
Hepatitis B or C virus infection and risk of 
non-Hodgkin lymphoma among solid organ 
transplant recipients

Hepatitis B and C viruses (HBV/HCV) substantially
increase risk for hepatocellular carcinoma, likely through
both direct oncogenic effects (e.g. interaction of HCV
proteins with host proteins that regulate cell prolifera-
tion, integration of HBV DNA into the host genome) and
indirect effects (e.g. chronic inflammation, fibrosis).1

Epidemiological studies also have demonstrated increased
non-Hodgkin lymphoma (NHL) risk with chronic HBV or
HCV infection, with potential specificity for particular NHL
subtypes.2-5 However, the mechanisms by which chronic
viral hepatitis may contribute to lymphomagenesis are
unclear. The ability of HCV to replicate within lympho-
cytes and thereby exert a direct oncogenic effect is uncer-
tain,6 and an indirect effect through chronic antigenic stim-
ulation is plausible.5Nonetheless, a causal relation between
HCV and NHL is strongly supported by regression of lym-
phomas in HCV-infected individuals following antiviral
treatment.7 Although there are no comparable data for
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Table 1. Selected characteristics of 178,265 solid organ transplants,* United States, 1994-2009.
Total population HCV status at transplantation HBV status at transplantation

Characteristic N (%)† % Infected‡ % Unknown‡ % Active % Resolved % Unknown‡

Infection‡ Infection‡

Total 178,265 (100.0) 11.1 12.6 2.6 7.5 26.5
Sex
Male 109,188 (61.3) 13.0 12.6 2.9 8.3 26.3
Female 69,077 (38.7) 8.2 12.6 2.1 6.1 26.8
Age at transplantation (years)
0-19 15,016 (8.4) 1.6 17.9 2.1 4.1 31.6
20-34 25,264 (14.2) 3.1 12.2 2.2 4.2 27.3
35-49 54,650 (30.7) 13.5 12.4 2.8 7.7 27.1
50-64 66,891 (37.5) 15.0 12.1 2.7 9.3 25.2
65+ 16,444 (9.2) 8.4 11.2 2.4 7.6 24.0
Race/ethnicity
White, non-Hispanic 108,606 (60.9) 11.3 12.7 2.0 6.1 27.0
Black, non-Hispanic 30,991 (17.4) 10.3 11.8 2.3 9.0 27.3
Hispanic 28,584 (16.0) 12.6 12.8 1.8 7.8 24.7
Asian/Pacific Islander 10,084 (5.7) 7.7 13.7 11.9 16.8 23.5
Transplanted organ
Kidney 103,108 (57.8) 4.6 11.7 1.7 6.1 28.3
Liver 39,542 (22.2) 35.0 15.7 5.9 14.2 21.1
Heart and/or lung 24,591 (13.8) 1.7 12.0 1.3 2.9 28.5
Other/multiple organs 11,024 (6.2) 8.0 11.4 2.1 6.0 24.5
Calendar year of transplantation
1994-1999 61,273 (34.4) 10.2 13.9 2.3 6.0 31.9
2000-2004 64,715 (36.3) 11.6 12.4 2.6 8.1 26.0
2005-2009 52,277 (29.3) 11.6 11.3 2.9 8.4 20.8
Epstein-Barr virus serology status§

Positive 65,154 (36.6) 12.9 4.7 2.9 8.3 17.5
Negative 13,795 (7.7) 9.0 10.6 2.5 6.9 14.8
Unknown 99,316 (55.7) 10.5 22.6 2.4 7.0 34.0
Incident NHL during follow up
Total 1427 (100.0) 9.0 14.1 2.4 5.8 28.9
DLBCL 843 (59.1) 9.4 15.2 2.6 4.4 28.1
MZL 36 (2.5) 16.7 16.7 2.8 22.2 27.8
BL 81 (5.7) 8.6 8.6 3.7 4.9 29.6
CLL/SLL 33 (2.3) 6.1 15.2 3.0 9.1 33.3
FL 35 (2.5) 5.7 20.0 0.0 11.4 14.3
PTCL 37 (2.6) 2.7 21.6 2.7 2.7 37.8
Rare NHL subtypes 90 (6.3) 5.6 7.8 3.3 13.3 22.2
NOS 272 (19.1) 7.7 14.0 1.1 5.1 33.5
Median follow up (years) 3.59 2.86 3.43 3.26 2.97 3.46

BL: Burkitt lymphoma/leukemia; CLL/SLL: chronic lymphocytic leukemia/small lymphocytic lymphoma; DLBCL: diffuse large B-cell lymphoma; FL: follicular lymphoma; HBV:
hepatitis B virus; HCV: hepatitis C virus; MZL: marginal zone lymphoma; NHL: non-Hodgkin lymphoma; NOS: not otherwise specified; PTCL: peripheral T-cell lymphoma.
*Includes 178,265 solid organ transplants (n=161,403 first, n=15,389 second, n=1473 third or higher transplants) occurring among 167,781 individuals. Follow-up time was
contributed separately for successive transplants. †Represents percent of total number of transplants (i.e. column percent), except for NHL subtypes for which (%) represents
percent of total NHL diagnoses. ‡Represents percent of transplants within that category (i.e. row percent). §Restricted to the 116,992 transplants performed in 2000 or later,
when EBV serostatus was routinely recorded by the SRTR. 



HBV, peripheral blood mononuclear cells are an established
extra-hepatic HBV reservoir.8

Chronic viral hepatitis-induced liver disease is a major
indication for liver transplantation, and thus infection with
HBV and HCV is more common among solid organ trans-
plant recipients than in the general population. A null asso-
ciation for HCV and HBV with post-transplantation lym-
phoproliferative disorder (PTLD) has been reported,9,10 sup-
porting the hypothesis that immunocompetence is required
for HBV- or HCV-induced lymphoproliferation. However,
those previous reports were limited by potential under-
ascertainment of PTLD diagnoses and inability to conduct
analyses specifically for NHL or individual NHL subtypes.
Additionally, a recent small case series of PTLD suggested
HCV may act as a co-factor for Epstein-Barr virus,11 sup-
porting the need for further research.
Investigation of chronic viral hepatitis and NHL in

immunosuppressed populations may provide a unique
insight into lymphomagenesis as well as further our under-
standing of NHL etiology following solid organ transplan-
tation. We therefore investigated HBV, HCV, and NHL risk
in the Transplant Cancer Match Study (www.transplant-
match.cancer.gov),12 linking the US Scientific Registry of
Transplant Recipients (SRTR) with state/regional popula-
tion-based cancer registries to provide comprehensive, sys-
tematic cancer ascertainment for solid organ transplant
recipients. The SRTR collects detailed data on all US solid
organ transplants since 1987. During 2008-2012, serial

record linkages were completed between SRTR and 15
population-based cancer registries to identify NHL cases,
with NHL subtypes (n. >30 cases) defined by World Health
Organization guidelines. The study population was
restricted to transplants performed in 1994 or later, when
viral hepatitis testing of recipients became routine, and
excluded individuals with unknown race/ethnicity (0.7%)
or history of human immunodeficiency virus (HIV) infec-
tion (0.1%). Recipients with a positive enzyme immunoas-
say screening test for serum HCV antibodies and/or posi-
tive for HCV RNA were considered HCV-infected.
Recipients positive for hepatitis B surface antigen (HBsAg)
were considered to have active HBV infection, whereas
those positive for hepatitis B core antibody and negative for
HBsAg were considered to have resolved HBV infection.
For each transplant, follow up began on the date of trans-

plantation or start of cancer registry coverage (whichever
came later) and ended at NHL diagnosis, graft failure, re-
transplantation, death, or loss to follow up (whichever
came first). Patients contributed follow-up time separately
for successive transplants. Relative risk (RR) of NHL and
corresponding 95% confidence intervals (CI) according to
HBV- or HCV-infection status were derived from multivari-
ate Poisson regression models. 
Our study population included 178,265 solid organ

transplants, with a median age at transplantation of 48
years (Table 1). A total of 19,828 transplants (11%)
occurred in HCV-infected recipients, 4596 (2.6%) in those
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Figure 1. HBV and HCV infection and
risk of NHL following solid organ trans-
plantation, by patient and transplant
characteristics and NHL subtype. BL:
Burkitt lymphoma/leukemia; CLL/SLL:
chronic lymphocytic leukemia/small
lymphocytic lymphoma; CI: confidence
interval; DLBCL: diffuse large B-cell
lymphoma; EBV: Epstein-Barr virus; FL:
follicular lymphoma; HBV: hepatitis B
virus; HCV: hepatitis C virus; MZL: mar-
ginal zone lymphoma; NHL: non-
Hodgkin lymphoma; NOS: not other-
wise specified; PTCL: peripheral T-cell
lymphoma; RR: relative risk. *RR
(95%CI) derived from Poisson regres-
sion model adjusted for sex, race/eth-
nicity, age and calendar year at trans-
plantation, and type of organ trans-
planted (see categories in Table 1),
with an offset of the expected number
of cases occurring in the general popu-
lation to provide indirect adjustment
for cancer registry and attained age.
The referent group was comprised of
HBV- or HCV-uninfected recipients.  



with active HBV infection, and 13,320 (7.5%) in those with
resolved HBV infection. HCV and HBV prevalence were
highest among males, the middle-aged (35-64 years), and
liver recipients.
We identified 1427 incident cases of NHL, of whom 9%

were HCV-infected, 2.4% had active HBV infection, and
5.8% had resolved HBV infection. Hepatitis viral infection
status at the time of transplantation was not significantly
related to overall NHL risk, with an RR of 0.89 (95%CI:
0.73-1.09) for HCV-infected compared with HCV-uninfect-
ed recipients, and RRs of 0.92 (0.64-1.29) for active HBV
infection and 0.92 (0.73-1.15) for resolved HBV infection
compared with HBV-uninfected recipients (Figure 1). The
lack of a positive association between HBV, HCV, and NHL
was consistent across recipients regardless of transplanted
organ, age and EBV serostatus at transplantation, and time
since transplantation, despite differences in NHL incidence
by these characteristics.12

Although previous studies in immunocompetent popula-
tions have reported differences in associations according to
NHL subtype,2,4,5 we observed no association for any NHL
subtype among solid organ transplant recipients, with the
exception of elevated risk for marginal zone lymphoma
among individuals with resolved HBV infection. This find-
ing could represent risk associated with HBV reactivation,
as suggested in a recent study of 4 PTLD cases,13 but we
could not address this hypothesis because we lacked data
on HBV reactivation. Alternatively, our observation may
have been due to chance.  We note that reactive ‘early’
lesions and polymorphic PTLDs not considered invasive
were thereby not reportable to the cancer registries and
thus could not be included in this analysis.
The general lack of association that we observed

between chronic viral hepatitis and NHL risk among solid
organ transplant recipients in this large, population-based
study lends support to the notions that an intact immune
system is required for HBV and HCV to cause NHL, and
that these viruses contribute indirectly to lymphomagene-
sis through chronic antigenic stimulation. Additional data
on immunosuppressive medications might help address
this hypothesis, but all transplant recipients are substantial-
ly more immunosuppressed than people in the general
population. Our study results are consistent with 2 small
studies reporting no association between HCV infection
and NHL risk among immunosuppressed individuals with
HIV/AIDS.14,15 In both transplant recipients and HIV-infect-
ed individuals, the majority of NHLs are diffuse large B-cell
lymphoma, and Epstein-Barr virus plays an important etio-
logical role. Our results suggest that neither HBV nor HCV
contribute to this distinct pathway in immunocompro-
mised individuals. 
In the light of the substantial global burden of chronic

infection with HBV and HCV, further research is needed in
the general population to advance understanding of the
indirect oncogenic effects of HBV and HCV on lympho-
cytes and to confirm optimal management of NHL in
patients with a history of chronic viral hepatitis. 
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