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Abstract

Introduction: Hepatitis-B virus infection contributes to 40%–50% of the Hepato-cellular 
carcinomas (HCC) in India, while hepatitis-C virus infection accounts for 12%–32% of 
cases. This study aimed at determining the patterns of cancers among patients with hepa-
titis B and C. 

Materials and methods: This was a retrospective study of cancer patients with histo-
logically proven diagnoses of cancer registered at Tata Memorial Hospital in Mumbai 
between 2017 and 2018. The proportional incidence ratio (PIR) was computed by divid-
ing the observed number of site-specific cancer cases by the expected number. 

Results: The study participants’ mean (SD) age was 48.69 (±16.91) years with a male-to-
female ratio of 1.36. The prevalence of hepatitis B and C was 3.47% and 1.10%, respectively. 
Liver cancer showed the highest occurrence rate with notably increased PIR among individu-
als positive for hepatitis B (males: 8.39, females: 6.43) and hepatitis C (males: 6.04, females: 
10.76). Furthermore, hepatitis B-positive patients showed elevated PIR for haemato-lymphoid 
malignancies such as multiple myeloma, leukemia, Hodgkin’s and non-Hodgkin’s lymphoma. 

Limitation: The correlation between hepatitis B surface antigen and haematolymphoid 
malignancies is attributed to the supplementary antigen investigation, demanding careful 
consideration.

Implications and conclusion: The PIR for liver cancer was heightened in both hepatitis B 
and C patients. Strengthened surveillance, including pre-screening for hepatitis B and C 
positive infection among cancer patients, as well as screening for HCCs among hepatitis 
seropositive individuals, is crucial to mitigate the incidence of HCC.
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Introduction

Cancer is responsible for one out of every six fatalities worldwide, or about 10 million 
deaths. Cancer-causing infections such as human papillomavirus and hepatitis cause one-
third of all cancer cases in low and lower-middle-income nations [1]. Infection with the 
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hepatitis B Virus (HBV) predominantly damages the liver, posing a significant risk of mortality from cirrhosis and hepatocellular cancer. 
Around 296 million individuals worldwide have chronic hepatitis B, and 820,000 died in 2019 as a result of cirrhosis and hepatocellular  
cancer [2]. In India, the prevalence of HBV infection ranges between 3.2% and 4.2% [3]. 

The most frequent histologic type is hepatocellular carcinoma (HCC), which accounts for 80% of all primary liver cancers [4]. In India, 40%–
50% of HCC are caused by HBV infection, whereas 12%–32% are caused by hepatitis C Virus (HCV) infection [3]. HBV and HCV viruses 
have been found in a variety of extra-hepatic tissues, suggesting that they may speed up the oncogenesis of extra-hepatic cancers. Chronic 
HBV infection has been linked to a variety of extrahepatic malignancies, including gastric cancer, pancreatic cancer, intra- and extra-hepatic 
bile duct carcinoma, non-Hodgkin lymphoma (NHL), breast cancer, thyroid cancer, lung cancer and skin cancer [5]. HCV has been identi-
fied in extrahepatic organs and may, therefore, directly induce carcinogenesis by prolonged inflammation and oncogenesis of target tissues. 
Cholangiocarcinoma, pancreatic adenocarcinoma, papillary thyroid cancer, oral squamous cell cancer and renal cancer are the five most often 
reported non-HCC cancers associated with HCV [6, 7]. 

The lack of comprehensive data on the spectrum of malignancies among HBV and HCV patients in India underscores a critical gap in address-
ing these infections and developing effective prevention and management strategies. Tata Memorial Hospital (TMH), India’s largest tertiary 
referral cancer centre, plays a crucial role in addressing this issue. TMH, which treats patients from across the country, provides unique 
insights into cancer patterns among these groups. This study conducted at TMH focused on analyzing cancer patterns among HBV and HCV 
patients in Mumbai, India, from 2017 to 2018. Understanding the prevalent types of cancers associated with these infections can guide poli-
cies related to vaccination, screening, early detection and antiviral therapies. TMH’s findings not only benefit India but also offer valuable 
references globally for managing and preventing cancers linked to HBV and HCV. 

Methodology

The current study was a retrospective study of cancer patients with histologically proven diagnosis of cancer registered at TMH in Mumbai 
from 2017 to 2018. After pre-test counseling, all cancer patients, both existing and new, presenting to TMH for diagnosis/treatment under-
went screening for viral markers including hepatitis B surface antigen (HBsAg) and HCV. We specifically calculated the proportional incidence 
ratio (PIR), for cancer patients who tested positive for HBsAg using ELISA. Those individuals who tested positive for IgM anti-HBc antibodies 
and anti-HBs antibodies were categorized as HBsAg negative. This classification was grounded in the recognition that acute hepatitis B can 
manifest without transitioning into chronic infection in the majority of cases.

Cancer patients found positive for HBsAg or HCV testing at TMH are referred to the hospital’s gastrointestinal clinic. Each cancer patient has a 
distinct, comprehensive case file containing information about their sociodemographic characteristics, laboratory results and treatment regimens 
documented by the treating physician in the electronic medical record (EMR). Age, sex, residence, education, anatomic location, stage, histology 
of cancer and specifics of viral markers including HBsAg, HCV and HIV infection are abstracted from the EMR and uploaded into the hospital’s 
internal software. The International Classification of Diseases for Oncology [8] is employed by coding experts to classify cancer sites accurately.

The analysis of the data was performed in Microsoft Excel. We estimated the anticipated number of site-specific cancers among HBsAg and 
HCV-positive cancer cases utilizing the gender and age-specific proportions of each cancer site which were recorded in the Hospital Cancer 
Registry of TMH, Mumbai for the years 2017 and 2018. By dividing the overall number of cancer cases in each age group within the study 
data set by the corresponding age and site-specific proportions in the standard, the expected number of instances of a given cancer was 
calculated. To calculate the PIR, the observed number of site-specific cancer cases among HBsAg and HCV-positive cancer cases was divided 
by the expected number [9]. Since this study relied on hospital cancer data, only age-specific rates were calculated. Age-standardized rates 
necessitate population rates for calculation. A higher PIR indicates that, in HBsAg and HCV-positive cancer cases, the proportion of cancer 
at a given cancer site is higher than would be predicted based on the information from TMH’s hospital-based cancer registry. Under the 
presumption of a Poisson distribution, the estimated standard error of the PIR was used to calculate 95% confidence ranges for the observed 
instances. Each two-sided PIR test was deemed significant at a 5% level, and all tests were two-sided. 

Results

A total of 71,001 cancer patients were registered during the period 2017 to 2018 in TMH, Mumbai. Table 1 describes the demographic 
characteristics of the patients and viral markers. The mean (SD) age of the study participants was 48.69 (±16.91) with nearly one-third being 
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elderly. The male-to-female ratio was 1.36 in our study. Approximately (38.79%) of cancer patients hailed from the western region of India. 
The proportion of participants seropositive for HBsAg, HCV and both were 1,367 (1.93%), 831 (1.17%) and 34 (0.05%), respectively. The 
proportion of HIV-positive cancer patients was 418 (0.59%). A total of 523 patients who tested positive for HBsAg received antiviral treat-
ment after consulting the hepatology clinic at TMH, while the treatment status of the remaining patients is unknown.

Table 1. Characteristics of cancer patients registered at 
TMH, Mumbai, India. Year: 2017–2018.

S.NO Characteristics Total n (%)

Total cases 71,001

1. Age in years

 0–19 4,856 (6.84)

 20–39 12,672 (17.85)

 40–59 32,437 (45.69)

 60 and above 21,036 (29.63)

2. Gender

 Male 40,928 (57.64)

 Female 30,073 (42.36)

3. Education

 Illiterate 10,623 (15.19)

 Literate 1,554 (2.22)

 Primary & middle 24,644 (35.24)

 Secondary 18,209 (26.03)

 Graduates 14,605 (20.88)

 Unknown 293 (0.41)

4. Region

 North 1,057 (1.49)

 South 966 (1.36)

 East 21,596 (30.42)

 West 27,541 (38.79)

 Central 15,467 (21.78)

 North-east 2,634 (3.71)

 Foreign 1,740 (2.45)

5. HBsAg status

 Positive 1,367 (1.93)

 Negative 68,534 (98.07)

6. HCV status

 Positive 831 (1.17)

 Negative 70,223 (98.82)

7. HBsAg and HCV status

 Positive 34 (0.05)

 Negative 70,958 (99.95)

8. HIV status

 Positive 418 (0.59)

 Negative 70,587 (99.41)
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Table 2 outlines the cancer sites among HBsAg-positive cancer cases within the study group and provides estimates of PIR for the various 
cancer sites in males and females. Liver cancer emerged as the commonest site among HBsAg-positive cancer cases in both genders. The 
PIR for liver cancer was notably high in males at 14.41 (95% CI, 13.0–15.9), and in females at 10.89 (95% CI, 7.65–15.4), overall PIR of 
the liver was 16.31 (95% CI, 14.7–17.9). In males, there were elevated PIRs greater than 1 for nasopharynx, small intestine, mesothelioma, 
breast, renal pelvis, eye, secondary respiratory and digestive organs, as well as NHL and multiple myeloma. However, these increases were 
not statistically significant. For females, elevated PIRs greater than 1 were observed for the lip, nasopharynx, esophagus, colon, rectum, anus, 
other thoracic organs, bone, skin melanoma, soft tissue and peripheral nervous system, vulva, cervix, corpus uteri, ovary, other female genital 
organs, renal pelvis, other skin, as well as secondary respiratory and digestive organs. However, similar to males, these increases were not 
statistically significant.

Table 3 illustrates the cancer sites among HCV-positive cancer cases in the study population and shows the estimates of PIR for the various 
cancer sites in males and females. The PIR was significantly higher for liver cancer in males 7.15 (95% CI, 5.79–8.84) and in females, 10.42 
(95% CI, 7.28–14.90) and overall PIR was 7.88 (95% CI, 6.57–9.45). Elevated PIRs greater than 1 were observed in various cancer sites, 
including lip, other oropharynx, esophagus, stomach, small intestine, colon, rectum, anus, gall bladder, melanoma, mesothelioma, retroperi-
toneum, vulva, corpus uteri, ovary, urinary bladder, other endocrine glands, secondary lymph nodes, secondary respiratory and digestive 
organs, other secondary organs, Hodgkin’s disease, NHL and other unspecified sites. However, these increases were not found to be statisti-
cally significant.

Discussion

This study details the prevalence of different cancer sites among individuals who are positive for HBsAg and HCV. We evaluated PIR for 
various cancer sites for HBsAg and HCV-positive cases seeking care at TMH using age and gender-specific proportions of each cancer site 
from the Hospital Cancer Registry of TMH as a reference. The prevalence of HBsAg and HCV positivity in our study was 1.93% and 1.17%, 
respectively. 

Infection with HBV is widely known as a risk factor for HCC [10]. Our findings revealed that the PIR was considerably higher for HCC in 
persons who were seropositive for HBsAg and HCV when compared to the data from TMH’s hospital cancer registry. In both genders, HBsAg 
seropositive subjects also had higher PIR for certain non-liver cancers such as multiple myeloma, NHL, leukemia and Hodgkin lymphoma. 
Our findings on the association between HBsAg with HCC, leukemia and lymphoma align with a large case-control study conducted among 
the Chinese population. A case-control study observed significant associations between HBsAg and HCC, gastrointestinal cancers, NHL and 
leukemia [10]. A population-based cohort study in China and a few other prospective studies also established an association of HBsAg with 
liver cancer and non-liver cancer especially digestive system cancers, oral cancers and lymphoma [11–13]. Studies across the globe have 
shown strong evidence of an association between HCV and HCC [14]. Our study findings were also consistent with elevated PIR for HCC 
among HCV seropositive patients.

Our study findings suggest a significant association between HCC and hepatitis B and C infection. However, the elevated PIR for hemato-
logical malignancies among HBsAg-positive individuals may stem from an additional mandatory investigation of HBsAg core and envelope 
antigens in patients with hematological cancer. Clinicians managing hepatitis B and C infection-positive patients should remain vigilant for 
malignancies. The National Viral Hepatitis Control Program recommends routine HCC surveillance with abdominal ultrasound and alpha-
fetoprotein testing every 6 months for individuals with cirrhosis, a family history of HCC, an age of more than 40 years and an elevated HBV 
DNA level of more than 2,000 IU/mL [15]. Further reactivation of the HCV in patients receiving chemotherapy has resulted in a deleteri-
ous clinical course. So, universal pre-chemotherapy HCV testing for patients with hematological malignancies is recommended by current 
guidelines [16]. Strengthening surveillance by pre-screening for hepatitis B and C positive infection among cancer patients as well as HCCs 
among hepatitis seropositivity is important to reduce the incidence of HCC. The paper also highlights the crucial role of addressing HBV and 
HCV treatments in managing cancer risks, particularly due to their well-established links with specific cancers such as HCC and liver cancer. 
It stresses the importance of managing viral infections to decrease associated cancer risks, emphasizing the significance of screening, early 
detection and prompt treatment to prevent the development of these cancers.

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2024.1760


Re
se

ar
ch

ecancer 2024, 18:1760; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2024.1760 5

Ta
bl

e 
2.

 D
et

ai
ls 

of
 c

an
ce

r s
ite

s a
nd

 P
IR

 fo
r t

he
 c

an
ce

r s
ite

s i
n 

th
e 

1,
36

7 
pa

tie
nt

s w
ith

 H
Bs

A
g 

an
d 

ca
nc

er
 re

gi
st

er
ed

 a
t T

M
H

, M
um

ba
i, 

In
di

a.
 Y

ea
r: 

20
17

–2
01

8.

IC
D

-1
0

SI
TE

M
al

e
Fe

m
al

e
To

ta
l

O
bs

er
ve

d 
nu

m
be

r
Ex

pe
ct

ed
 

nu
m

be
r

PI
R

95
%

 C
I

O
bs

er
ve

d 
nu

m
be

r
Ex

pe
ct

ed
 

nu
m

be
r

PI
R

95
%

 C
I

O
bs

er
ve

d 
nu

m
be

r
Ex

pe
ct

ed
 

nu
m

be
r

PI
R

95
%

 C
I

C0
0

Li
p

1
5.

59
0.

18
0.

03
-1

.2
7

1
0.

73
1.

37
0.

19
-9

.7
4

2
5.

53
0.

36
0.

09
-1

.4
4

C0
1-

C0
2

To
ng

ue
36

80
.0

0
0.

45
0.

32
-0

.6
2

5
8.

12
0.

62
0.

25
-1

.4
7

41
75

.1
6

0.
55

0.
40

-0
.7

4

C0
3-

C0
6

M
ou

th
69

14
5.

06
0.

48
0.

38
-0

.6
0

5
12

.7
5

0.
39

0.
16

-0
.9

4
74

13
2.

89
0.

56
0.

44
-0

.6
9

C0
7-

C0
8

Sa
liv

 G
la

nd
1

5.
08

0.
20

0.
03

-1
.3

9
1

1.
11

0.
90

0.
12

-6
.3

9
2

5.
80

0.
35

0.
08

-1
.3

7

C0
9

To
ns

il
5

7.
58

0.
66

0.
27

-1
.5

9
-

-
-

--
-

5
6.

66
0.

75
0.

31
-1

.8
0

C1
0

O
th

 O
ro

ph
ar

yn
x

3
7.

60
0.

39
0.

13
-1

.2
2

-
-

-
--

-
3

6.
64

0.
45

0.
14

-1
.4

0

C1
1

N
as

op
ha

ry
nx

6
5.

96
1.

01
0.

45
-2

.2
4

1
0.

86
1.

16
0.

16
-8

.2
2

7
6.

05
1.

16
0.

55
-2

.4
2

C1
2-

C1
3

H
yp

op
ha

ry
nx

10
18

.8
0

0.
53

0.
29

-0
.9

8
1

1.
77

0.
56

0.
07

-4
.0

0
11

17
.4

2
0.

63
0.

34
-1

.1
3

C1
4

Ph
ar

yn
x

-
-

-
--

-
-

-
-

--
-

-
-

-
--

-

C1
5

O
es

op
ha

gu
s

17
32

.0
4

0.
53

0.
33

-0
.8

5
9

7.
68

1.
17

0.
61

-2
.2

5
26

37
.7

0
0.

69
0.

46
-1

.0
1

C1
6

St
om

ac
h

33
38

.5
8

0.
86

0.
61

-1
.2

0
7

7.
61

0.
92

0.
43

-1
.9

2
40

42
.5

9
0.

94
0.

68
-1

.2
8

C1
7

Sm
al

l I
nt

es
tin

e
4

3.
83

1.
05

0.
39

-2
.7

9
-

-
-

--
-

4
3.

99
1.

00
0.

37
-2

.6
7

C1
8

Co
lo

n
10

25
.8

2
0.

39
0.

21
-0

.7
2

6
5.

69
1.

05
0.

47
-2

.3
4

16
29

.5
3

0.
54

0.
33

-0
.8

8

C1
9-

C2
0

Re
ct

um
28

33
.8

2
0.

83
0.

57
-1

.2
0

10
7.

14
1.

40
0.

75
-2

.6
0

38
38

.1
4

1.
00

0.
72

-1
.3

6

C2
1

A
nu

s
1

3.
75

0.
27

0.
04

-1
.8

9
1

0.
73

1.
37

0.
19

-9
.7

4
2

4.
12

0.
49

0.
12

-1
.9

4

C2
2

Li
ve

r
36

4
25

.2
7

14
.4

1
13

.0
-1

5.
9

31
2.

85
10

.8
9

7.
65

-1
5.

4
39

5
24

.2
2

16
.3

1
14

.7
-1

7.
9

C2
3-

C2
4

G
al

l B
la

dd
er

38
37

.2
7

1.
02

0.
74

-1
.4

0
23

23
.6

4
0.

97
0.

64
-1

.4
6

61
69

.1
4

0.
88

0.
68

-1
.1

3

C2
5

Pa
nc

re
as

16
17

.1
6

0.
93

0.
57

-1
.5

2
2

3.
88

0.
52

0.
12

-2
.0

6
18

19
.7

9
0.

91
0.

57
-1

.4
4

C2
6

O
th

 D
ig

 O
rg

-
-

-
--

-
-

-
-

--
-

-
-

-
--

-

C3
0-

C3
1

N
os

e 
&

 S
in

us
4

6.
67

0.
60

0.
23

-1
.6

0
-

-
-

--
-

4
7.

09
0.

56
0.

21
-1

.5
0

C3
2

La
ry

nx
25

27
.2

3
0.

92
0.

62
-1

.3
5

-
-

-
--

-
25

22
.2

0
1.

13
0.

76
-1

.6
6

C3
3-

C3
4

Lu
ng

66
84

.5
3

0.
78

0.
61

-0
.9

9
12

14
.7

0
0.

82
0.

46
-1

.4
3

78
89

.9
3

0.
87

0.
69

-1
.0

8

C3
7-

C3
8

O
th

 T
ho

ra
c 

O
rg

2
2.

54
0.

79
0.

19
-3

.1
4

1
0.

19
5.

25
0.

73
-3

7.
2

3
2.

27
1.

32
0.

42
-4

.0
9

C4
0-

C4
1

Bo
ne

12
19

.8
8

0.
60

0.
34

-1
.0

6
7

4.
27

1.
64

0.
78

-3
.4

3
19

22
.5

5
0.

84
0.

53
-1

.3
2

C4
3

M
el

an
om

a 
of

 S
ki

n
-

-
-

--
-

1
0.

66
1.

51
0.

21
-1

0.
7

1
3.

25
0.

31
0.

04
-2

.1
8

C4
4

O
th

er
 S

ki
n

5
8.

86
0.

56
0.

23
-1

.3
5

4
2.

49
1.

61
0.

60
-4

.2
8

9
11

.0
5

0.
81

0.
42

-1
.5

6

C4
5

M
es

ot
he

lio
m

a
2

1.
13

1.
77

0.
44

-7
.0

6
-

-
-

--
-

2
1.

10
1.

82
0.

45
-7

.2
8

C4
7&

C4
9

So
ft

 ti
ss

ue
 &

 P
N

S
13

25
.9

2
0.

50
0.

29
-0

.8
6

11
6.

66
1.

65
0.

91
-2

.9
8

24
31

.2
7

0.
77

0.
51

-1
.1

4

C4
8

Re
tr

op
er

ito
ne

um
2

2.
54

0.
79

0.
19

-3
.1

4
-

-
-

--
-

2
3.

23
0.

62
0.

15
-2

.4
7

C5
0

Br
ea

st
4

2.
99

1.
34

0.
50

-3
.5

5
70

86
.7

3
0.

81
0.

63
-1

.0
2

74
15

1.
31

0.
49

0.
38

-0
.6

1

C5
1

Vu
lv

a
-

-
-

--
-

2
0.

90
2.

23
0.

55
-8

.9
2

2
1.

54
1.

30
0.

32
-5

.1
9

C5
2

Va
gi

na
-

-
-

--
-

1
2.

50
0.

40
0.

05
-2

.8
4

1
4.

29
0.

23
0.

03
-1

.6
5

(C
on

tin
ue

d)

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2024.1760


Re
se

ar
ch

ecancer 2024, 18:1760; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2024.1760 6

Ta
bl

e 
2.

 D
et

ai
ls 

of
 c

an
ce

r s
ite

s a
nd

 P
IR

 fo
r t

he
 c

an
ce

r s
ite

s i
n 

th
e 

1,
36

7 
pa

tie
nt

s w
ith

 H
Bs

A
g 

an
d 

ca
nc

er
 re

gi
st

er
ed

 a
t T

M
H

, M
um

ba
i, 

In
di

a.
 Y

ea
r: 

20
17

–2
01

8.

C5
3

Ce
rv

ix
-

-
-

--
-

37
32

.4
6

1.
14

0.
82

-1
.5

7
37

55
.7

8
0.

66
0.

48
-0

.9
1

C5
4-

C5
5

Co
rp

us
 U

te
ri

-
-

-
--

-
10

9.
39

1.
06

0.
57

-1
.9

7
10

16
.1

3
0.

62
0.

33
-1

.1
5

C5
6

O
va

ry
 e

tc
-

-
-

--
-

27
20

.5
1

1.
32

0.
90

-1
.9

1
27

35
.2

3
0.

77
0.

52
-1

.1
1

C5
7

O
th

 F
em

al
e 

G
en

 
O

rg
-

-
-

--
-

1
0.

18
5.

58
0.

78
-3

9.
5

1
0.

31
3.

25
0.

45
-2

3.
0

C5
8

Pl
ac

en
ta

-
-

-
--

-
-

-
-

--
-

-
-

-
--

-

C6
0

Pe
ni

s
5

7.
32

0.
68

0.
28

-1
.6

4
-

-
-

--
-

5
5.

60
0.

89
0.

37
-2

.1
4

C6
1

Pr
os

ta
te

17
40

.2
2

0.
42

0.
26

-0
.6

7
-

-
-

--
-

17
30

.7
7

0.
55

0.
34

-0
.8

8

C6
2

Te
st

is
8

11
.8

0
0.

68
0.

33
-1

.3
5

-
-

-
--

-
8

9.
03

0.
89

0.
44

-1
.7

7

C6
3

O
th

 M
al

e 
G

en
 O

rg
-

-
-

--
-

-
-

-
--

-
-

-
-

--
-

C6
4

Ki
dn

ey
8

18
.3

0
0.

44
0.

21
-0

.8
7

1
2.

64
0.

38
0.

05
-2

.6
8

9
18

.5
4

0.
49

0.
25

-0
.9

3

C6
5

Re
na

l P
el

vi
s

1
0.

53
1.

89
0.

26
-1

3.
4

1
0.

08
12

.7
5

1.
79

-9
0.

5
2

0.
54

3.
71

0.
92

-1
4.

8

C6
6

U
re

te
r

-
-

-
--

-
-

-
-

--
-

-
-

-
--

-

C6
7

U
 B

la
dd

er
14

25
.1

4
0.

56
0.

32
-0

.9
4

1
2.

03
0.

49
0.

06
-3

.5
0

15
22

.7
2

0.
66

0.
39

-1
.0

9

C6
8

U
ns

pe
c 

U
rin

ar
y 

O
rg

-
-

-
--

-
-

-
-

--
-

-
-

-
--

-

C6
9

Ey
e

2
1.

64
1.

22
0.

30
-4

.8
8

1
0.

54
1.

86
0.

26
-1

3.
1

3
2.

18
1.

38
0.

44
-4

.2
7

C7
0-

C7
2

Br
ai

n 
&

 N
er

v 
Sy

st
em

8
32

.4
1

0.
25

0.
12

-0
.4

9
3

6.
80

0.
44

0.
14

-1
.3

6
11

36
.4

8
0.

30
0.

16
-0

.5
4

C7
3

Th
yr

oi
d

10
14

.7
0

0.
68

0.
36

-1
.2

6
6

10
.7

0
0.

56
0.

25
-1

.2
4

16
29

.6
3

0.
54

0.
33

-0
.8

8

C7
4

Ad
re

na
l G

la
nd

s
2

2.
47

0.
81

0.
20

-3
.2

4
-

-
-

--
-

2
3.

27
0.

61
0.

15
-2

.4
4

C7
5

O
th

 E
nd

o 
G

la
nd

-
-

-
--

-
-

-
-

--
-

-
-

-
--

-

C7
7

Se
c 

Ly
m

ph
 N

od
e

10
14

.8
7

0.
67

0.
36

-1
.2

4
1

2.
43

0.
41

0.
05

-2
.9

1
11

15
.5

6
0.

71
0.

39
-1

.2
7

C7
8

Se
c 

Re
sp

 &
 D

ig
 

O
rg

22
12

.3
3

1.
78

1.
17

-2
.7

0
6

5.
50

1.
09

0.
48

-2
.4

2
28

18
.8

9
1.

48
1.

02
-2

.1
4

C7
9

O
th

 S
ec

 O
rg

3
2.

99
1.

00
0.

32
-3

.1
0

-
-

-
--

-
3

3.
83

0.
78

0.
25

-2
.4

2

C8
1

H
od

gk
in

s 
D

is
12

13
.7

7
0.

87
0.

49
-1

.5
3

2
2.

42
0.

83
0.

20
-3

.3
0

14
14

.6
9

0.
95

0.
56

-1
.6

0

C8
2-

C8
5 

&
 C

96
N

H
L

55
47

.3
1

1.
16

0.
89

-1
.5

1
13

8.
98

1.
45

0.
84

-2
.4

9
68

51
.6

2
1.

32
1.

03
-1

.6
7

C8
8

Im
m

un
op

ro
li 

D
is

-
-

-
--

-
-

-
-

--
-

-
-

-
--

-

C9
0

M
ul

t M
ye

lo
m

a
15

13
.1

6
1.

14
0.

68
-1

.8
9

-
-

-
--

-
15

14
.5

9
1.

03
0.

61
-1

.7
0

C9
1

Ly
m

ph
oi

d 
 L

eu
k

29
41

.3
0

0.
70

0.
48

-1
.0

1
6

7.
59

0.
79

0.
35

-1
.7

6
35

44
.6

3
0.

78
0.

56
-1

.0
9

C9
2-

C9
4

M
ye

lo
id

  L
eu

k
27

42
.7

3
0.

63
0.

43
-0

.9
2

8
10

.1
0

0.
79

0.
39

-1
.5

8
35

50
.0

4
0.

70
0.

50
-0

.9
7

C9
5

Le
uk

em
ia

 U
ns

4
5.

03
0.

79
0.

29
-2

.1
1

1
1.

20
0.

83
0.

11
-5

.9
2

5
5.

91
0.

85
0.

35
-2

.0
3

O
th

er
 &

 U
ns

pe
ci

fie
d 

Si
te

s
1

1.
08

0.
92

0.
13

-6
.5

6
-

-
-

--
-

1
1.

37
0.

73
0.

10
-5

.1
9

(C
on

tin
ue

d)

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2024.1760


Re
se

ar
ch

ecancer 2024, 18:1760; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2024.1760 7

(C
on

tin
ue

d)

Ta
bl

e 
3.

 D
et

ai
ls 

of
 c

an
ce

r s
ite

s a
nd

 P
IR

 fo
r t

he
 c

an
ce

r s
ite

s i
n 

th
e 

83
1 

pa
tie

nt
s w

ith
 H

CV
 a

nd
 c

an
ce

r r
eg

is
te

re
d 

at
 T

M
H

, M
um

ba
i, 

In
di

a.
 Y

ea
r: 

20
17

–2
01

8.

IC
D

-1
0

SI
TE

M
al

e
Fe

m
al

e
To

ta
l

O
bs

er
ve

d 
nu

m
be

r
Ex

pe
ct

ed
 

nu
m

be
r

PI
R

95
%

 C
I

O
bs

er
ve

d 
nu

m
be

r
Ex

pe
ct

ed
 

nu
m

be
r

PI
R

95
%

 C
I

O
bs

er
ve

d 
nu

m
be

r
Ex

pe
ct

ed
 

nu
m

be
r

PI
R

95
%

 C
I

C0
0

Li
p

3
3

1.
13

0.
36

-3
.5

0
1

1
1.

36
0.

19
-9

.6
3

4
3

1.
19

0.
45

-3
.1

7

C0
1-

C0
2

To
ng

ue
27

38
0.

71
0.

49
-1

.0
3

7
8

0.
85

0.
41

-1
.7

9
34

46
0.

74
0.

53
-1

.0
4

C0
3-

C0
6

M
ou

th
51

69
0.

74
0.

56
-0

.9
7

14
13

1.
08

0.
64

-1
.8

3
65

81
0.

80
0.

63
-1

.0
3

C0
7-

C0
8

Sa
liv

 G
la

nd
1

2
0.

41
0.

06
-2

.9
4

-
1

0.
00

-
1

4
0.

28
0.

04
-2

.0
2

C0
9

To
ns

il
2

4
0.

55
0.

14
-2

.2
2

-
1

0.
00

-
2

4
0.

49
0.

12
-1

.9
7

C1
0

O
th

 O
ro

ph
ar

yn
x

5
4

1.
38

0.
58

-3
.3

2
1

0
2.

05
0.

29
-1

4.
56

6
4

1.
49

0.
67

-3
.3

1

C1
1

N
as

op
ha

ry
nx

1
3

0.
35

0.
05

-2
.5

0
2

1
2.

29
0.

57
-9

.1
6

3
4

0.
82

0.
26

-2
.5

3

C1
2-

C1
3

H
yp

op
ha

ry
nx

5
9

0.
56

0.
23

-1
.3

4
-

2
0.

00
-

5
11

0.
47

0.
20

-1
.1

3

C1
4

Ph
ar

yn
x

-
0

0.
00

#N
U

M
!

-
0

0.
00

-
-

0
0.

00
-

C1
5

O
es

op
ha

gu
s

17
15

1.
12

0.
69

-1
.7

9
9

8
1.

16
0.

60
-2

.2
3

26
23

1.
13

0.
77

-1
.6

7

C1
6

St
om

ac
h

26
18

1.
42

0.
96

-2
.0

8
8

8
1.

04
0.

52
-2

.0
8

34
26

1.
31

0.
94

-1
.8

4

C1
7

Sm
al

l I
nt

es
tin

e
3

2
1.

65
0.

53
-5

.1
1

-
1

0.
00

-
3

2
1.

24
0.

40
-3

.8
4

C1
8

Co
lo

n
13

12
1.

06
0.

61
-1

.8
2

9
6

1.
56

0.
81

-3
.0

0
22

18
1.

23
0.

81
-1

.8
6

C1
9-

C2
0

Re
ct

um
14

16
0.

87
0.

52
-1

.4
7

7
7

0.
97

0.
46

-2
.0

3
21

23
0.

91
0.

59
-1

.3
9

C2
1

A
nu

s
1

2
0.

56
0.

08
-3

.9
8

2
1

2.
71

0.
68

-1
0.

85
3

3
1.

20
0.

39
-3

.7
1

C2
2

Li
ve

r
86

12
7.

15
5.

79
-8

.8
4

30
3

10
.4

2
7.

28
-1

4.
90

11
6

15
7.

88
6.

57
-9

.4
5

C2
3-

C2
4

G
al

l B
la

dd
er

15
18

0.
85

0.
51

-1
.4

0
34

24
1.

42
1.

02
-1

.9
9

49
42

1.
17

0.
88

-1
.5

4

C2
5

Pa
nc

re
as

10
8

1.
22

0.
66

-2
.2

8
-

4
0.

00
-

10
12

0.
83

0.
45

-1
.5

4

C2
6

O
th

 D
ig

 O
rg

-
0

0.
00

-
0

0.
00

-
-

0
0.

00
-

C3
0-

C3
1

N
os

e 
&

 S
in

us
1

3
0.

32
0.

04
-2

.2
4

-
1

0.
00

-
1

4
0.

23
0.

03
-1

.6
5

C3
2

La
ry

nx
9

13
0.

69
0.

36
-1

.3
4

-
1

0.
00

-
9

13
0.

67
0.

35
-1

.2
8

C3
3-

C3
4

Lu
ng

39
40

0.
97

0.
71

-1
.3

3
15

15
1.

01
0.

61
-1

.6
7

54
55

0.
99

0.
76

-1
.2

9

C3
7-

C3
8

O
th

 T
ho

ra
c 

O
rg

1
1

0.
83

0.
12

-5
.8

7
-

0
0.

00
-

1
1

0.
72

0.
10

-5
.1

4

C4
0-

C4
1

Bo
ne

4
9

0.
42

0.
16

-1
.1

3
5

4
1.

16
0.

48
-2

.7
8

9
14

0.
66

0.
34

-1
.2

6

C4
3

M
el

an
om

a 
of

 
Sk

in
2

1
1.

52
0.

38
-6

.0
7

-
1

0.
00

-
2

2
1.

01
0.

25
-4

.0
4

C4
4

O
th

er
 S

ki
n

5
4

1.
19

0.
49

-2
.8

5
1

3
0.

40
0.

06
-2

.8
2

6
7

0.
89

0.
40

-1
.9

9

C4
5

M
es

ot
he

lio
m

a
1

1
1.

86
0.

26
-1

3.
18

-
0

0.
00

-
1

1
1.

50
0.

21
-1

0.
64

C4
7&

C4
9

So
ft

 ti
ss

ue
 &

 P
N

S
7

12
0.

57
0.

27
-1

.1
9

4
7

0.
59

0.
22

-1
.5

8
11

19
0.

58
0.

32
-1

.0
5

C4
8

Re
tr

op
er

ito
ne

um
2

1
1.

65
0.

41
-6

.6
1

1
1

1.
32

0.
19

-9
.3

4
3

2
1.

53
0.

49
-4

.7
3

C5
0

Br
ea

st
1

1
0.

70
0.

10
-4

.9
8

69
88

0.
79

0.
62

-1
.0

0
70

92
0.

76
0.

60
-0

.9
6

C5
1

Vu
lv

a
-

-
-

-
2

1
2.

20
0.

55
-8

.8
2

2
1

2.
14

0.
53

-8
.5

4

C5
2

Va
gi

na
-

-
-

-
2

3
0.

79
0.

20
-3

.1
6

2
3

0.
77

0.
19

-3
.0

6

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2024.1760


Re
se

ar
ch

ecancer 2024, 18:1760; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2024.1760 8

(C
on

tin
ue

d)
Ta

bl
e 

3.
 D

et
ai

ls 
of

 c
an

ce
r s

ite
s a

nd
 P

IR
 fo

r t
he

 c
an

ce
r s

ite
s i

n 
th

e 
83

1 
pa

tie
nt

s w
ith

 H
CV

 a
nd

 c
an

ce
r r

eg
is

te
re

d 
at

 T
M

H
, M

um
ba

i, 
In

di
a.

 Y
ea

r: 
20

17
–2

01
8.

C5
3

Ce
rv

ix
-

-
-

-
27

33
0.

82
0.

56
-1

.2
0

27
34

0.
80

0.
55

-1
.1

6

C5
4-

C5
5

Co
rp

us
 U

te
ri

-
-

-
-

13
10

1.
37

0.
79

-2
.3

6
13

10
1.

33
0.

77
-2

.2
8

C5
6

O
va

ry
 e

tc
-

-
-

-
27

21
1.

30
0.

89
-1

.9
0

27
21

1.
26

0.
86

-1
.8

4

C5
7

O
th

 F
em

al
e 

G
en

 
O

rg
-

-
-

-
-

0
0.

00
-

-
0

0.
00

-

C5
8

Pl
ac

en
ta

-
-

-
-

-
0

0.
00

-
-

0
0.

00
-

C6
0

Pe
ni

s
3

3
0.

86
0.

28
-2

.6
7

-
-

-
-

3
3

0.
88

0.
28

-2
.7

3

C6
1

Pr
os

ta
te

18
19

0.
94

0.
59

-1
.4

9
-

-
-

-
18

19
0.

96
0.

61
-1

.5
3

C6
2

Te
st

is
4

6
0.

71
0.

27
-1

.9
0

-
-

-
-

4
5

0.
73

0.
27

-1
.9

4

C6
3

O
th

 M
al

e 
G

en
 

O
rg

-
0

0.
00

-
-

-
-

-
-

0
0.

00
-

C6
4

Ki
dn

ey
4

9
0.

46
0.

17
-1

.2
2

1
3

0.
37

0.
05

-2
.6

5
5

11
0.

44
0.

18
-1

.0
7

C6
5

Re
na

l P
el

vi
s

-
0

0.
00

-
-

0
0.

00
-

-
0

0.
00

-

C6
6

U
re

te
r

-
0

0.
00

-
-

0
0.

00
-

-
0

0.
00

-

C6
7

U
 B

la
dd

er
14

12
1.

17
0.

69
-1

.9
8

3
2

1.
46

0.
47

-4
.5

3
17

14
1.

23
0.

76
-1

.9
8

C6
8

U
ns

pe
c 

U
rin

ar
y 

O
rg

-
0

0.
00

-
-

0
0.

00
-

-
0

0.
00

-

C6
9

Ey
e

-
1

0.
00

-
-

1
0.

00
-

-
1

0.
00

-

C7
0-

C7
2

Br
ai

n 
&

 N
er

v 
Sy

st
em

1
15

0.
06

0.
01

-0
.4

6
-

7
0.

00
-

1
22

0.
05

0.
01

-0
.3

2

C7
3

Th
yr

oi
d

3
7

0.
43

0.
14

-1
.3

3
8

11
0.

74
0.

37
-1

.4
8

11
18

0.
61

0.
34

-1
.1

0

C7
4

Ad
re

na
l G

la
nd

s
-

1
0.

00
-

-
1

0.
00

-
-

2
0.

00
-

C7
5

O
th

 E
nd

o 
G

la
nd

-
0

0.
00

-
1

0
8.

82
1.

24
-6

2.
61

1
0

2.
51

0.
35

-1
7.

84

C7
7

Se
c 

Ly
m

ph
 N

od
e

8
7

1.
13

0.
57

-2
.2

6
4

2
1.

63
0.

61
-4

.3
3

12
9

1.
27

0.
72

-2
.2

3

C7
8

Se
c 

Re
sp

 &
 D

ig
 

O
rg

8
6

1.
36

0.
68

-2
.7

3
7

6
1.

26
0.

60
-2

.6
4

15
11

1.
31

0.
79

-2
.1

7

C7
9

O
th

 S
ec

 O
rg

4
1

2.
81

1.
05

-7
.4

8
1

1
1.

10
0.

16
-7

.8
3

5
2

2.
15

0.
89

-5
.1

6

C8
1

H
od

gk
in

s 
D

is
7

7
1.

07
0.

51
-2

.2
4

2
2

0.
82

0.
20

-3
.2

7
9

9
1.

01
0.

52
-1

.9
4

C8
2-

C8
5 

&
 C

96
N

H
L

27
23

1.
20

0.
82

-1
.7

5
8

9
0.

88
0.

44
-1

.7
6

35
31

1.
12

0.
80

-1
.5

5

C8
8

Im
m

un
op

ro
li 

D
is

-
0

0.
00

-
-

0
0.

00
-

-
0

0.
00

-

C9
0

M
ul

t M
ye

lo
m

a
6

6
0.

96
0.

43
-2

.1
3

-
3

0.
00

-
6

9
0.

68
0.

30
-1

.5
1

C9
1

Ly
m

ph
oi

d 
 L

eu
k

9
20

0.
46

0.
24

-0
.8

8
7

8
0.

91
0.

43
-1

.9
1

16
27

0.
59

0.
36

-0
.9

6

C9
2-

C9
4

M
ye

lo
id

  L
eu

k
17

20
0.

84
0.

52
-1

.3
5

9
10

0.
88

0.
46

-1
.6

9
26

30
0.

85
0.

58
-1

.2
6

C9
5

Le
uk

em
ia

 U
ns

2
2

0.
84

0.
21

-3
.3

4
-

1
0.

00
-

2
4

0.
56

0.
14

-2
.2

3

O
th

er
 &

 U
ns

pe
ci

fie
d 

Si
te

s
3

1
5.

83
1.

88
-1

8.
07

-
0

0.
00

-
3

1
3.

61
1.

16
-1

1.
19

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2024.1760


Re
se

ar
ch

ecancer 2024, 18:1760; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2024.1760 9

Among all cancer sites, the prevalence of HIV infection was 0.5%. NHL was the most common cancer among HIV-positive patients account-
ing for 108 (26.09%). In female HIV-positive cancer patients, cervical cancer was the leading type, representing 70 (42.17%). Among males, 
mouth cancer was the most prevalent, comprising 42 (16.94%). These findings underscore the importance of targeted cancer screening and 
prevention strategies for HIV-positive individuals.

Our study demonstrates several significant strengths. First, we analyzed a substantial dataset of 710,001 cancer cases, enabling a com-
prehensive exploration of the relationship between HBsAg and HCC. This extensive dataset also facilitated an examination of how HBsAg 
and HCV relate to various cancer types, offering a broad perspective on viral influences in cancer development. Additionally, our adherence 
to standardized guidelines for evaluating seromarker prevalence ensures the reliability and consistency of our findings. A key contribution 
of our research is confirming HBsAg and HCV infections as notable risk factors for liver cancer (HCC). By establishing this connection, we 
emphasize the importance of viral screening and effective management strategies to reduce the burden of liver cancer, particularly in regions 
where these infections are prevalent.

However, despite these strengths, our study faces several limitations that merit consideration. The retrospective nature of data collection, 
relying on hospital records to ascertain HBsAg and HCV status, introduces potential biases and challenges in establishing temporal relation-
ships between viral infections and carcinogenesis. It is difficult to determine definitively whether HBsAg or HCV infection preceded the 
development of cancer in these cases. Retrieving hepatitis treatment information from the EMR is challenging for patients receiving care 
from facilities outside of TMH. Moreover, because our study was conducted within a hospital setting, we faced limitations in calculating 
standardized rates, which are more robust for comparisons across different populations. Furthermore, some of our statistical analyses were 
constrained by small case numbers in certain cancer sites (PIRs), necessitating cautious interpretation of these findings.

Conclusion

In our study, the prevalence of hepatitis B and C was 1.9% and 1.10%, in all cancer sites, respectively. The PIR was higher for liver cancer 
across both genders in cancer patients who tested positive for HBsAg and HCV. The necessity for primary and secondary preventive efforts 
to decrease the incidence of HCC is highlighted by the elevated PIR for liver cancer among HBsAg and HCV patients.
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