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Hepatitis C virus (HCV) is known for its oncogenic potential and has been found to be associated with hepatocellular carcinoma
(HCC) and non-Hodgkin lymphoma. It has also been postulated that HCV may play a role in the development of other
extrahepatic solid tumors of other organs of the body since it has been isolated from the vessel wall, kidney, and oral mucosa. In
this article, we have reviewed epidemiological studies that have been done to look into the relationship of HCV with nonliver
solid cancers of the pancreas, thyroid, renal, oral cavity, breast, and lung and nonpancreatic gastrointestinal cancers. Based on

this review, HCV might be associated with an increased risk of renal cell and lung cancers.

1. Introduction

Approximately 180 million people worldwide are infected
by hepatitis C virus (HCV) including almost three million
people in the US [1, 2]. HCV virus is known for its onco-
genic potential and has been found to be associated with
hepatocellular carcinoma (HCC) [3] and non-Hodgkin
lymphoma [4]. It has also been postulated that HCV may
play a role in the development of extrahepatic solid tumors
of other organs of the body since it has been isolated from
the blood vessel wall, kidney, and oral mucosa [5-7]. The
possible oncogenic effects of HCV can be through various
molecular, genetic, and environmental mechanisms. These
mechanisms include complement-mediated tissue injury,
inhibition of lymphocyte-mediated apoptosis, and mutation
of somatic genes like proto-oncogenes or tumor suppressor
genes [5, 8-21]. In this article, we have reviewed epidemiolog-
ical studies that have evaluated the relationship of HCV with
nonliver solid tumors.

2. Method

We conducted a MEDLINE search of published articles to
identify epidemiologic studies on the potential association
between HCV infection and solid malignancies other than
HCC. We focused on the following malignancies: (1) pancre-
atic cancer (PAC), (2) thyroid cancer (TC), (3) renal cancer
(RC), (4) oral cancer (OC), (5) breast cancer (BC), (6) lung
cancer (LC), (7) esophageal cancer (EC), (8) stomach cancer
(SC), and (9) colorectal cancer (CRC).
The inclusion criteria of our analysis were as follows:

(1) Case-control and cohort study designs focusing on
adult population

(2) Full-text publications and peer-reviewed articles in
the English language

(3) Studies that described diagnostic testing for the HCV
infections in the participants, for example, enzyme-
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TaBLE 1: Case-control studies for association of chronic HCV infection with pancreatic cancer (PC).
. HCV (+) cases HCV (+) controls . AOR
Author Country  Sample size (1) (n)/total cases (1) (m)/total controls () Factors adjusted (95% CI) P value
Woo et al. [22] Korea 3765 21/753 36/3012 Age,sex, DM, 515 40) <001
smoke
Changetal. [23]  Taiwan 2301 22/585 45/1716 Age;rsne;(l’(?M’ 13(08-23) NA
Hasan etal. [24]  USA 1355 7/476 9/879 DM, smoke, =5 43 58)  NA

alcohol, FHC

AOR: adjusted odds ratio; CI: confidence interval; DM: diabetes mellitus; FHC: family history of cancer.

linked immunosorbent assay (ELISA) and polymerase
chain reaction (PCR) for the presence of HCV RNA.

The exclusion criteria of our analysis were case reports
and case series.

The MEDLINE search of articles on the association of
hepatitis C and nonliver cancers produced the following cita-
tions: (1) PAC-: 144; (2) TC-: 65; (3) RC-: 239; (4) OC-: 179;
(5) BC-: 111; (6) LC-: 185; (7) EC-: 91; (8) SC-: 93; and (9)
CRC-: 118. We screened the potentially relevant studies
and, in accordance with predefined criteria, we identified
and considered in our systematic review the following num-
ber of studies on the association of hepatitis C and nonliver
cancers: (1) PAC: 3 case-control studies and 7 cohort studies;
(2) TC: 5 case-control studies and 7 cohort studies; (3) RC: 3
case-control studies and 4 cohort studies; (4) OC: 2 case-
control studies and 4 cohort studies; (5) BC: 2 case-control
studies and 5 cohort studies; (6) LC: 2 case-control studies
and 4 cohort studies; and (7) esophagus/stomach/colon/rec-
tal: 2 case-control studies and 5 cohort studies.

3. Results

3.1. Pancreatic Cancers. In Woo et al.,, anti-HCV seropositiv-
ity was found to be associated with increased risk of develop-
ing PAC [22]. In contrary, Chang et al. and Hassan et al. did
not find HCV infection to be associated with an increased
risk of PAC [23, 24] (Table 1).

In a population-based cohort study, Abe et al. did not
find HCV to be associated with increased risk of PAC as
compared to individuals without a positive infection marker
in a 324,394 person-years follow-up [25]. Huang et al. con-
ducted a nationwide cohort study in Sweden using a National
Surveillance Database from 1990 to 2006 and followed to the
end of 2008 [26]. The PAC risk in the study population was
compared with the general population [26]. In a total of
340,819 person-years in the HCV cohort, 34 PACs were
identified [26]. It was noted that HCV slightly increases the
risk of pancreatic cancer as compared to general population
[26]. El-Serag et al, conducted a cohort study including
146,394 HCV-infected and 572,293 HCV-uninfected
patients who received care at Veterans Affairs health care
facilities between 1996 and 2004 [27]. In the 1.37 million
person-years of follow-up, HCV-associated risk of PAC was
slightly elevated, which was attenuated after adjusting for
alcohol use, pancreatitis, cholelithiasis or choledocholithiasis,

HBV, or primary sclerosing cholangitis [27]. An increased
risk of PAC was also noticed among HCV-infected patients
in Omland et al. [35]. However, Amin et al. did not
show an increased incidence of PAC in HCV-diagnosed
patients [28] (Table 2).

3.2. Thyroid Cancers. Five case-control studies completed in
Italy by Antonelli et al. and Montella et al. have shown con-
sistently increased prevalence and risk of TC among patients
diagnosed with HCV infection (Table 3) [29-33]. Antonelli
et al. noted six cases of TC in 308 HCV (+) patients, while
no TC patient was noted in 616 healthy subjects from
iodine-deficient areas (P 0.001) and only one TC was
noted in 616 healthy subjects from iodine-sufficient areas
(P 0.003) [29]. Montella et al. showed a statistically signifi-
cant association between HCV and papillary TC [30]. In
another case control study, Antonelli et al. compared the
prevalence of TC among HCV -related mixed cryoglobuline-
mic patients to a five sex-matched control group of subjects
aged > 50 years and who had undergone thyroid ultrasound.
They noticed two cases of papillary TC in patients with
HCV-related mixed cryglobinemia (2/94), while no case
was observed among controls (0/582) (P 0.001) [31]. In
another case-control study, Montella et al. found an associa-
tion between HCV and TC in overall population and
subjects > 50 years [32]. In another study, Antonelli et al.
found 3 incidences of TC on fine-needle aspiration (FNA)
biopsy of HCV (+) cases while no TC was noted in HCV (-)
control group (P 0.004) [33] (Table 3). In contrary to the case
control studies, none of the cohort studies done in the United
States, Australia, Denmark, Sweden, and Taiwan showed an
association between HCV and TC [4, 28, 34-37] (Table 4).

3.3. Renal Cancers. Gonzalez et al. screened for anti-HCV
antibodies and HCV RNA in patients with suspected RC
and colon cancer (controls) [38]. They found increased
detection of anti-HCV and HCV RNA in RC cases as com-
pared to colon cancer controls (Table 5) [38]. Malaguarnera
et al. compared the prevalence of HCV infection in cancer
patients to volunteers (controls) [39]. Increased prevalence
of anti-HCV was found in patients with RC cases as com-
pared to control group [41]. However, Budakoglu et al. found
no significant increase in HCV positivity in RC patients com-
pared to healthy control group [40] (Table 5).

In a cohort study, Gordon et al. HCV tested cases
between 1997 and 2006 were followed for the development



Gastroenterology Research and Practice

"201AI2S ATRJI[IW JO BId pue ‘asn Y A snomadid 9isia Surpaoaid e pue 9isia surppseq a3 10§ (Juanedino 1o juanedur) jsia jo ad4) oyep
JISIA QUI[Aseq X35 DFe 10J pasn(pe YH .. ., HOYOd Pajoojurun- ADH Ul SILIL-UO0SId] , , ., HIOYOD PIJOJUI ADH UI ST1edL-U0SId{ , , , "UOTIedYTIou ADH JO syjuour 9 1a)je porrad Se[ FLLIM YIS .. ‘Sunjows pue TNg
‘sa)oqeIp ‘eare Apm3s xos ‘9ge Iojy pasnipe YH, ;&mbﬁ uonnnsqns prordo ;1O SOTBI ADUIPIOUT PIZIPILPUL)S ]S ‘SOTIRT )BT PIZIPILPURIS NS SISEI Pajoadxa i) SaseI PIAIISqo 1)) [EAIDIUT RIUIPYUOD D)

(TT-8°0) ¥'1 ¥IS GLL9SE VN LI VN ¥€8°6L/L1 LVSLTT 70020661  ®I[EnSNY [82] Te 3 utwry
(ST=0T) TT susssdH wwmwmwﬁ VN VN €6TTLSIVN P6E9FT/VN £89°81L $007-9661 vsn [£2] Te 32 Se1ds-14
(T0T-T'T) 6°€ ¥IS 086ST I ¥ VN yOTH/Y V147 €00C-%661  Sewudq [G¢] Te 390 pue[uQ
AMNNM v:ao% mwm PS1°09¢€ 9T ¥E 807°L61/071 Y 6E/VE €560S 9007-0661  UIpams [92] 'Te 35 Sueny
(Te=L1) STHAS ¥86°6¢ VN VN SYTIEIT/VN 9TI°C1/61 69€€HIT 0102-9002 vSn [¥€] T 39 uosty
(L1-€0) £0 IH F6£FTE VN VN 1€T6T/VN 6CTT/VN 09€°0T s1eak 91 uede( [sT] Te 10 2qy
(ID %S6) ™I steak-uosiod  DH DO  (4) s3s8d (=) ADH/(#) Dd (1) 8352 (+) ADH/(4) D~ $122[qns jo roqumu [ejo], potad Apmg  Anunop Toyny

(D) 19oued dneanued YIIM UORIJUT ADH JTUOIYD JO UOTJBIDOSSE JOJ SAIPNIS 110Y0)) 7 414V ],



Gastroenterology Research and Practice

"a[qeqreAe Jou 1y N ‘sanpou proifyy ajqedred :N 1 d cuoneirdse ajpasu-auy

VN ‘syusned erwaulnqo[SoA1 paxi D fuondeal ureyd aserow4[od D ‘ABSse JUaGIOSOUNIWI PANUI[-DWAZUD 1Y ST 8218 JUSIDLNS SUIPOI—[OIUOD g {8IE JUIIOYIP SUIPOI—[OIJUOD,, [EAIJUI IDUSPYUOD [

7000 V/IN VIN 5€8/0 6€T/€ VL6 NILd J0 VNI Aar - [g€] e RUOIY
. Y o 53582 D1, 0€1
S.o me = |8.wv N.OQWMMQMO %mABva ® xas 98y 9TT/ILT 0€1/91 96¢ S[OI)UOD SNSIDA SINDULD A1 [z€] Te 1@ e[RIuON
100 ¢'9-7'1) §'7 uonendod [resoaQ Juosaptp w1 2>uspessid ADH
1000 V/IN VIN 789/0 y6/tT ¥95 OW Paie[I ADH UI DL, A1 [1€] e PRUOUY
€000 (FL-ST) €€ VIN (44483 0€T/91 TLEIVE ¥Dd pue ySITI—sisouderp ADH ~ A[e1  [0€] T8 32 B[PIUOIN
€000 919/1 [01uo)H .
q q q Arey ® 19 I[[oUOIU
1000 V/N VIN 2919/0 80€/9 oSt “lonuo) B [67] Te1PUOIIY
anfea 4 (ID %S6) YO paisnipe siojoeg (1) s1o1u02 [¥103/(1) - (1) S5 [e301/ () (u) az1s oydureg udisop Apmig Anyunop oymy

sfonuod (+) ADH sased (+) ADH

*(D1.) 1eoued PIOIAY) [IIM UOTIOJUT ADH OTUOIYD JO UOIIRIDOSSE IO SAIPNIS [0IJU0I-958)) i ATAV],



Gastroenterology Research and Practice

"3[qe[TRAR JOU YN “9DTAISS ATRI[TW JO I pue sn y A snoradxd 9isia Surpasaxd e pue Jisia surfaseq
ay) 105 (Juenjedino 1o juanjedur) JisiA Jo adA) “O1ep JISIA duUT[PSEq DIBI “Xas DFe 10§ Pajsnipe YH , ‘ONel pIezey Y ‘Olel 2OUIPIOUL PIZIPIEPUL)S R[S [LAIIUT DUIPLUOD :[7) 53sed Pajdoadxa DY $ased pasIasqo :DO

(L1-T0) £0 YIS 800°€TC 89 ¢ VN T6871/S €19'67 L007-€661 _ eIensny  [9g] e 19 Hemg
(£0-T°0) €0 YIS SLL9SE VN 6 VN ¥€86L/6 LVS'LIT ¢002-0661  elensny [87] e 3° Uy
(01-1°0) T'T UIS 086°ST CUUNEN VN vOTH/1 voTh €00T-F661  rewuaq  [s¢] e 30 puBWQO
(9'1-9°0) T'T WIS ¥86°6¢ VN VN YTIEIT/IVN 9TIC1/9 69€°CV1T 0102-900C vsn [¥€] Te 10 oStV
(60-5°0) £'0 .MH MM%%MMAMWVV \A/UUMM VN VN €6TTLS/IVN P6E 9V T/VN L89'8IL ¥00C-L661 vsn [7] Te 32 ouepior
(9°€-5°0) ST YIS TLTTT VN ¢ VN 0STLT/VN 0ST1°LT 00020661 Uopamg [£€] Te 12 812qnQ

(ID %S6) st s1e24-U0SIo D9 dO (u)sased (=) ADH/(4) DI () s3sed (+) ADH/(#) DI s39[qns jo 1oqunu [ejo], poudd Apmig  Anuno) loyiny

*(D,1L) 190oued PIOIAY) YIIM UOTOJUT ADH OIUOIYD JO UONRIDOSSE 10J SAIPNIS 1I0Y0Y) f 14V ],



6 Gastroenterology Research and Practice
TaBLE 5: Case-control studies for association of chronic HCV infection with renal cancer (RC).

Author Country Study design Sample size HCV (+) cases/total HCV (+) controls/total OR (95% CI) P value

(n) cases (n) controls (n)

Gonzalez et al. Hospital-based 11/140* 1/100* 24.2 e

[38] UsA RCC versus CC 240 9/11** 0/1** (2.4->999.9)** 0.043

lgilzllag[ggl]rnera Italy Case-control 536 8/15 (53%) 30/300 (10%) N/A <0.001

Budakoglu Hospital-based cases

et al [4(%] Turkey Controls from 6170 15/903 (1.7%) 81/5267 (1.5%) N/A 0.77

general population

CC: colon cancer (controls); *cases and controls tested for anti HCV; **anti-HCV (+) cases and controls tested for HCV RNA; OR: odds ratio; CI: confidence

interval; NA: not available.

TaBLE 6: Cohort studies for association of chronic HCV infection with renal cancer (RC).

Total number

Author Country  Study period

RC (n)/HCV RC (n)/HCV Risk

OC EC Person-years

of subjects (+) cases (n)  (—) cases (n) (95% CI)
Gordon et al. [41] USA 1997-2006 67,063 17/3057 177/64,006 NA NA NA HR 1.7 (1.0-2.9)
Hofmann et al. SIR 1.2 (0.8-1.7)
[42] Sweden 1990-2006 258,000 29/43,000 NA/215,000 NA NA 400,196 SMR 12 (0.6-2.2)
Omland et al. [35] Denmark 1994-2003 4204 4/4204 NA 4 1.1 15,980 SIR 3.6 (0.9-9.2)
Amin et al. [28] Australia  1990-2002 117,547 18/75,834 NA 18 NA 356,775 SIR 0.5 (0.1-3.4)

OC: observed cases; EC: expected cases; CI: confidence interval; SIR: standardized incidence rate; SMR: standardized mortality rate; NA: not available.

of RC until April 2008. The adjusted hazard ratio (HR) for
age, African-American race, male gender, and chronic kid-
ney disease (CKD) was 1.77 (95% CI 1.1-2.9, P 0.03) [41].
In contrary, another nationwide registry-based cohort study
conducted in Sweden on individuals with chronic HCV
infection diagnosed between 1990 and 2006 with a mean
follow-up time of 9.3 years did not show increased standard-
ized incidence rate (SIR) for RC in this population. Also, SIR
was not found to be significantly increased in Omland et al.
and Amin et al. [28, 35] (Table 6).

3.4. Oral Cancers. Nagao et al. demonstrated both signifi-
cantly increased detection of anti-HCV antibodies and
HCV RNA in patients with OC as compared to control
group. Also, significantly decreased prevalence of anti-HCV
antibodies was noticed in patients with SC as compared to
OC patients [43]. Takata et al. found increased prevalence
of HCV antibody in patients with OC as compared to
patients with impacted teeth but the association reversed
after age adjustment [44] (Table 7).

In a prospective study done by Su et al., incidence of OCs
was 2.28-fold higher (6.15 versus 2.69 per 10,000 person-
years) among patients with HCV than those in the nonviral
hepatitis group (HR 1.9, 95% CI 1.2-3.0) [45]. The positive
association was highest among individuals in the 40-49 year
age group (HR 2.57, 95% CI 1.2-5.4) [45]. However, Amin
et al. did not show an increased association of HCV with can-
cers of the mouth, tongue, and tonsil [28]. However, Swart
et al. showed an increased incidence of cancers of the mouth
in patients found to be HCV-positive [36] (Table 8).

3.5. Breast Cancers. Su et al. conducted a nationwide
population-based case-control study in Taiwan [46] in which

1958 patients with newly diagnosed BC were identified from
the National Health Insurance Research Database (NHIRD)
between 2000 and 2008 [46]. A randomly selected sample
of age-matched cohort of 7832 subjects without cancer was
selected for comparison [46]. Three percent of BC subjects
had HCV and 2.3% non-BC subjects had HCV [46]. No sig-
nificant association between HCV infection and BC was
found (adjusted OR 1.2, 95% CI 0.9-1.7) after adjusting for
area, occupation, urbanization, and income [46]; however,
age < 50 years was found to be associated with a 2-fold
greater risk of developing BC (OR 2.0, 95% CI 1.2-3.3)
among HCV-infected persons [46]. A single-center case con-
trol study was performed in France by Larrey et al. in which
females aged > 20 years with present and/or past history of
chronic HCV infection based on detection of serum anti-
HCV antibodies, HCV RNA by PCR, and liver biopsy
consulting in an outpatient liver unit for 1 year [47] were
included. The control group included female patients with
other chronic liver diseases: chronic hepatitis B, alcoholic
liver disease, autoimmune hepatitis, hemochromatosis, non-
alcoholic liver disease, and chronic cholangitis. The results of
this study noted a higher prevalence of BC in the HCV group
(17/294, 6%, 95% CI 3.1-8.4), but there was no significant
statistical difference with the control group (5/107, 5%,
95% CI 0.7-8.7) [47]. Furthermore, no significant difference
in BC was found among HCV and control group for females
younger than 40 years (0/28 versus 0/12), between 41 and 60
years (5/146, 3.4%, 95% CI 0.5-6.4 versus 1/55, 2%, 95% CI
0-5.3), and older than 60 (12/120, 10%, 95 CI 4.6-15.4 versus
4/40, 10%, 95% CI 0.7-19.3) [47].

HCV was not found to be associated with an increased
incidence of BC in cohort studies conducted by Allison
et al. (SRR 0.7, 95% CI 0.6-0.8), Omland et al. (SIR 0.25,
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TaBLE 7: Case-control studies for association of chronic HCV infection with oral cancer (OC).
. Sample HCV (+) cases/total HCV (+) controls/total . o
Author Country  Study design size (n) cases (%) controls (%) Factors adjusted OR (95% CI) P value
Nagao () Anti-HCV ab (a) 24/100 (24) (a) 11/104 (10.6) (a) <0.05
Japan None NA
et al. [43] (b) HCV RNA (b) 17/100 (17) (b) 4/104 (3.9) (b) <0.05
Anti-HCV ab*
Takata Hospital-based
et al. [44] Japan oC 4402 13/343 25/270 Age 0.4 (0.2-0.9) <0.05

IT**

OR: odds ratio; CI: confidence interval; NA: not available; **IT—impacted teeth (controls); *anti-HCV antibodies were compared among patients with OC and IT.

95% CI 0.03-0.9), Amin et al. (SIR 0.4, 95% CI 0.3-0.5), and
Swart et al. (SIR 0.4, 95% CI 0.1-0.8) [28, 34-36].

3.6. Lung Cancers. In a Turkish retrospective study con-
ducted by Uzun et al.,, anti-HCV antibodies were tested in
45 patients with LC, 80 patients with benign lung disease,
and 135 healthy controls [48]. Detection of anti-HCV abs were
significantly higher (P < 0.05) among LC patients (3/45) as
compared to patients with benign lung disease (0/80) and the
healthy controls (1/135) [48]. In another case control study
conducted by Malaguarnera et al., increased prevalence
of anti-HCV was found in patients with LC (8/22 versus
30/300) as compared to those in the control group (36%
versus 10%, P < 0.05) [39].

In Allison et al., HCV infection was found to be associ-
ated with a slightly increased incidence of LC (SRR 1.6,
95% CI 1.3-1.9) [34]. Similarly, in Swart et al., increased inci-
dence of cancer of trachea, bronchus, and lung were noted
(SIR 4.6, 95% CI 2.8-7.1) among subjects infected with
HCV [36]. However, in Omland et al., HCV was not found
to be associated with increased incidence of lung cancer
(SIR 1.95, 95% CI 0.93-3.58) [35]. Similarly, in Amin et al,,
HCV was not found to be associated with the increased inci-
dence of cancer of the larynx (SIR 1.0, 95% CI 0.4-2.3) and
trachea (SIR 1.2, 95% CI 0.9-1.5) [28].

3.7. Gastrointestinal (GI) Cancers. Increased risk of EC
among HCV-infected population was not observed in the
studies done by Amin et al. (SIR 0.5, 95% CI 0.2-1.4) [28],
Allison et al. (SRR 2.1, 95% CI 0.9-3.2) [34], and Omland
etal. (SIR 1.6, 95% CI 0.04-9.2) [35]. Also, no statistically sig-
nificant association was found between HCV and SC in
Amin et al. (SIR 1.4, 95% CI 0.9-2.1) [28] and Allison et al.
(SRR 1.1, 95% CI 0.5-1.6) [34]. A case-control study by
Malaguarnera et al. found an increased prevalence of anti-
HCV antibodies in patients with colorectal cancer as com-
pared to controls (8/22 (36%) versus 30/300 (10%),
P <0.05) [39].

In Allison et al., an increased incidence of rectal cancer
was also found in patients with chronic HCV infection
(SRR 2.1, 95% CI 1.3-2.8) [34], but colon cancer incidence
rate did not increase in chronic HCV-infected patients
(SRR 0.4, 95% CI 0.3-0.6) [34]. Colon cancer incidence rate
was also not increase in HCV-infected patients in studies
by Amin et al. (SIR 0.6, 95% CI 0.5-0.9) [28] and Omland
et al. (SIR 1.0, 95% CI 0.2-2.9) [35]. Similarly, no increased
incidence of rectal cancer was observed in HCV patients in

Amin et al. (SIR 0.3, 95% CI 0.2-0.6) [28] and Omland
et al. (SIR 1.8, 95% CI 0.4-5.4) [35]. Furthermore, no
increased incidence of CRC was observed in patients with
HCV notification (SIR 0.9, 95% CI 0.4-1.8) in Swart
et al. [36].

4. Discussion

HCV has a hepatotropic potential and is well known for
causing hepatocellular carcinoma. Since both liver and pan-
creas share common endodermal origin, it is postulated that
HCV may replicate in pancreatic cells as well [49, 50]. Thus,
HCV may play a role in the development of PAC. However,
most of the epidemiological studies have not shown an
association between the HCV and PAC. Among these, two
case-control studies and one cohort study were conducted
in Asian population [22, 23, 25]. Only one case-control study
done in Korea showed an increased risk of PAC in HCV-
positive subjects [22]. On the other hand, focused cohort
studies which have not utilized administrative data have
not shown a positive association between HCV and
PAC [25, 27]. Based on current information, increased
PAC screening among HCV-infected patients is not
clearly indicated.

Antonelli et al. and Montella et al. collaborated to con-
duct five case-control studies on the association of HCV
and TC in Italy. They have consistently shown an increased
association between HCV and TC [29-33]. Although they
did not adjust for some of the TC risk factors in their analyses
such as history of radiation exposure, they were still able to
show increased risk of TC among HCV (+) population as
compared to controls from iodine-deficient areas [29] and
among population > 50 years [32]. However, no cohort study
has been done in Italy to confirm this association between
HCV and TC. None of the cohort study done in other parts
of the world has shown any significant relationship between
HCV and TC [4, 28, 34, 35, 37]. It could be possible that a
high prevalence of HCV in certain parts of the world may
result in an increased risk of developing TC which could be
turther explained by genetic and environmental factors. Until
now, the data does not clearly support an increase in TC
screening among HCV-infected patients.

According to a study utilizing bioinformatics network
analysis technique, NY-REN-54 may be the protein responsi-
ble for a cause-outcome relationship between HCV and RCC
as this protein is common to both [51]. This protein causes
disturbance of autophagic response due to ubiquitin-
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protein ligase-related mechanism [51]. Among three case-
control studies, two studies, that is, Gonzalez et al. and
Malaguarnera et al., have shown an increased risk of RCC
in HCV (+) population [38, 39]. These studies confirmed
the HCV status of their subjects by testing for HCV RNA
[38, 39]. Moreover, Gonzalez et al. used CRC patients as con-
trols in their study who are expected to have a higher risk of
acquiring HCV infection due to frequent hospitalizations
and medical procedures as compared to the general popula-
tion [38]. The result of the study still showed statistically
increased prevalence of anti-HCV antibodies and HCV
RNA in the RCC patients as compared to the CRC patients
[38, 39]. Gordon et al. conducted a follow-up cohort study
to the findings of Gonzalez et al. and confirmed that HCV
increases the risk of RCC [38, 41]. Based on current data,
HCV could be associated with increased risk of RCC. Clini-
cians should consider screening newly diagnosed RC cases
for HCV virus. Also, low threshold should be maintained
for screening RC in population positive for HCV in the US.

Few epidemiological studies have been done and most
were limited to Asia, to determine an association between
HCV and OC. The two case-control studies done in Japan
have shown conflicting results [43, 44]. Nagao et al. showed
increased association between HCV and OC [43]. On the
other hand, Takata et al. also showed an increased risk but
it turned into a protective effect after adjusting for age [44].
A large cohort study conducted by Su et al. on Chinese
population showed an increased risk of OC in HCV-
infected population as compared to HCV-negative popula-
tion [45]. However, cohort studies done outside of Asian
population has not shown an association. Until now, no
definitive conclusions can be obtained from the data on the
association of HCV and OC and more studies are needed uti-
lizing information on the risk factors of OC to be adjusted in
the data analyses for making more definite conclusions.

Epidemiologic studies on the relationship of HCV and
BC have consistently failed to show an association [28, 34-
36, 46, 47]. Only Su et al. noticed an increased risk in women
aged < 50 years [46]. Thus, recent epidemiologic data on the
association of HCV and BC do not confer a causative rela-
tionship. Therefore, increased screening of BC in chronic
HCYV infection is not warranted.

Two case-control studies done in Turkey and Italy, by
Malaguarnera et al. and Uzun et al., on the association of
HCV and LC have observed that HCV increases the risk of
lung cancer [39, 48]. Until now, no cohort study has specifi-
cally looked into the association of HCV and LC. Although
the four cohort studies have shown an increased risk of LC
in HCV infected population [28, 34-36], two of them did
not find the risk statistically significant [28, 35]. Currently,
limited epidemiological studies have suggested some associa-
tion between HCV and LC. Clinicians may consider keeping
a low threshold for screening chronic HCV infection for LC
until further more focused prospective studies evaluate the
relationship between HCV and LC in more detail.

The data on the association of HCV and nonpancreatic
GI cancers is very limited and consist mainly of a case control
study done in Italy [39] and a few cohort studies based on
administrative datasets [28, 34-36]. Malaguarnera et al.

showed increased prevalence of anti-HCV antibodies among
CRC as compared to controls [39]. Also, Allison et al. found
increased incidence of rectal cancer in HCV-infected popula-
tion [34]. None of the other cohort studies were able to
confirm these associations. None of the cohort studies found
an association between HCV and EC or SC [28, 34, 35]. Thus,
it can be concluded that the current data on the association of
HCV and nonpancreatic GI cancers is very limited and does
not clearly indicate if there is an association.

Most of available data on the association of HCV and
nonhepatic solid cancers have been obtained from cohort
studies. The large size and lengthy follow-up of these studies
provides the adequate statistical power to determine the can-
cer risk in the study population. However, lack of consistency
has been found across the epidemiological studies on the
association of HCV and nonhepatic solid cancers which
could be explained by the limitations associated with them.
These limitations include small sample size of some case-
control studies, errors in diagnosis in administrative dataset,
representation of only a part of the general population in the
national cancer registry, and missing data. This may result in
underestimation or overestimation of the risk and makes it
difficult to interpret the results of these studies. For example,
two case-control studies done in Turkey and Italy, by
Malaguarnera et al. and Uzun et al., were limited by a small
sample size [48] and not being able to adjust for risk factors
of LC like smoking, radiation exposure, occupation, and
family history of LC [39, 48]. Similarly, Su et al. lacked infor-
mation on several variables associated with BC, for example,
body mass index, fertility, and use of oral contraceptive to
adjust for confounding in their analyses [46]. Woo et al. uti-
lized paired matching to match their controls with cases for
age, sex, and date of admission or visit but did not use condi-
tional logistic regression for analyzing the data as indicated
when controls are pair-matched to cases [22]. Also, there
were too much missing data (66%) in this study which may
have contributed to bias to their analyses [22]. Budakoglu
et al. did not confirm the anti-HCV antibody-positive status
of the subjects with HCV RNA which could have resulted in a
bias in their analysis since anti-HCV antibodies can be falsely
positive due to old infection or secondary to cross reactiva-
tion with other infections [40]. Hofmann et al. excluded
623 HCV-infected subjects from the analyses due to
incomplete information [42]. It is not known if the char-
acteristics of the subjects excluded from the analyses were
similar to those who were included and thus may have
resulted in a bias [42]. A large cohort study conducted
by Su et al. showed an increased risk of OC in HCV-
infected population as compared to HCV-negative popula-
tion [45]. However, this study also lacked information on
some of the risk factors of oral cancer like smoking, alco-
hol consumption, and betel squid chewing to adjust them
in their analyses [45]. Although Malaguarnera et al. observed
an increased prevalence of HCV RNA in LC patients as
compared to controls (26% versus 6.6%), they did not
confirm this by using statistical analyses to look for signif-
icance [39]. Moreover, no study has looked into the role of
different HCV genotypes in causing a specific type of
nonhepatic solid cancer.
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The data on the association between HCV and many
nonhepatic solid cancers are still in the initial stages and
are not very conclusive. More epidemiological studies are
needed in different regions of the world to confirm the asso-
ciations observed in this review.
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