may include options
such as pretreatment hemoglobin, midradiation hemoglobin, postoperative hemoglobin etc.
Secondly, due to ambiguity regarding optimal hemoglobin cutpoint for defining anemia, hence,
certain authors have suggested that a single cutpoint for defining anemia may be inadequate to
assess influence of heamoglobin on oral cancer survival. (134,135)
6.2.17.2 Total white blood Cell and its components:

The total and differential white blood

cell (WBC) count has been historically used as a marker of infection and inflammation.
Nonetheless, its role has gone beyond the assessment of infectious processes and it has become
an important prognostic measurement of outcomes in cancer treatment. Thus, while a link
between inflammation and cancer has been known for more than a century, compelling recent
evidence have suggested a strong association between pretreatment peripheral inflammatory cells
and prognosis in different kinds of cancers.(150,153,257–259) In the present study, total WBC
count, neutrophil count, lymphocyte count, monocyte count and NLR were found to be
significantly associated with survival in univariate analysis in all cases combined (n=458) as well
as in cases of advanced stage disease (n=350) but not in early stage disease. There is substantial
evidence that, in advanced cancer, the host systemic immune response is an important
independent predictor of outcome, and that pretreatment measurements of the systemic
inflammatory immune response can be used to independently predict cancer survival but the
same has not been established in early disease. (153) However, in multifactorial analysis only
monocyte count and NLR emerged as independent predicators of oral cancer survival (table
5.7.2.8) (table 5.7.4.9). These results are in consonance with other published studies that
implicate role of monocyte count (Tsai et al, n = 213) (153) and NLR (Perisanidis et al, n = 97)
(160) in prognostication of oral cavity cancer patients.
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6.2.17.2.1 Monocyte count:

We found that monocyte count was an independent

prognostic factor for patients with oral cavity cancer (HR = 1.45, 95% CI = 1.08 – 1.96; p=0.01).
Sasaki and colleagues (260,261) studied the pre-operative absolute monocyte count in patients
who had liver resection due to hepatocellular carcinoma, as well as in patients who underwent
hepatic surgery due to colorectal metastasis and found that pretreatment absolute monocyte count
was an independent prognostic indicator of tumor recurrence and survival in patients with
hepatocellular carcinoma. Similarly, absolute monocyte count has been reported to be
independent prognostic indicator for breast cancer, (257) gastric cancer, (150) Colorectal cancer,
(260,261) Ovarian cancer (262) and oral cancer (153). The exact underlying mechanism
explaining the association between the elevated number of monocytes and unfavorable cancer
prognosis is unclear. However, a possible explanation can be that monocytes secrete various
proinflammatory cytokines, such as interleukin (IL)-1, IL-6, IL-10, and TNF-α, which have been
associated with shorter survival and worse prognosis in malignances.(263,264) Moreover,
monocytes upon stimulation are known to release monocyte chemo-attractant protein (MCP-1)-1
and mediate tumor-associated macrophage infiltration in solid tumors, which could produce a
variety of chemokines such as TGF-α, IL-1, and IL-6 to promote tumorigenesis, angiogenesis,
and distant metastasis of malignant tumors.(264,265) Further, studies have linked monocyte with
an increased number of bone marrow-derived myelomonocytic cells. These cells infiltrate the
tumor and differentiate into tumor-associated macrophages, which in turn release many
angiogenic factors and have been shown to be associated with poor prognosis in
cancers.(264,266,267)
6.2.17.2.2 Neutrophil Lymphocyte ratio: In this study we also found that high pretreatment
NLR was significantly associated with poor survival in oral cavity cancer patients. This result is
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in accordance with previous observations on the association between NLR and a variety of
cancers. (156) More specifically, in Head and Neck cancers, elevated pretreatment NLR has been
shown to be significantly associated with worse survival in two studies of nasopharyngeal cancer
patients (268,269) and only one study of oral cavity cancer patients.(160) In our study, we also
assessed the prognostic value of the individual components of NLR, that is, neutrophil and
lymphocyte count. However, individually in multifactorial analysis neither was significantly
associated with survival of oral cavity cancer patients. Perisanidis et al also reported a significant
relationship between NLR and oral cancer survival but not with its individual components.(160)
It has been suggested that, in cancer patients, NLR is superior to other individual leukocyte
parameters.(270) This superiority of NLR can be attributed to the stability of NLR compared
with the absolute counts that could be altered by various physiological, pathological, and
physical factors. Moreover, NLR may represent the two opposing inflammatory and immune
pathways that exist together in cancer patients. (160) Therefore, NLR can be considered as the
balance between pro-tumor inflammatory status and anti-tumor immune status. Patients with
elevated NLR have a relative neutrophilic leukocytosis and lymphocytopenia, which denotes that
the balance is inclined in favor of pro-tumor inflammatory and is associated with poor outcome.
(268,270) The mechanisms underlying the association of high NLR and poor outcome of cancer
patients are poorly understood. One potential mechanism underlying the prognostic impact of
NLR may be an association of high NLR with inflammation. An elevated NLR has been
associated with an increase in the peritumoral infiltration of macrophages and an increase in
interleukin (IL-17).(271) Neutrophils and other cells such as macrophages have been reported to
secrete tumor growth promoting factors, including vascular endothelial growth factor, (272) IL6, (273) IL-8,(274) and elastases,(275) and, thus, likely contribute to a stimulating tumor
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microenvironment. It is a consensus that the adaptive immune system carries out immune
surveillance and can eliminate newborn tumors, but effective adaptive immune responses are
always suppressed in established tumors through several pathways, including inhibition of
dendritic cell differentiation and activation, infiltration of regulatory T cells. Lymphocytes are
crucial components of adaptive immune system, and studies have reported infiltrating
lymphocytes to indicate the generation of an effective antitumor cellular immune response. (276)
A low peripheral lymphocyte level may indicate a poorer lymphocyte-mediated immune
response to tumor and suggests poor prognosis.(276,277) NLR may be explained by the diverse
effects of neutrophils and lymphocytes on tumor progression. In vitro studies have shown that
the cytolytic activity of lymphocytes and natural killer cells was suppressed when cocultured
with neutrophils, and the extent of suppression was proportionally enhanced to the addition of
neutrophils,(157,158,277) implying that high NLR was associated with poor prognosis.(269)
6.2.17.2.3

NLR and monocyte counts were found to be independent predictors of overall

survival for patients with oral cancer. Given the low cost, easy accessibility, and reproducibility
of a full blood count, both NLR and monocyte counts seem promising candidates for use in
clinical practice. However, the findings of the study are based on a retrospective design in a
single center, thus, further studies in either multicenter or prospective manner should be
undertaken to validate and determine the clinical usages of NLR and monocyte count as
prognostic markers for oral cavity cancer patients.
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6.2.17 Summary of Independent predictors of survival:

Table 6.2.1 (given below)

provides a summary of the identified independent predictors of overall survival in all cases as
well as in various subset analysis. Age of more than 40 yrs was found to be an independent
prognostic factor overall except tongue cancer cases, however in tongue cancer subset it was
found to influence survival significantly in univariate analysis but failed to achieve statistical
significance in multifactorial model, this may be because very few patients were of age less than
40 years in this subset (59 cases). Similarly, though patients with comorbidity were found to
have lower survival it failed to attain statistical significance in early stage and cheek mucosa
subsets. Heamatological parameters namely monocyte and neutophil-lymphocyte ratio were
found to be independent predictors of poor survival both in overall and in advanced stage
disease, but failed to influence survival of cases with early stage disease. This is because in
contrast to early stage, advanced stage is known to be associated with higher inflammatory state
of the body and heamatological parameters are known to be marker of infection and
inflammation. This effect was also seen when all the cases was considered together as majority
(70%) of cases in our cohort were of advanced stage disease. Apart from these few exceptions,
age, comorbidity, poor differentiation, lymph node involment (clinical/ histopathological),
advanced disease, tumor size, perinueral invasion and extracapsular spread were found to be
independent predictors of survival overall, and also in all the subsets.
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Table 6.2.1: Summary of independent predictors of survival

All Cases
(n=726)

Advanced
Disease
(n=503)

Early Disease
(n=223)

Tongue Cancer
(n=245)

Cheek mucosa
and others
(n=481)

 Age

 Age

 Age

 Comorbidity

 Age

 Comorbidity

 Comorbidity

 Poor
Differentiation

 Poor
Differentiaion

 Poor
Differentiation

 Poor
Differentiation

 Poor
Differentiation

 Tumor Size

 Tumor Size

 Tumor Size

 Tumor Size

 Tumor Size
(histological)

 Lymph
node  Lymph
node  Perineural
invasion
involvement
involvement
(histological)
 Advanced
 Perineural
Stage
invasion
 Perineural
invasion
 Extracapsualar
spread
 Extracapsualar
Spread
 Monocyte
count
 Monocyte
 Neutrophil
count
Lymphocyte
ratio
 Neutrophil
Lymphocyte
ratio
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node  Lymph
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involvement
 Advanced
Stage

 Advanced
Stage

 Perineural
invasion

 Perineural
invasion

 Extracapsualar
spread

 Extracapsualar
spread

Page | 226

Discussion…
6.3

Timelines:

Delay in cancer diagnosis and treatment may be detrimental in several

ways: a more advanced stage at diagnosis, poorer survival, greater disease-related and treatmentrelated morbidity and adverse psychological adjustment. Conversely, harm may be caused to the
patients by early detection of cancers without improving survival (lead-time), and detection of
slow-growing tumors not needing treatment (over-diagnosis). (162) Hence in order to assess the
influence of time on oral cancer survival we estimated four broad timelines in our study namely
time between registration and diagnosis, time between diagnosis and commencement of
treatment, time between treatment commencement and treatment completion and time between
registration in this hospital (TMH) to treatment completion (OTT).
6.3.1 Time between registration and diagnosis:

Extended period of delay in diagnosis

following the onset of symptoms is hypothesized to provide an important explanation for
diagnosis at an advanced stage and subsequent poor survival. Traditionally, diagnostic delay
refers to the total period of time from onset of symptoms to diagnosis. Diagnostic delay is
generally divided into two phases: the period from the onset of symptoms to seeking of care
(patient delay) and the excess period elapsed between first contact with health care professional
and specialist consult(s) for definitive diagnosis (provider delay). Porta et al. describes the set of
influences that can affect the length of the period from onset of symptoms to diagnosis, which
include ‗‗behavior of the patient and attending physician, tumor biology and host-tumor
interactions, the functioning of the health care system and socio-cultural norms.‘‘ (278) In our
study, we estimated the time period required to pathologically confirm the diagnosis of tumor
from the time of registration of the patient in this institute. Majority, of the patients were
diagnosed within 7 days and the median period of diagnosis was found to 3 days (table 5.8.1).
On survival analysis time required for diagnosis was not found to be associated with survival
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(table 5.8.3). Several studies for head and neck cancers have reported no association between
time for diagnosis and survival. Seoane et al in his study of oral cancer cases found that when
survival was adjusted for tumor stage at diagnosis, diagnostic delay did not influence survival,
and hence suggested that survival from oral cancer is affected more by the biology of the cancer
(rapid tumor growth) than by diagnostic delay. (279) Similarly, Teppo et al in his study of tongue
cancer patients failed to find any association between time for diagnosis and survival. (280)
However, we need to acknowledge the limitation that due to the nature of our study we could
only analyze the effect of time required for diagnosis in the hospital but could not account for the
time period from onset of symptoms to patient reporting to first health care centre, which is
likely to be longer than the time spent in the hospital for diagnosis.
6.3.2 Time between diagnosis and commencement of treatment:

In the present study,

the median time from diagnosis to initiation of treatment was found to be 30 days, and was not
found to be associated with overall survival (p=0.76) (table 5.8.6). Jimmy J et al. in his study of
locoregionally advanced head and neck cancer also reported a similar median time of 34 days
and found that a longer diagnosis to treatment interval (DTI) was not significantly associated
with locoregional control (P=0.11), distant metastases-free survival (P=0.32), or overall survival
(P=0.07). (163) Similarly, several other studies of head and neck cancer with similar median DTI
between 25 to 45 days have found no association between time of diagnosis to treatment
initiation. (281,282) Most information supports the concept that timely initiation of therapy is a
laudable approach. However, the results reported herein suggest that complex cases may require
additional planning procedures, and these delays, which are aimed to improve the treatment, are
unlikely to cause detrimental effects. (163)
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6.3.2 Time between commencement of treatment to treatment completion and Overall
treatment time (OTT):

In addition to the time between commencement of treatment to

treatment completion, we also calculated OTT which was the time taken from registration of the
patient in this centre to treatment completion. The median time taken for treatment completion
varied widely depending upon type of treatment given on the patient (table 5.8.7). Overall the
median time required for treatment completion was 30 days (table 5.8.7) and OTT was 106 days.
Both were not found to be associated with overall survival (table 5.8.9/ 11) (p> 0.05). However,
when we categorized the patients as per stage, early stage disease patients who received
treatment for less than 10 days had significantly (p=0.02) better than patients who received
treatment for more than 10 days (table 5.8.12) All those patients who received treatment for less
than 10 days underwent only surgical treatment and majority (87%) (table 5.8.13) of other
patients with treatment of more than 10 days were given multimodality treatment, these patients
though early stage at diagnosis were probably upstaged following surgical intervention and
hence given multimodality treatment. On the other hand in advanced stage disease group
patients with treatment of more than 80 days had better survival than who received treatment for
less than 80 days (table 5.8.14). It is known that the complexity of multimodality treatment for
patients with head and neck cancer can lead to delay in treatment completion. The same is
evident in early stage disease as sizeable proportion (62.5%) of patients who received treatment
for less than 80 days underwent only unimodality treatment. These patients represent the group
of patients who probably did not complete treatment as planned and hence are likely to have a
more ominous outcome. Thus, the stage wise survival analysis of treatment time indicates that
other factors such as upstaging of disease due to tumor characteristics/ tumor biological behavior
or treatment completion influence survival more rather than the treatment time. Nonetheless, it is
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generally accepted that the overall treatment time for these patients should not exceed 100 days
measured from the day of surgery to the end of adjuvant therapy. (283,284) Tribuis S et al
analyzed survival in patients of head and neck cancer according to treatment duration >100 days
vs ≤100 days and observed that disease free survival and recurrence free survival was not
significantly different in these 2 groups, however overall survival was lower in patients with
treatment time of more than 100 days. (166) In our study we tried to see the influence of
treatment time on survival by taking multiple cut-offs (≤ 60 days, 61 – 90 days, 91 - 120 days
and ≥ 121) as well as the traditional 100 days cut-off. In both the analysis we found that the
patients treated for longer duration did have lower survival (36.6% for patient treated for ≥ 121
days (table 5.8.9); 45% for patient treated for > 100 days (table 5.8.10)), however this difference
in survival as compared patients with lower treatment time failed to achieve statistical
significance (p> 0.05) . One reason for this could be that majority (>80%) of our patients had
completed treatment within 100 days. Nonetheless, as far as possible treatment delays should be
avoided, especially delay in initiating radio(chemo)therapy after surgery should be minimized as
much as possible under local circumstances and considering patient characteristics. However,
some potential limitations of our study deserve consideration. This was a retrospective analysis
of a patient‘s medical records and not a randomized clinical study and therefore is subject to the
limitations of such analyses. There is a potential for selection bias, as duration of treatment may
have been influenced by baseline characteristics that predispose the patient to either more rapid
treatment or a greater delay in commencing adjuvant therapy, such as more advanced disease
requiring more extensive dental work etc such details of the patients were not available for
analysis. (166)
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6.4.1 Loss-adjusted survival rate (LAR):

The literature on survival analysis uses

standard statistical methods such as actuarial (or life-table) method (285) and the product-limit
method (21) for estimating survival rates. All these methods hold true only under certain
assumptions. The main assumption of these methods is the independence of risk of death and
withdrawal. Thus, survival estimates may be biased if the proportion of cases lost to follow-up is
substantial (as in many developing countries, where health information systems are not well
developed), and if the loss to follow-up is correlated with the probability of death (prognosis) of
the patient after he or she was lost. Censoring in survival analysis should be ―non-informative,‖
i.e. participants who drop out of the study should do so due to reasons unrelated to the study.
Informative censoring occurs when participants are lost to follow-up due to reasons related to the
study. Several methods have been described to deal with the problem of informative censoring.
These include imputation techniques for missing data, sensitivity analyses to mimic best and
worst-case scenarios and use of the drop-out event as a study end-point. For unbiased analysis of
survival curves, it is essential that censoring due to loss to follow-up should be minimal and truly
―non-informative.‖ In India, the withdrawals are most often non-technical withdrawals i.e. they
are loss to follow-up. (174) Prognostic factors that may also predict loss to follow-up are related
to the clinical characteristics of the disease, the patient and the social environment. For example,
recurrence or relapse of the disease and serious comorbidity are prognostic factors that may
cause the patient to move away (for treatment, or terminal care), making them impossible to
trace. (286) Information on the association between prognostic factors and loss to follow-up can
be used to reduce the bias in estimates of survival. (174,287) Furthermore, the bias in the
estimation of survival probability is dependent on both the magnitude and nature of losses to
follow-up, and may be in either direction. For example, the true probability of death of patients
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lost to follow-up may be greater than assumed if patients with poor prognosis are more likely to
be lost. In these circumstances, the actuarial survival estimate is biased and too high. The first
step in deciding whether bias in the actuarial estimate of survival is likely is to examine whether
loss to follow-up varies according to prognostic variables such as age, stage, etc. Computation of
loss-adjusted survival (Ganesh, 1995) then takes into consideration such differential losses, by
assuming that patients lost to follow-up within strata defined by these variables have the same
probability of death as those still remaining under observation and belonging to the same
stratum. It is reasonable to expect survival experience in patients lost to follow-up and with
complete follow-up to be more similar within a prognostic group, than when all patients are
considered together. The difference between the crude actuarial survival and the loss-adjusted
value indicates the magnitude of the effect of differential loss to follow-up.
6.4.2 In our study overall 5 yr survival for all cases by actuarial method was found to be 52%
and Loss adjusted survival rate was found to be 51.25%. Similarly, in subset analysis for early
and advanced diseases the 5 yr survival by actuarial and LAR method was found to be 77% &
76.15%, and 40% & 39.40% respectively. Thus, adjustment for loss of follow-up gave an
estimated 0.8% units less 5 years survival than the observed (actuarial) survival. The small
difference between the absolute (actuarial) survival and the loss-adjusted survival observed in
this study is much less than in other studies. (286,288). This can be because our study had only
18.1% loss to follow up as compared to much higher loss to follow-up reported by other quoted
studies i.e Ganesh et al. (288) loss to follow-up of 35-43%; Sriamporn et al. (286) loss to followup- loss to follow-up of 26.7%. The low loss to follow-up observed in our study was because our
study cohort comprised of only those cases who were residents of Mumbai and it has been seen
that in patients treated at TMH, the proportion of loss to follow-up is much lower among
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residents of Mumbai as compared to non-residents. (174) Furthermore, tracking of Mumbai cases
is better because of integration of our data with Mumbai population based cancer registry and
also due to sharing of mortality data by the local municipal vital registration system
(Brihanmumbai Municipal Corporation). This method of calculating loss-adjusted survival rates
has been shown to be useful where large numbers of patients are lost to follow-up (288).
However, this observation of small difference between the absolute (actuarial) survival and the
loss-adjusted survival is not confined to cancer of the oral cavity; differences for other sites like
female breast (data from six registries from developing countries) and larynx (data from Chennai
and Mumbai cancer registries) have also been reported to be of similar (small) size . (289) Thus,
the small correction of survival by loss-adjustment seen in our study is probably due to low
proportion of loss to follow-up and larger correction are more likely to occur in datasets with
higher loss to follow-up, due to patients coming from a wide geographic area.
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6.5

Strengths and Limitations:

The strength of the present study is, firstly that,

information for large number of variables was retrieved from all possible resources such as
medical case sheets, electronic medical records, pathological reports and OPD data, for a large
cohort of patients treated at Tata Memorial Hospital between 2006 – 2008. Secondly, this study
comprehensively covers the ambit of survival in oral cancer patients by providing patterns of
survival overall as well as in different subsets. It evaluates large no. of factors affecting survival,
including certain hematological factors as well as timelines of different evolutions involved in
patient care. In addition, loss adjusted survival rate to cater for patients lost in follow-up has also
been computed and presented. There were several limitations of our study which need to be
acknowledged. The study was conducted was of retrospective nature and relies on clinical data
not primarily meant for research. Thus we could only evaluate those factors which were recorded
in the case sheets/ medical records for example only five co-morbidities (diabetes, hypertension,
ischaemic heart disease, HIV and asthama) were recorded in the medical case sheets,
additionally, only information about the presence of comorbid disease was available but details
regarding time of onset, duration of disease, whether on medication etc were not obtainable
from the medical records. Similarly, in certain factors such as lifestyle habits in which there is
possibility of change in patient‘s exposure status after diagnosis, such details were not available
for analysis.
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CHAPTER 7
SUMMARY AND CONCLUSION
7.1

Summary of findings:

The summary of finding s is as follows

7.1.1

The overall 5 year survival of oral cavity cancer (all cases)

Overall Survival:

was found to be 52%. The 5 year overall survival for Early stage disease (TNM I &II),
Advanced stage disease (TNM III & IV), Tongue and Cheek mucosa cancer was found to
be 77%, 44%, 50% and 52% respectively.
7.1.2

In Oral cavity cancer (all cases) the independent predictors of prognosis were

Age, Comorbidity, Poor differentiation, Tumor Size, Lymph node involvement,
Advanced Stage, Perineural invasion, Extracapsualar Spread, pretreatment Monocyte
count and Neutrophil-Lymphocyte ratio.
7.1.3

In Early stage cancer (TNM I & II) the independent predictors of prognosis were

Age, Poor differentiation, Tumor size and Perineural invasion.
7.1.4

In Advanced stage cancer (TNM III & IV) the independent predictors of

prognosis were Age, Comorbidity, Poor differentiation, Tumor Size, Lymph node
involvement, Perineural invasion, Extracapsualar Spread, pretreatment Monocyte count
and Neutrophil-Lymphocyte ratio.
7.1.5

In Tongue cancer the independent predictors of prognosis were Comorbidity,

Poor differentiation, Advanced stage, Tumor Size, Lymph node involvement, Perineural
invasion and Extracapsualar Spread.
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7.1.6

In Cheek mucosa and other sites of oral cavity cancer (excluding tongue) the

independent predictors of prognosis were Comorbidity, Poor differentiation, Advanced
stage, Tumor Size, Lymph node involvement, Perineural invasion and Extracapsualar
Spread.
7.1.7

Timelines:

The median time period from registration to pathological

confirmation of diagnosis was 3 days, from diagnosis to commencement of treatment was
30 days, from treatment commencement to treatment completion was 30 days and median
overall treatment time was found to be 106 days. The time periods were not found to be
associated with survival.
7.1.8

Overall 5 year survival rate and loss-adjusted survival rate were found to be 52%

and 51.25% respectively.
7.2

Conclusion

The current study is one of the few Indian studies to

comprehensively analyze and present a holistic picture of oral cancer survival in patients
treated at a premier cancer hospital of India. Our study shows that oral cancer mortality
may be reduced if lesions are detected, diagnosed, and treated at an earlier stage. The
survival rates of 5-year were better in patients with the early stages of OSCC than in
those with the advanced stages. Therefore, we are tempted to conclude that the periodic
screening of high risk populations for OSCC and early treatment may appreciably reduce
oral cancer mortality in India. Thus, promotive and preventive public health approach
holds the key to reduce the OSCC burden in India. Contrary to what is generally accepted
socio-demographic factors such as education and marital status were not found to affect
oral cancer survival in our study. Similarly, various time periods involved in evolution of
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cancer treatment in the hospital namely, time for diagnosis, treatment initiation, treatment
completion and overall treatment time were not found to influence overall survival.
Furthermore, cancer as a disease bears such an intense burden that role other chronic comorbities is often undermined, but our study shows that presence of co-morbidity has a
significant influence on outcome of oral cancer patients. In addition, ours is the only
study in India to report prognostic role of heamatological parameters such as neutrophillymphocyte ratio (NLR) and monocyte counts in oral cancer patients. Given the low cost,
easy accessibility, and reproducibility of a full blood count, both NLR and monocyte
counts seem promising candidates for use in clinical practice. Finally, our study
demonstrates that, in addition to TNM classification other clinical and pathological
factors also have a significant role in predicting survival. Therefore, although the TNM
classification harbors very important clinical information the role of other factors viz
tumor differentiation, extracapsular spread and perineural invasion cannot be ignored and
hence, there is a need to develop a more powerful and precise modular prognostic system
that will not only be reliable and reproducible but also flexible and easy to use.

A study of survival in oral cavity cancer patients

Page | 237

References…
CHAPTER 8
REFERENCES
1.
2.
3.
4.
5.

6.
7.

8.
9.

10.

11.

12.
13.
14.
15.

16.
17.

Sudhakar A. History of Cancer, Ancient and Modern treatment methods. J Cancer Sci
Ther. 2010;1(2):1–4.
Wikipedia. History of cancer [Internet]. [cited 2016 Aug 15]. Available from:
https://en.wikipedia.org/wiki/History_of_cancer
Karpozilos A, Pavlidis N. The treatment of cancer in Greek antiquity q. Eur J Cancer.
2004;40:2033–40.
Torre LA, Bray F, Siegel RL, Ferlay J. Global Cancer Statistics , 2012. Ca Cancer J Clin.
2015;65(2):87–108.
Ferlay J, Soerjomataram I, Ervik M BF. GLOBOCAN 2012: Cancer Incidence, Mortality
and Prevalence Worldwide [Internet]. International Agency for Research on Cancer. 2012
[cited 2016 Aug 17]. Available from: http://www.globocan.iarc.
Europe PMC Funders Group. The Global Burden of Cancer 2013. JAMA Oncol.
2015;1:505–27.
Cancer Incidence in Five continents, Vol. IX. Curado M, Edwards B, Shin H, Storm H,
Ferlay J, Heanue M, et al., editors. Lyon, France: IARC Scientific Publication No. 164;
2007.
Agrawal M, Pandey S, Jain S, Maitin S. Oral Cancer Awareness of the General Public in
Gorakhpur. Asian Pacific J Cancer Prev. 2012;13(10):5195–9.
Sankaranarayanan R. Cancer Survival in Africa, Asia, the Caribbean and Central America.
Sankaranarayanan R, Swaminathan R, Lucas E, editors. Lyon, France: International
Agency for Research on Cancer; 2011.
Sankaranarayanan R, Swaminathan R, Brenner H, Chen K, Chia KS, Chen JG, et al.
Cancer survival in Africa, Asia, and Central America: a population-based study. Lancet
Oncol. 2010;11(2):165–73.
Ariyoshi Y, Shimahara M, Omura K, Yamamoto E, Mizuki H, Chiba H, et al.
Epidemiological study of malignant tumors in the oral and maxillofacial region: survey of
member institutions of the Japanese Society of Oral and Maxillofacial Surgeons, 2002. Int
J Clin Oncol. 2008 Jun;13(3):220–8.
Kruaysawat W, Aekplakorn W, Chapman RS. Survival time and prognostic factors of oral
cancer in Ubon Ratchathani Cancer Center. J Med Assoc Thai. 2010 Mar;93(3):278–84.
Coelho KR. Challenges of the Oral Cancer Burden in India. J Cancer Epidemiol.
2012;2012(1):1–17.
Kumar S, Heller, Pandey U, Tewari V, Bala N,Oanh Kt. Delay in presentation of oral
cancer : a multifactor analytical study . 2016;14(1):7–8.
Conway DI, Petticrew M, Marlborough H, Berthiller J, Hashibe M, Macpherson LMD.
Socioeconomic inequalities and oral cancer risk : A systematic review and meta-analysis
of case-control studies. Int. J. Cancer. Dec 2007;122 (12):2811–9.
National Cancer Registry Programme. Three years Report of Population Based Cancer
Registries 2009-11. New Delhi: Indian Council of Medical Research; 2013. 92-150 p.
National Cancer Registry Programme. Time trends of cancer incidence rates: 1982-2010.
New Delhi: Indian Council of Medical Research; 2013. 19-130 p.

A study of survival in oral cavity cancer patients

Page | 238

References…
18.

19.
20.
21.
22.
23.

24.

25.

26.
27.

28.

29.

30.
31.
32.
33.

34.

35.
36.

Danaei G, Vander Hoorn S, Lopez AD, Murray CJL, Ezzati M. Causes of cancer in the
world: Comparative risk assessment of nine behavioural and environmental risk factors.
Lancet. 2005;366:1784–93.
IARC Expert Committee on Cancer Statistics. WHO technical report series;no. 632.
Geneva: World Health Organization; 1979.
Cutler S, Ederer F. Maximum utilization of the life table method in analyzing survival. J
Chronic Dis. 1958;8(6):699–712.
Kaplan E, Meier P. Nonparametric estimation from incomplete observations. J Am Stat
Assoc. 1958;53(1):457–81.
Leite IC, Koifman S. Survival analysis in a sample of oral cancer patients at a reference
hospital in Rio de Janeiro, Brazil. Oral Oncol. 1998;34:347–52.
Ribeiro KDCB, Kowalski LP, Latorre MRDOL. Perioperative Complications,
Comorbidities, and Survival in Oral or Oropharyngeal Cancer. Arch Otolaryngol Neck
Surg. 2003;129(2):219.
Kao S-Y, Chi L-Y, Wong Y-K, Chang RC-S. Outcomes of oral squamous cell carcinoma
in Taiwan after surgical therapy: factors affecting survival. J Oral Maxillofac Surg.
2003;61(7):751–8.
O-charoenrat P, Pillai G, Patel S, Fisher C, Archer D, Eccles S, et al. Tumour thickness
predicts cervical nodal metastases and survival in early oral tongue cancer. Oral Oncol.
2003;39(4):386–90.
Nguyen TV, Yueh B. Weight loss predicts mortality after recurrent oral cavity and
oropharyngeal carcinomas. Cancer. 2002;95(3):553–62.
Al-Rajhi N, Khafaga Y, El-Husseiny J, Saleem M, Mourad W, Al-Otieschan A, et al.
Early stage carcinoma of oral tongue: Prognostic factors for local control and survival.
Oral Oncol. 2000;36(6):508–14.
Oliveira LR, Ribeiro-Silva A, Costa JPO, Simões AL, Matteo MAS Di, Zucoloto S.
Prognostic factors and survival analysis in a sample of oral squamous cell carcinoma
patients. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2008;106(5):685–95.
O-charoenrat P, Pillai G, Patel S, Ficher C, Archer D, Eccles S, et al. Tumor thickness
predicts cervical nodal metastases and survival in early oral tongue cancer. Oral Oncol.
2003;39(4):386–90.
Franco EL, Dib LL, Pinto DS, Lombardo V, Contesini H. Race and gender influences on
the survival of patients with mouth cancer. J Clin Epidemiol. 1993;46(1):37–46.
Boffetta P, Merletti F, Magnani C, Terracini B. A population - based study of prognostic
factors in oral and oropharyngeal Eur J Cancer B Oral Oncol. 1994;30B(6):369-73.
Micheli A, Mariotto A, Rossi AG, Gatta G, Muti P. The Prognostic Role of Gender in
Survival of Adult Cancer Patients. Eur J Cancer. 1998;34(14):2271–8.
de Souza DL, Bernal MM, Jerez Roig J, Curado MP. Oropharyngeal Cancer Survival: A
Population-Based Study of Patients Diagnosed between 1978 and 2002. ISRN Oncol.
2012;2012:1–5.
Pokhrel A, Martikainen P, Pukkala E, Rautalahti M, Seppä K, Hakulinen T. Education,
survival and avoidable deaths in cancer patients in Finland. Br J Cancer. 2010; 103(7):
1109–14.
Yeole BB, Ramanakumar A V, Sankaranarayanan R. Survival from oral cancer in
Mumbai ( Bombay ), India. Cancer Causes and Control. 2003; 14: 945–52.
Ganesh B, Talole SD, Dikshit R, Badwe RA, Ketayun A. Estimation of Survival Rates of

A study of survival in oral cavity cancer patients

Page | 239

References…

37.

38.

39.
40.
41.

42.

43.
44.
45.
46.
47.

48.

49.

50.

51.

52.

53.

Breast Cancer Patients - an Hospital-Based Study from Mumbai. Asian Pac J Cancer Prev.
2008; 9 (1):53–7.
Dantas TS, de Barros Silva PG, Sousa EF, da Cunha M do P, de Aguiar ASW, Costa
FWG, et al. Influence of Educational Level, Stage, and Histological Type on Survival of
Oral Cancer in a Brazilian Population. Medicine. 2016;95(3):e2314.
Ministry of home affairs. Census of India Website : Office of the Registrar General &amp;
Census Commissioner, India. 2011 [cited 2016 Aug 23]. p. Chapter 2, Pg 22-3. Available
from: http://censusindia.gov.in/
Rendall MS, Weden MM, Favreault MM, Waldron H. The Protective Effect of Marriage
for Survival: A Review and Update. Demography. 2011;48(2):481–506.
Bonovas S, Peponis V, Filioussi K. Diabetes mellitus as a risk factor for primary
open‐angle glaucoma: a meta‐analysis. Diabet Med. 2003;11(3):609–14.
Wang L, Wilson SE, Stewart DB, Hollenbeak CS. Marital status and colon cancer
outcomes in US Surveillance, Epidemiology and End Results registries: Does marriage
affect cancer survival by gender and stage? Cancer Epidemiol. 2011;35(5):417–22.
Mahdi H, Kumar S, Munkarah AR, Abdalamir M, Doherty M, Swensen R. Prognostic
impact of marital status on survival of women with epithelial ovarian cancer.
Psychooncology. 2013; 22(1):83–8.
Krongrad A, Lai H, Burke MA, Goodkin K, Lai S. Marriage and mortality in prostate
cancer. J Urol. 1996; 156(5):1696–700.
Goodwin JS, Hurt WC, Key CR, Sarrett JM. The effect of marital status on stage
treatment and survival of cancer patients. JAMA. 1987; 258(21):3125–30.
Nelles JL, Joseph SA, Konety BR. The impact of marriage on bladder cancer mortality.
Urol Oncol Semin Orig Investig. 2009;27(3):263–7.
Razak AA, Saddki N, Naing NN, Abdullah N. Oral Cancer Survival among Malay
Patients in Hospital. Asian Pacific J Cancer Prev. 2010;11:187–92.
Jatoi A, Novotny P, Cassivi S, Clark MM, Midthun D, Patten CA, et al. Does marital
status impact survival and quality of life in patients with non-small cell lung cancer?
Observations from the mayo clinic lung cancer cohort. Oncologist. 2007;12(12):1456–63.
Greenberg ER, Chute CG, Stukel T, Baron JA, Freeman DH, Yates J, et al. Social and
economic factors in the choice of lung cancer treatment. N Engl J Med. 1988; 318(10):
612–7.
Aizer a, Chen MH, McCarthy EP, Mendu ML, Koo S, Wilhite TJ, et al. Marital status and
survival in patients with cancer. J Cinical Oncol Off J Am Soc Clin Oncol. 2013; 31(31):
3869–76.
kaiser NC, Hartoonian N OJ. Toward a cancer?specific model of psychological distress:
population data from the 2003-2005. National Health Interview Surveys. J Cancer Surviv.
2010;4(4):291–302.
Goldzweig G, Andritsch E, Hubert A, Brenner B, Walach N, Perry S, et al. Psychological
distress among male patients and male spouses: What do oncologists need to know? Ann
Oncol. 2009;21(4):877–83.
Dimatteo MR, Lepper HS, Croghan TW. Depression Is a Risk Factor for Noncompliance
With Medical Treatment: meta-analysis of the effects of anxiety and depression on patient
adherence. Arch Intern Med. 2006;160(14):2101–7.
Krumholz HM, Butler J, Miller J, Vaccarino V, Williams CS, Leon de Leon CF, et al.
Prognostic importancae of emotional support for elderly patients hospitalized with heart

A study of survival in oral cavity cancer patients

Page | 240

References…
54.
55.

56.
57.

58.

59.
60.
61.
62.

63.
64.

65.

66.
67.
68.
69.

70.
71.
72.

failure. Circulation. 1998;97(10):958–64.
Warnakulasuriya S. Global epidemiology of oral and oropharyngeal cancer. Oral Oncol.
2009;45(4–5):309–16.
Silverman SJ, Gorsky M, Greenspan D. Tobacco usage in patients with head and neck
carcinomas: a follow-up study on habit changes and second primary oral/oropharyngeal
cancers. J Am Dent Assoc. 1983;106(1):33–5.
Hall SF, Groome PA, Rothwell D. The impact of comorbidity on the survival of patients
with squamous cell carcinoma of the head and neck. Head Neck. 2000;22(4):317–22.
Day GL, Blot WJ, Shore RE, Mclauglin JK, Austin DF, Greenberg RS, et al. Second
cancers following oral and pharyngeal cancers: Role of tobacco and alcohol. J Natl Cancer
Inst. 1994;86(2):131–7.
Carvalho AL, Singh B, Spiro RH, Kowalski LP, Shah JP. Cancer of the oral cavity: A
comparison between institutions in a developing and a developed nation. Head Neck.
2004;26(1):31–8.
Deleyiannis FW, Thomas DB, Vaughan TL DS. Alcoholism: Independent Predictor of
Survival in Patients With Head and Neck Cancer. J Natl Cancer Inst. 1996;88(8).
Leite IC, Koifman S. Survival analysis in a sample of oral cancer patients at a reference
hospital in Rio de Janeiro, Brazil. Oral Oncol. 1998;34(5):347–52.
Razak AA, Saddki N, Naing NN, Abdullah N. Oral Cancer Survival among Malay
Patients in Hospital. Asian Pacific J Cancer Prev. 2010;11(1):187–92.
Gupta B, Johnson NW. Systematic review and meta-analysis of association of smokeless
tobacco and of betel quid without tobacco with incidence of oral cancer in south asia and
the pacific. PLoS One. 2014;9(11).
Coelho KR. Challenges of the oral cancer burden in India. J Cancer Epidemiol. 2012;
2012(1):1–17.
Jayalekshmi PA, Gangadharan P, Akiba S, Nair RRK, Tsuji M, Rajan B. Tobacco
chewing and female oral cavity cancer risk in Karunagappally cohort, India. Br J Cancer.
2009;100(5):848–52.
Jayant K, Balakrishnan V, Sanghvi LD, Jussawalla DJ. Quantification of the role of
smoking and chewing tobacco in oral, pharyngeal, and oesophageal cancers. Br J Cancer.
1977;35(2):232–5.
Chen YK, Huang HC, Lin LM, Lin CC. Primary oral squamous cell carcinoma : an
analysis of 703 cases in southern Taiwan. Oral Oncol. 1999;35(2). 173-79
Thiagarajan S, Nair S, Nair D, Chaturvedi P, Kane S V., Agarwal JP, et al. Predictors of
prognosis for squamous cell carcinoma of oral tongue. J Surg Oncol. 2014;109(7):639–44.
Feinstein A. The pre-therapeutic classification of co-morbidity in chronic disease. J
Chronic Dis. 1970;23:455–69.
Singh B, Bhaya M, Zimbler M, Stern J, Roland JT, Rosenfeld RM, et al. Impact of
comorbidity on outcome of young patients with head and neck squamous cell carcinoma.
Head Neck. 1998;20(1):1–7.
Zhou J, Yang L-C, He Z-Y, Li F-Y, Wu S-G, Sun J-Y. Prognostic impact of ABO blood
group on the survival in patients with ovarian Cancer. J Cancer. 2015;6(10):970–5.
Ramesh G, Pathak S, Gupta B, Raj A, Pathak R. Is Blood group an important factor in oral
cancer ? – A Review. Rama Univ J Dent Sci. 2015;2(4):17–22.
Bhateja S, Arora G. ABO blood groups and oral premalignancies: A clinical study in
selected Indian population. Indian J Cancer.;51(3):219–21.

A study of survival in oral cavity cancer patients

Page | 241

References…
73.

74.

75.

76.
77.
78.
79.

80.
81.

82.
83.

84.

85.

86.

87.

88.

89.

90.

Vallecillo Capilla M, Romero Olid MN, Olmedo Gaya MV, Reyes Botella C, Bustos Ruiz
V. Factors related to survival from oral cancer in an Andalusian population sample
(Spain). Med Oral Patol Oral Cir Bucal. 2007;12(7). 154-177.
Chen PH, Ko YC, Yang YH, Lin YC, Shieh TY, Chen CH, et al. Important prognostic
factors of long-term oropharyngeal carcinoma survivors in Taiwan. Oral Oncol.
2004;40(8):847–55.
Chen P-H, Shieh T-Y, Ho P-S, Tsai C-C, Yang Y-H, Lin Y-C, et al. Prognostic factors
associated with the survival of oral and pharyngeal carcinoma in Taiwan. BMC Cancer.
2007;7(1):101-09.
Denoix PF. Tumor, node and metastasis (TNM). Bull Inst Nat Hyg. 1944;1–69.
Patel SG, Lydiatt WM. Staging of head and neck cancers: Is it time to change the balance
between the ideal and the practical? J Surg Oncol. 2008;97(8):653–7.
De Jong RJB, Hermans J, Molenaar J, Briaire JJ, Cessie SL. Prediction of survival in
patients with head and neck cancer. Head Neck. 2001;23(9):718–24.
Montero PH, Yu C, Palmer FL, Patel PD, Ganly I, Shah JP, et al. Nomograms for
preoperative prediction of prognosis in patients with oral cavity squamous cell carcinoma.
Cancer. 2014;120(2):214–21.
Sobin, LH Wittekind C. UICC, International Union Against Cancer, TNM classification
of malignant tumours. 7th ed. New York: Wiley-Liss; 2009.
Helliwell, T Woolgar J. Minimum dataset for histopathology Standards and minimum
datasets for reporting common cancers. Minimum dataset for head and neck carcinoma
histopathology reports. London: The Royal College of Pathologists; 1998.
Bentzenh S, Johansen L V., Overgaard J, Thames HD. Clinical radiobiology of squamous
cell carcinoma of the oropharynx. Int J Radiat Oncol Biol Phys. 1991;20(6):1197–206.
Scholl P, Byers RM, Batsakis JG, Wolf P, Santini H. Microscopic cut-through of cancer in
the surgical treatment of squamous carcinoma of the tongue. Prognostic and therapeutic
implications. Am J Surg. 1986;152(4):354–60.
Sutton DN, Brown JS, Rogers SN, Vaughan ED, Woolgar JA. The prognostic
implications of the surgical margin in oral squamous cell carcinoma. Int J Oral Maxillofac
Surg. 2003;32(1):30–4.
Woolgar JA, Rogers S, West CR, Errington RD, Brown JS, Vaughan ED. Survival and
patterns of recurrence in 200 oral cancer patients treated by radical surgery and neck
dissection. Oral Oncol. 1999;35(3):257–65.
Platz H, Fries R, Hudec M, Min Tjoa A, Wagner RR. The prognostic relevance of various
factors at the time of the first admission of the patient. Retrospective DÖSAK study on
carcinoma of the oral cavity. J Maxillofac Surg. 1983;11(C):3–12.
Crissman JD, Liu WY, Gluckman JL, Cummings G.. Prognostic Value of Histopathologic
Parameters in Squamous Cell Carcinoma of the Oropharynx. Cancer. 1984;54(12): 29953001.
Greenberg JS, El Naggar AK, Mo V, Roberts D, Myers JN. Disparity in pathologic and
clinical lymph node staging in oral tongue carcinoma: Implications for therapeutic
decision making. Cancer. 2003;98(3):508–15.
Woolgar JA, Rogers SN, Lowe D, Brown JS, Vaughan ED. Cervical lymph node
metastasis in oral cancer: The importance of even microscopic extracapsular spread. Oral
Oncol. 2003;39(2):130–7.
Shingaki S, Takada M, Sasai K, Bibi R, Kobayashi T, Nomura T, et al. Impact of lymph

A study of survival in oral cavity cancer patients

Page | 242

References…

91.

92.
93.

94.

95.
96.
97.

98.
99.
100.

101.

102.
103.

104.

105.

106.
107.
108.

node metastasis on the pattern of failure and survival in oral carcinomas. Am J Surg. 2003
Mar;185(3):278–84.
Ferlito A, Rinaldo A, Robbins KT, Leemans CR, Shah JP, Shaha AR, et al. Changing
concepts in the surgical management of the cervical node metastasis. Oral Oncol.
2003;39(5):429–35.
Ferlito A, Partridge M, Brennan J, Hamakawa H. Lymph node micrometastases in head
and neck cancer: a review. Acta Otolaryngol. 2001 Sep;121(6):660–5.
Spiro RH, Huvos AG, Wong GY, Spiro JD, Gnecco CA, Strong EW, et al. Predictive
Value of Tumor Thickness in Squamous Carcinoma Confined to the Tongue and Floor of
the Mouth. Am J Surg. 1988;152(4):345–50.
Devaney SL, Ferlito A, Rinaldo A, Devaney KO. Pathologic detection of occult
metastases in regional lymph nodes in patients with head and neck cancer. Acta
Otolaryngol. 2000;120(3):344–9.
Devaney SL, Ferlito A, Rinaldo A, Devaney KO. The pathology of neck dissection in
cancer of the larynx. ORL J Otorhinolaryngol Relat Spec. 2000;62(4):204–11.
Devaney KO, Devaney SL, Ferlito A, Rinaldo A, Carbone A. Micrometastases: Have they
an impact on prognosis? Ann Otol Rhinol Laryngol. 1999;108(12):1185–9.
Greenberg JS, Fowler R, Gomez J, Mo V, Roberts D, El Naggar AK, et al. Extent of
extracapsular spread: A critical prognosticator in oral tongue cancer. Cancer. 2003; 97(6):
1464–70.
Binmadi NO, Basile JR. Perineural invasion in oral squamous cell carcinoma: A
discussion of significance and review of the literature. Oral Oncol. 2011;47(11):1005–10.
Woolgar JA. Histopathological prognosticators in oral and oropharyngeal squamous cell
carcinoma. Oral Oncol. 2006;42(3):229–39.
Woolgar JA, Rogers S, West CR, Errington RD, Brown JS, Vaughan ED. Survival and
patterns of recurrence in 200 oral cancer patients treated by radical surgery and neck
dissection. Oral Oncol. 1999;35(3):257–65.
Rahima B, Shingaki S, Nagata M, Saito C. Prognostic significance of perineural invasion
in oral and oropharyngeal carcinoma. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2004;97(4):423–31.
Wong, RJ Keel, SB Glynn, RJ Varvares M. Histological pattern of mandibular invasion
by oral squamous cell carcinoma. Laryngoscope. 2000;110(1):65_72.
Brown J, Kalavrezos N, D‘Souza J, Lowe D, Magennis P, Woolgar J. Factors that
influence the method of mandibular resection in the management of oral squamous cell
carcinoma. Br J Oral Maxillofac Surg. 2002;40(4):275–84.
Brown JS, Lowe D, Stat C, Statistics M, Kalavrezos N, Souza JD, et al. Patterns of
Invasion and Routes of Tumor Entry Into the Mandible By Oral Squamous Cell
Carcinoma. Head Neck. 2002;24(April):370–83.
Shaw RJ, Brown JS, Woolgar JA, Lowe D, Rogers SN, Vaughan ED. The influence of the
pattern of mandibular invasion on recurrence and survival in oral squamous cell
carcinoma. Head Neck. 2004;26(10):861–9.
Cole RD, Mcguirt WF. Prognostic significance of skin involvement from mucosal tumors
of the head and neck. Arch Otolaryngol head neck Surg . 1995;121(11):1246–8.
Roland NJ, Caslin a W, Nash J, Stell PM. Value of grading squamous cell carcinoma of
the head and neck. Head Neck. 1992;14(3):224–9.
Piccirillo JF, Lacy PD, Basu A, Spitznagel EL. Development of a new head and neck

A study of survival in oral cavity cancer patients

Page | 243

References…

109.

110.
111.

112.
113.
114.
115.
116.

117.

118.

119.

120.

121.

122.

123.

124.

cancer-specific comorbidity index. Arch Otolaryngol Head Neck Surg. 2002; 128(10):
1172–9.
Kosunen A, Ropponen K, Kellokoski J, Pukkila M, Virtaniemi J, Valtonen H, et al.
Reduced expression of hyaluronan is a strong indicator of poor survival in oral squamous
cell carcinoma. Oral Oncol. 2004;40(3):257–63.
Takes RP. Staging of the neck in patients with head and neck squamous cell cancer:
Imaging techniques and biomarkers. Oral Oncol. 2004;40(7):656–67.
Al-Rajhi N, Khafaga Y, El-Husseiny J, Saleem M, Mourad W, Al-Otieschan A, et al.
Early stage carcinoma of oral tongue: prognostic factors for local control and survival.
Oral Oncol. 2000;36(6):508–14.
Huang S-H, O‘Sullivan B. Oral cancer: Current role of radiotherapy and chemotherapy.
Med Oral Patol Oral Cir Bucal. 2013;18(2):e233-40.
Shah JP, Gil Z. Current concepts in management of oral cancer - Surgery. Oral Oncol.
2009;45(4–5):394–401.
Gil Z, Fliss DM. Contemporary management of head and neck cancers. Isr Med Assoc J.
2009;11(5):296–300.
Fletcher, GH Evers W. Radiotherapeutic Management of Surgical Recurrences and
Postoperative Residuals in Tumors ofthe Head and Neck. Radiology. 1970;95(1):419-21.
Laramore GE, Scott CB, Al-Sarraf M, Haselow RE, Ervin TJ, Wheeler R, et al. Adjuvant
chemotherapy for resectable squamous cell carcinomas of the head and neck: Report of
intergroup study 0034. Int J Radiat Oncol Biol Phys. 1992;23(4):705–13.
Cooper JS, Pajak TF, Forastiere A, Jacobs J, Fu KK, Ang KK, et al. Precisely defining
high?risk operable head and neck tumors based on RTOG #85?03 and #88?24: targets for
postoperative radiochemotherapy? Head Neck. 1998;20(7):588–94.
Cooper JS, Pajak TF, Forastiere AA, Jacobs J, Campbell BH, Saxman SB, et al.
Postoperative concurrent radiotherapy and chemotherapy for high-risk squamous-cell
carcinoma of the head and neck. N Engl J Med. 2004;350(19):1937–44.
Bernier J, Domenge C, Ozsahin M, Matuszewska K, Lefebvre JL, Greiner RH, et al.
Postoperative irradiation with or without concomitant chemotherapy for locally advanced
head and neck cancer. N Engl J Med. 2004;350(19):1945–52.
Kramer S, Gelber RD, Snow JB, Marcial VA, Lowry LD, Davis LW, et al. Combined
radiation therapy and surgery in the management of advanced head and neck cancer: final
report of study 73-03 of The Radiation Therapy Oncology Group. Head Neck Surg. 1987;
10(1): 19–30.
Vikram B, Strong EW, Shah JP, Spiro R. Failure at the primary site following
multimodality treatment in advanced head and neck cancer. Head Neck Surg. 1984; 6(3):
720–3.
Zhang H, Dziegielewski PT, Biron VL, Szudek J, Al-Qahatani KH, O‘Connell DA, et al.
Survival outcomes of patients with advanced oral cavity squamous cell carcinoma treated
with multimodal therapy: a multi-institutional analysis. J Otolaryngol Neck Surg.
2013;42(2):1–8.
Al-Sarraf M, LeBlanc M, Giri PG, Fu KK, Cooper J, Vuong T, et al. Chemoradiotherapy
versus radiotherapy in patients with advanced nasopharyngeal cancer: phase III
randomized Intergroup study 0099. J Clin Oncol. 1998;16(4):1310–7.
Calais G, Alfonsi M, Bardet E, Sire C, Germain T, Bergerot P, et al. Randomized Trial of
Radiation Therapy Versus Concomitant Chemotherapy and Radiation Therapy for

A study of survival in oral cavity cancer patients

Page | 244

References…
125.

126.

127.
128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Advanced-Stage Oropharynx Carcinoma. J Natl Cancer Inst. 1999;91(24):2081–6.
Adelstein DJ, Lavertu P, Saxton JP, Secic M, Wood BG, Wanamaker JR, et al. Mature
results of a phase III randomized trial comparing concurrent chemoradiotherapy with
radiation therapy alone in patients with stage III and IV squamous cell carcinoma of the
head and neck. Cancer. 2000;88(4):876–83.
Brizel DM, Albers ME, Fisher SR, Scher RL, Richtsmeier WJ, Hars V, et al.
Hyperfractionated irradiation with or without concurrent chemotherapy for locally
advanced head and neck cancer. NEnglJMed. 1998;338:1798–804.
Rochet N, Markovic S, Porrata L. The Role of Complete Blood Cell Count in Prognosis—
Watch this Space! Oncol heamatoloy Rev. 2012;8(1):76–82.
van Acht MJJ, Hermans J, Boks DES, Leer JWH. The prognostic value of hemoglobin
and a decrease in hemoglobin during radiotherapy in laryngeal carcinoma. Radiother
Oncol. 1992;23(4):229–35.
Dubray B, Mosseri V, Brunin F, Jaulerry C, Poncet P, Rodriguez J, et al. Anemia is
associated with lower local-regional control and survival after radiation therapy for head
and neck cancer: a prospective study. Radiology. 1996;201(2):553–8.
Lee WR, Berkey B, Marcial V, Fu KK, Cooper JS, Vikram B, et al. Anemia is associated
with decreased survival and increased locoregional failure in patients with locally
advanced head and neck carcinoma: a secondary analysis of RTOG 85-27. Int J Radiat
Oncol Biol Phys. 1998;42(5):1069–75.
Daly T, Poulsen M, Denham J, Peters L, Lamb D, Krawitz H, et al. The effect of anaemia
on efficacy and normal tissue toxicity following radiotherapy for locally advanced
squamous cell carcinoma of the head and neck. Radiother Oncol. 2003;68(2):113–22.
Reichel O, Panzer M, Wimmer C, Dühmke E, Kastenbauer E, Suckfüll M. Prognostic
implications of hemoglobin levels before and after surgery as well as before and after
radiochemotherapy for head and neck tumors. Eur Arch Otorhinolaryngol. 2003; 260(5):
248–53.
Schäfer U, Micke O, Müller S, Schüller P, Willich N. Hemoglobin as an independent
prognostic factor in the radiotherapy of head and neck tumors . Strahlenther Onkol. 2003;
179(8): 527–34.
Cho EI, Sasaki CT, Haffty BG. Prognostic significance of pretreatment hemoglobin for
local control and overall survival in T1-T2N0 larynx cancer treated with external beam
radiotherapy. Int J Radiat Oncol Biol Phys. 2004;58(4):1135–40.
Chua DTT, Sham JST, Choy DTK. Prognostic impact of hemoglobin levels on treatment
outcome in patients with nasopharyngeal carcinoma treated with sequential
chemoradiotherapy or radiotherapy alone. Cancer. 2004;101(2):307–16.
Mabuchi S, Matsumoto Y, Isohashi F, Yoshioka Y, Ohashi H, Morii E, et al. Pretreatment
leukocytosis is an indicator of poor prognosis in patients with cervical cancer. Gynecol
Oncol. 2011;122(1):25–32.
Mandrekar SJ, Schild SE, Hillman SL, Allen KL, Marks RS, Mailliard JA, et al. A
prognostic model for advanced stage nonsmall cell lung cancer: Pooled analysis of north
central cancer treatment group trials. Cancer. 2006;107(4):781–92.
Margolis KL. Prospective Study of Leukocyte Count as a Predictor of Incident Breast,
Colorectal, Endometrial, and Lung Cancer and Mortality in Postmenopausal Women.
Arch Intern Med. 2007;167(17):1837.
Kruse AL, Luebbers HT, Grätz KW. Evaluation of white blood cell count as a possible

A study of survival in oral cavity cancer patients

Page | 245

References…
140.
141.
142.

143.

144.

145.
146.

147.

148.

149.
150.

151.

152.

153.

154.
155.

prognostic marker for oral cancer. Head Neck Oncol. 2011;3(1):3–7.
Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow? Lancet.
2001;357(9225):539–45.
Moore MM, Chua W, Charles K a, Clarke SJ. Inflammation and cancer: causes and
consequences. Clin Pharmacol Ther. 2010;87(4):504–8.
Fernandes P, Garcia C, Micheli D, Cunha F, Murta E, TavaresMurta B. Circulating
neutrophils may play a role in the host response in cervical cancer. Int J Gynecol Cancer.
2007;17(5):1068–74.
Teramukai S, Kitano T, Kishida Y, Kawahara M, Kubota K, Komuta K, et al.
Pretreatment neutrophil count as an independent prognostic factor in advanced non-smallcell lung cancer: An analysis of Japan Multinational Trial Organisation LC00-03. Eur J
Cancer. 2009;45(11):1950–8.
Atzpodien J, Reitz M. Peripheral blood neutrophils as independent immunologic predictor
of response and long-term survival upon immunotherapy in metastatic renal-cell
carcinoma. Cancer Biother Radiopharm. 2008;23(1):129–34.
Hasenclever D, Volker D, Armitage JO, Assouline D, Björkholm M, Brusamolino E, et al.
A Prognostic Score for Advanced Hodgkin‘s Disease. N Engl J Med.
Ege H, Gertz M, Markovic S, Lacy M, Dispenzieri A, Hayman S, et al. Prediction of
survival using absolute lymphocyte count for newly diagnosed patients with multiple
myeloma: a retrospective study. Br J Haematol. 2008;141(6):792–8.
Choi CH, Kang H, Kim WY, Kim T-J, Lee J-W, Huh SJ, et al. Prognostic value of
baseline lymphocyte count in cervical carcinoma treated with concurrent chemoradiation.
Int J Radiat Oncol Biol Phys. 2008;71(1):199–204.
Ku GY, Yuan J, Page DB, Schroeder SEA, Panageas KS, Carvajal RD, et al. Singleinstitution experience with ipilimumab in advanced melanoma patients in the
compassionate use setting lymphocyte count after 2 doses correlates with survival.
Cancer. 2010;116(7):1767–75.
Roxburgh CS, McMillan DC. Role of systemic inflammatory response in predicting
survival in patients with primary operable cancer. Futur Oncol. 2010;6(1):149–63.
Bruckner HW, Lavin PT, Plaxe SC, Storch JA, Livstone EM. Absolute granulocyte,
lymphocyte, and moncyte counts. Useful determinants of prognosis for patients with
metastatic cancer of the stomach. JAMA. 1982;247(7):1004–6.
Schmidt H, Bastholt L, Geertsen P, Christensen IJ, Larsen S, Gehl J, et al. Elevated
neutrophil and monocyte counts in peripheral blood are associated with poor survival in
patients with metastatic melanoma: a prognostic model. Br J Cancer. 2005;93(3):273–8.
Leitch EF, Chakrabarti M, Crozier JEM, McKee RF, Anderson JH, Horgan PG, et al.
Comparison of the prognostic value of selected markers of the systemic inflammatory
response in patients with colorectal cancer. Br J Cancer. 2007;97(9):1266–70.
Tsai Y-D, Wang C-P, Chen C-Y, Lin L-W, Hwang T-Z, Lu L-F, et al. Pretreatment
circulating monocyte count associated with poor prognosis in patients with oral cavity
cancer. Head Neck. 2014;36(7):947–53.
Grivennikov SI, Greten FR, Karin M. Immunity, Inflammation, and Cancer. Cell.
2010;140(6):883–99.
Wang ZC, Birkbak NJ, Culhane AC, Drapkin R, Fatima A, Tian R, et al. Profiles of
Genomic Instability in High- Grade Serous Ovarian Cancer Predict Treatment Outcome.
Clin Cancer Res. 2012;18(15):5806–16.

A study of survival in oral cavity cancer patients

Page | 246

References…
156. Guthrie GJK, Charles KA, Roxburgh CSD, Horgan PG, McMillan DC, Clarke SJ. The
systemic inflammation-based neutrophil-lymphocyte ratio: Experience in patients with
cancer. Crit Rev Oncol Hematol. 2013;88(1):218–30.
157. El-Hag A, Clark RA. Immunosuppression by activated human neutrophils. Dependence
on the myeloperoxidase system. J Immunol. 1987;139(7):2406–13.
158. Petrie HT, Klassen LW, Kay HD. Inhibition of human cytotoxic T lymphocyte activity in
vitro by autologous peripheral blood granulocytes. J Immunol. 1985;134(1):230–4.
159. Denkert C, Loibl S, Noske A, Roller M, Müller BM, Komor M, et al. Tumor-associated
lymphocytes as an independent predictor of response to neoadjuvant chemotherapy in
breast cancer. J Clin Oncol. 2010;28(1):105–13.
160. Perisanidis C, Kornek G, Pöschl P, Holzinger D, Pirklbauer K, Schopper C, et al. High
neutrophil to lymphocyte ratio is an independent marker of poor disease specific survival
in patients with oral cancer. 2013;30(1):334–8.
161. Emery JD, Shaw K, Williams B, Mazza D, Fallon-Ferguson J, Varlow M, et al. The role
of primary care in early detection and follow-up of cancer. Nat Rev Clin Oncol.
2014;11(1):38–48.
162. Neal RD, Tharmanathan P, France B, Din NU, Cotton S, Fallon-Ferguson J, et al. Is
increased time to diagnosis and treatment in symptomatic cancer associated with poorer
outcomes? Systematic review. Br J Cancer. 2015;112 Suppl(4):S92-107.
163. Caudell JJ, Locher JL, Bonner J a. Diagnosis-to-treatment interval and control of
locoregionally advanced head and neck cancer. Arch Otolaryngol Head Neck Surg.
2011;137(3):282–5. 14
164. Huang J. Does Delay in Starting Treatment Affect the Outcomes of Radiotherapy? A
Systematic Review. J Clin Oncol. 2003;21(3):555–63.
165. Jensen AR, Nellemann HM, Overgaard J. Tumor progression in waiting time for
radiotherapy in head and neck cancer. Radiother Oncol. 2007;84(1):5–10.
166. Tribius S, Donner J, Pazdyka H, Münscher A, Gröbe A, Petersen C, et al. Survival and
overall treatment time after postoperative radio(chemo)therapy in patients with head and
neck cancer. Head Neck. 2016;119(6):377–82.
167. Hendry JH, Bentzen SM, Dale RG, Fowler JF, Wheldon TE, Jones B, et al. A modelled
comparison of the effects of using different ways to compensate for missed treatment days
in radiotherapy. Clin Oncol. 1996;8(5):297–307.
168. Bese NS, Hendry J, Jeremic B. Effects of Prolongation of Overall Treatment Time Due To
Unplanned Interruptions During Radiotherapy of Different Tumor Sites and Practical
Methods for Compensation. Int J Radiat Oncol Biol Phys. 2007;68(3):654–61.
169. Dale R. Practical Methods for Compensating for Missed Treatment Days in Radiotherapy,
with Particular Reference to Head and Neck Schedules Practical Methods for
Compensating for Missed Treatment Days in Radiotherapy , with Particular Reference to
Head and neck schedules. Clin Oncol (R Coll Radiol). 2002;14(5):382-93.
170. Tubiana M. Repopulation in human tumors. A biological background for fractionation in
radiotherapy. Acta Oncol. 1988;27(2):83–8.
171. González Ferreira J, Jaén Olasolo J, Azinovic I, Jeremic B. Effect of radiotherapy delay in
overall treatment time on local control and survival in head and neck cancer: Review of
the literature. Reports Pract Oncol Radiother. 2015;20(5):328–39.
172. Sriamporn S, Swaminathan R, Parkin DM, Hakama M. Loss-adjusted survival of cervix
cancer in Khon Kaen , Northeast Thailand. Br J Cancer. 2004;91:106–10.
A study of survival in oral cavity cancer patients

Page | 247

References…
173. Ganesh B, Swaminathan R, Mathew A SR, Hakama M. Loss-adjusted hospital and
population- based survival of cancer patients. In: R. Sankaranarayanan, R. Swaminathan
EL, editor. Cancer survival in Africa, Asia, the Caribbean and Central America (SurvCan)
[Internet]. IARC Press; 2011 [cited 2016 Mar 3]. p. 15–21. Available from:
http://survcan.iarc.fr/survival/chap3.pdf
174. Ganesh B. Effect of lost to follow-up in estimating survival rates. ACTA Universitatis,
Tampere, Finland; 1995.
175. Mantel N. Evaluation of survival data and two rank order statistics arising in its
consideration. Cancer chemo Rep. 1966;50(1):163–70.
176. Cox D. Regression models and Life-tables. J R Stat Soc Ser. 1972;34(1):187–202.
177. Rogers SN, Brown JS, Woolgar JA, Lowe D, Magennis P, Shaw RJ, et al. Survival
following primary surgery for oral cancer. Oral Oncol. 2009;45(3):201–11.
178. Amit M, Yen T-C, Liao C-T, Chaturvedi P, Agarwal JP, Kowalski LP, et al. Improvement
in survival of patients with oral cavity squamous cell carcinoma: An international
collaborative study. Cancer. 2013;119(24):4242–8.
179. Sayed SI, Sharma S, Rane P, Vaishampayan S, Talole S, Chaturvedi P, et al. Can
metastatic lymph node ratio (LNR) predict survival in oral cavity cancer patients? J Surg
Oncol. 2013;108(4):256–63.
180. Spiro R, Strong E. Format : Abstract Surgical treatment of cancer of the tongue .Surg Clin
North Am. 1974;54(4): 759-65.
181. Pernot M, Malissard L, Hoffstetter S, Luporsi E, Peiffert D, Aletti P, et al. The study of
tumoral, radiobiological, and general health factors that influence results and
complications in a series of 448 oral tongue carcinomas treated exclusively by irradiation.
Int J Radiat Oncol Biol Phys. 1994;29(4):673–9.
182. Kokemueller H, Rana M, Rublack J, Eckardt A, Tavassol F, Schumann P, et al. The
Hannover experience: Surgical treatment of tongue cancer - A clinical retrospective
evaluation over a 30 years period. Head & neck Oncol. 2011;3(1):27-31
183. Lo W-L, Kao S-Y, Chi L-Y, Wong Y-K, Chang RC-S. Outcomes of oral squamous cell
carcinoma in Taiwan after surgical therapy: factors affecting survival. J Oral Maxillofac
Surg. 2003;61(7):751–8.
184. Jones AS, Beasley N, Houghton D, Husband DJ. The effects of age on survival and other
parameters in squamous cell carcinoma of the oral cavity, pharynx and larynx. Clin
Otolaryngol Allied Sci. 1998;23(1):51–6.
185. Pulte D, Brenner H. Changes in survival in head and neck cancers in the late 20th and
early 21st century: a period analysis. Oncologist. 2010;15(9):994–1001.
186. Gugi J, Strojan P. Squamous cell carcinoma of the head and neck in the elderly. Reports
Pract Oncol Radiother. 2013;18(1):16–25.
187. Massano J, Regateiro FS, Januário G, Ferreira A. Oral squamous cell carcinoma: Review
of prognostic and predictive factors. Oral Surgery, Oral Med Oral Pathol Oral Radiol
Endodontology. 2006;102(1):67–76.
188. Fiva J, Hægeland T, Rønning M, Syse A. Access to treatment and educational inequalities
in cancer survival. Stat Norw Res Dep. 2013;73: 3-30.
189. Sorlie PD, Backlund E, Keller JB. US mortality by economic, demographic, and social
characteristics: The National Longitudinal Mortality Study. Am J Public Health.
1995;85(7):949–56.
190. Rohrbaugh MJ, Shoham V, Coyne JC. Effect of Marital Quality on Eight-Year Survival of
A study of survival in oral cavity cancer patients

Page | 248

References…
191.
192.

193.
194.

195.

196.

197.
198.
199.
200.

201.
202.
203.
204.
205.
206.

207.
208.

Patients With Heart Failure. Am J Cardiol. 2006;98(8):1069–72.
Gore JL, Kwan L, Saigal CS, Litwin MS. Marriage and mortality in bladder carcinoma.
Cancer. 2005;104(6):1188–94.
Shi R, Qu N, Lu Z, Liao T, Gao Y, Ji Q. The impact of marital status at diagnosis on
cancer survival in patients with differentiated thyroid cancer. Cancer Med.
2016;5(8):2145–54.
Rao DN, Ganesh B, Rao RS, Desai PB. Risk assessment of tobacco, alcohol and diet in
oral cancer: a case--control study. Int J Cancer. 1994;58(4):1994.
Kuo MY-P, Hsu H-Y, Kok S-H, Kuo R-C, Yang H, Hahn L-J, et al. Prognostic role of
p27(Kip1) expression in oral squamous cell carcinoma in Taiwan. Oral Oncol. 2002;
38(2):172–8.
Lee L, Cheung WY, Atkinson E, Krzyzanowska MK. Impact of comorbidity on
chemotherapy use and outcomes in solid tumors: A systematic review. J Clin Oncol. 2011;
29(1): 106–17.
Edwards B, Noone A, Mariotto A, Simard E, Boscoe F, Henley S, et al. Annual Report to
the Nation on the Status of Cancer, 1975-2010, Featuring Prevalence of Comorbidity and
Impact on Survival among Persons with Lung, Colorectal, Breast or Prostate Cancer.
Cancer. 2014;120(9):1290–314.
Sarfati D, Koczwara B, Jackson C. The impact of comorbidity on cancer and its
treatments. CA Cancer J Clin. 2016;0(0):1–13.
Driver JA, Yung R, Gaziano JM, Kurth T. Chronic disease in men with newly diagnosed
cancer: A nested case-control study. Am J Epidemiol. 2010;172(3):299–308.
Jørgensen TL, Hallas J, Friis S, Herrstedt J. Comorbidity in elderly cancer patients in
relation to overall and cancer-specific mortality. Br J Cancer. 2012;106(7):1353–60.
Cho H, Mariotto AB, Mann BS, Klabunde CN, Feuer EJ. Assessing non-cancer-related
health status of US cancer patients: Other-cause survival and comorbidity prevalence. Am
J Epidemiol. 2013;178(3):339–49.
Extermann M. Measurement and impact of comorbidity in older cancer patients. Crit Rev
Oncol Hematol. 2000;35(3):181–200.
Søgaard M, Thomsen RW, Bossen KS, Sørensen HT, Nørgaard M. The impact of
comorbidity on cancer survival: A review. Clin Epidemiol. 2013;5(SUPP 1):3–29.
Sarfati D, Blakely T, Pearce N. Measuring cancer survival in populations: Relative
survival vs cancer-specific survival. Int J Epidemiol. 2010;39(2):598–610.
Piccirillo JF. Prognostic Importance of Comorbidity in a Hospital-Based Cancer Registry.
JAMA. 2004;291(20):2441.
Rahbari N, Bork U, Hinz U, Leo A, Kirchberg J, Koch M, et al. AB0 blood group and
prognosis in patients with pancreatic cancer. BMC Cancer. 2012;12(2):319–22.
Sun P, Chen C, Zhang F, AnX, Li XY, Li YH, Zhu ZH WF. The ABO blood group
predicts survival in esophageal squamous cell carcinoma in patients who ever smoked: a
retrospective study from China. Tumour Biol. 2014;35(7):7201–8.
Cao X, Wen Z-S, Sun Y-J, Li Y, Zhang L, Han Y-J. Prognostic value of ABO blood
group in patients with surgically resected colon cancer. Br J Cancer. 2014;111(1):174–80.
Li N, Xu M, Li CF, Ou W, Wang BX, Zhang SL, et al. Prognostic role of the ABO blood
types in Chinese patients with curatively resected non  small cell lung cancer : a
retrospective analysis of 1601 cases at a single cancer center. Chin J Cancer. 2015; 34:
475-82.

A study of survival in oral cavity cancer patients

Page | 249

References…
209. Cihan YB. Significance of ABO-Rh blood groups in response and prognosis in breast
cancer patients treated with radiotherapy and chemotherapy. Asian Pacific J Cancer Prev.
2014;15(9):4055–60.
210. Tyagi S, Pradhan S, Agarwal S. Blood groups in malignant diseases. J Indian Med Assoc.
1965;45(12):645–50.
211. Bushranaaz F, Ramesh N. Relationship between ABO blood groups and oral cancer.
Indian J Dent Res. 2012;23(1):7–10.
212. Shah M, Shah H. Acute bacterial skin and skin structure infections: current perspective.
Indian J Dermatol. 2011;56(5):510–2.
213. Shingaki S, Takada M, Sasai K, Bibi R, Kobayashi T, Nomura T, et al. Impact of lymph
node metastasis on the pattern of failure and survival in oral carcinomas. Am J Surg.
2003;185(3):278–84.
214. Genden EM, Ferlito A, Bradley PJ, Rinaldo A, Scully C. Neck disease and distant
metastases. Oral Oncol. 2003;39(3):207–12.
215. Le Tourneau C, Velten M, Jung G-M, Bronner G, Flesch H, Borel C. Prognostic
indicators for survival in head and neck squamous cell carcinomas: analysis of a series of
621 cases. Head Neck. 2005;27(9):801–8.
216. Cerezo L, Millán I, Torre A, Aragón G, Otero J. Prognostic factors for survival and tumor
control in cervical lymph node metastases from head and neck cancer. A multivariate
study of 492 cases. Cancer. 1992;69(5):1224–34.
217. Leemans CR, Tiwari R, Nauta JJ, van der Waal I, Snow GB. Regional lymph node
involvement and its significance in the development of distant metastases in head and
neck carcinoma. Cancer. 1993;71(2):452–6.
218. Grandi C, Alloisio M, Moglia D, Podrecca S, Sala L, Salvatori P, et al. Prognostic
significance of lymphatic spread in head and neck carcinomas: therapeutic implications.
Head Neck Surg. 1985;8(2):67–73.
219. Magnano M, Bongioannini G, Lerda W, Canale G, Tondolo E, Bona M, et al. Lymphnode
metastasis in head and neck squamous cells carcinoma: multivariate analysis of prognostic
variables. J Exp Clin Cancer Res. 1999;18(1):79–83.
220. Magnano M, De Stefani A, Lerda W, Usai A, Ragona R, Bussi M, et al. Prognostic factors
of cervical lymph node metastasis in head and neck squamous cell carcinoma. Tumori.
2015;83(6):922–6.
221. Close LG, Brown PM, Vuitch MF, Reisch J, Schaefer SD. Microvascular invasion and
survival in cancer of the oral cavity and oropharynx. Arch Otolaryngol Head Neck Surg.
1989;115(11):1304–9.
222. Moore C, Flynn MB, Greenberg R a. Evaluation of size in prognosis of oral cancer.
Cancer. 1986;58(1):158–62.
223. Ryder, Alan G.; O‘Connor, Gerard M.; Thomas J. G. Quantitative analysis of cocaine in
solid mixtures using Raman spectroscopy and chemometric methods Author(s). J Raman
Spectrosc. 2000;31(3):221–7.
224. Okuyemi OT, Piccirillo JF, Spitznagel E. TNM staging compared with a new
clinicopathological model in predicting oral tongue squamous cell carcinoma survival.
Head Neck. 2014;36(10):1481–9.
225. Broders A. Squamous-cell epithelioma of the lip. J Am Med Assoc. 1920;76(10):656–664.
226. Noguchi M, Kido Y, Kubota H, Kinjo H, Kohama G. Prognostic factors and relative risk
for survival in N1-3 oral squamous cell carcinoma: a multivariate analysis using Cox‘s
A study of survival in oral cavity cancer patients

Page | 250

References…
227.

228.

229.
230.

231.

232.

233.
234.
235.
236.

237.

238.

239.

240.

241.

242.

hazard model. Br J Oral Maxillofac Surg. 1999; 37 (6): 433-437.
Yamazaki H, Ogita M, Himei K, Nakamura S, Suzuki G, Kotsuma T. Predictive value of
skin invasion in recurrent head and neck cancer patients treated by hypofractionated
stereotactic re-irradiation using a cyberknife. Radiat Oncol. 2015;(2):4–9.
Kang C-J, Liao C-T, Hsueh C, Lee L-Y, Lin C-Y, Fan K-H, et al. Outcome analysis of
patients with well-differentiated oral cavity squamous cell carcinoma. Oral Oncol.
2011;47(11):1085–91.
Slootweg PJ, Muller H. Mandibular invasion by oral squamous cell carcinoma. J
Craniomaxillofac Surg. 1989;17(2):69–74.
Totsuka Y, Usui Y, Tei K, Fukuda H, Shindo M, Iizuka T, et al. Mandibular involvement
by squamous cell carcinoma of the lower alveolus : analysis and comparative study of
histologic and radiologic. 1991;13(1):40–50.
Carter R, Tsao S, Burman J, Pittam M, Clifford P, Shaw H. Patterns and mechanisms of
localized bone invasion by tumors: studies with squamous carcinomas of the head and
neck. Crit Rev Clin Lab Sci. 1983;146(4):451–5.
Brown JS, Lowe D, Kalavrezos N, D‘Souza J, Magennis P, Woolgar J. Patterns of
invasion and routes of tumor entry into the mandible by oral squamous cell carcinoma.
Head Neck. 2002;24(4):370–83.
De Jong RJB, Hermans J, Molenaar J, Briaire JJ, Cessie SL. Prediction of survival in
patients with head and neck cancer. Head Neck. 2001;23(9):718–24.
Lydiatt DD, Robbins KT, Byers RM, Wolf PF. Treatment of stage I and II oral tongue
cancer. Head Neck. 1993;15(4):308–12.
Fagan JJ, Sa FCS, Otol M, Collins B, Barnes L, Amico FD, et al. Perineural Invasion in
Squamous Cell Carcinoma of the Head and Neck. 1998;124(6):637–40.
Vural E, Hutcheson J, Korourian S, Kechelava S, Hanna E. Correlation of neural cell
adhesion molecules with perineural spread of squamous cell carcinoma of the head and
neck. Otolaryngol Head Neck Surg. 2000;122(5):717–20.
McLaughlin RBJ, Montone KT, Wall SJ, Chalian AA, Weinstein GS, Roberts SA, et al.
Nerve cell adhesion molecule expression in squamous cell carcinoma of the head and
neck: a predictor of propensity toward perineural spread. Laryngoscope.
1999;109(5):821–6.
Jones KR, Lodge-Rigal RD, Reddick RL, Tudor GE, Shockley WW. Prognostic factors in
the recurrence of stage I and II squamous cell cancer of the oral cavity. Arch Otolaryngol
Head Neck Surg. 1992;118(5):483–5.
Woolgar J, Brown JS, Scott J, West CR, Vaughan ED, Rogers S. Survival, metastasis and
recurrence of oral cancer in relation to pthological features. Ann R Coll Surg Engl.
1995;77(5):325–31.
de Visscher JG, van den Elsaker K, Grond a J, van der Wal JE, van der Waal I. Surgical
treatment of squamous cell carcinoma of the lower lip: evaluation of long-term results and
prognostic factors--a retrospective analysis of 184 patients. J Oral Maxillofac Surg.
1998;56(7):814-820-821.
Olsen KD, Caruso M, Foote RL, Stanley RJ, Lewis JE, Buskirk SJ, et al. Primary head
and neck cancer. Histopathologic predictors of recurrence after neck dissection in patients
with lymph node involvement. Arch Otolaryngol Head Neck Surg. 1994;120(12):1370–4.
Hosal AS, Unal OF, Ayhan A, Hoşal AŞ, Ünal ÖF, Ayhan A. Possible prognostic value of
histopathologic parameters in patients with carcinoma of the oral tongue. Eur Arch Oto-

A study of survival in oral cavity cancer patients

Page | 251

References…
243.

244.

245.

246.

247.
248.

249.

250.

251.

252.
253.

254.

255.

256.

257.

Rhino-Laryngology. 1998;255(4):216–9.
Soo KC, Carter RL, O‘Brien CJ, Barr L, Bliss JM, Shaw HJ. Prognostic implications of
perineural spread in squamous carcinomas of the head and neck. Laryngoscope.
1986;96(10):1145–8.
Ünal ÖF, Ayhan A, Hoşal AŞ, Unal OF, Ayhan A, Hosal AS. Prognostic value of p53
expression and histopathological parameters in squamous cell carcinoma of oral tongue. J
Laryngol Otol. 1999;113(5):446–50.
Myers JN, Elkins T, Roberts D, Byers RM. Squamous cell carcinoma of the tongue in
young adults: Increasing incidence and factors that predict treatment outcomes.
Otolaryngol Head Neck Surg. 2000;122(1):44–51.
Carter RL, Foster CS, Dinsdale EA, Pittam MR. Perineural spread by squamous
carcinomas of the head and neck: a morphological study using antiaxonal and antimyelin
monoclonal antibodies. J Clin Pathol. 1983;36(3):269–75.
Ballantyne A, Mccarten A, Ibanez M. The extension of cancer of the head and neck
through peripheral nerves. American J Surg. 1963; 106 (10):651–67.
Rubio Bueno P, Naval Gias L, Garcia Delgado R, Domingo Cebollada J, Diaz Gonzalez
FJ. Tumor DNA content as a prognostic indicator in squamous cell carcinoma of the oral
cavity and tongue base. Head Neck. 1998;20(3):232–9.
Johnson J, Myers E, Bedetti C, Barnes E, Schramm V, Thearle P. Cervical lymph node
metastases. Incidence and implications of extracapsular carcinoma. Arch Otolaryngol
&Neck Surg. 1985;111(8):534–7.
Johnson JT, Barnes EL, Myers EN, Schramm VL, Borochovitz D, Sigler BA. The
extracapsular spread of tumors in cervical node metastasis. Arch Otolaryngol.
1981;107(12):725–9.
Myers JN, Greenberg JS, Mo V, Roberts D. Extracapsular spread. A significant predictor
of treatment failure in patients with squamous cell carcinoma of the tongue. Cancer.
2001;92(12):3030–6.
Kalavrezos N, Bhandari R. Current trends and future perspectives in the surgical
management of oral cancer. Oral Oncol. 2010;46(6):429–32.
Antoniades DZ, Styanidis K, Papanayotou P, Trigonidis G. Squamous cell carcinoma of
the lips in a northern Greek population. Evaluation of prognostic factors on 5-year
survival rate-I. Eur J Cancer Part B Oral Oncol. 1995;31(5):333–9.
Moore RJ, Doherty DA, Do KA, Chamberlain RM, Khuri FR. Racial disparity in survival
of patients with squamous cell carcinoma of the oral cavity and pharynx. Ethn Health.
2001;6(3–4):165–77.
Overgaard J, Hansen H, Overgaard M, Bastholt L, Berthelsen A, Specht L, et al. A
randomized double - blind phase III study of nimorazole as a hypoxic radiosensitizer of
primary radiotherapy in supraglottic larynx and pharynx carcinoma . Results of the Danish
Head and Neck Cancer Study (DAHANCA) Protocol 5-85. Radiother Oncol. 1998; 46(2):
135–46.
van Acht M, Hermans J, Boks D, Leer J. The prognostic value of hemoglobin and a
decrease in hemoglobin during radiotherapy in laryngeal carcinoma. Radiother Oncol.
1992;23(4):229–35.
Hornychova H, Melichar B, Tomsova M, Mergancova J, Urminska H, Ryska A. Tumorinfiltrating lymphocytes predict response to neoadjuvant chemotherapy in patients with
breast carcinoma. Cancer Invest. 2008;26(10):1024–31.

A study of survival in oral cavity cancer patients

Page | 252

References…
258. Chew V, Chen J, Lee D, Loh E, Lee J, Lim K, et al. Chemokine driven lymphocyte
infiltration: an early intratumoural event determining longterm survival in resectable
hepatocellular carcinoma. Gut. 2012;61(3):427–38.
259. Tibaldi C, Vasile E, Bernardini I, Orlandini C, Andreuccetti M, Falcone A. Baseline
elevated leukocyte count in peripheral blood is associated with poor survival in patients
with advanced non?small cell lung cancer: a prognostic model. J Cancer Res Clin Oncol.
2008;134(10):1143–9.
260. Sasaki A, Kai S, Endo Y, Iwaki K, Uchida H, Tominaga M, et al. Prognostic value of
preoperative peripheral blood monocyte count in patients with colorectal liver metastasis
after liver resection. J Gastrointest Surg. 2007;11(5):596–602.
261. Sasaki A, Iwashita Y, Shibata K, Matsumoto T, Ohta M, Kitano S. Prognostic value of
preoperative peripheral blood monocyte count in patients with hepatocellular carcinoma.
Surgery. 2006;139(6):755–64.
262. Bishara S, Griffin M, Cargill A, Bali A, Gore ME, Kaye SB, et al. Pre-treatment white
blood cell subtypes as prognostic indicators in ovarian cancer. Eur J Obstet Gynecol
Reprod Biol. 2008;138(1):71–5.
263. Anand M, Chodda SK, Parikh PM, Nadkarni JS. Abnormal levels of proinflammatory
cytokines in serum and monocyte cultures from patients with chronic myeloid leukemia in
different stages, and their role in prognosis. Hematol Oncol. 1998;16(4):143–54.
264. Pollard JW. Tumour-educated macrophages promote tumour progression and metastasis.
Nat Rev Cancer. 2004;4(1):71–8.
265. Hefler L, Tempfer C, Heinze G, Mayerhofer K, Breitenecker G, Leodolter S, et al.
Monocyte chemoattractant protein-1 serum levels in ovarian cancer patients. Br J Cancer.
1999;81(5):855–9.
266. Dirkx AEM, Oude Egbrink MG a, Wagstaff J, Griffioen AW. Monocyte/macrophage
infiltration in tumors: modulators of angiogenesis. J Leukoc Biol. 2006;80(6):1183–96.
267. Lewis C, Pollard J. Distinct role of macrophages in different tumor microenvironments.
Cancer Res. 2006;66(2):605–12.
268. An X, Ding P, Wang F, Jiang W, Li Y. Elevated neutrophil to lymphocyte ratio predicts
poor prognosis in nasopharyngeal carcinoma. Tumour Biol. 2011;32(2):317–24.
269. He JR, Shen GP, Ren ZF, Qin H, Cui C, Zhang Y, et al. Pretreatment levels of peripheral
neutrophils and lymphocytes as independent prognostic factors in patients with
nasopharyngeal carcinoma. Head Neck. 2012;34(12):1769–76.
270. Azab B, Bhatt V, Phookan J, Murukutla S, Kohn N, Terjanian T, et al. Usefulness of the
neutrophil-to-lymphocyte ratio in predicting short- and long-term mortality in breast
cancer patients. Ann Surg Oncol. 2012;19(1):217–24.
271. Motomura T, Shirabe K, Mano Y, Muto J, Toshima T, Umemoto Y, et al. Neutrophillymphocyte ratio reflects hepatocellular carcinoma recurrence after liver transplantation
via inflammatory microenvironment. J Hepatol. 2013;58(1):58–64.
272. McCourt M, Wang JH, Sookhai S, Redmond HP. Proinflammatory mediators stimulate
neutrophil-directed angiogenesis. Arch Surg. 1999;134(12):1322–5.
273. Jabłońska E, Kiluk M, Markiewicz W, Piotrowski L, Grabowska Z, Jabłoński J. TNF 
alpha , IL - 6 and their soluble receptor serum levels and secretion by neutrophils in
cancer patients . 2001;49(1):63–9.
274. Schaider H, Oka M, Bogenrieder T, Nesbit M, Satyamoorthy K, Berking C, et al.
Differential response of primary and metastatic melanomas to neutrophils attracted by ILA study of survival in oral cavity cancer patients

Page | 253

References…
275.

276.

277.

278.
279.

280.
281.

282.

283.

284.

285.
286.

287.

288.

289.

8. Int J Cancer. 2003;103(3):335–43.
Scapini P, Nesi L, Morini M, Tanghetti E, Belleri M, Noonan D, et al. Generation of
biologically active angiostatin kringle 1 - 3 by activated. J Immunol. 2002;168(11):5798–
804.
Cho H, Hur H, Kim S, Kim S, Kim J, Kim Y, et al. Pre-treatment neutrophil to
lymphocyte ratio is elevated in epithelial ovarian cancer and predicts survival after
treatment. Cancer Immunol Immunother. 2009;51(1):15–23.
Yamanaka T, Matsumoto S, Teramukai S, Ishiwata R, Nagai Y, Fukushima M. The
Baseline Ratio of Neutrophils to Lymphocytes Is Associated with Patient Prognosis in
Advanced Gastric Cancer. Oncology. 2007;73(3–4):215–20.
Goy J, Hall SF, Feldman-Stewart D, Groome P a. Diagnostic delay and disease stage in
head and neck cancer: a systematic review. Laryngoscope. 2009;119(5):889–98.
Seoane J, Pita-Fernández S, Gómez I, Vazquez I, López-Cedrún JL, De Agustin D, et al.
Proliferative activity and diagnostic delay in oral cancer. Head Neck. 2010;32(10):1377–
84.
Teppo H, Alho O. Relative importance of diagnostic delays in different head and neck
cancers. Clin Otolaryngol. 2008;33(4):325-30.
Brouha XDR, Op De Coul B, Terhaard CHJ, Hordijk GJ. Does waiting time for
radiotherapy affect local control of T1N0M0 glottic laryngeal carcinoma? Clin
Otolaryngol Allied Sci. 2000;25(3):215–8.
Lee AWM, Chan DKK, Fowler JF, Pooh YF, Law SCK, Foo W, et al. T1 nasopharyngeal
carcinoma: The effect of waiting time on tumor control. Int J Radiat Oncol Biol Phys.
1994;30(5):1111–7.
Rosenthal DI, Liu L, Lee JH, Vapiwala N, Chalian A a, Weinstein GS, et al. Importance
of the treatment package time in surgery and postoperative radiation therapy for squamous
carcinoma of the head and neck. Head Neck. 2002;24(2):115–26.
Le Tourneau C, Jung G-M, Borel C, Bronner G, Flesch H, Velten M. Prognostic factors of
survival in head and neck cancer patients treated with surgery and postoperative radiation
therapy. Acta Otolaryngol. 2008;128(6):706–12.
Cutler S, Ederer F. Maximum utilization of the life table method in analyzing survival. J
Chronic Dis. 1958;8:699–712.
Sriamporn S, Swaminathan R, Parkin DM, Kamsa-ard S, Hakama M. Loss-adjusted
survival of cervix cancer in Khon Kaen, Northeast Thailand. Br J Cancer. 2004; 91(1):
106–10.
Mathew A. Removing Bias in Cancer Survival Estimates by Active Follow-up and
Information on Determinants of Loss to Follow-up. Acta Universitatis, Tampere, Finland;
1996.
Ganesh B, Talole SD, Dikshit R, Badwe R a, Dinshaw K a. Estimation of survival rates of
breast cancer patients--a hospital-based study from Mumbai. Asian Pac J Cancer Prev.
2008;9(1):53–7.
Swaminathan R, Sankaranarayanan R, Hakama M, Shanta V. Effect of loss to follow-up
on population based cancer survival rates in developing countries. Int J Cancer.
2002;100((Suppl. 13) 172):18th UICC Cancer Congress, 30 June–5 July 2002.

A study of survival in oral cavity cancer patients

Page | 254

