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ABSTRACT

Introduction: The effectiveness of a screening strategy for 
the detection of a hepatitis B virus (HBV) infection followed by 
prophylaxis in order to prevent HBV reactivation was assessed in 
patients with hematologic neoplasms. 

Material and methods: A decision tree was developed to 
compare the cost and effectiveness (prevented reactivations) over 
an 18 month period of a screening strategy prior to chemotherapy 
with R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine 
and prednisone) with a non-screening approach. HBsAg+ (hepatitis 
B surface antigen) and/or anti-HBc+ (antibodies to hepatitis B core 
antigen) and HBV-DNA+ patients received oral antiviral prophylaxis 
with tenofovir disoproxil (245 mg once daily) from chemotherapy 
baseline until one year after chemotherapy completion. Non-
screened patients received tenofovir in case of a reactivation. Model 
probabilities were obtained from the literature. The total cost (€, 2015) 
included: antiviral prophylaxis, R-CHOP, screening tests (HBsAg, 
anti-HBc, HBV-DNA) and liver function tests. Drug therapy costs 
were estimated using ex-factory prices with mandatory deductions. 
The incremental cost-effectiveness ratio (ICER) was calculated in 
order to assess the cost-effectiveness of this intervention in terms of 
cost per reactivation averted versus no screening.

Results: In a hypothetical cohort of 1,000 patients, screening 
prevented 7.36 reactivations when compared to the non-screening 
approach (14.9 versus 22.3). Total cost/patient (including €8,282 
for R-CHOP) was €8,584 for the screening strategy and €8,449 
for the non-screening approach. The ICER for screening versus 
non-screening was €18,376/prevented reactivation.

Conclusion: HBV screening followed by oral antiviral 
prophylaxis yielded more health benefits than non-screening, 
reducing HBV reactivation in patients with hematologic neoplasms 
on chemotherapy.
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INTRODUCTION

Hepatitis B virus (HBV) infection represents a world-
wide public health concern; there are approximately 240 
million people with a chronic infection (1). 

HBV reactivation is defined as any return or increase in 
HBV-DNA (> 1 log or > 20,000 IU/mL) in a patient with a 

current or prior HBV infection. HBV reactivation includes 
a wide range of clinical manifestations, from a mild, tran-
sient, silent hepatitis to fulminant and life-threatening 
forms. The notable heterogeneity of hepatitis B outcome 
depends on the interaction between the host’s immune sys-
tem and the virus’s ability to evade immune mechanisms 
(2). HBV reactivation was first described over 35 years 
ago (3), with a higher risk for patients with hematologic 
malignancies as compared to other neoplasms. However, it 
has also been reported in patients receiving immunomodu-
lators and/or biologics, immunosuppressants prior to solid 
organ transplantation and patients with hepatocarcinoma 
undergoing hepatic chemoembolization. Multiple reports 
have shown HBV reactivation in various clinical settings. 
This has become relevant during the last few years as a 
result of new drugs with a powerful immunosuppressive 
effect such as rituximab (4,5). In the meta-analysis of 21 
studies reported by Kazt et al., 24-100% of patients with 
HBV reactivation developed acute hepatitis with a highly 
variable HBV-related mortality of 0-50% (6). As a conse-
quence of HBV reactivation, chemotherapy or immuno-
suppressive therapy may be delayed or even discontinued 
and this may have an adverse clinical impact on overall 
survival (7). In the same meta-analysis, 10-19% of patients 
had their treatment withdrawn. 

In transplanted patients, HBV reactivation increases 
mortality and graft loss risk. As shown by a meta-anal-
ysis of nine studies with 971 patients, the risk is higher 
when corticosteroids are administered and the risk level 
is at its highest with regimens combining corticosteroids 
and rituximab (8). This is particularly true for patients 
undergoing hematopoietic stem cell transplantation and 
patients receiving chemotherapy for lymphoma, especially 
of the non-Hodgkin type (5,7,9-14). In addition, survival 
in cancer patients recovering from HBV reactivation may 
be impaired by changes to the scheduled chemotherapy 
regimen (15).

Three randomized, controlled clinical trials have been 
performed (13,16,17) with lamivudine as a prophylaxis 
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for Asian HBsAg+ patients scheduled to receive che-
motherapy for lymphoma or hepatocarcinoma. The use 
of prophylaxis lamivudine was associated with a much 
lower incidence of HBV reactivations when compared to 
control subjects. In Spain, a multicenter study found that 
prophylactic tenofovir significantly reduced the incidence 
and severity of HBV reactivation in association with rit-
uximab chemotherapy (18).

Since chronic infection is usually asymptomatic and 
commonly associated with normal ALT levels, infected 
individuals can only be reliably identified by testing for 
the hepatitis B surface antigen (HBsAg) and antibodies 
to the hepatitis B core antigen (anti-HBc). Therefore, it is 
advisable to analyze HBV infection markers before immu-
nosuppressive therapy (1). However, a study performed 
in the USA found that only 14% of oncologists regularly 
screened patients (19). Similarly, only 14% of patients in 
a Toronto hospital were tested for HBsAg before chemo-
therapy (20).

Furthermore, some recent publications conclude that the 
evidence is insufficient to establish the benefits or risks of 
routine screening for a chronic HBV infection in cancer 
patients scheduled to receive immunosuppressive therapy 
(21). While preventive antiviral therapy has proven finan-
cially acceptable in HBsAg+ patients, information on the 
cost-effectiveness of HBV screening is scarce (15) and no 
data are available from Spain. Therefore, the aim of this 
study was to estimate HBV screening cost-effectiveness 
in patients with hematologic malignancies before ritux-
imab-based chemotherapy from the perspective of the 
National Health System.

METHODS

An excel-based model was designed that was structured like a 
decision tree in order to estimate the effectiveness and cost of two 
potential strategies, HBV screening and prophylaxis with tenofovir 
disoproxil fumarate (TDF) versus no screening. The study was per-
formed in a hypothetical cohort of 1,000 patients with hematologic 
cancer before initiating chemotherapy with R-CHOP (rituximab, 
cyclophosphamide, doxorubicin, vincristine, and prednisone). The 
analysis was carried out from a National Health System perspective 
over an 18 month period (Fig. 1).

Effectiveness was assessed by considering the number of reac-
tivations prevented by the screening versus the non-screening 
approach. The various probabilities of each strategy (reactivations, 
hepatitis and death) in each situation reflected the best scientific 
evidence available following a thorough review of the literature. 
The estimated prevalence of HBsAg+ was 1.3% and the prevalence 
of anti-HBc+ in HBsAg- patients was 11.1%. Table 1 details all the 
probabilities in the model with their respective references.

A numeric parameter known as the incremental cost-effective-
ness ratio (ICER) was used to assess cost-effectiveness. Results are 
expressed as extra cost per incremental benefit unit achieved with the 
screening strategy versus the non-screening approach. The number 
of patients who needed to be screened to prevent reactivation was 

used as an efficacy variable. Therefore, the result should be inter-
preted as the additional cost that screening would represent in order 
to prevent one reactivation.

In the screening arm, HBsAg and anti-HBc testing was performed 
prior to chemotherapy. In patients with positive HBsAg and/or anti-
HBc, DNA from the HBV (HBV-DNA) was assessed every other 
month in the absence of reactivation and every month if reactivation 
occurred. Patients at a high risk of reactivation (HBsAg+ and/or anti-
HBc+ plus HBV-DNA+) received prophylaxis with TDF starting one 
week before chemotherapy onset until one year after chemotherapy 
finished.

In the non-screening arm, only delayed antiviral therapy (i.e., 
therapy at the time of reactivation diagnosis) was considered. From a 
chronological viewpoint, reactivation may occur after the initial dose 
of immunosuppressive and/or chemotherapeutic treatment or several 
months after immunosuppresive therapy was discontinued when the 
immune system had recovered its ability to detect the increased viral 
replication that occurred during the immunosuppressed stage. Based 
on the available evidence, it was assumed that HBV reactivation in 
patients with hematologic malignancy would peak at four months 
after R-CHOP onset (20,22,23).

Total cost estimates for each strategy included chemotherapy 
and antiviral drug costs, screening costs, liver function monitoring 
costs and costs related to clinical events (hepatitis and death). Drug 
costs were estimated according to ex-factory prices established in 
the “Catálogo de Medicamentos del Consejo General de Colegios 
Oficiales de Farmacéuticos” (24) and then applying the mandatory 
deduction as established by the Spanish Royal Decree 8/2010 (25). 
Antiviral therapy included the oral administration of TDF of one 
daily 245-mg tablet (26). R-CHOP chemotherapy cost was estimated 
for six 21-day cycles at a standard dose: rituximab, 375 mg/m2 on 
day 1 (27); cyclophosphamide, 750 mg/m2 on day 1 of every cycle 
(28); hydroxidaunorubicin: 50 mg/m2 on day 1 of every cycle (29); 
Oncovin®, 1.4 mg/m2 (max. 2 mg) on day 1 of every cycle (30); and 
prednisone, 100 mg on days 1 and 5 of every cycle (31). The body 
surface area considered was 1.7 m2 (32,33).

Liver function tests, including transaminase and bilirubin levels, 
were performed every two months. In the case of HBV reactivation, 
monthly monitoring was performed. Unitary costs for screening 
measurements and liver function monitoring were obtained from a 
national cost database (34). With regard to hepatitis management 
costs, the estimated costs of hepatitis B management in a study 
performed in various European countries including Spain were 
used. In addition, the average estimates from 2014 by the Spanish 
Ministry of Health, Social Services and Equality were used that 
corresponded to the minimum basic data set (MBDS) discharge 
registry from 2012 (35) for the following ICD-9 codes: 070 (viral 
hepatitis), 070.30 (viral hepatitis B without hepatic coma, acute or 
unspecified without hepatitis delta), 070.32 (chronic viral hepatitis 
B without hepatic coma without hepatitis delta), 573.3 (hepatitis, 
unspecified), 571.40 (chronic hepatitis, unspecified), and 571.49 
(other chronic hepatitis) (36).

The cost of hepatic mortality was obtained from the literature (37) 
and updated according to the CPI inter-annual variation rate reported 
by the Statistics National Institute (38). 

In order to assess the uncertainty of the results, several one-way sensi-
tivity analyses (SA) were performed. New scenarios were set up and the fol-
lowing parameters were modified. The time to reactivation since R-CHOP 
chemotherapy onset was modified from four to five months (SA1).  
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Fig. 1. Model design.
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The number of R-CHOP cycles considered was modified from six to 
eight cycles (a regimen also used in standard clinical practice) (SA2). 
With regard to the percentage of HBsAg- subjects, the prevalence 
was changed from 1.3% to 0.7% (prevalence in the general popula-
tion) (SA3). The percentage of anti-HBc+ subjects was reduced by 
25%, i.e., changing the prevalence from 11.10% to 8.32% (SA4). 

The probability of non-hepatic death in HBsAg+ patients with no 
reactivation in the screening arm was changed rendering it identical 
to the non-screening arm, i.e., changing the value from 0.0% to 
7.8% (SA5).

All costs were expressed in euros (€) using values from 2015 
(Table 2).

Table 1. Probabilities with regard to patient profiles undergoing rituximab treatment 

Common probabilities: Value

Prevalence of HBsAg+, % 1.30%ⱡ (42-45)

Prevalence of anti-HBc+ in HBsAg- patients, % 11.10%ⱡ (42-45) 

Prevalence of HBV-DNA+ in HBsAg-/anti-HBc+ patients, % 4.70% ⱡ (18,45)

Probabilities per patient type: HBV screening No HBV screening*

HBsAg+ patients

HBV reactivation, % 0.00% (18) 57.30%ⱡ (13,19,20)

 If reactivation:

  Non-hepatic mortality, % 0.00% (18) 7.80 (47)

 If no reactivation:

  Hepatitis, % 0.00% (18) 27.50%ⱡ (13,17)

  Hepatic mortality, % 7.70% (46) 40.00% (19)

  Non-hepatic mortality, % 7.80% (47) 9.90 (47)

HBsAg-/anti-HBc+/HBV-DNA patients

Reactivation, % 13.30% (46) 13.30% (46)

 If no reactivation:

  Non-hepatic mortality, % 7.80% (47) 7.80% (47)

 If reactivation:

  Hepatitis, % 0.00% (46) 58.80% (46)

  Hepatic mortality, % 14.30% (48) 14.30% (49)

  Non-hepatic mortality, % 9.90% (47) 9.90% (47)

HBsAg-/anti-HBc+/HBV-DNA patients

HBV reactivation, % 0.00% (18) 19.10% (11)

 If no reactivation:

  Non-hepatic mortality, % 7.80% (47) 7.80% (47)

 If reactivation:

  Hepatitis, % 0.00% (18) 58.80% (20)

  Hepatic mortality, % 7.70% (18) 40.00% (19)

  Non-hepatic mortality, % 7.80% (47) 9.90% (47)

HBsAg-/anti-HBc patients

Non-hepatic mortality, % 7.80% (47) 7.80% (47)

*Diagnosis due to poor outcome/no diagnosis. ⱡAverage values. HBV: Hepatitis B virus; HBsAg: Hepatitis B virus surface antigen; anti-HBc: Antibody to hepatitis B core 
antigen; HBV-DNA: Hepatitis B virus DNA.
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RESULTS

In a hypothetical cohort of 1,000 patients with a hema-
tological neoplasm on R-CHOP therapy, a HBV screening 
strategy prior to chemotherapy onset would prevent a total 
of 7.36 reactivations as compared to the non-screening 
approach during an 18 month period (Table 3).

The total cost per patient was €8,584 in the screen-
ing strategy, with R-CHOP chemotherapy accounting for 
97.6% of the cost. This total cost per patient was €8,449 
for the non-screening approach, with drug costs account-

ing for 98.3% of the total (Table 3). In other words, the 
screening strategy represents an incremental cost of €135 
per patient, i.e., an additional 1.6% versus non-screening. 
Furthermore, the contribution of clinical events (hepati-
tis, death) to the total cost of the screening strategy was 
0.0%, whereas this contribution amounted to 0.6% in the 
non-screening arm.

The resulting ICER was €18,376 per prevented HBV 
reactivation in the screening versus the non-screening 
approach over a period of 18 months (Table 3).

One-way SA yielded the following results. With regard 
to the number of prevented reactivations, no changes 
occurred in the value obtained for the base case except for 
the analyses of modified percentages of HBsAg- subjects 
(SA3) and anti-HBc+ subjects (SA4). The 7.36 prevented 
reactivations in the base case were reduced to 4.28 and 
7.19 for SA3 and SA4, respectively. With regards to the 
ICER (€18,376 per prevented reactivation with the screen-
ing versus non-screening approach in the base case), the 
values ranged from €16,078.07 for SA4 (modified percent-
age of anti-HBc+ subjects) to €27,155.06 for SA3 (modi-
fied percentage of HBsAg- subjects).

DISCUSSION

The PRESCRIB study assessed the cost-effectiveness of 
HBV screening in patients with hematologic malignancies 
prior to chemotherapy onset. This is one of the few studies 
that explored effectiveness of R-CHOP chemotherapy and 
the only study to assess cost-effectiveness in Spain. Fur-
thermore, this is the first study to assess effectiveness as 
a function of prevented reactivation, a clinical parameter 
usually considered in routine clinical practice.

According to the results obtained, the cost of screening 
and the associated monitoring of liver function represents 
an additional cost of €135 per patient over a period of 
18 months, with a prevented reactivation rate of 7.36 per 
1,000 patients.

Therefore, we can conclude that antiviral prophylaxis 
after HBV screening reduces reactivation and mortality 
rates in patients with hematologic neoplasms on chemo-
therapy. Screening slightly increases overall cost as com-
pared to the non-screening approach. However, screening 
reduces reactivations, which in turn may result in clinical 
events such as hepatitis, hepatocellular carcinoma, liver 
transplantation and hepatic death (39). There is also a fac-
tor that is difficult to quantify that has a negative impact 
on patients: the inability or delay in administering chemo-
therapy in patients with reactivation. 

A recent study in Spain (18) compared the efficacy of 
TDF prophylaxis versus observation in anti-HBc+ and 
HBsAg- patients on rituximab therapy for hematologic 
malignancies. The results were in line with those obtained 
in the present study and showed that TDF administration 
prevented HBV reactivation.

Table 2. Unitary costs (€, 2015)

Concept Cost

Prophylaxis (€/day)

 TDF € 8.90

Chemotherapy - R-CHOP (€/cycle)

 Rituximab € 1,339.78

 Cyclophosphamide € 9.53

 Hydroxydaunorubicin € 23.21

 Vincristine (Oncovin®) € 6.75

 Prednisone € 1.16

Testing

 HBsAg testing € 14.60

 Anti-HBc testing € 10.68

 HBV-DNA testing € 103.61

 Hepatic profile € 7.52

 Resistance testing € 208.89

Clinical events

 Hepatitis € 3,555.29

 Death € 7,440.82

R-CHOP: rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone; 
HBsAg: Hepatitis B surface antigen; anti-HBc: Antibody to hepatitis B core anti-
gen; HBV-DNA: Hepatitis B virus DNA. Body surface area was considered as 
1.7 m2.

Table 3. Cost-effectiveness results per patient

HBV screening No HBV screening

Total cost € 8,584.39 € 8,449.11

Treatments € 8,376.60 € 8,304.43

Tests € 207.79 € 89.81

Hepatitis € 0.00 € 38.37

Deaths € 0.00 € 16.51

No. of reactivations 0.01 0.02

ICER (screening vs  
non-screening)

€18,375.97 per prevented HBV 
reactivation

HBV: Hepatitis B virus; ICER: Incremental cost-effectiveness ratio.
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Another study (15) assessed the cost-effectiveness 
of three screening strategies (all patients, only high-risk 
patients and no screening) in patients with lymphoma over 
a 12 month period. The study suggested that screening 
all patients was cost-effective as compared with the other 
strategies assessed, although the differences were small. 
However, this study only separated patient clinical profiles 
according to baseline HBsAg status.

The study by Day et al. (40) also involved a cost-effec-
tiveness analysis in Australia that compared a screening 
approach to not screening in patients with solid tumors. 
They concluded that screening was cost-effective for 
selected patient subpopulations and/or by simplifying 
screening strategies.

It is interesting to note that the two previously reported 
cost-effectiveness studies used the same methodology and 
analyzed data using a decision tree-based model.

The limitations associated with the present study include 
the short time period of the analysis and the fact that the 
selection was conditioned by the available evidence of 
reactivation in this patient profile. A broader time period 
would allow the identification of significant differences in 
costs and results between the assessed alternative options, 
thus rendering the results more valid. In this respect, the 
natural history of the disease and how it may be modified 
by the assessed therapies are relevant factors that should 
be taken into account. Another aspect worth mentioning 
is that the model assumes that screening does not delay 
chemotherapy. However, it should be ensured that this is 
actually the case in routine clinical practice. Furthermore, 
the prophylactic strategy used (tenofovir) might not be 
appropriate for all patients and lamivudine could be used 
as an alternative. Finally, the difficulty in the interpretation 
of the above data is associated with a lack of a specific 
threshold of the cost per effectiveness unit achieved, in 
this case per reactivation prevented. 

The public health care system has to cope with a short-
age of resources and increasing demands for services. 
Thus, the healthcare and social benefits of implementing 
programs and strategies (such as new markers for reacti-
vation [41]) with a prophylactic rather than therapeutic 
effect should be debated with regard to an adequate effi-
ciency and additional advantages. However, these results 
show that HBV screening in a population with hematologic 
malignancies scheduled to receive rituximab-based chemo-
therapy will identify patients who will benefit from antivi-
ral prophylaxis. This represents an added cost of €135 per 
patient over an 18 month period versus non-screening, and 
prevents 7.36 reactivations per 1,000 patients.
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