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Abstract

Aim of the study: Hepatitis C virus (HCV) is one of the most common causes of liver-related deaths worldwide.
Non-hepatic cancers such as lung and pancreatic cancers have been linked to HCV infection. This study aimed to
determine whether HCV seropositivity was related to the development of extrahepatic malignancies and whether
this had an impact on patients’ survival.

Material and methods: This retrospective case control study included 1476 patients with lung, colorectal,
pancreatic and breast cancers compared to 1550 age- and sex-matched controls regarding HCV seropositivity.
In the cancer group, HCV seropositive and seronegative subjects were compared for TNM staging, histologic
grading and survival.

Results: There was no significant difference between cancer patients and controls regarding age and sex.
The percentage of HCV seropositivity was significantly higher in the total cancer group compared to that in
the control group (11.6% vs. 7.3%) [OR=1.67, p < 0.001] and in cancer types: lung (20.1%) [OR = 3.20,
p < 0.001], colorectal (11.8%) [OR=1.70, p = 0.025], pancreatic (25.4%) [OR=4.33, p < 0.001] and breast
cancer (8.1%) [OR=1.47, p = 0.03]. There was a significant decrease in survival among HCV seropositive
subjects compared to seronegatives in colorectal [HR = 2.77, p = 0.002] and pancreatic cancer [HR = 2.2,
p = 0.004], a non-significant decrease in lung cancer [HR = 1.02, p = 0.93] and a nonsignificant increase in
breast cancer [HR = 0.79, p = 0.51].

Conclusions: HCV seropositivity was associated with increased risk of lung, colorectal, pancreatic and breast
cancer development; it was also associated with reduced survival in colorectal and pancreatic but not in lung
and breast cancers.

Key words: HCV, seropositivity, extra-hepatic, cancer, survival.

Address for correspondence:

Prof. Hala I. Mohamed, Tropical Medicine Department, Faculty of Medicine, Minia University, Egypt,
e-mail: halaibrahem@mu.edu.eg

Introduction

Hepatitis C virus (HCV) infection is a global health
problem and a major risk factor for cirrhosis, hepa-
tocellular carcinoma, hepatic decompensation, and
liver transplantation. Notably, the World Health Or-
ganization has advocated eliminating HCV as a public
health goal by 2030 [1]. The global prevalence of HCV
declined from 0.9% to 0.7% between 2015 and 2020
driven by expanding access to point of care diagnostics

(i.e. HCV RNA testing), effective strategies in HCV
transmission control and wide availability of highly
effective direct acting antiviral therapies [2]. The East
Mediterranean and European areas had the greatest
infection rates, accounting for 470,000 (62.5/100,000)
and 300,000 (61.8/100,000) cases, respectively [3].
Around 4.61% of Egyptians tested positive for HCV
antibodies, and 76.5% of these patients had viremia [4].

According to a global epidemiological study, expo-
sure to infectious organisms was found to be a factor
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in 2 million (16%) out of 12.7 million newly diagnosed
cancer cases. The prevalence was higher in developing
countries [5].

Despite the fact that HCV is a hepatotropic virus,
numerous studies have revealed that it can infect or-
gans and tissues besides the liver, such as the adrenal
gland, pancreatic tissues, heart and peripheral blood
cells [6, 7]. Additionally, extrahepatic cancers such as
pancreatic and lung cancers have been linked to HCV
infection [8, 9].

However, the association between HCV infection
and extrahepatic malignancies among the Egyptian
population has not been investigated enough. This
study aimed to test the association between HCV sero-
positivity and development of lung cancer, colorec-
tal cancer, pancreatic cancer and breast cancer in the
Egyptian population and whether HCV seropositivity
has an impact on cancer outcome in those patients.

Material and methods

This study is a retrospective case-control study.
1669 patients diagnosed with lung, colorectal, pancre-
atic and breast cancers were identified in the hospital’s
medical records as being admitted to the oncology de-
partment, Beni Suef University hospital in the period
from January 1% 2017 to December 31% 2021.

The following information was collected from the
hospital medical record system for all confirmed lung,
colorectal, pancreatic and breast cancer patients: age,
sex, initial tumor stage information (TNM), tumor
grade, tumor histopathological type, anti-HCV serolog-
ical status at diagnosis, survival duration, the date and
status at the last hospital visit and other related data.

Exclusion from the study was applied for 193 cancer
cases because of their unknown HCV serocondition.

The remaining 1476 cases were assigned to four
subgroups according to their cancer type (lung: 174,
colorectal: 229, pancreatic: 122 and breast: 951 cancer
cases) (Fig. 1).

1550 age- and sex-matched controls were randomly
selected from attendants to Beni Suef University hos-
pital away from the oncology department throughout
the same time period.

Subjects with HCV seropositivity were defined as
those with positive HCV antibodies.

The difference in prevalence of HCV seropositivity
between the cancer group and the control group was
analyzed.

After establishment of HCV seroprevalence among
eligible subjects, 193 cases were further excluded from
cancer group as they were lost to follow up before
starting cancer treatment.

The remaining 1283 cancer cases (lung: 114, col-
orectal: 206, pancreatic: 110 and breast: 823 cancer
cases) were subdivided into HCV seropositive and
seronegative subgroups and were compared regarding
age, initial TNM staging, histological grading, histo-
pathological type and cancer survival.

TNM staging [10]: The TNM stage is still the most
important element in predicting survival.

Histologic grading [11]: Histologic grading is
a simple and low-cost approach to assessing tumor
behavior and prognosis.

Age [12]: Older age is a negative predictor of sur-
vival in solid cancer patients.

Collection of data and statistical analysis were car-
ried out until 2022.

Statistical analysis

Data were analyzed using the software SPSS ver-
sion 20 (IBM, Armonk, NY), then processed and tabu-
lated and visually illustrated by charts and graphs.

The mean and standard deviation were calculated
for continuous variables with a normal distribution.
The chi-square (x*) test for comparing the categor-
ical data and independent t-test for comparing the
quantitative data were performed where appropriate.
The odds ratios (ORs) and corresponding 95% confi-
dence intervals (95% CIs) were measured to evaluate
the association between HCV seropositivity and can-
cer development.

The hazard ratios (HRs) and corresponding 95% Cls
were measured by the Cox regression analysis tool to
evaluate the association between HCV seropositivity
and survival among extrahepatic malignancies.

Survival duration analysis was done using the Ka-
plan-Meier survival analysis tool.

P values of less than 0.05 were considered signifi-
cant.

Ethical consideration

The study was approved by the ethical committee
of the Faculty of Medicine, Minia University. The sub-
jects or their legal representatives were informed of the
purpose of the study and its consequences with confir-
mation of confidentiality of data. The study protocol
and conduction conform to the ethical guidelines of
the 1975 Declaration of Helsinki.

Results

This retrospective case control study included 1476
cancer patients who were categorized according to
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1669 confirmed cancer cases

193 cases excluded due to
unknown HCV serocondition

1476 cancer cases

174 lung cancer cases 229 colorectal cancer cases 951 breast cancer cases

122 pancreatic cancer cases

30 cases lost to
follow-up before

starting treatment

23 cases lost to
follow-up before
starting treatment

12 cases lost to
follow-up before

128 cases lost to
follow-up before

were excluded were excluded

144 lung cancer cases 206 colorectal cancer cases

Fig. 1. Flow chart showing included and excluded subjects in cancer group

their cancer type and compared to 1550 age- and sex-
matched controls for HCV seropositivity. From them,
1283 cases were tested for the relation between HCV
seropositivity and survival.

There was no significant difference between the
cancer group and control group regarding mean age
and sex distribution (Table 1).

Table 1. Sex and age distributions of patients with extrahepatic malignancies

starting treatment
were excluded

starting treatment
were excluded

823 breast cancer cases

110 pancreatic cancer cases

The percentage of HCV seropositive subjects was sig-
nificantly higher in the total cancer group compared to that
in the control group and in cancer types including lung,
colorectal, pancreatic cancers and in female breast cancer
patients compared to female controls (Table 2 and Fig. 2).

There was no statistically significant difference
between HCV seropositive and seronegative subjects

Parameter Total cancer Lung Colorectal Pancreatic Breast Controls
(N = 1476) (n=174) (n=229) (n=122) (n=951) (n =1550)
(100%) (11.8%) (15.5%) (8.3%) (64.4%) (100%)
Sex, Male 278 (18.8) 119 (68.4) 90 (39.3) 56 (45.9) 13(1.4) 299 (19.3)
n(%)  Female 1198 (81.2) 55(31.6) 139 (60.7) 66 (54.1) 938 (98.6) 1251 (80.7)
Age, mean +SD 51.8 13 59.6 £11.9 46 +13.1 58.6 +11.5 50.8 +12.4 513 +16.7
Table 2. HCV antibody seroprevalence among total cancer group and included types compared to the control group
Type of cancer (n) HCV positive in cancer HCV positive in control group OR (95%Cl)# P-value?
group, n (%) (total = 1550), n (%)
Total cancer group (1476) 171 (11.6) 113(7.3) 1.67 (1.30-2.14) <0.001*
Lung cancer (174) 35(20.1) 3.20(2.11-4.86) <0.001*
Colorectal cancer (229) 27 (11.8) 1.70 (1.09-2.65) 0.025*
Pancreatic cancer (122) 31(25.4) 4.33 (2.76-6.80) <0.001*
Female controls = 1251
Breast cancer' (938) 76 (8.1) 71(5.7) 1.47 (1.05-2.05) 0.031*

# P-value is obtained by chi square test. *P-value is considered significant, p < 0.05.

* Cases and controls in breast cancer included women only (13 male cases were excluded as they were considered outliers).
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Fig. 2. Forest plot shows association between HCV seropositivity and cancer
types

regarding cancer histological grading, histopathologi-
cal type and TNM staging except in colorectal cancer,
where HCV seropositive subjects were significantly
more distributed in late TNM stages (Table 3).

There was significantly lower survival among HCV
seropositive subjects compared to seronegatives in col-
orectal and pancreatic cancers. In lung cancer HCV
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Fig. 3. Forest plot shows the association between HCV infection and survival
among subjects in cancer groups

seropositive subjects showed non-significantly lower
survival while in breast cancer seropositives the sur-
vival was non-significantly higher compared to sero-
negatives (Table 4 and Fig. 3).

There was a significant decrease in the mean sur-
vival duration among HCV seropositive subjects com-
pared to HCV seronegatives in colorectal and pancre-

Table 3. Clinicopathological criteria of extrahepatic malignancies in relation to HCV serocondition

HCV serocondition Lung (%) Pvalue  Colorectal (%)  Pvalue  Pancreatic (%)  P-value Breast (%) P-value
+ve -ve +ve -ve +ve -ve +ve -ve
TNM stage  Early 0 53 0.199 9.1 342 0016* 0 5.9 0.215 46.3 447  0.804
Late 100 94.7 90.9 65.8 100 94.1 53.7 55.3
Hist. grade | 0 44 0.197 0 2.7 0.811 4 47 0.392 1.5 1.7 0.983
Il 333 332 81.8 76.1 52 65.9 89.5 88.3
Il 63.3 48.2 18.2 20.1 44 27.1 9 9.8
vV 3.3 14 0 1.1 0 24 0 0.1
*P-value is considered significant, p < 0.05.
Table 4. Association between HCV infection and survival among subjects in cancer group
Cancer (n) n HCV +ve HCV -ve HR* (95% CI) P-value$
n (%) n (%)
Lung cancer Died 85 19 (22.4) 66 (77.6) 1.02 (0.61-1.71) 0.927
(144) Survived 59 11(18.6) 48 (81.4) 1.00
Colorectal cancer Died 64 12 (18.8) 52 (81.3) 2.77 (1.45-5.26) 0.002¢
(206) Survived 142 10(7.0) 132 (93.0) 1.00
Pancreatic cancer Died 71 20 (28.2) 51(71.8) 2.20(1.28-3.78) 0.004*
(110) Survived 39 5(12.8) 34(87.2) 1.00
Breast cancer’ Died 11 8(7.2) 103 (92.8) 0.79 (0.39-1.61) 0.513
(812) Survived 701 59 (8.4) 642 (91.6) 1.00
$P-value is obtained by chi square test. *HR ~ hazard ratio. *P-value is considered significant, p < 0.05.
" Breast cancer cases are only women (11 male cases were excluded as they were considered outliers).
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Table 5. Mean survival duration (in months) in HCV seropositive and seronegative subjects in included cancer types

Type of cancer HCV seropositive HCV seronegative P-value?
Mean survival duration (months) Mean survival duration (months)

Lung cancer 14.4 18.3 0.924

Colorectal cancer 15.0 39.1 0.001*

Pancreatic cancer 73 15.1 0.002*

Breast cancer' 520 50.1 0.510

*P-value was obtained by log rank (Mantel-Cox) test. *P-value is considered significant, p < 0.05. * Breast cancer cases are only women (11 male cases were excluded

as they were considered outliers).
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Fig. 4. Kaplan-Meier survival curves for survival in A) lung, B) colorectal, C) pancreatic and D) breast cancer subjects

206

Clinical and Experimental Hepatology 3/2023



Relationship between hepatitis C virus infection and extrahepatic malignancies

atic cancers. In lung and breast cancers, the difference
was not significant (Table 5 and Fig. 4).

Discussion

Hepeatitis C virus is one of the most common blood-
borne pathogens [13]. Cancer is one of the top four
causes of human mortality [14]. Many studies have re-
ported that chronic HCV infection has been linked to
an increased risk of extra-hepatic cancers [15, 16].

Our study targeted HCV antibody seroprevalence
among extrahepatic malignancies including lung, col-
orectal, pancreatic and breast cancers to test whether
HCV seropositivity influences cancer survival in the
Egyptian population.

In this study, HCV seroprevalence was significant-
ly higher among the total cancer group compared to
the control group (11.6% vs. 7.3%, OR=1.67, 95% CI:
1.30-2.14, p < 0.001), suggesting a significant associa-
tion between HCV seropositivity and cancer develop-
ment.

These data coincide with Mahale et al., who report-
ed that HCV prevalence was significantly higher in
cancer cases than in non-cancer controls (OR = 1.32,
95% CI: 1.22-1.42, p <0.0001) [17]. Nyberg et al. found
that the non-hepatic cancer burden was significantly
higher in HCV patients than in non-HCV (risk ra-
tio = 1.83, 95% CI: 1.74-1.93) [18].

In the current study, HCV seropositivity was high-
er among patients with lung cancer compared to the
control group (20.1% vs. 7.3%, OR=3.20, 95% CIL
2.11-4.86, p< 0.001).

These results are in accordance with Lam et al,
who observed that HCV infection was associated with
an increased risk of lung cancer (aIRR = 1.3, 95% CI:
1.2-1.5) [19]. Ponvilawan et al. reported that chronic
HCYV infection was significantly associated with an in-
creased risk of lung cancer with the pooled risk ratio of
1.94 (95% CI: 1.56-2.42) [20].

In contrast to our results, Kamiza et al. also report-
ed that HCV infection was not linked to increased risk
of lung cancer development (HR = 0.87, 95% CI: 0.62-
1.21) [21].

This study found that subjects with colorectal can-
cer showed a significantly higher percentage of HCV
seropositivity compared to controls (11.8% vs. 7.3%,
OR=1.70, 95% CI: 1.09-2.65, p= 0.025).

These results coincide with those of Su et al., who
found that the prevalence of chronic HCV infection
was higher in colorectal cancer cases than in controls
(OR = 1.16, 95% CI: 1.08-1.24, p < 0.001) [22]. Sim-
ilarly, Darvishian et al. reported that the risk of col-
orectal cancer was significantly elevated among those

with HCV infection compared to others without
(HR = 2.99; 95% CI: 2.55-3.51) [23].

In contrast to our results, Mahale et al. reported
that there was no significant association between HCV
infection and cancer colon (OR = 1.02, 95% CI: 0.93-
1.13) [17].

In this study, HCV seropositivity was significantly
higher among subjects with pancreatic cancer com-
pared to controls (25.4% vs. 7.3%, OR=4.33, 95% CIL
2.76-6.80, p < 0.001).

These results agree with Abdelrehim et al., who
found that HCV infection was significantly associated
with pancreatic cancer (OR = 3.9, 95% CI: 1.13-13.40)
as one of some potentially modifiable factors includ-
ing tobacco smoking, diabetes and cholecystitis [24].
Darvishian et al. concluded that people with HCV
infection were at increased risk of pancreatic cancer
compared to uninfected individuals (HR = 2.79, 95%
CI: 2.01-3.70) [23]. Lam et al. observed that HCV in-
fection was associated with an increased risk of pan-
creatic cancer (aIRR = 2.0, 95% CI: 1.6-2.5) [19].

On the other hand, Liu et al. found that HCV sero-
prevalence was not higher in patients with pancre-
atic cancer compared to controls (0.75% vs. 0.48%,
OR = 1.56, 95% CI: 0.67-3.61, p = 0.296) [25].

Women with breast cancer in this study had a sig-
nificantly greater percentage of HCV seropositivity
than women in the control group (8.1% vs. 5.7%, OR =
1.47, 95% CI: 1.05-2.05, p = 0.031).

These findings agree with those of Hussein et al.
They discovered that among individuals with breast
cancer there was a statistically larger percentage of HCV
seropositive subjects than among those without the dis-
ease (21.7% vs. 10.3%, p = 0.0027) [26]. According to
Cheng et al., HCV infection was substantially linked
to the development of breast cancer in people under
the age of 49 (HR = 2.19, 95% CI: 1.097-4.384) [27].

In contrast to our results, Wang et al. found that
HCV infection was adversely correlated with breast
cancer (HR = 0.87, 95% CI: 0.77-0.97) [28]. According
to Liu et al., there was no difference in the prevalence
of HCV between breast cancer patients and controls
(0.5% vs. 0.65%, OR = 0.76, 95% CI: 0.48-1.21, p =
0.244) [25].

The current study showed a non-significant dif-
ference between HCV seropositive and seronegative
subjects regarding TNM cancer staging, grading and
histopathological types in lung, pancreatic and breast
cancers.

These results coincide with those of Allison et al.,
who reported that the grade and stage of cancer in pa-
tients with chronic HCV were not remarkably different
from controls [29]. Hussein et al. stated that antiHCV
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serology status did not affect the staging and grading
of breast cancer [26].

In colorectal cancer, HCV seropositive subjects
were significantly more distributed in late stages
(90.9% vs. 65.8%, p = 0.016) and there was no signif-
icant difference regarding cancer grading and histo-
pathological type.

This could be attributed to delayed presentation
and late diagnosis of cancer in those seropositive pa-
tients.

Our results demonstrated that the survival dura-
tion in HCV seropositive subjects was significantly
lower compared to seronegatives in the case of col-
orectal cancer (15 vs. 39.1 months, HR = 2.77, 95% CI:
1.45-5.26, p = 0.002) and pancreatic cancer (7.3 vs.
15.1 months, HR = 2.20, 95% CI: 1.28-3.78, p = 0.004),
while it was nonsignificantly lower in lung cancer
(p = 0.927) and nonsignificantly higher in breast can-
cer (p =0.513).

These results indicate that HCV seropositivity was
associated with significant reduction in survival dura-
tion in patients with colorectal and pancreatic cancers.

Late TNM staging and older age may be considered
in the causation of reduced survival in HCV seropos-
itives in colorectal cancer, while in pancreatic cancer
subjects HCV seropositivity is the only considered fac-
tor. Other possible risk factors such as co-morbidities
and environmental factors should be examined in fu-
ture studies.

These results coincide with Allison et al., who
found that cancer mortality was significantly high-
er among HCV infected patients with rectal cancer
(RR = 2.6, 95% CI: 2.5-2.7, p = 0.04) and pancreatic
cancer (RR = 1.63, 95% CI: 1.6-1.7, p = 0.001) [29].
Hussein et al. reported that there was no statistically
significant difference between HCV seropositive and
seronegative subjects regarding survival in breast can-
cer (HR = 1.65, 95% CI: 0.74-3.21, p = 0.249) [26]. Lee
et al. documented that HCV seropositives did not have
a higher mortality from lung cancer than HCV sero-
negatives (HR = 1.08, 95% CI: 0.59-1.98) [30].

In contrast to our study, Lee ef al. found that HCV
seropositive subjects did not have a higher mortality
from colon cancer than HCV seronegatives (HR = 1.65,
95% CI: 0.59-4.60) [30]. Allison et al. documented
that the mortality from lung cancer was significantly
lower in the HCV infected group (RR = 0.98, 95% CI:
0.97-0.98, p < 0.001); they also stated that breast cancer
mortality in the HCV infected group was significant-
ly lower than controls (RR = 0.42, 95% CI: 0.41-0.43,
p=0.02) [29].

The disparity between our results and those of oth-
er studies may be attributed to variations of the geo-

graphic areas, HCV endemic status, age, sex and race
of included subjects in those studies. Liu et al. stated
that the association of HCV infection with cancer inci-
dence was particularly notable in geographical areas of
endemic HCV infection [25].

Conclusions

Our study suggested a significant positive associa-
tion between HCV seropositivity and development of
lung, colorectal, pancreatic and breast cancers. HCV
seropositivity had no impact on cancer grading and
histopathological type but was associated with re-
duced survival in colorectal and pancreatic cancers.
Other environmental factors and co-morbidities that
may reduce survival in these two cancer types should
be considered and examined in further studies.

Limitations of this study

Our study was a retrospective case control one and
data were taken from available patients’ medical re-
cords. We could not definitively link HCV seropositiv-
ity to the examined extrahepatic malignancies because
even though age and sex were matched, other factors
such as environmental factors, occupational factors,
and associated comorbidities could not be analyzed.
Our sample was uni-centric and relatively small.

Recommendations

We recommend large multicentric nationwide
prospective studies with better adjustment of cancer
related risk factors for a clearer understanding of the
connection between HCV infection and extrahepatic
malignancies, as well as its effect on cancer prognosis
and survival.
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