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Cost Effectiveness of Universal Hepatitis
B Virus Screening in Patients Beginning
Chemotherapy for Sarcomas or GI Stromal
Tumors

abstract

Purpose The value of screening for hepatitis B virus (HBV) infection before chemotherapy for non-
hematopoietic solid tumors remains unsettled.We evaluated the cost effectiveness of universal screening
before systemic therapy for sarcomas, including GI stromal tumors (GISTs).

Patients andMethods Drawing from the National Cancer Centre Singapore database of 1,039 patients with
sarcomas,weanalyzed theclinical recordsof 485patientswho received systemic therapy.UsingaMarkov
model, we compared the cost effectiveness of a screen-all versus screen-none strategy in this population.

Results A total of 237 patients were screened for HBV infection. No patients developed HBV reactivation
during chemotherapy. The incremental cost-effectiveness ratio per quality-adjusted life-year (QALY) of
offering HBV screening to all patients with sarcomas and patients with GISTs exceeded the cost-
effectiveness threshold of SG$100,000 per QALY. This result was robust in one-way sensitivity analy-
sis. Our results show that only changes in mortality rate secondary to HBV reactivation could make the
incremental cost-effectiveness ratio cross the cost-effectiveness threshold.

Conclusion Universal HBV screening in patients with sarcomas or GISTs undergoing chemotherapy is not
cost effective at a willingness to pay of SG$100,000 per QALY and may not be required.
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INTRODUCTION

Hepatitis B virus (HBV) reactivation (HBVr) is a
well-recognized complication of immunosuppres-
sive therapy in patients chronically infected with
HBV, defined as those positive for hepatitis B
surface antigen (HBsAg). HBVr is associated
with a range of complications, and in patients with
cancer, this can lead to delay or premature dis-
continuation of chemotherapy and compromise
oncologic outcomes. The use of particular thera-
pies in certain tumors renders specific groups of
patients susceptible to HBVr.1,2 B lymphocyte–
depleting agents, such as rituximab, the mono-
clonal antibody against CD20, are especially
immunosuppressive. Their use in the treatment
of B-cell non-Hodgkin lymphoma, in concert with
steroids, causes HBVr in up to half of HBsAg-
positive patients with lymphoma treated with
rituximab-based regimens.3-5 Several prospective
trials have shown reductions in rates of HBVr and
HBV flarewith use of prophylactic antiviral therapy
in this population.6,7 Universal screening for HBV

in treatment of B-cell non-Hodgkin lymphoma is
thus effective. It has also been shown to be cost
effective8 and is now universally recommended
when initiating therapy in patientswith lymphoma.9

The data for universal HBV screening in solid
tumors are less clear.Acost-effectiveness analysis
by Day et al10 using a model based on the treat-
ment of solid tumors revealed a pooled cost-
effectiveness ratio of nearly $150,000 per life-
year saved. The study included only patients un-
dergoing chemotherapy for early breast cancer or
advanced non–small-cell lung cancer. The ab-
sence of directly immunosuppressive treatment
and the less favorable natural history and treat-
ment outcomes in advanced solid tumors com-
pared with lymphoma have been offered as
reasons for this disparity. However, the heteroge-
neity in biology, prognosis, and therapeutic regi-
mens used for various solid tumors probably
necessitates tumor-specific evaluations of the cost
effectiveness of universal HBV screening. This is
especially important to systematic evaluation in an
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HBV-endemic region like Singapore, where the
high prevalence of chronic HBV infection (3.6%)11

would, according to the latest ASCO provisional
clinical opinion update, necessitate that all pa-
tients be screened before starting systemic
therapy.9

Sarcomas are heterogeneous yet uncommon tu-
mors of mesenchymal origin that comprise 1% of
adult malignancies.12 In the setting of advanced
disease, they are often treatedwithmyelosuppres-
sive cytotoxics, either singly or in combination;
objective response rates are modest, with median
survival of only 12 months.13 GI stromal tumors
(GISTs) are a striking exception to this rule, having
become the prototype for successful targeting of
oncogene-addicted cancers. With the develop-
ment of imatinib, a potent inhibitor of the cKIT
oncoprotein constitutionally activated in the ma-
jority of GISTs, median survival in patients with
advanced GISTs is now 5 years.14 Other than
several case reports documenting HBVr with the
use of imatinib,15,16 to our knowledge, there has
been no systematic evaluation of the value of HBV

screening when treating sarcoma. Compared with
other solid tumors, the doses and drugs used for
systemic therapy in treatment of sarcoma are
typically much higher. It would thus be of clinical
interest to study this population of patients who
receive therapy that is expectantly more myelo-
toxic. In this study, we sought to evaluate the
incidence of HBVr in patients receiving chemo-
therapy for sarcomas orGISTs using data from this
database, and to assess the cost effectiveness of
universal screening for HBV infection before treat-
ment initiation.

PATIENTS AND METHODS

We identified 1,039 patients who were diagnosed
with biopsy-proven bony or soft tissue sarcomas or
GISTs between January 1, 1992, and December
31,2013,whowere receivingmedical treatmentat
the National Cancer Centre Singapore. Patients
who did not receive any systemic therapy during
this period were excluded from the study, leaving
274 evaluable patients with sarcomas and 211

Table 1 – Demographic and Clinical Characteristics of Patients With Sarcomas or GISTs Who Received Chemotherapy (N = 485)

Characteristic

All Patients (N = 485) Patients With Sarcomas (n = 274)* Patients With GISTs (n = 211)

No. % No. % No. %

Sex

Male 250 51.5 128 46.7 122 57.8

Female 235 48.5 146 53.3 89 42.2

Age, years

Median 53.1 48.7 58.1

Range 4.6-89.0 4.6-89.0 16.2-89.0

Race

Chinese 361 74.4 191 69.7 170 80.6

Malay 36 7.4 16 5.8 20 9.5

Indian 19 3.9 15 5.5 4 1.9

Other 69 14.2 52 19.0 17 8.1

Chemotherapy intent

Neoadjuvant 50 10.3 44 16.1 6 2.8

Adjuvant 167 34.4 83 30.3 84 39.8

Palliative 268 55.3 147 53.6 121 57.3

Unscreened 248 51.1 135 49.3 84 39.8

Screened 237 48.9 139 50.7 127 60.2

Chronic HBV carrier (HBsAg positive) 13 5.5 6 4.3 7 8.3

Previous HBV infection (HBcAb positive
and HBsAg negative)

28 11.8 15 10.8 11 13.1

Screened negative (HBsAg negative 6
HBcAb negative)

196 82.7 118 84.9 66 78.6

Abbreviations: GIST, GI stromal tumor; HBcAb, hepatitis B core antibody; HBsAg, hepatitis B virus surface antigen; HBV, hepatitis B virus.
*Subgroup data listed in Appendix Table A1.
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withGISTs (Table 1). Themedical records of these
patients were reviewed.

Definition of HBV Screening and HBVr

Patients were considered to have been screened
when HBsAg testing was performed at any time
before or up to within 6 months of initiation of
systemic therapy. Chronic HBV infection is de-
fined as being positive for HBsAg. Within the
screened population, patients who were found
to be HBV core antibody positive and HBsAg
negative were considered to have had past HBV
infection.

On the basis of adefinition previously describedby
Lok et al,17 hepatitis was defined as an abrupt rise
in serum ALT of more than three-fold the upper
limit of the laboratory reference range or an abso-
lute increase of ALT to more than 100 U/L com-
pared with prechemotherapy values.

Hepatitis attributable to an HBVr was defined
as the presence of hepatitis as described earlier,
as well as a rise in HBV DNA of 10-fold or more
compared with prechemotherapy values or an
absolute increase of more than 105 copies/mL.18

Base-case values for HBVr and transition prob-
abilities of hepatitis were estimated from our
clinical cohort of 485 patients. The ranges of
these parameters were derived from review of
the literature.

Modeling Approach

We created aMarkovmodel (Fig 1) to examine the
cost effectiveness of a screen-all strategy versus a
screen-none strategy in patients with sarcomas or
GISTswhowerebeginningneoadjuvant, adjuvant,
or palliative chemotherapy. The sarcoma and
GIST populations were analyzed using separate
models.

Screening of
HBV in patients
with soft tissue
sarcomas

Screen none
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DI regimens
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Osteosarcoma
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Fig 1 –

Model structure. (A)
Diagram illustrates the
structure of the Markov
model of hepatitis B virus
(HBV) screening in patients
with sarcomas receiving
chemotherapy. Square
node denotes the two
strategies in this study:
universal screening and no
screening. Patients under
both strategies were
classified according to
intent of chemotherapy and
type of drug combination
used according to expected
immunosuppressive effect.
Regimens included
doxorubicin only (D only),
ifosfamide only (I only),
doxorubicin and ifosfamide
combination (DI), other
doxorubicin or other
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Patients under both strategies were categorized
according to clinical indications for chemotherapy
(ie, neoadjuvant, adjuvant, or palliative chemo-
therapy) and further categorized based on
chemotherapy regimen according to the myelo-
suppressive effect expected. The population of
patients who received palliative chemotherapy
was subdivided into various chemotherapy groups
similarly.

Within the screen-all strategy, patients were
screened for HBsAg before initiation of chemo-
therapy. HBV prophylaxis was then administered
to patients who were chronic HBV carriers using
either oral lamivudine (100 mg once per day) or
entecavir (0.5 mg once per day) at the start of
chemotherapy and continued for 6 months be-
yond completion. None of the patients within
the screen-none strategy received antiviral
prophylaxis.

Each patient moved from various states within a
Markov model, as illustrated in Figure 1. These
health states included mortality risks associated
with other medical conditions, HBV infection, and
cancer. The input data formortality related to other
medical conditions was obtained from a life table,
whereas cancer-specific mortality was obtained
from trial data. Mortality rate from HBVr was mod-
eled as a cause of death independent of cancer or
other medical conditions.

Model Inputs

The proportion of patients falling into each cate-
gory was estimated with retrospective analysis of
our cohort of patients with sarcomas or GISTs. The
clinical probabilities used were based on our clin-
ical cohort of 485 patients. Probability estimates

of HBVr for sensitivity analysis were derived from
systematic review of the literature (Table 2).

Cost-Effectiveness Analysis

All costs were adjusted to 2015 Singapore dollar
values (cost details listed in Appendix Table A2).
Effectiveness was quantified in terms of quality-
adjusted life-years (QALYs), which are the sum
of products of health state utility and the dura-
tion in each health state. Costs and QALYs were
discounted at 3%.30 We calculated incremental
cost-effectiveness ratios (ICERs), defined as the
additional cost in Singapore dollars per gain in
QALYs in patients using the more expensive strat-
egy over the less expensive strategy. We used an
ICERof SG$100,000perQALY insteadof $50,000
per QALY as the cost-effectiveness threshold,
because it was thought to reflect inflation and eco-
nomic growth in the past two decades,31 and it has
been used in other published cost-effectiveness
analyses.32 Cost effectiveness was calculated
from the societal perspective limited to direct
medical costs.

To account for uncertainty in parameter esti-
mates, we conducted a one-way sensitivity anal-
ysis by examining ICERs with different inputs of
each parameter within plausible range. We also
performed a probabilistic sensitivity analysis by
simultaneously sampling values for all parame-
ters from their plausible ranges and calculating
the distribution of ICERs for 10,000 iterations.
Beta and gamma distributions were used to repre-
sent probability parameters and cost parameters,
respectively.33 All analyses were performed using
TreeAge Pro 2015 (TreeAge Software, Williams-
town, MA).

Screening of HBV in
patients with GIST

Universal screening

Adjuvant imatinib

No HBV infection

Past HBV infection

Chronic HBV infection

Entecavir

M

M

M

M
Lamivudine

Palliative imatinib

Screen none

B
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+

+
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ifosfamide combinations
(other D/other I),
gemcitabine and taxane
combination (GemTax),
other single-agent
regimens, and combination
regimens of two or more
agents. We further
subdivided the other D/
other I group into various
subtypes as follows:
rhabdomyosarcoma, Ewing
sarcoma, osteosarcoma,
and others. Each subgroup
of patients was further
categorized depending on
whether patients were
chronically infected with
HBV, had HBV infections
that resolved, or had never
been infected with HBV.
Only one such breakdown
is shown in the diagram
because the rest shared the
same structure. All patients
were observed until death.
The difference between the
universal screening arm
and no-screening arm are
was that patients with
chronic HBV were treated
with lamivudine or
entacavir prophylaxis.
Circle M indicates the time
point when follow-up
started. Only the universal
screening arm is shown
because the other arm has
an identical structure. (B)
Diagram illustrates the
structure of the Markov
model of HBV screening in
patients with GI stromal
tumors (GISTs) receiving
chemotherapy. The only
difference from (A) is that
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RESULTS

There were 274 patients with sarcomas and 211
patients with GISTs who received systemic ther-
apy. Among all 485 patients who received che-
motherapy, 237 (48.9%) were screened for HBV

infection before initiation of chemotherapy (Table 1).
Of the screened population, 13 patients (5.5%)
were found to be chronic HBV carriers, and 28
(11.8%) were found to have had past HBV infec-
tion (subgroup analysis summarized in Appendix

Table 2 – Clinical Event Probabilities and Utilities

Variable Base Case Range Reference

Clinical event probabilities

Prevalence of chronic HBV infection, % 3.9 2.9-4.2 Ang11

Prevalence of past HBV infection, % 11.8 4.4-38.9 Ang11

Risk of HBVr with lamivudine, % 21.7 12-39.3 Kim,4 Li,19 Seetharam,20 Chen21

Risk of HBVr with entecavir, % 2.2 0-6.3 Kim,4 Li,19 Seetharam,20 Chen21

Rate of stopping chemotherapy because
of HBVr

0.33 Not varied Day22

Proportion of HBVr resulting in death, % 7 3.5*-71 Day,10 Kawsar23

Relative risk of HBVr

No entecavir v entecavir 7.5 1-58.5 Huang6,7

No lamivudine v lamivudine 5.3 1.7-16.4 Huang,7 Yeo24

Duration of chemotherapy, weeks

Sarcomas 18 10-25 Judson13

GISTs, adjuvant 130 18-156 Dematteo,25 Joensuu26

GISTs, palliative 130 18-520 Blay27

Utility

Sarcomas

Neoadjuvant or adjuvant intention
chemotherapy

0.42 0.34-0.50 Guest28

Palliative intention chemotherapy 0.07 0.01-0.12 Guest28

GISTs

Neoadjuvant or adjuvant intention
chemotherapy

0.743 0.712-0.775 Poole29

Palliative intention chemotherapy 0.513 0.414-0.612 Poole29

Abbreviations: GIST, GI stromal tumor; HBV, hepatitis B virus; HBVr, hepatitis B virus reactivation.
*Assumed to be half of the base-case value.

patients with GISTs were
classified according only to
intent of chemotherapy. (C)
All patients, except for
patients without HBV
infection, may develop
hepatitis, which may be
followed by discontinuation
of chemotherapy,
continuation of
chemotherapy despite
reactivation, resolution of
hepatitis, or death. Patients
without hepatitis may die as
a result of cancer or other
causes. Patients with
hepatitis flare may die as
a result of hepatitis, cancer,
or other causes. The
Markov cycle length was
assigned to be 3 weeks,
which is the duration of one
cycle of chemotherapy.
TKI, tyrosine kinase
inhibitor.

Time t

Time t + 3 weeks

No hepatitis
Hepatitis B

flare (continue 
chemotherapy)

Hepatitis B
flare (stop 

chemotherapy)
Dead

Hepatitis B
flare (continue 
chemotherapy)

Hepatitis B
flare (stop 

chemotherapy)
No hepatitis Dead

C
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Tables A1 and A3). This is consistent with the na-
tional incidence of HBV in Singapore.11

Base-Case Analysis

Table 3 lists the results of the base-case analysis. If
HBV screening and prophylaxis were not offered,
patients with sarcomas or GISTs who received
chemotherapy would be expected to survive 4.3
and 11.5 years, respectively, which translated into
0.831 and 2.98 QALYs, respectively, when ad-
justed for utility and discounted for gains in the
future.Thedifference inQALYs is attributable to the
longer survival time and higher health state utility of
patients with GISTs compared with patients with
sarcomas.However, costs related to chemotherapy
and treatment of HBVr are also higher for patients
with GISTs than for those with sarcomas (SG
$120,881 v SG$14,926), which is attributable to
longer duration of chemotherapy and higher accu-
mulated risks for HBVr among patients with GISTs.

In the base case, screening for both patients with
sarcomas and patients with GISTs exceeded the
SG$100,000 thresholdby at least two-fold.Offering

HBV screening led to greater improvements in
QALYs for patients with GISTs than for those with
sarcomas (0.007 v 0.002 QALYs), but at a higher
incremental cost (SG$2,567 v SG$314); the net
effect was that the ICER of offering HBV screening
to all patients with sarcomas was smaller than that
of offering screening to those with GISTs (SG
$226,771 v SG$393,900 per QALY).

When the cost effectiveness of screening sub-
groups of patients based on therapeutic intentions
was examined, screening those who received
chemotherapy for adjuvant or neoadjuvant inten-
tions was much more cost effective than palliative
intentions (SG$138,071vSG$1,855,517perQALY
for patients with sarcomas and SG$216,138 v SG
$805,121 per QALY for patients with GISTs). How-
ever, even the smallest ICERs of these subgroup
analyseswas still higher than thecost-effectiveness
threshold of SG$100,000 per QALY.

Sensitivity Analyses

One-way sensitivity analyses were conducted to
determine the input parameters to which the

Table 3 – Cost, Effectiveness, and ICER at Base Case

Screening Strategy

Mean Survival

(years)

Incremental Survival

(years)

Cost

(SG$)

Incremental Cost

(SG$)

Effectiveness

(QALYs)

Incremental

Effectiveness (QALYs)

ICER

(SG$/QALY)

Sarcomas

All patients

None 4.30 — 14,926 — 0.831 — —

Universal 4.31 0.01 15,240 314 0.833 0.002 226,771

Adjuvant or
neoadjuvant

None 7.22 — 17,587 — 1.677 — —

Universal 7.23 0.01 17,979 392 1.680 0.003 138,071

Palliative

None 1.783 — 12,622 — 0.0987 — —

Universal 1.786 0.003 12,870 248 0.0989 0.0002 1,855,517

GISTs

All patients

None 11.50 — 120,881 — 2.975 — —

Universal 11.53 0.03 123,448 2,567 2.982 0.0074 393,900

Adjuvant or
neoadjuvant

None 19.79 — 134,060 — 4.76 — —

Universal 19.83 0.04 136,368 2,308 4.77 0.01 216,138

Palliative

None 5.35 — 111,100 — 1.651 — –

Universal 5.36 0.01 113,859 2,759 1.654 0.003 805,121

Abbreviations: GIST, GI stromal tumor; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.
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resultsweremost sensitive.Ouranalysis of screen-
ing all patients with sarcomas revealed that only
changes inmortality rate secondary toHBVr could
make the ICER cross the cost-effectiveness
threshold. Screening became increasingly cost
effective with a high rate of death resulting from
HBVr, and the rate at which it crossed SG
$100,000 was 18% (Fig 2A). Similarly, the cost
effectiveness of screening all patients with GISTs
depended only on mortality rate secondary to
HBVr. When mortality rate secondary to HBVr
was greater than 38%, screening patients with
GISTs for HBV became cost effective (Fig 2B).

Because therearenoestimatesofHBVr inpatients
with sarcomas or GISTs receiving chemotherapy
in the literature, we examined conservative sce-
narios in which patients who received prophylaxis
manifestedno reactivation,whereas thosewhodid
not receive prophylaxis were subject to reactiva-
tion risk from 0% to 100%. Holding the other
parameters at base-case value, the ICERs of con-
ducting HBV screening in all patients with sarco-
mas and all patients with GISTs were greater than
$190,000 and $280,000 per QALY, respectively,

even when the risk of reactivation without pro-
phylaxis was 100%.

Even at the higher bound of chronic HBV preva-
lence (4.2%), ICERs of screening patients with
sarcomas or GISTs did not cross the cost-
effectiveness threshold. The result was relatively
robust to rates of reactivation with antiviral pro-
phylaxis and utility states in both the palliative and
neaoadjuvant or adjuvant arms. Probabilistic
sensitivity analysis revealed that at a cost-
effectiveness threshold of $100,000 per QALY,
conducting HBV screening in patients with sarco-
masandpatientswithGISTsbeforechemotherapy
was not cost effective in 91.6% (Fig 3A) and
99.8% (Fig 3B) of the iterations, respectively.

DISCUSSION

The findings of this study lend support to the
ASCO provisional clinical opinion that for patients
who neither have HBV risk factors nor anticipate
cancer therapy associated with a high risk of re-
activation, current evidence does not support
HBV screening before initiation of cancer ther-
apy.9 Even in a population in which HBV infection

Utility (palliative)

Cost of HBVr, SG$

Median survival (palliative DI), week

Cost of chemotherapy (two or more agents), SG$

Cost of chemotherapy (D only/ I only), SG$

Duration of chemotherapy (two or more agents), week

Cost of chemotherapy (other GemTax), SG$

Cost of chemotherapy (other single agent), SG$

Duration of chemotherapy (other GemTax), week

Cost of chemotherapy (TKI), SG$

Duration of chemotehrapy (TKI), week

Duration of chemotherapy (other single agent), week

Cost of chemotherapy (DI), SG$

Median survival (neoadjuvant DI), week

Median survival (palliative D only/I only), week

Duration of chemotherapy (other D/other I), week

Duration of chemotherapy (DI), week

Cost of regular monitoring, SG$

Relative risk of HBVr  (no entacavir v entacavir)

Probability of HBVr with entecavir prophylaxis, %

Prevalence of chronic HBV, %

Cost of chronic hepatitis B evaluation, SG$

Probability of HBVr with lamivudine prophylaxis, %

Cost of lamivudine, SG$

Cost of chemotherapy (DI), SG$

Cost of entecarvir, SG$

Utility (adjuvant/neoadjuvant)

Cost of universal screening, SG$

Relative risk of HBVr (no lamivudine v lamivudine)

Probability of death resulting from HBVr, %

A

0 50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000 450,000 500,000

Cost-Effectiveness Threshold (SG$/QALY)

Fig 2 –

One-way sensitivity
analysis. Diagram
illustrates the range of
incremental cost-
effectiveness ratios (ICERs)
of hepatitis B virus (HBV)
screening in patients with
(A) sarcomas or (B) GI
stromal tumors (GISTs)
when the value of each
parameter is varied within
plausible range when
keeping the other variables
constant. The axes cross at
the base-case ICER (SG
$226,771 per quality-
adjusted life-year [QALY]
for patients with sarcomas
and SG$393,900 per QALY
for patients with GISTs).
Although the ICERs
remained greater than the
cost effectiveness of SG
$100,000 per QALY when
the values for most
parameters were changed,
HBV screening became
cost effective when
mortality risk resulting from
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is endemic, we have shown that it is not cost ef-
fective to practice universal screening for patients
with sarcomas or GISTs.

Our analysis showed that the cost effectiveness of
conducting HBV screening among patients with
sarcomasorGISTsbefore chemotherapydepends
on the probability of dying as a result of HBVr. The
proportionofHBVrcases resulting indeathmaybe
affected by quality of health care infrastructure
and availability of tertiary care that would vary
geographically.

Our study used real-world data from a prospective
clinical database with 485 patients, providing a
more realistic application and analysis of the
screen-all versus screen-none strategy. This is in
contrast to previous cost-effectiveness analyses,
which were purely based on input values derived
from published literature. Our population was iden-
tified for study because there are no current avail-
able data regarding HBVr among patients with
sarcomas or GISTs, making this the first compre-
hensive analysis to our knowledge of performing
HBVscreening in thesarcomaandGISTpopulation.
The population studied also encompassed a wide
range of histologic subtypes, including both bony
and soft tissue sarcomas, to accurately reflect the
diversity of biologies and therapies. The systemic
treatment of sarcomas involves the use of cytotoxic
chemotherapy, either singly or in combination, as-
sociated with varying degrees of myelotoxicity. Con-
versely, GISTs are treated with small-molecule
tyrosine kinase inhibitors. There is noevidence from
our analysis that such therapiespredisposepatients
with sarcomas or GISTs to HBVr, consistent with

what has been shown for other solid tumors,10 as
distinct from the demonstrably immunosuppres-
sive therapies used in the treatment of lymphoma
and other hematologic malignancies.

Because of the scarcity of literature on HBVr in
patients with sarcomas or GISTs and lack of re-
activation within the database of data collected over
11 years, it was necessary to rely on data derived
from published studies conducted among patients
with lymphoma for our model inputs. We are aware
of the clear association of anti-CD20–based therapy
in lymphomas with HBVr as opposed to solid tu-
mors, where such therapy is not used. As such, we
could be confident that the ICERs we derived for
sarcomas and GISTs would be underestimations,
thus reinforcing the lackofcosteffectivenessofHBV
screening in sarcoma and GIST management.

Our study has a number of limitations. Sarcomas
are a heterogeneous group of tumors with a wide
spectrum of disease progression, response to treat-
ment, and overall survival. In spite of this heteroge-
neity, sarcomas do share some common clinical
features (eg, hematogenous rather than lymphatic
spread and proclivity for lung metastasis) that lend
clinical value tostudyingandmanaging themasone
entity. To further account for this heterogeneity, we
opted to divide patients into chemotherapy groups,
within which patients may have had differing histo-
logic subtypes. To address this limitation, we further
classified one subgroup of patients who received
other doxorubicin or ifosfamide combinations into
histologic subtypes to better represent their disease
characteristics (details provided in Modeling Ap-
proach in Appendix). The resultant small subset of

B
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0 100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000

Cost of lamivudine, SG$

Cost of HBVr, SG$

Prevalence of chronic HBV, %

Cost of chronic HBV evaluation, SG$

Cost of regular monitoring, SG$

Cost of universal screening, SG$

Utility (adjuvant/neoadjuvant)

Relative risk of HBVr (no lamivudine v lamivudine)

Utility (palliative)

Cost of imatinib, SG$

Probability of HBVr with entecavir prophylaxis, %

Relative risk of HBVr (no entacavir v entacavir)

Probability of HBVr with lamivudine prophylaxis, %

Cost of entecarvir, SG$

Probability of death resulting from HBVr, %

HBV reactivation (HBVr)
was greater than 18% for
patients with sarcomas and
38% for those with GISTs.
D, doxorubicin; I,
ifosfamide.

193 Volume 2, Issue 4, August 2016 jgo.ascopubs.org JGO – Journal of Global Oncology

http://jgo.ascopubs.org


chemotherapy groups may have masked the effect
of more immunosuppressive therapies on reactiva-
tion rates. However, this was accounted for by
sensitivity analysis in which we analyzed the results
using theupper limitsof reactivation ratesdescribed
in the available literature. As such, themodel output
may be viewed as an estimate of the average cost

effectiveness in any patients with sarcomas or
GISTs. Our findings were consistent across both
theneoadjuvantandpalliativegroups.Thestructure
of our model is shown in Figure 1.

Although we found that the cost effectiveness of
HBV screening was sensitive to the HBVr rate, it is
notable that even at the highest reactivation rate,
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Fig 3 –

Probability sensitivity
analysis. Diagram
illustrates distributions of
incremental cost-
effectiveness ratios in
10,000 iterations of
probabilistic sensitivity
analysis in patients with (A)
sarcomas or (B) GI stromal
tumors (GISTs). With an
increasing cost-
effectiveness threshold, the
universal screening
approach is more likely to
be cost effective. At a cost-
effectiveness threshold of
SG$100,000 per quality-
adjusted life-year (QALY),
91.6% and 99.8% of the
simulations suggested
hepatitis B virus screening
to be not cost effective for
patients with sarcomas and
GISTs, respectively.
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the ICERs ofHBV screeningwere still muchhigher
than the cost-effectiveness threshold (Fig 2). We
also performed a scenario analysis in which we
assigned all the parameters taken from lymphoma
literature to theextremesof their possible ranges to
make screening as cost effective as possible. Even
at the highest possible risk of HBVr with prophy-
laxis, we derived an ICER of SG$172,197 per
QALY for sarcoma and SG$174,602 per QALY
for GIST. In addition, it is worth noting that relative
risks of HBVr (ie, effectiveness of prophylaxis in
preventing HBVr) had similar or greater influence
on ICERs compared with corresponding HBVr
rates.However, rangeof ICERs yieldedbydifferent
relative risk estimates stayed above the cost-
effectiveness threshold. These results indicate that
our conclusion would likely remain unchanged
with a more accurate estimate of HBVr risk or ef-
fectiveness of prophylaxis.

We recognize that the prevalence of HBV carriage
may differ across various populations, and certain
at-risk groups such as intravenous drug abusers
may have higher prevalence of HBV carriage and
thus be at higher risk of HBVr. The prevalence of
chronic HBV carriage in a needle-sharing com-
munity has been reported to be as high as 40.0%
in Chinese populations.34,35 Using these input
values in our model generated an ICER of SG
$168,167 per QALY with a prevalence of 40%
for patients with sarcomas and SG$381,333 per
QALY for patients with GISTs. Additionally, we
conducted a sensitivity analysis by allowing the
prevalence of chronic HBV infection to be as
high as 88% (not 100%, because infection was

resolved in 11.8% of patients who had a history of
acute chronic infection). We found that the mar-
ginal reduction in ICER decreased as the preva-
lence of chronic infection rose and leveled off
at more than SG$160,000 per QALY and SG
$380,000 per QALY for sarcomas and GISTs,
respectively, whichwere higher than the threshold
of SG$100,000 per QALY. Therefore, we are con-
fident that our conclusion will not be changed by
the prevalence of chronic HBV infection.

The only parameter whose change may make
HBV screening cross the cost-effectiveness thresh-
old is the mortality risk resulting from HBVr. We
found that if this risk exceeded 18% for patients
with sarcomas and 38% for those with GISTs,
conducting HBV screening would be cost effec-
tive. On the basis of clinical experience, the mor-
tality rate resulting from HBVr is unlikely to be
higher than 5% in our local contexts because of
close monitoring and prompt treatment once
HBVr is detected. We recognize, however, that
HBVr-relatedmortality cannot be considered con-
stant around the world.

Our study suggests that universal screeningbefore
chemotherapy for patientswith sarcomasorGISTs
is not cost effective at a willingness to pay of SG
$100,000 per QALY and should not be advised as
part of routine prechemotherapy assessment. An
exception to this recommendationmaybemade in
settings where mortality resulting from HBVr is
substantial or if other risk factors exist.
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APPENDIX Modeling Approach
Patients under both strategies were categorized according to clinical indications for chemotherapy (ie, neoadjuvant,
adjuvant, or palliative chemotherapy). Patients who received chemotherapy of neoadjuvant or adjuvant intent were further
categorized based on chemotherapy regimen according to the myelosuppressive effect expected. For patients with
sarcomas, these regimens included doxorubicin only, ifosfamide only, doxorubicin and ifosfamide combination, other
doxorubicin or other ifosfamide combinations (other D/other I), gemcitabine and taxane combination, other single-agent
regimens, and combination regimens of two or more combination agents. Given the heterogeneity of tumor subtypes of
patients in the other D/other I category, we decided to further subdivide the other D/other I group into various subtypes as
follows: rhabdomyosarcoma, Ewing sarcoma, osteosarcoma, and others. This allowed amore accurate reflection of survival
rates for each subgroup of patients. For patients with GISTs, the regimens were classified as tyrosine kinase inhibitors or
others. The population of patients who received palliative chemotherapy was subdivided into various chemotherapy groups
similarly.

Cost Details
Cost estimates for the variouscosts related tomedical visits,medication, and laboratory testswere obtained from theNational
Cancer Centre Singapore laboratory and pharmacy billing database and are listed in Table A2. We assumed that charges in
the bills were unbiased estimates of the service costs.

For patients who were screened to be hepatitis B surface antigen positive, baseline investigations for further evaluation
includedmeasurement of hepatitis B virus (HBV) DNA levels, liver function test, hepatitis B envelope antigen and antibody,
abdominal ultrasound, international normalized ratio, and referral to a specialist. Recurring costs of regular monitoring with
liver function tests, hepatitis B surface antigen, and HBV DNA were included at 3-month intervals during the potential
reactivation period.

Costs incurred with HBV reactivation (HBVr) included standard biochemistry evaluation as well as evaluation for other
possible causes of hepatitis. The cost of hospitalization related to HBVr was estimated using the national average
hospitalization bill because there was no disease-specific publication related to HBVr in the local context.

197 Volume 2, Issue 4, August 2016 jgo.ascopubs.org JGO – Journal of Global Oncology

http://jgo.ascopubs.org


Ta
bl
e
A1

–
Su

bg
ro
up

D
at
a
of

P
at
ie
nt
s
W
ith

Sa
rc
om

as
W
ho

R
ec

ei
ve
d
C
he

m
ot
he

ra
py

(n
=
27

4)

C
h
a
ra
c
te
ri
st
ic

D
o
xo
ru
b
ic
in

O
n
ly

(n
=
1
7
)

If
o
sf
a
m
id
e
O
n
ly

(n
=
8
)

D
o
xo
ru
b
ic
in

a
n
d
If
o
sf
a
m
id
e

O
n
ly
(n

=
7
0
)

O
th
e
r
D
o
xo
ru
b
ic
in

a
n
d

O
th
e
r
If
o
sf
a
m
id
e

C
o
m
b
in
a
ti
o
n
s
(n

=
8
1
)

G
e
m
c
it
a
b
in
e
a
n
d

D
o
c
e
ta
xe
l
O
n
ly

T
yr
o
si
n
e
K
in
a
se

In
h
ib
it
o
r

O
th
e
r
R
e
g
im

e
n
s

(‡
tw
o
a
g
e
n
ts
)

O
th
e
r
R
e
g
im

e
n
s

(s
in
g
le

a
g
e
n
t
o
r

u
n
k
n
o
w
n
)

N
o
.

%
N
o
.

%
N
o
.

%
N
o
.

%
N
o
.

%
N
o
.

%
N
o
.

%
N
o
.

%

Se
x M
al
e

4
23

.5
5

62
.5

35
50

.0
40

49
.4

3
20

.0
4

57
.1

7
46

.7
30

49
.2

Fe
m
al
e

13
76

.5
3

37
.5

35
50

.0
41

50
.6

12
80

.0
3

42
.9

8
53

.3
31

50
.8

A
ge

,y
ea
rs

M
ed

ia
n

49
.2

61
.4

48
.5

36
.5

51
.8

58
.8

44
.1

63
.1

R
an

ge
20

.9
-6
3.
8

34
.7
-7
3.
6

16
.8
-6
8.
5

4.
7-
67

.6
24

.1
-6
8.
2

23
.9
-8
3.
2

17
.7
-7
3.
5

4.
6-
89

.0

R
ac

e

C
hi
ne

se
14

82
.4

6
75

.0
52

74
.3

46
56

.8
10

66
.7

5
71

.4
12

80
.0

46
75

.4

M
al
ay

2
11

.8
1

12
.5

4
5.
7

5
6.
2

1
6.
7

0
0.
0

0
0.
0

3
4.
9

In
di
an

0
0.
0

0
0.
0

5
7.
1

5
6.
2

1
6.
7

0
0.
0

1
6.
7

3
4.
9

O
th
er

1
5.
9

1
12

.5
9

12
.9

25
30

.9
3

20
.0

2
28

.6
2

13
.3

9
14

.8

C
he

m
ot
he

ra
py

in
te
nt

N
eo

ad
ju
va
nt

0
0.
0

1
12

.5
6

8.
6

26
32

.1
2

13
.3

0
0.
0

6
40

.0
3

4.
9

A
dj
uv
an

t
6

35
.3

1
12

.5
24

34
.3

32
39

.5
5

33
.3

2
28

.6
2

13
.3

12
19

.7

P
al
lia
tiv
e

11
64

.7
6

75
.0

40
57

.1
23

28
.4

7
46

.7
5

71
.4

7
46

.7
46

.0
75

.4

U
ns
cr
ee
ne

d
9

52
.9

2
25

.0
29

41
.4

36
44

.4
6

40
.0

4
57

.1
7

43
.8

28
45

.9

Sc
re
en

ed
8

47
.1

6
75

.0
41

58
.6

45
55

.6
9

60
.0

3
42

.9
8

50
.0

33
54

.1

C
hr
on

ic
H
B
V
ca

rr
ie
r

(H
B
sA

g
po

si
tiv
e)

0
0.
0

0
0.
0

1
2.
4

1
2.
2

0
0.
0

0
0.
0

1
12

.5
3

9.
1

P
re
vi
ou

s
H
B
V
in
fe
ct
io
n

(H
B
cA

b
po

si
tiv
e
an

d
H
B
sA

g
ne

ga
tiv
e)

2
25

.0
1

16
.7

5
12

.2
2

4.
4

0
0.
0

0
0.
0

2
25

.0
5

15
.2

Sc
re
en

ed
ne

ga
tiv
e

(H
B
sA

g
ne

ga
tiv
e
6

H
B
cA

b
ne

ga
tiv
e)

6
75

.0
5

83
.3

35
85

.4
42

93
.3

9
10

0.
0

3
10

0.
0

5
62

.5
25

75
.8

A
bb

re
vi
at
io
ns
:H

B
cA

b,
he

pa
tit
is
B
co
re

an
tib

od
y;

H
B
sA

g,
he

pa
tit
is
B
su
rf
ac
e
an

tig
en

;H
B
V,

he
pa

tit
is
B
vi
ru
s.

198 Volume 2, Issue 4, August 2016 jgo.ascopubs.org JGO – Journal of Global Oncology

http://jgo.ascopubs.org


Table A2 – Cost Estimates

Variable Base Case Range*

Universal screening, SG$

HBsAg 24 12-48

HBcAb 42 21-84

HBsAb 24 12-48

Chronic HBV evaluation, SG$

HBV DNA 170 85-340

HBeAg, HBeAb 70 35-140

Liver function test 79 39.5-158

INR/PT/PTT 73 36.5-146

US HBS 176 88-352

Gastroenterologist referral 120 60-240

Antiviral medications

Lamivudine for 1 month 87 43.5-174

Entecavir for 1 month 300 150-600

Monitoring, SG$

HBsAg 24 12-48

HBV DNA 170 85-340

Liver function test 79 39.5-158

Hepatitis flare, SG$

Hepatitis A, B, and C serology 165 82.5-330

Antinuclear, antimitochondrial antibody 71 35.5-142

Iron studies: Fe, transferrin, ferritin 72 36-144

Liver function test 79 39.5-158

INR/PT/PTT 73 36.5-146

CT AP 975 487.5-1,950

HBV DNA 170 85-340

HBeAg, HBeAb 70 35-140

Specialist referral 120 60-240

Hospitalization 6,000 3,000-12,000

Abbreviations: CT AP, computed tomography abdomen/pelvis; HBcAb, hepatitis B core antibody; HBeAb, hepatitis B envelope antibody;
HBeAg, hepatitis B envelope antigen; HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; INR,
international normalized ratio; PT, prothrombin time; PTT, partial thromboplastin time; US HBS, ultrasound hepatobiliary system.
*Arbitrarily set to range from half of to two times the base-case values.

Table A3 – Patients Screened for HBV

HBV Status

Patients With Sarcomas (n = 110) Patients With GISTs (n = 127)

No. % No. %

Chronic HBV carriers 6 5.5 7 5.5

Prophylaxis administered 3 2.7 3 2.4

No prophylaxis administered 3 2.7 4 3.1

Previous HBV infection 17 15.5 11 8.7

Prophylaxis administered 3 2.7 1 0.8

No prophylaxis administered 14 12.7 10 7.9

HBVr 0 0.0 0 0.0

Abbreviations: GIST, GI stromal tumor; HBV, hepatitis B virus; HBVr, hepatitis B virus reactivation.
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