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Abstract
Background Cancer patients receiving chemotherapy face an increased risk of reactivation of chronic hepatitis B virus

infection.

Aim To determine the HBV screening rate in patients receiving cancer chemotherapy in various clinical settings.

Method We identified 11,959 adult cancer patients (age C 18 years) receiving parenteral chemotherapy between 2012 and

2015 within a major US hospital network, including a large university hospital, community teaching hospitals, and

community oncology clinics.

Result Two thousand and forty-five patients (17.1%) were screened for either HBV surface antigen (HBsAg) or HBV core

antibody (HBcAb) before chemotherapy, and 1850 patients (15.5%) had both HBsAg and HBcAb tested before

chemotherapy. 8.4% were exposed to HBV, and 0.9% had chronic HBV infection (both HBsAg/HBcAb positive). Patients

with hematologic tumor were more often screened than with solid tumor (55.6 vs. 8.3%, p\ 0.001). Patients receiving

chemotherapy with higher HBV reactivation risk had higher yet suboptimal HBV screening rate (41.1% B-depleting

agents, 21.5% anthracycline, 14.9% steroid, 64.7% anti-TNF alpha and 18.6% other chemotherapy, p\ 0.001). Patients

with age C 50 years (old 16.2% vs. young 23.9%, p\ 0.001) and Asian ethnicity (Asian 13.6 vs. Caucasian 16.6%,

p\ 0.001) were screened less for HBV despite higher prevalence of HBV exposure (old 9.3% vs. young 4.3%, p\ 0.001

and Asian 27.8% vs. Caucasian 6.4%, p\ 0.001). Patients receiving chemotherapy in community oncology clinics were

less screened versus community teaching hospitals or university hospital (12.7 vs. 19.1 vs. 19.7%, p\ 0.001), despite

similar prevalence of HBV infection. On multivariate analysis, receiving chemotherapy at a community oncology clinic

[odds ratio (OR) 0.57, 95% confidence interval (CI) 0.45–0.72, p\ 0.001] was independently associated with less HBV

screening compared to receiving chemotherapy at a university or community teaching hospital.

Conclusion HBV screening among patients undergoing cancer chemotherapy was suboptimal and less commonly per-

formed in community oncology clinics compared to teaching hospitals.
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Introduction

Patients receiving cancer chemotherapy face an increased

risk of reactivation of chronic hepatitis B virus (HBV)

infection, which may be associated with significant mor-

bidity and mortality. Approximately 10.8 million (3.9%) of

the US population has prior exposure to HBV with positive

HBcAb and 0.3% has chronic HBV infection with positive

HBsAg [1]. HBV reactivation rate depends on HBV

infection status, host factors [2] as well as chemotherapy

regimen [3]. Although HBV reactivation more commonly

occurs in patients with positive HBsAg, HBcAb positive/

HBsAg negative patients may also experience HBV
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reactivation [4, 5]. The rate of HBV reactivation varies

between 3 and 88%, and the mortality rate also ranges from

23 to 71% [2, 6]. However, a systemic review on HBV

reactivation revealed that 32% of patients with positive

HBsAg receiving chemotherapy had an increase in HBV

DNA level by more than tenfold with a corresponding

elevation in serum aminotransferase levels, 13% of patients

developed hepatic failure and 7% died [7]. Patients

receiving B cell-depleting agents such as rituximab,

anthracycline or corticosteroid therapy face more than 10%

risk of HBV reactivation [3]. Although patients with

hematologic malignancy who are undergoing chemother-

apy are known to be associated with high risk of HBV

reactivation [3, 8, 9], patients with solid malignancy may

also experience HBV reactivation [10, 11].

The issue of HBV reactivation in context of cancer

chemotherapy has been recognized by federal agencies and

medical specialty societies, including the US Food and

Drug Administration (FDA), which has placed boxed

warnings regarding the risk of HBV reactivation with

immune-suppressing and anticancer drugs such as ofatu-

mumab and rituximab [12], and the Centers for Disease

Control and Prevention (CDC), which has proposed rec-

ommendations for HBV screening in patients with a high

risk of HBV reactivation [13]. Major medical societies

such as the American Society of Clinical Oncology

(ASCO) [14, 15], American Gastroenterological Associa-

tion (AGA) [16] and American Association for the Study of

Liver Diseases (AASLD) [17] have published guidelines

addressing prevention and treatment of HBV reactivation

before and during chemotherapy.

Despite these guideline recommendations, HBV

screening rates have been suboptimal based on studies

evaluating screening practices within major cancer centers

or large university hospitals. Hwang et al. [18] reported

that the HBV screening rate prior to chemotherapy for

cancer patients at one major cancer center was 16.2%

overall, with improvement observed over 7 years from

2004 to 2011 (14.8–19.9%). Paul et al. [19] reported that

among 4008 patients undergoing cancer chemotherapy

from 1999 to 2013 at one major university center, HBV

screening was performed in 45.5% prior to immunosup-

pressive therapy in liquid tumor patients, and 73.9% in

solid tumor patients. Furthermore, a small study of 244

consecutive patients who underwent rituximab therapy at a

community-based safety net hospital from 2006 to 2015

revealed that 60.5% underwent HBV screening prior to

chemotherapy [20]. However, there is no study comparing

HBV screening pattern in different clinical settings,

reflecting real-world data. Herein, we describe the results

of a retrospective observational study to investigate the

real-world HBV screening rate in cancer patients receiving

chemotherapy in a major US health care network involving

three clinical settings, including a large university hospital,

community teaching hospitals, and affiliated community

outpatient oncology clinics.

Methods

Study Populations and Data Source

Data were extracted from our Electronic Health Record

(Epic) by Yale Joint Data Analytics Team (JDAT) using

search term (keyword, encounter type and code). We

identified patients age 18 years or older who completed a

parenteral chemotherapy encounter between January 2012

to August 2015 at a large university hospital (1 site),

community teaching hospital (2 sites) and/or community

oncology clinic (9 sites) within the Yale-New Haven

Health System. We excluded patients who received

chemotherapy via non-parenteral route or unknown route

of administration since it may be difficult to monitor the

actual administration and compliance with chemotherapy

in those patients based on previously published studies

[18]. We also excluded patients without diagnosis of

malignancy based on ICD-9 or 10 code who underwent

chemotherapy for immunosuppression or anti-inflamma-

tory measures. We collected data on chemotherapy (name

of chemotherapy regimen, dose, route of administration

and location of administration), cancer diagnosis (ICD-9 or

10 code), and hepatitis B serology test (date of test ordered

and result). The study protocol was approved by Yale

University Institutional Review Board (protocol ID:

1603017450).

Study Variables

Baseline demographic information on age, gender, and

race/ethnicity was collected. Types of tumors were divided

into hematologic, solid, and combination of hematologic

and solid neoplasm when the patient had diagnosis of both

hematologic and solid malignancy. Types of chemotherapy

were categorized by American Cancer Society classifica-

tion. Chemotherapy with known risk of HBV reactivation

was separately grouped, including B-depleting agents,

anthracycline derivatives, steroid, immunotherapy other

than B-depleting agent, anti-tumor necrosis factor (TNF)

alpha agents, and cytokine/integrin inhibitors (Supple-

mental Table 1) [3, 16, 21]. When patients were receiving

multiple chemotherapy regimens or if the chemotherapy

medications were switched during chemotherapy, the

patient was considered to be receiving the chemotherapy

with the highest risk of HBV reactivation among multiple

chemotherapy in the order of B-depleting agent, anthra-

cycline, steroid, immunotherapy, anti-TNF alpha, cytokine/
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integrin inhibitor and other chemotherapy based on previ-

ously published risk of HBV reactivation [3, 16], as

investigating HBV screening rate in people who are taking

chemotherapy with higher risk of HBV reactivation is of

greater significance. Location of chemotherapy and HBV

screening test were divided into a university medical cen-

ter, community teaching hospitals, community oncology

clinics, and multiple locations if the patient received

chemotherapy in two or more various clinical settings

including university hospital, community teaching hospi-

tals, or community oncology clinics.

Study Outcomes

HBV screening was defined as HBsAg and/or HBcAb tests

ordered prior to the first administration of chemotherapy

[16]. Patients who received appropriate HBV screening

with both HBsAg and HBcAb were identified. Patients who

had HBV serologic tests after the initiation of chemother-

apy, which may reflect testing for HBV in response to

abnormal liver enzymes or hepatic decompensation, were

also identified. HBV infection status was divided into

chronic HBV infection (positive HBsAg and HBcAb),

occult HBV infection (negative HBsAg, positive HBcAb,

negative HBsAb), or resolved HBV infection (negative

HBsAg, positive HBcAb, positive HBsAb). Patients with

confirmed HBV viremia with positive or detectable HBV

DNA without other serologic markers were also included in

the HBV infection population.

Statistical Analysis

Statistical analyses were performed using STATA package

(STATA/IC version 14.1: STATA Corp LP., College Sta-

tion, TX). Proportions of HBV screening before and after

initiation of chemotherapy as well as HBV infection status

were calculated. Appropriate Pearson’s Chi-square test or

Fisher’s exact test was used to analyze differences in

patients with or without HBV screening as well as char-

acteristics of patients with or without a history of HBV

infection. Multivariate logistic regression analysis was

performed to identify factors associated with HBV

screening prior to initiation of chemotherapy. Character-

istics of patients who had either HBsAb or HBcAg test

ordered before initiation of chemotherapy (early screening

group) were compared to patients who had both HBsAb

and HBcAg test ordered after initiation of chemotherapy

(late screening group). Multivariate logistic regression

analysis to identify factors associated with early HBV

screening as opposed to late HBV screening was also

performed.

Results

HBV Screening Before or After Initiation
of Chemotherapy

Among 13,058 patients who underwent chemotherapy via

parenteral route within the Yale-New Haven Health Sys-

tem January 2012–August 2015, we excluded 1099 patients

without diagnosis of cancer and identified 11,959 patients

who met inclusion criteria (Fig. 1). A total of 2045 patients

(17.1%) had either HBsAg or HBcAb tested before starting

chemotherapy, and 1850 patients (15.5%) had appropriate

HBV screening testing with both HBsAg and HBcAb

before starting chemotherapy. Thousand two hundred and

fifty-one (10.5%) patients were tested for either HBsAg or

HBcAb after initiation of chemotherapy, and 1000 (8.4%)

patients were tested for both HBsAg and HBcAb after

initiation of chemotherapy (Table 1).

HBV Screening Pattern Before Initiation
of Chemotherapy

Older patients over age 50 years were less commonly

screened for HBV prior to chemotherapy compared to

patients less than age 50 years (16.2 vs. 23.9%, p\ 0.001).

Patients with Asian ethnicity (13.6%) and Hispanic eth-

nicity (14.8%) were less screened for HBV compared to

Caucasian (16.6%) or African-American patients (18.6%,

p\ 0.001). Female patients were less commonly screened

for HBV than male patients (14.9 vs. 19.6%, p\ 0.001).

Patients receiving chemotherapy at local oncology clinics

(12.7%) were less likely to be screened for HBV compared

to those at a university medical center (19.7%) or com-

munity teaching hospitals (19.1%, p\ 0.001). A total of

55.6% of patients with hematologic neoplasms were

screened for HBV prior to chemotherapy, 22.6% patients

with either hematologic or solid neoplasms, and 8.3%

patients with solid neoplasms alone (p\ 0.001). A total of

41.1% of patients receiving B-depleting agents and 64.7%

patients receiving anti-TNF alpha therapy were screened

for HBV before chemotherapy, while 21.5% of patients

receiving anthracycline agents, 14.9% of patients receiving

corticosteroid therapy, 16.5% receiving immunotherapy

other than B-depleting agents, and 18.6% of patients

receiving other chemotherapy agents were screened for

HBV (p\ 0.001, Table 2).

HBV Infection Pattern in Patients Undergoing
Cancer Chemotherapy

A total of 8.4% of patients (215/2554) who had available

HBsAg, HBcAb or HBV DNA testing had positive results
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in one of these tests indicating prior exposure to HBV.

Chronic HBV infection (HBsAg and HBcAb positive) was

confirmed in 0.9% of patients (22/2508), occult HBV

infection (negative HBsAg/positive HBcAb/negative

HBsAb) in 2.2% of patients (30/1375), and resolved HBV

infection (negative HBsAg/positive HBcAg/positive

HBsAb) in 6.4% (88,1375) of patients (Table 1). Patients

older than age 50 years had a higher prevalence of HBV

Fig. 1 Study population

flowchart

Table 1 Proportion of HBV

screening before or after

initiation of chemotherapy

(N = 11,959)

n (%)

Proportions of HBV testing performed

Either HBsAg or HBcAb before starting chemotherapy 2045/11,959 (17.1)

Both HBsAg and HBcAb before starting chemotherapy 1850/11,959 (15.5)

Either HBsAg or HBcAb after starting chemotherapy 1251/11,959 (10.5)

Both HBsAg and HBcAb after starting chemotherapy 1000/11,959 (8.4)

HBV infection status in cancer patients undergoing chemotherapy

Prior exposure to HBV (positive HBsAg, HBcAb or HBV DNA) 215/2554 (8.4)

Chronic HBV infection (both HBsAg and HBcAb positive) 22/2508 (0.9)

Occult HBV infection (negative HBsAg/positive HBcAb/negative HBsAb) 30/1375 (2.2)

Resolved HBV infection (negative HBsAg/positive HBcAg/positive HBsAb) 88/1375 (6.4)
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exposure (9.3 vs. 4.3%, p\ 0.001). Asian (27.8%) patients

followed by African-American (18.5%), Hispanic (10.9%)

and Caucasian (6.4%) patients had evidence of prior

exposure to HBV (p\ 0.001). Male patients more com-

monly had evidence of prior exposure to HBV than female

patients (10.2 vs. 6.5%, p = 0.001). There was no differ-

ence in HBV exposure status among patients receiving

chemotherapy across clinical settings or chemotherapy

type (p[ 0.05, Table 3).

Multivariate Analysis on Factors Associated
with HBV Screening Prior to Chemotherapy

On multivariate analysis, receiving chemotherapy at a

community oncology clinic [odds ratio (OR) 0.57, 95%

confidence interval (CI) 0.45–0.72, p\ 0.001] or multiple

locations (OR 0.60, 95% CI 0.52–0.68, p\ 0.001) was

independently associated with less HBV screening com-

pared to a university hospital. Receiving chemotherapy at a

community teaching hospital was not associated with lower

rates of HBV screening compared to a university hospital

(OR 1.02, 95% CI 0.77–1.34, p = 0.906). Patients aged

more than 50 years old (OR 0.59, 95% CI 0.50–0.69,

p\ 0.001) and female gender (OR 0.85, 95% CI

0.76–0.95, p = 0.005) were associated with less HBV

screening before cancer chemotherapy. African-American

ethnicity (OR 1.33, 95% CI 1.11–1.58, p = 0.002) was

associated with higher HBV screening compared to Cau-

casian ethnicity (OR 1.33, 95% CI 1.11–1.58, p = 0.002).

Hispanic or Asian ethnicity was not associated with lower

rates of HBV screening compared to Caucasian ethnicity

(p[ 0.05). Hematologic malignancy (OR 15.17, 95% CI

13.43–17.13, p\ 0.001) or a combination of hematologic

and solid malignancy (OR 3.45, 95% CI 2.54–4.67,

Table 2 Characteristics of HBV screening pattern in cancer patients prior to chemotherapy

Total (N = 11,959, %) HBV Screening

Yes (n = 2045, %) No (n = 9914, %) p value

Age

Young (\ 50 years) 1396 (11.7) 334 (23.9) 1062 (76.1) \ 0.001

Old (C 50 years) 10,563 (88.3) 1711 (16.2) 8852 (83.8)

Ethnicity

Caucasian 9331 (78.0) 1548 (16.6) 7783 (83.4) \ 0.001

African-American 1277 (10.7) 238 (18.6) 1039 (81.4)

Hispanic 506 (4.2) 75 (14.8) 431 (85.2)

Asian 155 (1.3) 21 (13.6) 134 (86.5)

Others/Unknown 690 (5.8) 163 (23.6) 527 (76.4)

Sex

Male 5649 (47.2) 1107 (19.6) 4542 (80.4) \ 0.001

Female 6310 (52.8) 938 (14.9) 5372 (85.1)

Location of chemotherapy

University hospital 7077 (63.1) 1392 (19.7) 5685 (80.3) \ 0.001

Community teaching hospital 472 (4.0) 90 (19.1) 382 (80.9)

Community oncology clinic 3530 (29.5) 448 (12.7) 3082 (87.3)

Multiple location 880 (7.4) 115 (13.1) 765 (86.9)

Tumor type

Hematologic 2151 (18.0) 1195 (55.6) 956 (44.4) \ 0.001

Solid 9547 (79.8) 791 (8.3) 8756 (91.7)

Both hematologic and solid 261 (2.2) 59 (22.6) 202 (77.4)

Chemotherapy type

B-depleting agent 124 (1.0) 51 (41.1) 73 (58.9) \ 0.001

Anthracycline 1193 (10.0) 257 (21.5) 936 (78.5)

Steroid therapy 7098 (59.4) 1055 (14.9) 6043 (85.1)

Immunotherapy, excluding B-depleting agent 158 (1.3) 26 (16.5) 132 (83.5)

Anti-TNF alpha 17 (0.1) 11 (64.7) 6 (35.3)

Cytokine/integrin inhibitor 27 (0.2) 22 (81.5) 5 (18.5)

Other chemotherapy 3342 (28.0) 623 (18.6) 2719 (81.4)
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p\ 0.001) was associated with higher HBV screening rate

compared to solid malignancy. Receiving high-risk

chemotherapy such as B-depleting agents (OR 0.70, 95%

CI 0.47–1.04, p = 0.079) was not associated with higher

HBV screening rate compared to other chemotherapy

regimens. Receipt of anthracycline agents (OR 0.52, 95%

CI 0.43–0.64, p\ 0.001) or corticosteroids (OR 0.81, 95%

CI 0.71–0.92, p = 0.001) was associated with lower HBV

screening rates compared to other chemotherapy regimens

(Table 4).

Comparison of Patients Who Had HBV Screening
Before and After Chemotherapy

When compared to patients who had either HBsAg or

HBcAb screening performed before initiation of the

chemotherapy (early screening group), patients who had

both HBsAb and HBsAg test performed after initiation of

the chemotherapy (late screening group), no difference in

age or ethnicity was identified. While Caucasian (16.6%)

and African-American (18.6%) ethnicity was associated

with higher early screening compared to Hispanic (14.8%)

and Asian (13.6%) ethnicity, higher late screening was

observed in the Hispanic (10.5%) and Asian (11.0%) eth-

nicity groups compared to Caucasian (8.3%) and African-

American ethnicity groups (8.1%, p = 0.011). While more

male patients were screened early than female patients

(19.6 vs. 14.9%), only a small difference was observed

between male and female patients undergoing late

screening (8.5 vs. 8.2%, p = 0.002). Patients receiving

care at multiple locations had similar HBV testing rate

after initiation of chemotherapy compared to patients at a

university hospital (10.2 vs. 10.3%), while patients at a

university hospital had more HBV screening before

chemotherapy compared to patients receiving care at

multiple locations (19.7 vs. 13.1%, p\ 0.001). Hemato-

logic malignancy and receipt of B-depleting agents were

associated with higher early screening than late screening

(55.6 vs. 23.4%, p\ 0.001 and 41.1 vs. 35.5%, p\ 0.001,

respectively) (Table 5).

On multivariate analysis, receipt of chemotherapy at

multiple locations (OR 1.48, 95% CI 1.10–1.99,

Table 3 Characteristics of patients with history of HBV infection (HBsAg, HBcAb or HBV DNA positive) in cancer patients undergoing

chemotherapy

HBV infection (n = 215, %) Without HBV infection (n = 1339, %) p value

Age (Mean, SD)

Young (\ 50 years) 20 (4.3) 442 (95.7) \ 0.001

Old (C 50 years) 195 (9.3) 1897 (90.7)

Ethnicity

Caucasian 122 (6.4) 1789 (93.6) \ 0.001

African-American 58 (18.5) 256 (81.5)

Hispanic 15 (10.9) 123 (89.1)

Asian 10 (27.8) 26 (72.2)

Others/Unknown 10 (6.5) 145 (93.6)

Sex

Male 135 (10.2) 1187 (89.8) 0.001

Female 80 (6.5) 1152 (93.5)

Location of chemotherapy

University hospital 165 (8.8) 1712 (91.2) 0.587

Community teaching hospital 8 (9.6) 75 (90.4)

Community oncology clinic 29 (6.9) 389 (93.1)

Multiple location 13 (7.4) 163 (92.6)

Chemotherapy type

B-depleting agent 8 (11.8) 60 (88.2) 0.120

Anthracycline 30 (6.7) 420 (93.3)

Steroid therapy 135 (9.6) 1269 (90.4)

Immunotherapy, excluding B-depleting agent 1 (2.9) 34 (97.1)

Anti-TNF alpha 0 (0.0) 14 (100.0)

Cytokine/integrin inhibitor 0 (0.0) 9 (100.0)

Other chemotherapy 41 (7.1) 533 (92.9)
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p = 0.010) and female gender (OR 1.21, 95% CI

1.03–1.42, p = 0.017) were associated with late screening.

Hematologic malignancy was associated with early

screening (OR 0.68, 95% CI 0.57–0.81, p\ 0.001) com-

pared to solid malignancy (Table 6).

Discussion

Patients with positive HBsAg and/or HBcAb are at risk for

HBV reactivation in context of cancer chemotherapy,

which may be associated with substantial morbidity and

mortality. Screening for HBV with HBsAg and/or HBcAb

in patients undergoing immunosuppressive drug therapy is

recommended by major gastroenterology and oncology

specialty societies including ASCO [14, 15], AGA [16],

and AASLD [17]. However, HBV screening in patients

undergoing cancer chemotherapy has been reported to be

low in multiple university or cancer center settings

[18–20]. The overall HBV screening rate (defined as test-

ing for HBsAg and/or HBcAb) in our cohort was low

(17.1%, n = 11,959), and strikingly similar to data repor-

ted in other cohorts of patients undergoing cancer

chemotherapy, including a major US cancer center (17%

screening, n = 10,729) [18, 27], a US university hospital

(16% screening, n = 8005) [22], a Chinese university

hospital (17.1% screening, n = 6646) [23], a Canadian

university hospital (14% screening, n = 208) [24], and a

major Japanese cancer center (19.9% screening, n = 3302)

[25]. HBV screening (defined as testing for HBsAg only)

was observed in 53% of a cohort of US veterans under-

going cancer chemotherapy, although was restricted to

those prescribed anti-CD20 therapy and did not evaluate

testing in context of other chemotherapy regimens [26].

Our study largely confirms prior observations of low

HBV screening rates among patients undergoing cancer

chemotherapy, but is the first to our knowledge which

directly examines differences in screening rate across

clinical settings (university hospital, community teaching

hospital, community oncology clinic). Our report con-

firmed that pre-cancer chemotherapy HBV screening was

more commonly performed in a university hospital (19.7%)

or community teaching hospital setting (19.1%) than in

community oncology clinics (12.7%), despite the absence

of a difference in HBV infection across settings, and on

multivariate analysis, receiving chemotherapy in a com-

munity oncology clinic was associated with a lower rate of

HBV screening (OR 0.57, 95% CI 0.45–0.72, p\ 0.001).

Our study was not designed to examine determinants for

this disparity in screening practices, although possible

reasons may include variable awareness of and adherence

to society guideline recommendations addressing HBV

screening, stronger multi-specialty collaboration between

oncology and GI/hepatology within teaching hospitals, and

differences in standardized chemotherapy order protocols.

Although screening was more common in the teaching

Table 4 Multivariate logistic

analysis on factors associated

with HBV screening

Adjusted OR (95% CI) p value

Location (reference = university hospital)

Community hospital 1.02 (0.77–1.34) 0.906

Local oncology clinics 0.57 (0.45–0.72) \ 0.001

Multiple locations 0.60 (0.52–0.68) \ 0.001

Age3 50 years (reference = age\ 50) 0.59 (0.50–0.69) \ 0.001

Female (reference = male) 0.85 (0.76–0.95) 0.005

Race (reference = Caucasian)

African-American 1.33 (1.11–1.58) 0.002

Hispanic 1.09 (0.82–1.45) 0.560

Asian 0.97 (0.58–1.63) 0.913

Other 1.28 (1.02–1.60) 0.032

Cancer type (reference = solid)

Hematologic 15.17 (13.43–17.13) \ 0.001

Both solid/hematologic 3.45 (2.54–4.67) \ 0.001

Chemotherapy type (reference = other chemotherapy)

B-depleting agents (rituximab) 0.70 (0.47–1.04) 0.079

Anthracycline 0.52 (0.43–0.64) \ 0.001

Steroid 0.81 (0.71–0.92) 0.001

Immunotherapy, excluding B-depleting agent 1.77 (1.14–2.76) 0.012

Anti-TNF alpha 8.93 (3.00–26.55) \ 0.001

Cytokine/integrin inhibitor 8.51 (2.81–25.77) \ 0.001
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hospital settings, the overall rate remained very low, and

signals an ongoing deficit for which future research is

needed to identify effective systems-based solutions.

Our study additionally examined differences in HBV

screening based on type of malignancy, type of

chemotherapy regimen, as well as timing of HBV screen-

ing before or after initiation of chemotherapy. First, we

reported that patients with a hematologic malignancy were

more likely to undergo screening than patients with either a

mixed hematologic and solid (22.6%) or solid malignancy

(55.6 vs. 22.6 vs. 8.3%, p\ 0.001). On multivariate anal-

ysis, hematologic malignancy (OR 15.2, 95% CI

13.43–17.13) and mixed hematologic/solid malignancy

(OR 3.5, 95% CI 2.54–4.67) were associated with a higher

likelihood of screening than solid malignancy, which likely

stems from a stronger association between hematologic

malignancies and HBV reactivation.

Second, we reported that patients undergoing

chemotherapy regimens associated with moderate to high

risk of HBV reactivation [3] had higher rates of HBV

screening, including B cell-depleting agents (41.1%),

anthracycline (21.5%) and corticosteroid therapy (14.9%)

compared to the other chemotherapy group (p\ 0.001).

However, this was not determined to be statistically sig-

nificant after adjusting for confounding variables on mul-

tivariate analysis. Although these findings are expected, the

overall low screening rate of 41.1% underscores that even

in context of regimens with the very highest risk for

reactivation, HBV testing was still performed in fewer than

half of patients. Specifically, among patients undergoing

rituximab therapy, for whom the anticipated risk for

Table 5 Comparison of HBV screening pattern before and after initiation of chemotherapy

Either HBsAb or HBsAg test before

chemotherapy (n = 2045, (%))

Both HBsAb and HBsAg test after

chemotherapy (n = 1000, (%))

p value

Age

Young (\ 50 years) 334 (23.9) 176 (12.6) 0.379

Old (C 50 years) 1711 (16.2) 824 (7.8)

Ethnicity

Caucasian 1548 (16.6) 770 (8.3) 0.011

African-American 238 (18.6) 104 (8.1)

Hispanic 75 (14.8) 53 (10.5)

Asian 21 (13.6) 17 (11.0)

Others/Unknown 163 (23.6) 56 (8.1)

Sex

Male 1107 (19.6) 481 (8.5) 0.002

Female 938 (14.9) 519 (8.2)

Location of chemotherapy

University hospital 1392 (19.7) 718 (10.2) \ 0.001

Community teaching hospital 90 (19.1) 31 (6.6)

Community oncology clinic 448 (12.7) 160 (4.5)

Multiple location 115 (13.1) 91 (10.3)

Tumor type

Hematologic 1195 (55.6) 503 (23.4) \ 0.001

Solid 791 (8.3) 439 (4.6)

Both hematologic and solid 59 (22.6) 58 (22.2)

Chemotherapy type

B-depleting agent 51 (41.1) 44 (35.5) \ 0.001

Anthracycline 257 (21.5) 228 (19.1)

Steroid therapy 1055 (14.9) 542 (7.6)

Immunotherapy, excluding

B-depleting agent

26 (16.5) 7 (4.4)

Anti-TNF alpha 11 (64.7) 2 (11.8)

Cytokine/integrin inhibitor 22 (81.5) 1 (3.7)

Other chemotherapy 623 (18.6) 176 (5.3)
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reactivation is estimated at[ 10% among HBcAb positive

and/or HBsAg positive patients [3], detailed language

requiring pre-treatment HBV screening is present both in

FDA product label [12], and society guidelines by ASCO

[14, 15], AGA [16], and AASLD [17]. Our report supports

previous findings in a national US veteran cohort under-

going anti-CD20 chemotherapy [26] and contributes addi-

tional evidence of a wide gap between FDA and guideline

recommendations versus clinical practice.

Third, we reported that in addition to the 2045 of 11,959

patients (17.1%) in our cohort who underwent HBV

screening prior to chemotherapy, an additional 1251

(10.5%) completed screening following initiation of

chemotherapy (defined as either HBsAg and/or HBcAb).

This appeared to be observed most commonly among

patients receiving chemotherapy at either the university

hospital (10.2%) or multiple locations (10.3%) as opposed

to either a community teaching hospital (6.6%) or com-

munity oncology clinic (4.5%), p\ 0.001. HBV testing

after chemotherapy initiation was also more common with

hematologic rather than solid tumor (23.4 vs. 4.6%,

p\ 0.001), and with higher-risk chemotherapy regimens

such as B-depleting agents and anthracyclines versus other

chemotherapy regimens (35.5 vs. 19.1 vs. 5.3%,

p\ 0.001); these observations remained significant after

controlling for other variables on multivariate analysis.

Although our analysis was not designed to identify deter-

minants for variable timing of HBV screening in patients

initiating chemotherapy, we suspect this may represent a

referral effect in which patients initiating chemotherapy at

community oncology clinics were referred to the university

center where screening was more likely to be completed

post-initiation, particularly among patients with hemato-

logic malignancy or undergoing chemotherapy identified as

higher risk for reactivation.

This study has several strengths. The analysis was per-

formed in a large university hospital network with large

sample size (n = 11,959 patients) and adequate power to

identify key predictors of HBV screening across subgroups.

Due to the incorporation of community outpatient and

inpatient practices within this network, this study was well-

positioned to examine the potential impact of clinical set-

ting on HBV screening practices with diminished referral

bias, a common limitation of prior studies performed

exclusively in major cancer centers or university hospitals.

Analysis of this population was conducted through data

analytic strategies within a common electronic health

record (EHR) for the hospital network, which permitted

access to comprehensive clinical and laboratory data from

inpatient and outpatient settings, thereby limiting potential

risk of underestimating HBV screening from missing lab-

oratory data performed outside the university hospital.

Table 6 Multivariate analysis

on factors associated with

screening after initiation of

chemotherapy compared to

screening before chemotherapy

Adjusted OR (95% CI) p value

Location (reference = university hospital)

Community hospital 0.69 (0.45–1.05) 0.084

Community oncology clinics 0.72 (0.58–0.89) 0.002

Multiple locations 1.48 (1.10–1.99) 0.010

Age3 50 years (reference = age\ 50) 1.15 (0.93–1.43) 0.197

Female (reference = male) 1.21 (1.03–1.42) 0.017

Race (reference = Caucasian)

African-American 0.82 (0.64–1.06) 0.136

Hispanic 1.21 (0.83–1.77) 0.310

Asian 1.36 (0.70–2.65) 0.361

Other 0.78 (0.56–1.07) 0.127

Cancer type (reference = solid)

Hematologic 0.68 (0.57–0.81) \ 0.001

Both solid/hematologic 1.42 (0.96–2.11) 0.080

Chemotherapy type (reference = other chemotherapy)

B-depleting agents (rituximab) 3.44 (2.20–5.38) \ 0.001

Anthracycline 3.40 (2.64–4.39) \ 0.001

Steroid 1.67 (1.36–2.04) \ 0.001

Immunotherapy, excluding B-depleting agent 0.72 (0.31–1.71) 0.459

Anti-TNF alpha 0.57 (0.12–2.61) 0.468

Cytokine/integrin inhibitor 0.18 (0.02–1.32) 0.092
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Multivariate analysis was conducted to adequately control

for confounding variables which may have influenced

interpretation of causal association as identified on uni-

variate analysis. Finally, this study included a sizeable

proportion of patients who are typically under-represented

in clinical trials, including patients who self-identify as

African-American or Hispanic.

This study was conducted at a single hospital network

with a university-based National Cancer Institute-desig-

nated cancer center, and therefore these findings may not

apply to clinical settings outside an academic hospital

network. The study design was a retrospective cohort

analysis of patients receiving cancer chemotherapy during

a 3-year time period, and therefore a number of variables of

potential relevance to HBV screening could not be exam-

ined, and the impact of emerging society guideline rec-

ommendations on screening practices could not be

assessed. However, multivariate analysis was performed to

control for key confounding variables related to the pri-

mary HBV screening endpoint. Furthermore, the study

population had a low proportion of Asian patients and other

populations who would have independently met CDC cri-

teria for HBV screening outside the context of cancer

chemotherapy, although prior studies in cohorts with

higher prevalence of HBV in the study population revealed

similar screening rates. Finally, HBV screening performed

either prior to launch of the hospital network EHR or

obtained by clinical practices outside the hospital network

could not be excluded.

In summary, in a large cohort of 11,959 patients

undergoing cancer chemotherapy at a major US university

hospital network, HBV screening was suboptimal despite

established FDA and medical society guideline recom-

mendations for patients undergoing immunosuppressive

drug therapy. Patients with hematologic malignancies,

undergoing B cell-depleting therapies, and receiving cancer

chemotherapy in university and/or community teaching

hospitals were more likely to undergo HBV screening,

although overall screening even in context of higher

baseline risk for HBV reactivation remained poor. This

study provides robust contemporary evidence for an

ongoing gap between guideline recommendations and

clinical practice previously described in oncology, derma-

tology, and rheumatology settings [24, 28, 29] which

requires further examination for patient, provider, and

systems determinants for non-screening, and may help

inform educational interventions [30] and future research

aimed at evaluating novel strategies for standardizing HBV

screening in at-risk patients.
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