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Abstract Diffuse large B cell lymphoma (DLBCL) patients
carrying hepatitis C virus (HCV) have higher risk of treatment
toxicity and complications. The aim of this study was to assess
the impact of HCV in a series of DLBCL patients treated with
immunochemotherapy. 321 patients (161M/160F; median age,
66 years) diagnosed with de novo DLBCL in a single center
between 2002 and 2013 were included. Immunodeficiency-
related lymphomas were excluded. HCV+ cases were defined
by the presence of IgG anti-HCV.Main clinico-biological char-
acteristics and outcome were analyzed according to the viral
status. Two hundred ninety patients were HCV− and 31HCV+
. HCV+ patients were older (median age 71 vs. 64 years,
P = 0.03), had more often B symptoms (P = 0.013), spleen
(P = 0.003), and liver (P = 0.011) involvement, higher rate of
early death (<4 months, P = .001), and shorter overall survival
(OS). Eleven HCV+ patients had cirrhosis criteria. HCV+

patients with impaired liver function before or during treatment
showed inferior OS. Elevated pre-treatment bilirubin correlated
also with higher liver toxicity. In a multivariate analysis that
included R-IPI score, serum beta2-microglobulin (β2m), HCV
status, and presence of cirrhosis, only R-IPI,β2m, and cirrhosis
showed independent prognostic impact on OS. The presence of
HCV in DLBCL patients entails higher number of complica-
tions and early deaths; however, liver impairment and not the
hepatitis viral status was the key feature in the outcome of the
patients.
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Introduction

Diffuse large B cell lymphoma (DLBCL) is the most common
non-Hodgkin’s lymphoma subtype inWestern countries and is
characterized by aggressive clinical behavior [1]. CHOP che-
motherapy has been the mainstay of therapy for decades, with
complete remission (CR) rates of 50% and 5-year overall
survival (OS) of 30–40%. The addition of rituximab, an
anti-CD20 antibody, significantly improved the outcome in
young and elderly patients [2], becoming the standard of
care nowadays.

The prevalence of hepatitis C virus (HCV) is around 1.6–
2.6% [3]. Many epidemiological studies have associated HCV
with the development of some types of lymphomas, including
DLCBL [4]. Moreover, different studies have described that
DLBCL patients with HCV+ have specific clinico-biological
characteristics [5, 6]. In this line, a recent manuscript has
shown that NOTCH pathway is more frequently mutated in

Ivan Dlouhy and Miguel Á. Torrente equally contributed to this
manuscript

Electronic supplementary material The online version of this article
(doi:10.1007/s00277-016-2903-8) contains supplementary material,
which is available to authorized users.

* Ivan Dlouhy
idlouhy@clinic.ub.es

1 Department of Hematology, Hospital Clínic, Villarroel 170,
08036 Barcelona, Spain

2 Department of Hepatology, Hospital Clínic, Barcelona, Spain
3 Department of Pathology, Hospital Clínic, Barcelona, Spain
4 Institut d’Investigacions Biomèdiques August Pi i Sunyer

(IDIBAPS), University of Barcelona, Barcelona, Spain

Ann Hematol (2017) 96:405–410
DOI 10.1007/s00277-016-2903-8

http://dx.doi.org/10.1007/s00277-016-2903-8
http://crossmark.crossref.org/dialog/?doi=10.1007/s00277-016-2903-8&domain=pdf


HCV+ patients [7]. Some studies have revealed that high pre-
treatment transaminase levels or HCV viral load are associated
with higher incidence of liver toxicity, although with limited
impact on OS [8–10]. Despite recent publications, many as-
pects of the prognostic impact of HCV infection in DLBCL
patients, tolerance to chemotherapy, and clinical outcome re-
main controversial. Thus, the management of patients with
DLBCL carrying hepatitis C virus is still a challenge at the
clinical setting. The aim of the present study was to analyze
the main clinico-biological features and outcome HCV+
patients with DLBCL treated in a single institution in the
rituximab era.

Patients and methods

Patients

A total of 321 patients (median age, 66 years; male/female
distribution 161/160), diagnosed with DLBCL in a single in-
stitution between 2002 and 2013 were included. The only
criterion of inclusion was the availability of histological
material and hepatitis C serology. We excluded patients
with a recognized disease phase of follicular lymphoma
or another type of indolent lymphoma with subsequent
transformation into a DLBCL, as well as those with
immunodeficiency-associated lymphoma, post-transplant
lymphoproliferative disorders, and also those with intra-
vascular, primary central nervous system, primary effu-
sion, or primary mediastinal lymphoma.

At diagnosis, physical examination, blood tests with
blood cell counts and serum biochemistry, including β2-
microglobulin (β2m) and lactate dehydrogenase (LDH)
levels, CT or PET scan and bone marrow biopsy were
performed. Main clinico-biological variables were recorded
and analyzed. R-IPI, a revised version of the International
Prognosis Index (IPI) for patients treated with
immunochemotherapy, was used [11]. All patients received
immunochemotherapy unless intolerance or toxicity to ri-
tuximab. The standard regimen was the combination of
rituximab, cyclophosphamide, adriamycin, vincristine, and
prednisone (R-CHOP) every 3 weeks for a total of 6 cycles.
Response to therapy, progression-free survival (PFS), and OS
were defined by standard criteria [12].

Median follow-up of surviving patients was 4.0 years
(range, 0.1–12.2). Median PFS and OS were 4.4 and
10.4 years, respectively (Supplementary Fig. 1).

This retrospective study protocol was approved by the
Ethical Committee of Hospital Clinic Barcelona and complied
with all of the provisions of the Helsinki Declaration.
Informed consent from each participant or each participant’s
guardian was obtained.

HCVassessment and liver function determinations

HCV+ patients were considered those with the presence of
serum antibodies against HCV. Viral RNA was determined
by quantitative reverse-transcription polymerase chain.

Serum liver function tests were performed at diagnosis and
before each cycle of immunochemotherapy. Levels of alanine
aminotransferase (ALT), aspartate aminotransferase (AST)
and total bilirubin, were collected for analysis. These three
variables were determined using chemoluminescent micropar-
ticle immunoassay. The definition and grading of hepatic tox-
icity were based on the National Cancer Institute Common
Terminology Criteria for Adverse Events (version 4.0). Liver
cirrhosis was diagnosed clinically by ultrasonographical
findings suggestive of cirrhosis such as nodular liver sur-
face and splenomegaly (>12 cm), by transient elastography
with fibrosis stage F4 (≥14 kPa), or liver biopsy showing
a fibrosis score > 4 (METAVIR).

Statistical analysis

The clinical characteristics between groups were compared
using a Chi-square method for categorical variables,
Student’s t test for continuous variables and non-parametric
tests when necessary. Actuarial survival analysis was per-
formed by the Kaplan-Meier method and differences assessed
by the log-rank test. To evaluate the prognostic impact of
different variables in response to treatment, PFS, and OS,
multivariate analyses were performed with the stepwise pro-
portional hazards model (Coxmodel). All statistical tests were
two-sided, and the differences were considered statistically
significant at a P value less than 0.05. Statistical analyses were
carried out with R-studio v.3.3 and SPSS v.22.

Results

Prevalence of HCV infection and initial characteristics
of the patients

Among the 321 included patients, 31 were HCV+ (9.7%).
Five of these cases were also anti-HBV core positive (antigen
S negative). HCV genotype was known in 10 cases: type 1b,
9; and type 4, 1. Viral RNA load was assessed in 22 HCV+
patients, being detectable in 21 (95%). Five patients had been
previously treated for HCV (interferon with or without riba-
virin) with no response, while three patients have been treated
after CR with interferon-free regimens, attaining a sustained
viral response, although with short follow-up. In addition, 11
HCV+ patients had compensated cirrhosis.

Clinico-biological features at the time of DLBCL diagnosis
and outcome according to viral status are detailed in Table 1.
Compared to cases without hepatitis, HCV+ patients were
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older (median age 71 vs. 64 years,P = 0.03), had more often B
symptoms (P = 0.013), as well as spleen (P = 0.003) and liver
(P = 0.011) involvement.

Immunochemotherapy and liver toxicity

The proportion of patients treated with adriamycin-containing
regimens was 244 of 260 cases (90%) without hepatitis and 23

of 31 (74%) for HCV+ patients. The main reason to avoid
adriamycin was advanced age (≥80 years in 26/38 patients).

As detailed in Table 2, pre-treatment ALT levels were ele-
vated (≥2.5× upper normal limit (UNL)) in 18/284 patients
(6%) without hepatitis, whereas HCV+ patients had high
levels in 3/30 (10%). Pretreatment serum bilirubin was elevat-
ed (≥2mg/dL) in 13/284 patients (5%)without hepatitis and in
6/29 HCV+ patients (21%, P < .001).

During the treatment period, 34 cases developed liver tox-
icity grade ≥ 2 (WHO): 22/282 HCV− cases (8%) vs. 12/28
HCV+ (43%) (P < .001). Five patients showed liver decom-
pensation during the treatment period (ascites, three events;
upper gastrointestinal bleeding, two events); all cases were
HCV+. These five patients met cirrhosis criteria and died
within 4 months from diagnosis. Non-hepatic complications
(89% infections) were also seen more frequently in HCV+
patients (67% vs. 41%; P = .009). No statistical differences
were seen among the groups regarding completion of planned
therapy or dose-adjustment of adriamycin. However, HCV+
patients with elevated pretreatment bilirubin less frequently
completed the initial planned treatment (25% vs. 80%,
P = .059).

Patients who developed liver toxicity had an inferior OS
compared to those who did not (5-year OS 48% vs. 63%,
P = .014).

Upon completion of immunochemotherapy, 28/313 (9%)
patients had high serum transaminases and/or bilirubin, in-
cluding 17 who developed such toxicity during treatment.
Elevation of pre-treatment bilirubin predicted higher inci-
dence of grade ≥2 hepatic toxicity (39 vs. 9%; P = 0.02) and
worse OS (5-year OS 62 vs. 40%; P = 0.007).

Response to therapy and outcome

Response to treatment according to the viral status is detailed
in Table 1. Five-year PFS for HCV- and HCV+ was 51%
(95% CI 45–58) and 33% (95% CI 18–57), respectively
(P = .056, Fig. 1a). Variables predicting poor PFS were high
serum LDH,β2-microglobulin, low albumin, and high risk R-

Table 1 Initial characteristics, response to therapy, and outcome of
patients with diffuse large B cell lymphoma stratified according to viral
status

Initial features HCV− (N = 290) HCV+ (N = 31) P

Male gender 150 (52%) 11 (35%) 0.09

Age > 60 years 170 (59%) 25 (81%) 0.02

CoO 0.01

ABC 26 (47%) 2 (25%)

GCB 27 (48%) 3 (37.5%)

UC 3 (5%) 3 (37.5%)

ECOG ≥2 (%) 85 (29%) 17 (55%) 0.004

B symptoms 111 (38%) 19 (61%) 0.013

Extranodal involvement 201 (70%) 17 (55%) 0.089

Liver involvement 24 (8%) 7 (23%) 0.011

Spleen involvement 40 (14%) 11 (35%) 0.003

STAGE III/IV 163 (56%) 20 (65%) 0.386

LDH ≥ 450 UI/L 138 (48%) 21 (68%) 0.036

B2m ≥ 2,3 mg/mL 151 (54%) 22 (79%) 0.014

R-IPI score 0.126

Very good 18 (6%) 0 (0%)

Good 124 (43%) 10 (32%)

Poor 148 (51%) 21 (68%)

Complete remission rate 205 (72%) 18 (58%) 0.115

Early death (<4 months) 23 (8%) 8 (26%) 0.001

5-year PFS 51% 33% 0.056

5-year OS 63% 37% 0.001

PS performance status, PFS progression-free survival, OS overall
survival

Table 2 Liver-related features
and treatment of the 321 patients
with diffuse large B cell
lymphoma stratified according to
viral status

Initial features HCV− (N = 290) HCV+ (N = 31) P

Pre-treatment bilirubin ≥2 mg/mL 13 (5%) 6 (21%) < 0.001

Pre-treatment ALT ≥2.5× UNL 18 (6%) 3 (10%) 0.445

Pre-treatment albumin ≤35 g/L 51 (19%) 13 (45%) 0.002

Liver cirrhosis 0 (0%) 11 (35%) < 0.001

Curative intention treatment 260 (90%) 23 (74%) 0.011

Adriamycin dose reduction 23 (8%) 4 (16%) 0.189

Liver toxicity (WHO grade ≥ 2) 22 (8%) 12 (43%) < 0.001

Other complications 114 (41%) 18 (67%) 0.009

ALT alanine aminotransferase, UNL upper normal limit, WHO World Health Organization
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IPI (P < 0.01 in all cases). One hundred eleven patients died
during follow-up.

Early deaths (within 4 months of diagnosis, N = 31) oc-
curred more frequently in HCV+ (26 vs. 8%, P = .005).
Causes of early death for HCV+ patients were complications
during treatment (8 of 8 cases, including 3 hepatic decompen-
sations), while for HCV- patients causes were progression (9
of 21) and complications during treatment (12 of 21)
(P = .003). Causes of death of HCV- patients were toxicity
during treatment (n = 22, 23%), lymphoma progression
(n = 59, 63%), and late complications (n = 13, 14%).
For the HCV+, causes were toxicity during treatment
(n = 8, 45%), progression (n = 7, 39%), and late compli-
cations (n = 3, 17%) (P = .001). Five-year OS was 63
and 37% for HCV− and HCV+ patients, respectively
(P = .001, Fig. 1b). Other variables predicting poor OS
were high serum LDH, β2-microglobulin, low albumin,
and high risk R-IPI (P < 0.01 in all cases).

Regarding the 31 HCV+ patients, pre-treatment elevated
bilirubin was associated with shorter OS (P < .001; Fig. 2a),
while the presence of pre-treatment transaminase (ALT or
AST) levels above normal did not significantly impact OS.
Patients who met cirrhosis criteria showed shorter OS than
those who did not (5-year OS 9 vs. 56% (P = .005);
Fig. 2b). Of note, 10/11 patients with cirrhosis eventually died,
with a median OS of 3.3 months.

A multivariate analysis was performed in order to assess
the impact of R-IPI (very good vs. good vs. poor), HCV status
(negative vs. positive), β2m (low vs. high), and cirrhosis

(absence vs. presence). In the final model with 306 patients,
R-IPI (hazard ratio [HR] 2.24; 95% confidence interval [CI],
0.69–7.3; P = .02), high β2m (HR 1.76; 95% CI, 1.16–2.68;
P = .008) and presence of cirrhosis (HR 4.66; 95% CI, 2.23–
9.76; P < .001) were the only variables with independent
impact on OS.

Finally, we applied the recently published score for HCV+
DLBCL patients in our cases [13], showing a 5-year OS of 33,
45, and 17% for patients with low, intermediate, and high risk,
respectively (P = .012).

Discussion

In the present series, the prevalence of HCV among DLBCL
patients was 9.7%, higher than the prevalence of 1.7% de-
scribed in the general Spanish population [14]. This is in line
with other reports in DLBCL patients [8]. Of note, 90% of
HCV+ cases (9 out of 10) had a type 1 genotype, a proportion
similar to other series [9, 15].

In our study, HCV+ patients were older, had more often B
symptoms, spleen and liver involvement, while PFS was not
significantly different from HCV− patients. Five-year OS for
HCV+ patients was shorter compared to HCV− cases (37 vs.
63%), but this difference was not confirmed in the multivari-
ate analysis. These findings are in agreement with other series
[8–10] and confirm that HCV infection alone is not the most
significant risk factor for outcome in DLBCL patients. On the
contrary, we observed that the presence of cirrhosis was a key

Fig. 1 a Progression-free
survival (PFS; P = 0.014) and b
overall survival (OS; P < 0.001)
according to viral status

Fig. 2 a Overall survival (OS) in
HCV+ patients according to pre-
treatment serum bilirubin level
(P < 0.001). bOS according to the
presence of cirrhosis at diagnosis
(P = 0.007)
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point for shorter OS. In fact, HCV+ patients without cirrhosis
had an almost identical outcome as compared to the non-
infected patients. In other words, it seems that it is not the
presence of HCV infection, but the liver damage that unfavor-
ably impacts on the outcome of DLBCL patients. Thus, treat-
ment decisions should not be based solely on the presence of
chronic hepatitis C infection. These results have yet to be
confirmed, since some cases lacked the viral load data, and
hence, it is not possible to rule out false positive cases or
spontaneous remissions.

As expected, pre-treatment levels of bilirubin were elevated
more often in HCV+ than in HCV− patients. In agreement
with other series, liver toxicity also occurred more often in
HCV+ patients, including those with normal pre-treatment
values of bilirubin or transaminases [9, 10]. In our series,
HCV+ patients with elevated pretreatment bilirubin less fre-
quently completed the initial planned treatment. Therefore,
liver function should be carefully monitored before, during
and after treatment, and adjust the dose of drugs accordingly
to minimize liver damage.

We also observed an increase in the rate of infections in
HCV+ cases, especially in the cirrhotic patients. Thus, antibi-
otic prophylaxis should be considered in these patients with
elevated bilirubin or ALT at diagnosis or during therapy. In
this sense, it is of note that HCV+ patients had a higher inci-
dence of early death (<4 months), all due to complications
during treatment (sepsis and liver decompensation). This phe-
nomenon remarks the higher incidence of toxicity during
treatment, especially in cirrhotic patients.

Recently, an HCV prognostic score was proposed for
HCV+ DLBCL patients that included viral load, serum albu-
min, and performance status. In this study, it stratified the
outcome of patients better than the IPI score [13]. Of note,
this score was based on more than 500 patients, although it
has not yet been validated. In our series, patients with high risk
(two or three risk factors) had a similar outcome as described
(5-year OS of 20%). However, for low and intermediate risk
patients, there was no difference in OS, probably due to the
low number of cases. As expected, low albumin and poor
performance status (ECOG >1) correlated with an inferior
outcome, not only in HCV+ patients.

A few studies analyzed the impact of antiviral therapy on
the outcome of DLBCL patients, suggesting a benefit in those
who receive this treatment [16, 17]. However, for the time
being, the role of antiviral therapy in HCV+ associated
DLBCL is unclear. Finally, an aspect to take into account in
the management of HCV+ patients in the next future is the
impact of the new direct-acting interferon-free antiviral treat-
ments. Concomitant therapy for HCVand lymphoma remains
to be tested, but it could potentially be an option to improve
outcome, especially in those patients with liver damage.

In summary, HCV+ DLBCL patients without liver damage
have a similar outcome as those cases without hepatits C,

while HCV+ cases with liver damage showed an increased
rate of early deaths due to complications during treatment
and, as a consequence, an inferior outcome.
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