
 
current as of June 20, 2008. 
Online article and related content
 

 
 http://jama.ama-assn.org/cgi/content/full/297/18/2010

 
. 2007;297(18):2010-2017 (doi:10.1001/jama.297.18.2010) JAMA

 
Thomas P. Giordano; Louise Henderson; Ola Landgren; et al. 
 

 With Hepatitis C Virus
Lymphoproliferative Precursor Diseases in US Veterans 
Risk of Non-Hodgkin Lymphoma and

 Correction  Contact me if this article is corrected.

 Citations
 Contact me when this article is cited.
 This article has been cited 14 times.

 Topic collections

 Contact me when new articles are published in these topic areas.
Infections 
Lymphomas; Immunology; Immunologic Disorders; Infectious Diseases; Viral 
Gastroenterology; Liver/ Biliary Tract/ Pancreatic Diseases; Leukemias/

 the same issue
Related Articles published in

 . 2007;297(18):2044.JAMABrian Pace et al. 
Lymphoma

 Related Letters
 . 2008;168(3):327.JAMAOla Landgren et al. 

In Reply:

 http://pubs.ama-assn.org/misc/permissions.dtl
permissions@ama-assn.org
Permissions
 

 http://jama.com/subscribe
Subscribe

 reprints@ama-assn.org
Reprints/E-prints
 

 http://jamaarchives.com/alerts
Email Alerts

 at Michael E. DeBakey VAMC on June 20, 2008 www.jama.comDownloaded from 

http://jama.ama-assn.org/cgi/content/full/297/18/2010
http://jama.ama-assn.org/cgi/alerts/ctalert?alertType=correction&addAlert=correction&saveAlert=no&correction_criteria_value=297/18/2010
http://jama.ama-assn.org/cgi/external_ref?access_num=jama%3B297%2F18%2F2010&link_type=ISI_Citing
http://jama.ama-assn.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=jama;297/18/2010
http://jama.ama-assn.org/cgi/alerts/collalert
http://jama.ama-assn.org/cgi/content/short/297/18/2044
http://archinte.ama-assn.org/cgi/content/short/168/3/327
http://jama.com/subscribe
http://pubs.ama-assn.org/misc/permissions.dtl
http://jamaarchives.com/alerts
mailto:reprints@ama-assn.org
http://jama.ama-assn.org


ORIGINAL CONTRIBUTION

Risk of Non-Hodgkin Lymphoma and
Lymphoproliferative Precursor Diseases
in US Veterans With Hepatitis C Virus
Thomas P. Giordano, MD, MPH
Louise Henderson, MSPH, PhD
Ola Landgren, MD, PhD
Elizabeth Y. Chiao, MD, MPH
Jennifer R. Kramer, PhD, MPH
Hashem El-Serag, MD, MPH
Eric A. Engels, MD, MPH

HEPATITIS C VIRUS (HCV) IS AN

RNAvirus that causeschronic
hepatitis, cirrhosis, and he-
patocellular carcinoma.Hepa-

titis C virus is primarily acquired through
parenteral exposures, including injec-
tion drug use and receipt of blood trans-
fusions before the introduction of wide-
spread donor screening in the early
1990s. The prevalence of HCV infec-
tion in the US general population is es-
timated to be 1.6%, with an estimated 4.1
million persons infected and living in the
United States.1 Hepatitis C virus infec-
tion is more common in US military vet-
erans who use the Veterans Affairs (VA)
medical system, in which approxi-
mately 5% of veterans are infected with
HCV.2

There is emerging evidence that HCV
plays a role in lymphoproliferation.
Recently, it was found that treatment of
HCV infection with an interferon
alfa−based regimen in patients with
splenicmarginalzonenon-Hodgkinlym-
phoma (NHL) or lymphoplasmacytic
NHLimpacts tumoractivityandcan lead

See also Patient Page.
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Context Hepatitis C virus (HCV) infection causes liver cancer and cirrhosis and may
also increase the risk of other tumors, particularly hematopoietic malignancies and thy-
roid cancer. Previous studies have been too small to adequately assess these risks.

Objective To test the hypothesis that HCV infection is associated with increased
risk for hematological malignancies, related lymphoproliferative disorders, and thy-
roid cancer.

Design, Setting, and Patients A retrospective cohort study of users of US Vet-
erans Affairs health care facilities from 1997-2004, which included 146 394 patients
infected with HCV who had at least 2 visits with a diagnostic code for HCV infection,
and 572 293 patients uninfected with HCV. To assemble the HCV-uninfected cohort,
we randomly selected up to 4 patients per patient infected with HCV from all veter-
ans who matched on age, sex, and baseline visit date and type (inpatient or outpa-
tient). Individuals with human immunodeficiency virus were excluded.

Main Outcome Measures Risks of hematopoietic malignancies, related lympho-
proliferative precursor diseases, and thyroid cancer, adjusting for selection factors, race,
era of military service, and use of medical services.

Results The mean (SD) age of the patients was 52 (8) years, and 97% were men.
Risks for non-Hodgkin lymphoma (n=1359), Waldenström macroglobulinemia
(n=165), and cryoglobulinemia (n=551) were increased with HCV infection (ad-
justed hazard ratio [HR], 1.28; 95% confidence interval [CI], 1.12-1.45; adjusted HR,
2.76; 95% CI, 2.01-3.79; and adjusted HR, 3.98; 95% CI, 3.36-4.72; respectively).
We found no significantly increased risk for other hematological malignancies.
Although thyroiditis risk was slightly increased, risk for thyroid cancer (n=320) was
not (adjusted HR, 0.72; 95% CI, 0.52-0.99). Adjusted P values for non-Hodgkin lym-
phoma, Waldenström macroglobulinemia, cryoglobulinemia, and thyroiditis were all
�.0038, the Bonferroni threshold for statistical significance considering multiple com-
parisons.

Conclusions Hepatitis C virus infection confers a 20% to 30% increased risk of non-
Hodgkin lymphoma overall, and a 3-fold higher risk of Waldenström macroglobulin-
emia, a low-grade lymphoma. Risks were also increased for cryoglobulinemia. These
results support an etiological role for HCV in causing lymphoproliferation and causing
non-Hodgkin lymphoma.
JAMA. 2007;297:2010-2017 www.jama.com
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to NHL regression.3,4 Well in line
with these observations, case-control
studies have found increased HCV
prevalence among persons with NHL.5,6

In addition, HCV infection is strongly
associated with essential mixed
cryoglobulinemia, a plasma-cell dyscra-
sia that is itself associated with increased
risk of lymphoma, particularly lympho-
plasmacytic lymphoma.4,7 Hepatitis C
virushasalsobeen linkedwith increased
risk for thyroid cancer,8 possibly medi-
ated by autoimmune thyroiditis.9

Despite this evidence that HCV may
cause nonhepatic malignancies, there has
been continued uncertainty. Case-
control studies have been too small to
provide information regarding the asso-
ciation of HCV with NHL subtypes, and
by design they can provide no data on
the temporal relationship between HCV
infection and NHL or premalignant lym-
phoproliferative diseases, such as
cryoglobulinemia or monoclonal gam-
mopathy of undetermined significance
(MGUS). Cohort studies of persons with
HCV have not provided convincing evi-
dence to support associations with NHL
or thyroid cancer, but the statistical
power of these studies was limited.10-12

Because of the possibility that HCV
may be of importance in lymphomagen-
esis, we conducted a large population-
based cohort study including 146 394 US
veterans with HCV (to our knowledge,
the largest cohort of HCV-infected indi-
viduals assembled to date) and, for com-
parison, a cohort of 572 293 US veter-
ans uninfected with HCV, to test the
hypothesis that HCV infection is asso-
ciated with lymphoproliferative malig-
nancies. To better understand underly-
ing pathogenetic mechanisms, we also
examined the effect of HCV infection on
related precursor diseases (MGUS and
cryoglobulinemia) that often precede
lymphoproliferative tumors. The final
goal of our study was to assess whether
HCV infection is associated with thy-
roid cancer.

METHODS
Data Sources

Our study was conducted using VA ad-
ministrative records. The patient treat-

ment file contains inpatient records, in-
cluding demographic data, date of
admission and discharge, vital status at
discharge, and up to 10 discharge di-
agnoses (International Classification of
Diseases, Ninth Revision, Clinical Modi-
fication [ICD-9-CM] codes) for all hos-
pitalizations at any of the more than 150
VA hospitals in the United States. We
used data in this file from VA fiscal years
1989 through 2004, which corre-
sponds to between October 1, 1988, and
September 30, 2004. The outpatient
clinic file contains similar data for all
outpatient encounters at any VA facil-
ity. We considered only outpatient vis-
its coded to indicate that they likely in-
cluded a physician visit or physician
oversight. This restriction was to im-
prove the accuracy of the diagnostic
codes and to identify patients who used
VA physicians in distinction to other
services. We used data in the outpa-
tient clinic file from fiscal year 1997
(when the outpatient clinic file was
started) through fiscal year 2004. Fi-
nally, we used the Beneficiary Identi-
fication Records Locator System file,
which records date of death. The pa-
tient treatment file and Beneficiary Iden-
tification Records Locator System files
together capture 90% to 95% of deaths
of VA users.13,14

The study was approved by the in-
stitutional review boards of Baylor Col-
lege of Medicine and Affiliated Hospi-
tals, and the National Cancer Institute.
A waiver of informed consent and re-
lease of protected health information
was obtained.

Study Patients Infected
and Uninfected With HCV

We identified patients with HCV as in-
dividuals who had 2 or more VA visits
during fiscal years 1997-2004 with
ICD-9-CM diagnosis codes specifying
HCV infection (070.41, 070.44, 070.51,
070.54, and V02.62). We required that
at least 1 of these visits was an outpa-
tient visit, to increase the likelihood that
patients were receiving ongoing medi-
cal care in the VA. The date of the sec-
ond visit with the HCV code was con-
sidered the baseline date for that patient.

For each patient infected with HCV, we
identified up to 4 patients uninfected
with HCV who had no ICD-9-CM diag-
nosis of HCV infection on or before the
baseline date of the patient infected with
HCV, who had a VA visit within 30 days
of the baseline date of the patient in-
fected with HCV, and who matched the
patient infected with HCV according to
sex and age on the baseline date (within
365 days). In addition, we required that
patientsuninfectedwithHCVhadat least
1 prior VA visit and that both visits (the
baseline and the prior visit) were the
same type (inpatient or outpatient) for
the matched HCV-infected and HCV-
uninfected pairs. We deleted patients un-
infected with HCV who were selected for
more than 1 patient infected with HCV
in the same month.

Because human immunodeficiency
virus (HIV) infection is associated with
HCV infection and an increased risk of
some of the evaluated cancers, we ex-
cluded any patient with a diagnosis of
HIV infection on or before the base-
line date. Diagnoses indicating HIV in-
fection (and ICD-9-CM codes) in-
cluded HIV with associated conditions
(042.0, 042.1, 042.2, 042.9, 043.0,
043.1, 043.2, 043.3, 043.9, 044.0,
044.9), asymptomatic HIV (V08), and
positive serological or viral culture find-
ings for HIV (795.8).

Demographic information and data
on utilization of VA medical services be-
fore baseline were abstracted from ad-
ministrative databases. Because some of
the outcomes studied can vary by race,
we also abstracted that information
from the administrative records. Race
categories included white, black, other,
and unknown. To validate our ap-
proach for cohort selection, we re-
viewed the medical records from 50 pa-
tients included in the HCV-infected
cohort and 50 patients in the HCV-
uninfected cohort from the Michael E.
DeBakey VA Medical Center in Hous-
ton, Tex. The chart reviewers, who
were blinded to the HCV cohort as-
signment, documented any laboratory
studies (ie, HCV antibody and RNA test
results) demonstrating infection on or
before the baseline date.

NON-HODGKIN LYMPHOMA AND PRECURSOR DISEASE WITH HCV
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Cancer and Related Outcomes
Outcomes of interest were ascertained
at the first diagnosis recorded in either
the patient treatment file or the outpa-
tient clinic file. Outcomes (and
ICD-9-CM codes) were NHL (200,
202.0-202.2, 202.8), Waldenström mac-
roglobulinemia (273.0, 273.3), Hodg-
kin lymphoma (201), multiple my-
eloma (203.0-203.1, 238.6), acute
lymphocytic leukemia (204.0), chronic
lymphocytic leukemia (204.1), acute

nonlymphocytic leukemia (including
acute myeloid leukemia [205.0] and
acute monocytic leukemia [206.0]),
chronic myeloid leukemia (205.1), other
leukemia (204.2, 204.8-204.9, 205.2,
205.8-205.9, 206.1-206.2, 206.8-
206.9, 207.8, 208.0-208.2, 208.8-
208.9), MGUS (273.1), cryoglobu-
linemia (273.2), thyroiditis (including
Graves disease, hypothyroidism not oth-
erwise specified [242.0, 244.9, 245 {ex-
cept 245.4}]), and thyroid cancer (193).

To assist in determining the validity
of the study results, we selected nega-
tive and positive control outcomes.
Negative control outcomes were
colon cancer (ICD-9-CM code 153),
prostate cancer (ICD-9-CM code 185),
and melanoma (ICD-9-CM code 172),
which have no plausible association
with HCV. Liver cancer (ICD-9-CM
code 155.0 [not 155.1 or 155.2])
served as the positive control.

Statistical Analysis

To accommodate delays in diagnosis
or reporting, and because the initial
evaluation of HCV infection could
have affected surveillance for the out-
comes, we excluded from the analysis
any outcomes occurring within 6
months after the baseline date. We
thus calculated the incidence of each
outcome for the period beginning 6
months after the baseline date, con-
tinuing until the last recorded visit in
the VA, death, or September 30, 2004,
if the patient had a visit in fiscal year
2005. In addition, patients uninfected
with HCV were censored when a first
diagnosis of HCV infection was noted.
Patients in either cohort were cen-
sored when a first diagnosis of HIV
infection was noted.

We derived Kaplan-Meier method
curves to depict cumulative incidence
for outcomes in the HCV-infected and
HCV-uninfected cohorts for the pe-
riod subsequent to 6 months after base-
line. A Cox proportional hazards re-
gression model was used to compare the
risk in the 2 cohorts, adjusting for the
matching factors. In other analyses, we
further adjusted for race, era of mili-
tary service, and number of inpatient
and outpatient visits before baseline (a
measure of usage of VA medical ser-
vices) as potential confounders. We
used a 2-sided Bonferroni P value of .05
divided by 13 (.0038) to test for sig-
nificance of the adjusted models be-
cause of the possibility that some as-
sociations with the 13 malignancies and
nonmalignant conditions of interest
would have arisen due to chance.

In sensitivity analyses, we repeated
the regression analyses after removing

Table 1. Baseline Characteristics of HCV-Infected and HCV-Uninfected Veterans*

Characteristics
HCV-Infected Cohort

(n = 146 394)

HCV-Uninfected
Cohort

(n = 572 293)

Age, y
Mean (SD) 51.9 (8.4) 52.0 (8.5)

�40 5160 (3.5) 20 416 (3.6)

40-44 18 476 (12.6) 71 740 (12.5)

45-49 41 161 (28.1) 157 787 (27.6)

50-54 45 243 (30.9) 177 085 (30.9)

55-59 18 213 (12.4) 72 750 (12.7)

60-64 6149 (4.2) 24 621 (4.3)

65-69 4795 (3.3) 19 064 (3.3)

70-74 3468 (2.4) 13 904 (2.4)

�75 3729 (2.6) 14 926 (2.6)

Sex
Female 4699 (3.2) 18 634 (3.3)

Male 141 695 (96.8) 553 659 (96.7)

Race†
White 76 382 (52.2) 341 181 (59.6)

Black 35 625 (24.3) 117 998 (20.6)

Other 1221 (0.8) 6145 (1.1)

Unknown 33 166 (22.7) 106 969 (18.7)

Fiscal year of baseline date
1997 6175 (4.2) 24 243 (4.2)

1998 7464 (5.1) 29 546 (5.2)

1999 11 427 (7.8) 45 010 (7.9)

2000 17 036 (11.6) 66 742 (11.7)

2001 23 144 (15.8) 90 084 (15.7)

2002 26 025 (17.8) 101 284 (17.7)

2003 27 305 (18.7) 106 431 (18.6)

2004 27 818 (19.0) 108 953 (19.0)

Era of military service‡
Pre-Vietnam 15 908 (10.9) 58 272 (10.2)

Vietnam 97 332 (66.5) 358 023 (62.6)

Post-Vietnam and other 33 135 (22.6) 155 952 (27.3)

No. of VA visits before baseline date, mean (SD)
Inpatient visits in previous 5 y 1.2 (2.8) 1.6 (3.5)

Outpatient visits in previous 1 y 10.8 (24.1) 19.6 (40.1)
Abbreviation: HCV, hepatitis C virus; VA, Veterans Affairs.
*Data are shown as No. (%) unless otherwise specified. Because of rounding, percentages may not all total 100.
†Race was determined from administrative data. “Other” race includes 2831 American Indian patients, 3921 Asian

patients, and 614 patients whose race was listed as “other.”
‡Data were missing for 19 veterans infected with HCV and 46 veterans uninfected with HCV. Pre-Vietnam era is before

August 5, 1964; Vietnam era, August 5, 1964, through May 7, 1975; and post-Vietnam era, after May 7, 1975. “Other”
includes 10 689 patients listed as active military or nonveterans.
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patients uninfected with HCV who ever
developed an HCV diagnosis, rather
than censoring them at the time of HCV
diagnosis. We conducted another sen-
sitivity analysis in which patients who
ever developed HIV infection during
follow-up were removed from consid-
eration. Finally, we performed analy-
ses that included all events in fol-
low-up rather than just those events that
occurred after the first 6 months. Sta-
tistics were analyzed using SAS ver-
sion 9.1 (SAS Institute Inc, Cary, NC).

RESULTS
The HCV-infected cohort included
146 394 patients, and the HCV-
uninfected cohort included 572 293 pa-
tients. Baseline characteristics of the co-
horts are shown in TABLE 1. Nearly all
the patients (97%) were men. The mean
(SD) age was 52 (8) years in both co-
horts. Although the majority of both co-
horts was white, and the racial distri-
butions were somewhat similar, there
were more racial minorities and pa-
tients of unknown race in the HCV-
infected group. Patients infected with
HCV were slightly more likely to have
served during the Vietnam era (1964-
1975) than were patients uninfected
with HCV. The HCV-uninfected group
had greater use of VA inpatient and out-
patient services before the baseline date.

We val idated base l ine HCV-
infected status and HCV-uninfected sta-
tus for a subset of cohort patients
treated at the Michael E. DeBakey VA
Medical Center. Among 50 patients in-
cluded in the HCV-infected cohort, 47
(94%) had laboratory-confirmed HCV
infection on or before their baseline
visit, and the remaining 3 patients had
clinic notes that indicated HCV infec-
tion. Among 50 patients included in the
HCV-uninfected cohort, 5 (10%) had
laboratory-confirmed HCV infection.
Therefore, based on laboratory confir-
mation of HCV infection as the refer-
ence test, the selection procedure that
we used had a positive predictive value
of 94% (exact 95% confidence inter-
val [CI], 83%-99%) for baseline HCV
infection and a negative predictive value
of 90% (exact 95% CI, 78%-97%) for

the baseline absence of HCV infec-
tion.

During follow-up, 35 696 patients
(6.2%) uninfected with HCV had 1 or
more recorded HCV diagnoses, and HIV
infection codes were noted in 813 pa-
tients (0.5%) in the HCV-infected co-
hort and 1539 patients (0.3%) in the
HCV-uninfected cohort. Deaths were
recorded in 16 120 patients (11.0%) in-
fected with HCV and 48 309 patients
(8.4%) uninfected with HCV. Begin-
ning 6 months after baseline, patients
in both cohorts were followed up for a
mean 2.3 years, with a total follow-up
time of 280 676 person-years in the
HCV-infected cohort and 1 095 911 per-
son-years in the HCV-uninfected co-
hort.

The incidence of each outcome and
hazard ratios (HRs) comparing inci-
dence in both cohorts are shown in
TABLE 2, and incidence is shown
graphically for selected outcomes in the
FIGURE. We also examined the preva-
lence of possible precursor conditions
among patients with hematological ma-
lignancies. Among NHL cases overall,
20 patients (1.5%) had a preceding di-
agnosis of cryoglobulinemia (prior to
3 months before NHL diagnosis). Like-
wise, among all Waldenström macro-
globulinemia cases, 18 patients (10.9%)
had a preceding diagnos i s o f
cryoglobulinemia and 9 patients (5.5%)
had a preceding diagnosis of MGUS.
Among multiple myeloma cases, 43 pa-
tients (8.2%) had a preceding diagno-
sis of MGUS. A preceding diagnosis of
thyroiditis was observed in 100 pa-
tients (31.3%) with thyroid cancer.

Risks for NHL (HR, 1.21; 95% CI,
1.07-1.37) and Waldenström macro-
globulinemia (HR, 2.72; 95% CI, 2.00-
3.72) were significantly higher in the
HCV-infected cohort than in the HCV-
uninfected cohort (Table 2 and Figure,
A and B). Risks for plasma cell disor-
ders including cryglobulinemia (HR,
3.93; 95% CI, 3.32-4.64) and the pre-
malignant condition MGUS (HR, 1.30;
95% CI, 1.01-1.67) were also in-
creased (Figure, C and D). The risk for
acute lymphocytic leukemia was de-
creased (HR, 0.57; 95% CI, 0.38-

0.85), while the risks for the other he-
matological malignancies were not
significantly increased in the HCV-
infected cohort (eg, multiple my-
eloma: HR, 0.88; 95% CI, 0.70-1.10)
(Figure, E). Risk for thyroid cancer was
significantly decreased in the HCV-
infected cohort (HR, 0.66; 95% CI, 0.49-
0.91) (Figure, F), although thyroiditis
was slightly increased (HR, 1.06; 95%
CI, 1.01-1.11). As expected, risk for
liver cancer was greatly increased with
HCV infection (HR, 24.15; 95% CI,
20.92-27.88). Risks for the negative
control cancers were not increased, and
risks for prostate cancer and mela-
noma were decreased.

After further adjustment for race, era
of military service, and use of VA ser-
vices before baseline, the point esti-
mate of the HRs for the hematological
malignancies generally came closer to
1 and the CIs all overlapped 1. The no-
table exceptions were NHL and Wal-
denström macroglobulinemia, which
moved further from unity to an HR of
1.28 (95% CI, 1.12-1.45) and an HR of
2.76 (95% CI, 2.01-3.79), respec-
tively. The HRs for the nonmalignant
hematological conditions did not
change substantially and remained in-
creased, although the association with
MGUS was no longer significant after
adjustment (HR, 1.28; 95% CI, 0.99-
1.65). The HR for thyroid cancer ap-
proached 1 (HR, 0.72; 95% CI, 0.52-
0.99), and thyroiditis increased from an
HR of 1.06 to 1.13 (95% CI, 1.08-
1.18). Finally, the HRs for the control
cancers did not change substantially,
with the exception of melanoma, which
moved closer to unity. Among the ma-
lignancies and conditions of interest,
NHL, Waldenström macroglobulin-
emia, cryoglobulinemia, and thyroid-
itis had P values for adjusted HRs of less
than .0038, the Bonferroni threshold for
statistical significance (Table 2).

To assess the robustness of these re-
sults, we conducted a number of sen-
sitivity analyses as described in the
Methods section. None of these analy-
ses produced substantially different re-
sults than those presented (data not
shown).
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COMMENT
Our cohort study of 718 687 veterans
with more than 1.37 million person-
years of follow-up is the largest study
conducted to our knowledge on the risk
conferred by HCV infection for hema-
topoietic malignancies, related lympho-
proliferative disorders, and thyroid can-
cer. We found a small but significant
20% to 30% increase in the risk of NHL,
including all subtypes, and an almost
3-fold increased risk of the low-grade
lymphoma subtype Waldenström mac-
roglobulinemia in persons with HCV in-
fection. HCV infection was also associ-
ated with an increased risk of
nonmalignant plasma cell disorders, in-
cluding cryoglobulinemia and the pre-
cursor condition MGUS, although the
association with MGUS was not signifi-
cant in adjusted regression models. We
demonstrated that infection precedes de-
velopment of these outcomes, and that
the risk in individuals infected with HCV
is consistently increased, with over 5

years of follow-up. In contrast, we found
no evidence that HCV infection in-
creases the risk of thyroid cancer.

To our knowledge, our study is the
first to show an increased risk of Wal-
denström macroglobulinemia associ-
ated with HCV. Several groups have
reported series of patients with Wal-
denström macroglobulinemia with
widely varying HCV prevalence esti-
mates (7%-100%), but the series were
small and uncontrolled.15-17 Walden-
ström macroglobulinemia is character-
ized by the presence of a malignant lym-
phoplasmacytic infiltrate in the bone
marrow along with a circulating IgM
monoclonal gammopathy. Likewise, es-
sential mixed cryoglobulinemia, in
which HCV infection is almost univer-
sally present, is also characterized by
the presence of an IgM monoclonal
gammopathy.7 Finally, MGUS can be
divided into cases with circulating
monoclonal IgG (the majority of cases),
and more rarely IgM, IgA, IgD, or bi-

clonal MGUS.18 Although we did not
have data on the immunoglobulin sub-
type of MGUS, we hypothesize that the
modest increase in MGUS incidence as-
sociated with HCV infection may re-
flect an increase in incidence for the
subset of IgM MGUS. Our results
therefore suggest the intriguing possi-
bility that chronic immune stimula-
tion by HCV infection can result in pro-
gression along a spectrum of IgM
monoclonal gammopathy from asymp-
tomatic MGUS to symptomatic
cryoglobulinemia to the malignant Wal-
denström macroglobulinemia. In con-
trast, HCV infection was not associ-
ated with an increased risk for multiple
myeloma, which is present following
IgG or IgA MGUS, and very infre-
quently after IgD MGUS.

Lymphoproliferation induced by HCV
may occur due to binding of the virion
to receptors on the surface of B lympho-
cytes, which might lower their thresh-
old for antigen response or induce DNA

Table 2. Incidence and Adjusted HRs of Malignancies and Precursor Conditions Among HCV-Infected and HCV-Uninfected Veterans

Outcome

No. of Events
(Incidence/100 000 Person-Years)

Comparing HCV-Infected vs HCV-Uninfected Cohorts
HCV-Infected

Cohort
(n = 146 394)

HCV-Uninfected
Cohort

(n = 572 293)
HR

(95% CI)*
Adjusted HR

(95% CI)†
P

Value‡

Malignancies of interest
Non-Hodgkin lymphoma 319 (114.5) 1040 (95.8) 1.21 (1.07-1.37) 1.28 (1.12-1.45) �.001§

Waldenström macroglobulinemia 67 (23.9) 98 (8.9) 2.72 (2.00-3.72) 2.76 (2.01-3.79) �.001§

Hodgkin lymphoma 65 (23.2) 295 (27.0) 0.87 (0.66-1.13) 0.97 (0.74-1.27) .81

Multiple myeloma 95 (33.9) 431 (39.4) 0.88 (0.70-1.10) 0.95 (0.76-1.19) .63

Chronic lymphocytic leukemia 69 (24.6) 343 (31.4) 0.81 (0.62-1.04) 0.89 (0.68-1.15) .37

Acute lymphocytic leukemia 27 (9.6) 184 (16.8) 0.57 (0.38-0.85) 0.75 (0.50-1.13) .16

Chronic myeloid leukemia 30 (10.7) 163 (14.9) 0.73 (0.49-1.08) 0.84 (0.56-1.24) .38

Acute nonlymphocytic leukemia 56 (20.0) 243 (22.2) 0.92 (0.68-1.22) 1.04 (0.78-1.40) .79

Other leukemias 104 (37.1) 479 (43.9) 0.85 (0.69-1.06) 0.96 (0.78-1.19) .73

Thyroid cancer 46 (16.4) 274 (25.1) 0.66 (0.49-0.91) 0.72 (0.52-0.99) .04

Nonmalignant conditions
MGUS 80 (28.6) 248 (22.7) 1.30 (1.01-1.67) 1.28 (0.99-1.65) .06

Cryoglobulinemia 273 (97.7) 278 (25.4) 3.93 (3.32-4.64) 3.98 (3.36-4.72) �.001§

Thyroiditis 2252 (841.8) 8265 (805.4) 1.06 (1.01-1.11) 1.13 (1.08-1.18) �.001§

Control malignancies
Liver cancer 1300 (466.1) 218 (19.9) 24.15 (20.92-27.88) 23.57 (20.39-27.24) �.001§

Colon cancer 442 (158.9) 1735 (160.2) 1.02 (0.92-1.13) 1.03 (0.93-1.15) .55

Prostate cancer 1072 (391.9) 4848 (458.6) 0.88 (0.82-0.94) 0.85 (0.80-0.91) �.001§

Melanoma cancer 261 (93.5) 1412 (130.1) 0.73 (0.64-0.84) 0.82 (0.71-0.93) .003§
Abbreviations: CI, confidence interval; HCV, hepatitis C virus, HR, hazard ratio; MGUS, monoclonal gammopathy of undetermined significance.
*Adjusted for matching variables (age, sex, baseline visit date, and type of visit [inpatient or outpatient] for the baseline visit and a preceding visit).
†Adjusted for matching variables, race, era of military service, and previous Veterans Affairs use. Sixty-five patients with missing data on era of military service were excluded.
‡For adjusted HR (95% CI).
§Considered statistically significant (P�.0038) after a Bonferroni adjustment for multiple comparisons.
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mutations.19,20 Among patients infected
with HCV with splenic marginal zone
NHL or lymphoplasmacytic NHL, treat-
ment of HCV infection with interferon
alfa−based regimens can lead to regres-
sion of NHL.3,4 These observations sup-
port the hypothesis that by directly driv-
ing lymphoproliferation HCV infection
could be causal in at least a subset of lym-
phoproliferative disorders, such as low-
grade NHLs.

Our finding of a significant associa-
tion between HCV and NHL overall sup-
ports prior observations, although the as-
sociation was notably weaker than
reported in case-control studies (ad-
justed HR was 1.28 in our study vs odds
ratios reported to range from 2 to 10).21

The reason for this difference is un-
known, but it could reflect differences in
the study population or methods. Our
study was similar in design to a recent

registry-based cohort study in Sweden,
which included 26 000 individuals in-
fected with HCV.11 In that study, Duberg
et al11 reported a significantly increased
risk for NHL in the HCV-infected co-
hort (standardized incidence ratio, 2.0;
95% CI, 1.2-3.1), but the increase was
attenuated and no longer significant af-
ter exclusion of HIV-infected NHL cases
(standardized incidence ratio, 1.6; 95%
CI, 0.9-2.6). In contrast, we found an

Figure. Kaplan-Meier Estimates of the Cumulative Incidence of 6 Outcomes Among Veterans Infected and Uninfected With HCV
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HCV-NHL association when we cen-
sored or excluded individuals at an HIV
diagnosis, suggesting that the associa-
tion with HCV that we observed is not
due to the confounding effects of HIV in-
fection.

On the other hand, our results do not
support an association between HCV in-
fection and thyroid cancer. Two previ-
ous studies from Italy suggested an in-
creased risk of thyroid cancer in persons
infected with HCV,8,22 and a study in Ja-
pan found an increased risk among in-
dividuals with a history of transfusion
or liver disease.10 However, only a mod-
est nonsignificant association with HCV
infection was observed in Sweden,11 and
no association was observed in an Aus-
tralian study.12 The biological mecha-
nism by which HCV infection could
cause thyroid cancer has not been fully
articulated. Others have also observed
that HCV infection is associated with
thyroiditis, as did we, especially during
treatment with interferon alfa−based
regimens.23 Although thyroiditis is as-
sociated with development of thyroid
NHL, an association with thyroid car-
cinoma has not been demonstrated.24

Still, it is of interest that a substantial
fraction (31.3%) of thyroid cancer cases
in this study had a preceding diagnosis
of thyroiditis. If HCV-induced thyroid-
itis increases thyroid cancer risk, the
effect may have been too small for us to
detect.

Our results are similar to those in a
smaller study of extrahepatic manifes-
tations of HCV in US veterans by El-
Serag et al.25 That study included 34 200
veterans infected with HCV and
136 800 veterans uninfected with HCV
who were hospitalized between 1992
and 1999; therefore, there is some over-
lap with the data from our study. Simi-
lar to our study, the previous study
found an adjusted odds ratio for NHL
of 1.22 (95% CI, 1.01-1.39), and a
strong association between HCV and
cryoglobulinemia, but an association
with thyroiditis was not observed (ad-
justed odds ratio, 0.94; 95% CI, 0.67-
1.30). Our study extends those find-
ings by including more than 4 times as
many veterans from a largely different

study period, and by examining addi-
tional outcomes.

The incidence of cancer in US mili-
tary veterans is higher than in the
general population,26,27 and the rates
in our study were increased as well
(data not shown). This increase may
reflect the high prevalence among vet-
erans of chronic medical conditions,
poverty, or use of tobacco or alcohol.
In addition, in our study, we evalu-
ated veterans infected with HCV who
were in active medical care in the VA
and who were therefore especially
likely to have comorbid medical con-
ditions. To account for these unique
characteristics, we compared the
HCV-infected group to a similar
group of veterans without HCV infec-
tion rather than comparing them to
the general US population. Interest-
ingly, the risks of the negative control
cancers were actually lower, to a small
but noticeable degree, in the HCV-
infected cohort than in the HCV-
uninfected cohort. We do not believe
that HCV infection is protective of
these cancers; rather, there may have
been differential ascertainment of out-
comes in the 2 cohorts. Because the
probability of being selected for the
HCV-uninfected cohort was higher
for persons who had more visits to the
VA, patients were more likely to be
selected for the HCV-uninfected
cohort if they used the VA more regu-
larly. Indeed, this pattern of usage was
apparent in our baseline characteris-
tics. Higher usage of VA services (in-
cluding, for example, cancer screen-
ing) would lead patients uninfected
with HCV to be more likely to be
diagnosed subsequently with cancer
in the VA system. Although we
attempted to adjust for VA usage,
residual confounding may have been
present. Because this type of con-
founding would likewise bias the HRs
for other outcomes downward, our
results probably provide slightly con-
servative estimates of risk conferred
by HCV infection.

Laboratory data are not systemati-
cally collected nationwide, so we relied
on ICD-9-CM codes recorded in

large administrative databases to iden-
tify HCV infection. The results of our
validation study indicate that the co-
hort assignment was very accurate, in
that the majority of patients infected
with HCV, but only a minority of pa-
tients uninfected with HCV, had docu-
mented laboratory evidence of HCV in-
fection. Nonetheless, because the
validation study was small, the esti-
mates of positive and negative predic-
tive values in our approach were some-
what uncertain, and we were unable to
adjust the results of our main study for
possible misclassification. During fol-
low-up, we observed that 6.2% of the
HCV-uninfected cohort developed a
new ICD-9-CM diagnosis of HCV in-
fection. These new diagnoses likely rep-
resent delayed diagnoses and/or de-
layed coding by physicians for prior
conditions, rather than new infec-
tions. Indeed, in our validation study,
4 of 5 patients with HCV infection
whom we initially misclassified as being
uninfected with HCV later had an
ICD-9-CM diagnosis of HCV infection
in the patient treatment file or outpa-
tient clinic file. In a sensitivity analy-
sis, we deleted individuals from the
HCV-uninfected cohort who subse-
quently had documented HCV diag-
noses, and the results were unchanged,
indicating that this misclassification had
little effect.

Other limitations should be men-
tioned. First, we did not validate the can-
cer diagnoses through a separate chart
review, and our reliance on diagnoses
coded in the patient treatment file and
outpatient clinic file could have intro-
duced inaccuracies. Also, the ICD-9-CM
codes for NHL did not allow us to dis-
tinguish the various pathological sub-
types, which should be a goal of future
research. Nonetheless, there is no rea-
son to suspect that the overall accuracy
or reliability of the diagnostic record-
ing for the outcomes would differ by
HCV infection status. Second, because
the study was conducted with VA data,
very few women were included. Third,
we did not have data on some known or
postulated risk factors for NHL, such as
family history and pesticide exposure.
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However, those factors are unlikely to ex-
plain our findings because they should
not differ substantially by HCV status.
Finally, we did not have access to data
from non-VA sources, so differential loss
to follow-up or use of non-VA health care
resources could have affected the re-
sults.

In conclusion, among military veter-
ans infected with HCV, we found a 20%
to30%increasedriskofNHLoverall and,
for the first time, we found an almost
3-fold increased risk of the low-grade
lymphoma subtype Waldenström mac-
roglobulinemia. Furthermore, HCV
infectionwasassociatedwithanincreased
risk of cryoglobulinemia, supporting the
hypothesis that chronic HCV infection
serves as an immunological stimulus for
progression to hematological malig-

nancy. Although the clinical signifi-
cance of these findings is unknown, it is
possible that screening of individuals
infected with HCV could identify early-
stagelymphoproliferativeconditionssuit-
able for early intervention strategies,
includingchemopreventiontrialsonpre-
malignant disease. Future epidemiologi-
cal and pathophysiological studies are
needed to further explore the relation-
ship between HCV and NHL.
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