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Abstract

Purpose Information is limited about adherence to practice guidelines in patients with hepatitis B virus (HBV), hepatitis C
virus (HCV), or HIV infection receiving anticancer treatment.

Methods Newly diagnosed adult cancer patients were enrolled in a multicenter, prospective cohort study (SWOG S1204)
during 2013-2017 to evaluate the prevalence of HBV, HCV, or HIV in patients initiating anticancer treatment. At 6 months,
records of virus-positive patients were reviewed for antiviral therapy use; anticancer treatment dose reduction; and HBV
reactivation (elevated viral load). Categorical variables were compared using chi-square or Fisher’s exact test.

Results Of 3055 enrolled patients with viral testing, 230 had chronic or past HBV, HCV, or HIV with 6-month follow-up
data (chronic HBV, 15 patients; past HBV, 158; HCV, 49; HIV, 30). Twenty percent (3/15) of chronic HBV and 11% (17/158)
of past HBV patients were co-infected with HCV and/or HIV. Rates of antiviral therapy use by 6 months were as follows:
chronic HBV, 85% (11/13); past HBV receiving anti-B cell therapy, 60% (3/5); past HBV receiving systemic anticancer
therapy without anti-B cell therapy, 8% (8/105); HCV, 6% (2/35); and HIV, 90% (19/21). Among patients with available
data, anticancer treatment dose was reduced in 1 of 145 patients with past HBV and 1 of 42 with HCV. HBV reactivation
occurred in 1 of 15 patients with chronic HBV; this patient was not receiving antiviral therapy.

Conclusion Many patients with cancer and viral infections either do not receive guideline-recommended antiviral treatment
or receive antiviral treatment that is not recommended in guidelines. Further education is needed to improve adherence to
guidelines.
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Introduction

National organizations in the USA have published clinical
practice guidelines for the care of patients with cancer and
viral infections. Regarding hepatitis B virus (HBV) infec-
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tion, according to the American Society of Clinical Oncol-
ogy (ASCO), National Comprehensive Cancer Network
(NCCN), and American Association for the Study of Liver
Diseases (AASLD), patients with a hematologic malignancy
and chronic HBV infection (ASCO, NCCN, and AASLD)
and patients with a hematologic malignancy and past HBV
infection who are anticipating stem cell transplant or anti-
CD20 monoclonal antibody therapy (ASCO and AASLD)
should start on anti-HBV therapy at the beginning of anti-
cancer treatment to prevent reactivation and adverse liver
outcomes [1-3]. The NCCN [2] recommends that patients
with cancer and chronic hepatitis C virus (HCV) infection
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be treated with direct-acting antiviral therapy to prevent
hepatitis flare and avoid delays in anticancer treatment,
although not concomitantly with anticancer therapy [2], and
that patients with cancer and HIV infection be started on
antiretroviral therapy to improve immune function and clini-
cal outcomes [4]. The extent to which these clinical practice
guidelines are followed is unknown. To address this knowl-
edge gap, we examined the patterns of antiviral therapy use
in patients with cancer and HBV, HCV, or HIV infection
enrolled in a large, multicenter, prospective cohort study
of academic and community oncology practices across the
USA and compared these patterns with the guideline recom-
mendations [5]. We also examined the incidence of adverse
liver outcomes, chemotherapy interruptions, and antiviral
therapy initiation by 6 months after the enrollment date.

Methods

SWOG 1204 was a prospective observational study of
patients at least 18 years of age who presented for initial
treatment of a new malignancy at one of 18 participat-
ing academic or community oncology institutions during
2013-2017. The primary study findings were previously
published [5]. Institutional review board approval for the
primary study was provided by the Protocol Review Com-
mittee of the Cancer Therapy Evaluation Program on August
5, 2013. In brief, in the study, patients were categorized as
positive or negative for chronic HBV, past HBV, HCV, or
HIV infection based on standard diagnostic criteria for each
virus, in order to establish the prevalence of these infections
in cancer patients. Patients were categorized as positive for
chronic HBV infection if they tested positive for hepatitis
B surface antigen; positive for past HBV infection if they
tested negative for hepatitis B surface antigen and positive
for hepatitis B core antibody; positive for HCV infection
if they had detectable HCV RNA; and positive for HIV if
they had a documented history of HIV, positive HIV screen-
ing or confirmatory test, or detectable HIV RNA. The study
estimated cancer population prevalence rates for past HBV,
chronic HBV, HCV, and HIV infection in cancer patients at
5.3%, 0.4%, 1.9%, and 1.0%, respectively, and showed that
most patients with past HBV and many with HCV infec-
tion were unaware of their positive viral status at cancer
diagnosis. For all patients, HBV, HCV, and HIV status was
determined by viral testing done within 12 months prior to
registration; most patients had viral status determined just
prior to registration, meaning that the viral status reflected
their current viral status. Patients infected with more than 1
virus are included in the analysis for each infection, and no
adjustments were made for co-infection.

Baseline data collected included cancer descriptors,
planned treatment modalities, and laboratory values. For
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patients with HBV, HCV, or HIV infection, the participat-
ing study sites reviewed the medical records approximately
6 months after registration for the following post-registration
events: most recent viral load; antiviral therapy received;
type(s) of anticancer treatment received; changes in anti-
cancer treatment due to viral infection (reduction in antican-
cer treatment dose or omission or suspension of anticancer
treatment); and adverse liver outcomes due to viral infection
(HBV reactivation [increase in HBV DNA], hepatitis flare
[doubling of alanine transaminase or aspartate aminotrans-
ferase], increase in international normalized ratio [INR], or
jaundice). Event dates were not collected. A patient could
have more than 1 anticancer treatment modality, anticancer
drug, change in cancer treatment, or adverse liver outcome
reported.

This study extends the initial findings by examining
antiviral therapy use, changes in anticancer treatment due
to viral infection, and adverse liver outcomes due to viral
infection. We compared observed antiviral management to
guideline recommendations [1-3, 6]. The rates of antiviral
therapy use, changes in anticancer treatment due to viral
infection, and adverse liver outcomes by type of viral infec-
tion were estimated among patients with known (non-miss-
ing) data. Descriptive statistics were used. The p-values for
comparisons between categorical variables were obtained
by using the chi-square test or Fisher’s exact test, a t-test for
continuous variables, and a Cochran-Armitage trend test for
ordered variables. A 2-sided alpha=0.05 test was consid-
ered statistically significant. No adjustments were made for
multiple comparisons.

Results

A total of 3055 newly diagnosed cancer patients who pre-
sented for treatment at one of the participating centers dur-
ing the study period were registered to the study and had
viral testing. Of these, 289 patients had viral infection;
among these, 230 (80%) had 6-month follow-up data avail-
able. There were no clinically significant differences in base-
line patient characteristics between infected patients with
and without 6-month data (summarized in Online Appendix
Table). Among the patients with 6-month follow-up data
available, 15 patients had chronic HBV, 158 had past HBYV,
49 had HCV, and 30 had HIV infection (Fig. 1). We found
that 18 patients were infected with 2 viruses, and 2 patients
were infected with 3 viruses. Among those with chronic
HBYV infection, 20% (3/15) were co-infected (2 with HCV
and 1 with HIV). Among patients with past HBV infec-
tion, 11% (17/158) were co-infected (7 with HCV, 8 with
HIV, and 2 with both HCV and HIV). No patients were co-
infected with only HCV and HIV. Baseline characteristics
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Fig. 1 Modified CONSORT flow diagram. HBV, hepatitis B virus; HCV, hepatitis C virus

of the patients with viral infection and 6-month follow-up
data are presented in Table 1.

Chronic HBV infection

Of 3054 newly diagnosed cancer patients evaluated for HBV
infection, 19 (1%) had chronic HBV infection (Fig. 1). Of
these 19 patients, 15 (79%) had 6-month follow-up data
available (Online-Only Appendix Table).

Among patients with known chronic HBV infection
whose medication status was available, 15% (2/13) had
not received anti-HBV medication by 6 months (Table 1).
Patients who received anti-HBV medication received ente-
cavir, tenofovir disoproxil fumarate, or lamivudine. One
patient with chronic HBV infection had an adverse liver
outcome, HBV reactivation; this patient had not received
anti-HBV therapy by 6 months (Table 2). One patient with
chronic HBV infection had a hematologic malignancy
(Table 1); this patient received antiviral therapy. There were
no cases of change in anticancer treatment due to viral infec-
tion in patients with chronic HBV infection (Table 3).

Past HBV infection

Of 3054 newly diagnosed cancer patients evaluated for
HBYV infection, 198 (6%) had past HBV infection (Fig. 1).
Of these 198 patients, 158 (80%) had 6-month follow-up
data available (Online-Only Appendix Table).

Among patients with known past HBV infection whose
medication status was available, 10% (11/111) received
antiviral therapy by 6 months (Table 1). Patients who
received anti-HBV medication received entecavir, teno-
fovir disoproxil fumarate, or lamivudine. Compared to
patients who had not received anti-HBV medication by
6 months, patients who had received anti-HBV medication
by 6 months had higher rates of white race, non-Hispanic
ethnicity, male sex, unemployed status, high education
level, and hematologic cancers (Table 1). Among patients
with past HBV infection receiving anti-B cell therapy,
40% (2/5) had not received antiviral therapy by 6 months.
Taking into account that combinations of anticancer
drugs were possible, 50% (4/8) of patients with past HBV
infection receiving targeted biologic therapy, 11% (9/81)
receiving cytotoxic therapy, and 8% (8/105) receiving
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Table 2 Antiviral therapy use among patients with known adverse liver outcomes by 6 months in patients with HBV, HCV, or HIV infection®

HIV

HCV

Past HBV

Chronic HBV

Anti-HIV therapy
use at 6 months®

Anti-HCV therapy use
at 6 months®

Anti-HBV therapy use at

6 months®

Anti-HBV therapy use
at 6 months®

Yes No

All patients

Yes No

All patients

Yes

All patients

Yes No

All patients

0/4 (0)

4/4 (100)

7/8 (87)  5(100)

5/24 (21) 19/24 (79) 10 (100) 1/8 (13)

1/1 (100) 29 (100)

0/1 (0)

1 (100)

Any adverse liver outcome
Specific adverse liver outcomes®

0(0)

0(0)

0(0)

51
4(57)
1(14)

0 (0) 0 (0) 0(0) 0

0 ()

1 (100)
0(0)
0(0)
0 (0)

1 (100)
0(0)
0(0)
0(0)

HBYV reactivation

4 (100)
1 (25)
0(0)

5 (100)
1 (20)
0(0)

1 (100)

0(0)

7 (70)
5(50)
3 (30)

14 (74)
9 (47)

1(5)

5 (100)

23 (79)
12 (41)
13)

Hepatitis flare

120
0(0)

Increase in INR

1 (100)

Developed jaundice

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized ratio

#Values in table are number of patients (percentage)

PPatients missing antiviral therapy status at 6 months are excluded; the denominators show the numbers of patients for whom antiviral status was available

“Patients may have experienced more than 1 adverse liver outcome

systemic anticancer therapy without an anti-B cell drug
received antiviral therapy by 6 months.

Twenty-nine patients with past HBV infection had at
least 1 adverse liver outcome: 23 (79%) had a hepatitis
flare, 12 (41%) had an increase in INR, and 1 (3%) had jaun-
dice (Table 2). Fourteen patients with past HBV infection
and hepatitis flare had not received anti-HBV therapy by
6 months (Table 2). One patient (1%) with past HBV infec-
tion required a lowering of chemotherapy dose (Table 3).

HCV infection

Of 2994 newly diagnosed cancer patients evaluated for HCV
infection, 70 (2%) were infected with HCV (Fig. 1). Of these
70 patients, 49 (70%) had 6-month follow-up data available
(Online-Only Appendix Table).

Among patients with known HCV infection whose medi-
cation status was available, 94% (33/35) had not received
anti-HCV medication by 6 months (Table 1). Patients who
received anti-HCV medications received ledipasvir/sofos-
buvir combination. Ten patients with HCV infection had
at least 1 adverse liver outcome: 7 (70%) had a hepatitis
flare, 5 (50%) had an increase in INR, and 3 (30%) had jaun-
dice (Table 2). Five patients with HCV infection and hepa-
titis flare had not received anti-HCV therapy by 6 months
(Table 2). Three patients (3/33, 9%) had changes in treat-
ment possibly due to viral infection (Table 3). Two patients
(2/42, 5%) had a change in anticancer treatment due to end
organ effects associated with viral infection: 1 had the chem-
otherapy dose lowered, and 1 had therapy omitted that would
have been recommended had the patient’s viral status been
negative (Table 3).

HIV infection

Of 3049 newly diagnosed cancer patients evaluated for HIV
infection, 34 (1%) were infected with HIV (Fig. 1). Of these
34 patients, 30 (88%) had 6-month follow-up data available
(Online-Only Appendix Table).

Among patients with known HIV infection whose medi-
cation status was available, 10% (2/21) had not received anti-
HIV medications by 6 months (Table 1). Patient who were
treated for HIV received nucleoside reverse transcriptase
inhibitors (abacavir, emtricitabine, lamivudine, tenofovir
disoproxil fumarate, or zidovudine); non-nucleoside reverse
transcriptase inhibitors (efavirenz, etravirine, or nevirapine);
protease inhibitors (ritonavir or darunavir); integrase strand
transfer inhibitors (dolutegravir or raltegravir); or a fixed
combination therapy (efavirenz, emtricitabine, and tenofovir
disoproxil fumarate; lamivudine and zidovudine; abacavir
and lamivudine; emtricitabine and tenofovir disoproxil
fumarate; darunavir and cobicistat; or abacavir, dolutegra-
vir, and lamivudine). Five patients with HIV infection had an
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Table 3 Viral-related changes in treatment by 6 months in patients with HBV, HCV, or HIV infection®

Chronic HBV Past HBV (n=158) HCV (n=49) HIV (n=30)
(n=15)
Change in treatment due to viral infection
Yes 2 (14) 12 (8) 3(7) 521
No 12 (86) 134 (92) 42 (93) 19 (79)
Unknown/missing 1 12 4 6
Type of change®
Reduction of chemotherapy dose 00 0(0) 00 00
Omission of anticancer treatment due to viral infection 00 0(0) 0(0) 0(0)
Addition of antiviral/antiretroviral therapy 2 (14) 8(5) 12) 4 (17)
Other change 00 6(4) 2(4) 14)
Change in treatment due to end organ effects of viral infection
Yes 1(7) 4(3) 2(5 14)
No 13 (93) 141 (97) 40 (95) 25 (96)
Unknown/missing 1 13 7 4
Type of change
Reduction of chemotherapy dose 00 1(1) 1(2) 00
Omission of anticancer treatment due to viral infection 00 0(0) 12) 00
Addition of antiviral/antiretroviral therapy 1(7) 2(1) 00 14)
Other change 0(0) 1(1) 0(0) 0(0)

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus
#Values in table are number of patients (percentage)

PPatients may have had more than 1 change in treatment

adverse liver outcome: 5 (100%) had a hepatitis flare, and 1
(20%) had an increase in INR (Table 2). All 4 patients with
HIV infection and hepatitis flare for whom data were avail-
able had received anti-HIV therapy by 6 months (Table 2).
No patient with HIV infection had a lowered dose of chemo-
therapy or omission of an anticancer drug (Table 3).

Discussion

In this study, we examined the patterns of use of antiviral
therapy, the rates of changes in anticancer treatment due to
viral infection, and adverse liver outcomes at 6 months in
patients with cancer and HBV, HCV, or HIV infection. We
compared the patterns of antiviral therapy use with guide-
lines in force during the study period, which are outlined in
Table 4 (along with current guidelines).

Though guidelines in force during the study period
as well as contemporary guidelines from ASCO [1, 7],
AASLD [3, 8], and NCCN [2, 9] recommend that patients
with chronic HBV infection receiving anticancer treatment
receive concomitant antiviral therapy, we found that 15% of
cancer patients with chronic HBV infection had not received
antivirals by 6 months. Similarly, while guidelines in force
during the study period as well as contemporary guide-
lines from NCCN [2, 4] recommend that patients with HIV
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infection receiving anticancer treatment receive concomi-
tant antiviral therapy, we found that 10% of cancer patients
with HIV infection had not received antivirals by 6 months.
Further, while ASCO guidelines in force during the study
period as well as current ASCO guidelines [1, 7] recom-
mend that patients with past HBV infection treated with
anti-CD20 drugs receive concomitant antiviral prophylaxis,
40% (2/5) of our patients with past HBV infection treated
with anti-CD20 therapy had not received antiviral therapy
by 6 months. On the other hand, 8% of patients with past
HBYV infection who received anticancer treatment that did
not include an anti-CD20 drug—a group for which monitor-
ing without antiviral prophylaxis is recommended by ASCO
guidelines in force during the study and current ASCO
guidelines [1, 7] and current AASLD guidelines [3]—actu-
ally had received antiviral therapy by 6 months. Although
guidelines in force during the study period recommended
antiviral therapy for cancer patients with HCV infection [2],
only 6% of our patients with HCV infection had received
antiviral therapy by 6 months.

For patients with chronic HBV infection and a hemato-
logic malignancy, in whom the risk of HBV reactivation
is nearly 50% [10], guidelines in force during the study
period as well as contemporary guidelines from ASCO [1,
7], NCCN [2, 9], and AASLD [3, 8] recommend antiviral
prophylaxis prior to anticancer treatment. In this study, the
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sole patient with a hematologic malignancy and chronic
HBYV infection did receive antiviral prophylaxis and had no
adverse liver outcomes or changes in anticancer treatment.
It is estimated that the risk of reactivation for patients with
solid tumors and chronic HBV infection is 25% [11]. How-
ever, because the risk of reactivation during treatment with
individual anticancer drugs or combinations of anticancer
drugs is unclear for patients with solid tumors, the optimal
timing for antiviral therapy for patients with solid tumors
and chronic HBV infection has not been determined [1].
Treatment options may include antiviral prophylaxis at the
initiation of anticancer treatment or close monitoring with
initiation of antiviral therapy at the earliest sign of HBV
reactivation. With the increasing use of checkpoint block-
ade, challenges include the known risks of immune-related
hepatitis and further immune suppression and the risk of
HBYV reactivation if patients receive high-dose steroids for
immune-related adverse events. HBV DNA contains a tran-
scriptional regulatory element that has been shown to be
activated by glucocorticoids [12]. Reactivation has been
reported among HBV patients who received PD-1 blockade
therapy [13].

Patients with past HBV infection receiving anti-B cell
therapy, such as anti-CD20 monoclonal antibody, are at
high risk of HBV reactivation and should receive antiviral
prophylaxis, as recommended by ASCO during the study
period [7] and afterwards [1] and AASLD after the study
period [3]. Patients with past HBV infection have covalently
closed circular DNA capable of replication remaining in the
hepatocytes. Replication is normally inhibited by a healthy
host’s strong immune system but may spiral out of control
and lead to HBV reactivation with potent immunosuppres-
sion. In our study, we found that 40% (2/5) of the patients
with past HBV infection receiving anti-B cell therapy had
not received antiviral prophylaxis by 6 months; none of these
patients had developed HBV reactivation by 6 months.

On the other hand, the risk of HBV reactivation is low for
patients with a solid tumor and past HBV infection receiv-
ing anticancer treatment that does not include anti-CD20
monoclonal antibody therapy or stem cell transplant [11],
and thus, antiviral prophylaxis has never been recommended
for such patients [1, 3, 7]. We found that a small propor-
tion (8%) of patients with past HBV infection receiving
anticancer treatment that did not include anti-B cell therapy
received antiviral therapy. Starting antiviral therapy without
clear indications may subject patients to the burden of long-
term therapy and financial costs without adding clinical ben-
efit. Per current ASCO guidelines [1], AASLD guidelines
[3], and expert opinion [14], these patients could have close
monitoring during cancer treatment, with antiviral therapy
started at the earliest sign of HBV reactivation.

NCCN consensus in force at the time of the study [2]
along with later guidance from ASCO [6] and oncology
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experts [15] recommends that patients with cancer and HCV
infection receive direct-acting antiviral therapy to eradicate
HCYV and decrease the risk of HCV-associated complica-
tions of anticancer treatment, including enhanced HCV rep-
lication and hepatitis flare, as well as the risk of secondary
malignancies [6, 15]. Direct-acting antiviral therapy also
prevents chronic hepatitis and progression to liver fibrosis
or cirrhosis. Concomitant administration of anti-HCV ther-
apy with anticancer therapy is generally not recommended
by NCCN consensus [2], although oncology experts offer
alternative concomitant treatment strategies if patients can
be closely monitored by a multidisciplinary team [15]. In our
study, we found that only 6% of patients with HCV infection
had received antivirals by 6 months.

NCCN consensus during our study period recommended
that patients with cancer and HIV receive antiretroviral ther-
apy before and during anticancer treatment [2], and a more
recent NCCN consensus supports this in order to decrease
the risk of infections and complications [4]. In our study,
10% of patients with HIV had not received antiretroviral
therapy by 6 months. We found high rates (up to 20%) of
co-infection with other viruses, supporting a comprehensive
approach to screening for HBV, HCV, and HIV prior to the
initiation of anticancer treatment.

Our study had several limitations. We examined outcomes
in an observational cohort of patients from community-based
oncology practices with a primary focus on seroprevalence
of HBV, HCV, and HIV. Because this study examined only
whether events had occurred by 6 months, we do not know if
antiviral therapy was started to prevent or in response to hep-
atitis flare or other adverse liver outcomes, and we are unable
to determine the cause of liver outcomes. Antiviral therapy
and clinical management were under the discretion of the
providers; this approach mirrors actual practice, increasing
the generalizability of our findings, but also resulted in a
variety of viral management strategies. Also, since chronic
HBYV infection and HIV infection are relatively uncommon,
our study included small numbers of patients with these viral
infections, limiting our ability to draw strong conclusions
about patterns of care for these patients. However, this is one
of the largest US studies of patients with cancer and HBV,
HCYV, or HIV infection. We are hopeful that evolution of
oncology practice toward adoption of universal screening for
viral infections, along with future development of longitudi-
nal cohort studies, will permit larger studies of patients with
cancer and viral infections. Another limitation is that study
participants with co-infection were not treated separately in
our analysis. Patients may have received more than 1 anti-
cancer drug, and we did not separately analyze the myriad
combinations. Anticancer treatments have evolved in recent
years, and thus clinical outcomes could be different if the
current study were repeated with the newer agents. Patients
with conditions other than hepatitis that may confer a risk of
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adverse liver outcomes were not excluded from or accounted
for in our analyses. Chemotherapy dose reductions poten-
tially influenced by conditions other than viral infections
were not explored. Our results may not be generalizable to
the resource-limited populations where viral screening may
not be available. Future collaborative efforts are needed to
prioritize viral screening for all cancer patients.

Although the clinical study completed enrollment in
2017, the findings from this analysis remain highly rel-
evant. Patients with viral infections receiving systemic anti-
cancer therapy remain at risk for adverse clinical outcomes
if antiviral therapy and management guidance are not fol-
lowed. For example, recent reports show that reactivation
is still occurring in HBV patients receiving chemoradiation
for cervical cancer [16]; that anti-CD19 chimeric antigen
receptor (CAR) T-cell therapy can cause HBV reactivation
in patients with B-cell malignancies and chronic [17] or past
HBYV infection [18], and the administration of this therapy
may require heightened awareness on the part of providers
who care for patients coinfected with HBV and HIV since
CAR T-cell therapy may be a novel treatment for HIV [19];
and that dexamethasone and tocilizumab for treatment of
COVID-19 may increase the risk of HBV reactivation [20].

In summary, we found that antiviral therapy use often
was not in agreement with national treatment guidelines.
Substantial proportions of patients with cancer and viral
infections either do not receive guideline-recommended
antiviral treatment or receive antiviral treatment that is not
recommended in guidelines. Our results suggest that provid-
ers caring for patients with viral infections receiving cancer
treatment may need additional education and support. Future
efforts focused on increasing awareness of guideline-recom-
mended management strategies among oncology providers
and increasing implementation of these strategies in clinical
care could be warranted. These efforts could reduce the risk
of adverse liver outcomes in patients with hepatitis infec-
tions, which would contribute to optimizing their clinical
outcomes. Ongoing research priorities include ascertain-
ing reactivation risk by specific anticancer drug, repeating
this study in high-risk populations, developing longitudinal
cohorts of cancer patients with viral infections, and prospec-
tive surveillance for hepatitis flares and their causes. Col-
laboration between medical providers who screen for viruses
and those who manage the viral infections would be benefi-
cial for patients with cancer. Such providers include spe-
cialists in oncology, infectious disease, hepatology, primary
care, dissemination and implementation, decision support,
clinical informatics, and electronic health records.
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