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HL still represents a relatively aggressive malignancy, with an 
overall survival of 34% and 52%, for men and women, respec-
tively (3). Recent therapeutic advances in HL are expected to 
lead to an enduring remission in 70% to 90% of the patients 
treated with standard chemotherapy with or without conso-
lidation radiotherapy (4); still, 10% to 15% of patients with 
early HL and up to 30% with advanced HL fail to respond or 
relapse after primary therapy (5). Second-line regimens sug-
gested by guidelines (6), consisting of salvage chemotherapy 
followed by autologous stem cell transplantation (ASCT), 
have even lower responses, with OS probability of 47% (95% 
CI, 37%-57%) (7) at 10 years, with overall survival (OS) proba-
bility of reaching 61% (95% CI, 52-72%) (7)  at 4 years, and a 
dismal median post-progression survival of about 1-2 years 
(7,8). Before brentuximab vedotin (BV) becomes available, 
third-line options for HL treatment were: palliation with single 
drug chemotherapy or radiotherapy for patients ineligible for 
transplant; intensive chemotherapy regimens to induce com-
plete response (CR) or good partial response (PR) for patients 
eligible for transplant (6). BV is an antibody-drug conjugate 
combining an anti-CD-30+ antibody with the microtubule-
dissolving agent, monomethyl auristatin E (9). Recently the 
European Medicines Agency issued an additional approval 
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ABSTRACT
Introduction: In Hodgkin Lymphoma (HL), the early administration of brentuximab vedotin (BV) represents a 
highly effective treatment to consolidate patients after autologous stem cell transplantation (ASCT). This study 
aimed at assessing costs accrued by using BV in consolidation after ASCT and compare them with the ones associ-
ated with the main options today used in Italy for HL.
Methods and results: A cost-analysis based on patients at high risk of relapse after ASCT was developed by col-
lecting data about drugs and monitoring. The model is described by two arms: “A,” where BV is used as consoli-
dation therapy after ASCT, and “B”, where patients are treated only at the time of relapse. A 3-year time horizon 
and the Italian National Health System perspective were adopted. All data inputs were sourced from the available 
literature and official list prices. A sensitivity analysis was conducted. The introduction of BV as consolidation 
therapy would allow savings in terms of drug acquisition and resource consumption. Over a 3-year time frame, 
arm A overall expenditure was 137,059€ vs. 225,418€ in arm B. Early after the ASCT, BV administration guarantees 
a long period free from relapses (5-year PFS is not reached), thus reducing the clinical and economic burden of 
the subsequent therapies needed to treat further relapses. 
Conclusions: The present pharmacoeconomic analysis shows that the introduction of BV as consolidation therapy 
after ASCT represents a sustainable expenditure for the National Healthcare System (NHS) and a cost-saving para-
digm when compared with the drug mainly used for treating the relapses.
Keywords: Brentuximab vedotin, Cost-analysis, Economic evaluation, Hodgkin lymphoma, Italian NHS

Introduction

Classic Hodgkin lymphoma (HL) is a relatively rare hema-
tological malignancy and one of the lymphoproliferative 
disorders characterized by strong histological expression of 
the CD30 antigen on the pathognomonic Reed-Sternberg 
cells (CD30+) (1). In Italy, in the period 2000-2010, the obser-
ved incidence for men and women was 3.84 (95% confidence 
interval [CI], 3.73-3.96) and 3.18 (95% CI, 3.08-3.29) cases 
every 100,000 residents per year, respectively (2). The obser-
ved overall survival (OS) 5 years after the diagnosis is over 90% 
in the 15-44 years range, but for patients older than 65 years, 
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for BV for the treatment of adult CD30+ HL patients at incre-
ased risk of relapse or progression following ASCT based on 
results of the global, phase III, randomized controlled trial 
AETHERA (10). The early post-transplant administration of BV 
provided a consistent improvement in the median progres-
sion-free survival (mPFS) vs. Placebo, which was subsequen-
tly confirmed by long-term results (11), with the median PFS 
not yet reached in the experimental study arm after 5 years. 
The extended follow-up demonstrated sustained benefit and 
long-term tolerability and safety (11). In Italy, BV is not yet 
reimbursed for this indication. The present simulation aims to 
calculate the impact of BV consolidation therapy, thus intro-
ducing a novel paradigm not yet codified on a national level. 
The analysis estimates treatment and management costs for 
patients at high risk of lymphoma relapse (HL CD30+ HR). To 
this objective, a cost model was developed to compare the 
expenditure between two possible arms, BV in consolidation 
vs. no consolidation therapy (NCT) after ASCT, from the Ita-
lian National Health System’s perspective. The model’s input 
parameters were obtained from the AETHERA (12) trial and 
other published sources.

Material and methods

Model structure

The present cost model, developed in Excel® (Microsoft 
Corporation, WA, USA), compares an arm where BV is admi-
nistered as consolidation treatment early after ASCT (arm 
A), with an arm representing the main treatment pathway 
adopted in the Italian clinical practice for HL CD30+ patients 
treated for relapse after ASCT (arm B). The population of the 
analysis is aligned with the indication of BV approved for 
post-transplant consolidation therapy. It is represented by 
adult patients with HL CD30+ at increased risk of relapse or 
progression following ASCT. The time horizon of the analysis 
is 3 years, which is perceived as a sufficiently long time for the 
most significant costs to be accrued in this patient population 
(13). The Italian National Healthcare System (NHS) perspec-
tive was adopted.

Clinical inputs

For both arms, the length of treatment was assumed to 
be equal to the median time on treatment (ToT, Fig. 1) deri-
ved from the related studies, while time to next relapse (time 
to next treatment) was calculated using the median PFS as 
a proxy (11,12,14-16). In arm A, the only active treatment is 
represented by BV, which is administered for 10.4 months (12) 
(Fig. 1), ensuring, on average, no relapses over a time horizon 
of 3 years. Indeed, the 5-year median PFS is not reached (11) 
and so considered not reached for the remaining 25.6 months 
after BV treatment for arm A of this analysis. Arm B is assumed 
to be composed of the most representative and innovative 
sequence reimbursed by the Italian NHS in post-ASCT relapse 
(IQVIA MAT 12/13). The treatment pathway includes: BV admi-
nistered for 6.2 months as a rescue therapy after a first relapse 
post-ASCT (11,17) (Fig. 1), and nivolumab used at the second 
relapse (18) for 14.7 months (95% CI, 11.3-18.5; Fig. 1) (16). 
The median PFS after ASCT (see NCT in Fig. 1) is 6.3 months 
(95% CI, 3.3-11.9) (11) and after BV rescue (Fig. 1) is 9.3 months 
(95% CI, 7.1-12.2) (15). After the third relapse (see “Other” in 
Fig. 1), in line with the work of Radford et al (19) and as confir-
med by Italian opinion leaders, patients could follow four dif-
ferent clinical interventions (“Other”): chemotherapy (47.5%), 
chemotherapy followed by allogenic stem cell transplantation 
(Allo-SCT; 35.0%), chemotherapy followed by ASCT (2.5%), and 
finally palliative care in the remaining 15.0% of the patients 
(Tab. II). Treatment with “Other” was assumed to cover the 
remaining 5.7 months of the analysis. This assumption is in line 
with the publications of different authors (16,20-22). To calcu-
late the weighted cost of “Other,” the estimated monthly cost 
of chemotherapy or PC was multiplied by 5.7 months, while 
the cost of Allo-SCT and ASCT was considered as a one-off cost 
(given the fact they are employed only once per patient) (see 
Tab. II). For a detailed overview of the costs calculated for each 
regimen, please refer to Tab. A in the supplementary materials.

Cost inputs

The cost-analysis for both arms included drug acquisi-
tion, drug administration, and health care resource utilization 

Fig. 1 - Treatment pathways 
compared in the model. m. = 
months; mPFS = median pro-
gression-free survival; NCT = 
no consolidation therapy; ToT =  
time on treatment. (*) = as-
sumption based on the PFS of 
5 years (11); (**) = assumption, 
the time needed to complete 
the 3-year time horizon.
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(HCRU). The treatment costs were estimated according to the 
dosage reported for each regimen in the respective SPC and 
applied for the ToT reported in Fig. 1. The ex-factory price 
published in the Official Journals was used for BV and nivolu-
mab (17,18), and the mandatory discounts (5%+5%) (23,24) 
were applied. Similarly, for drugs used in the fourth segment 
of Fig. 1, the prices were collected from codifa.it (Tabs. I, II; 
Supplementary Tables A and B). The dosage was based on the 
average body weight of the intent to treat (ITT) population in 
the AETHERA study (76.3 ± 20.6 kg) (12), assuming this was 
valid for the three or more risk factors population as well. 
Wherever required, the body surface area (BSA; 1.91 ± 0.10) 
was estimated by applying the mean body weight and height 
(171.9 ± 0.10 cm) (12) of the AETHERA trial ITT population to 
the Mosteller equation (25). Tables I and II have summarized 
the total costs associated with the two arms compared in the 
present analysis.

With regard to “Other” (Tab. II):

–  the chemotherapies included represent multiagent sal-
vage regimens recommended in different guidelines or 
reported in the literature for the management of patients 
relapsing after ASCT (6,21,22,26). These consisted of the 
following regimens administered to different percentages 

of patients: gemcitabine, cisplatin, methylprednisolone 
(GEM-P, 15%) (27); gemcitabine, oxaliplatin (GEM-Ox, 15%) 
(28); chlorambucil, vinblastine, procarbazine, prednisolone 
(ChlVPP, 25%) (29); bendamustine monotherapy 20% (30); 
bleomycin, etoposide, doxorubicin, cyclophosphamide, vin-
cristine, procarbazine, prednisolone (BEACOPP, 10%) (31), 
and dexamethasone, cisplatin, cytarabine (DHAP, 10%) 
(32). We also considered that 5% of the patients could have 
been enrolled in a clinical trial without additional costs.

–  the PC includes the most common (>15%) concomitant 
therapies reported for all patients in the AETHERA study 
(12,33): pantoprazole, Bactrim®, acyclovir, paracetamol, 
lorazepam, and psychological support (Tab. II and Supple-
mentary table B).

–  for ASCT and Allo-SCT, the costs (Tab. II) were obtained 
from Diagnosis Related Group (DRG) 481, considering 
specific codes (code 41.01, 41.04, 41.07, and 41.09 for 
ASCT; code 41.02, 41.03, 41.05, 41.06, and 41.08 for 
Allo-SCT) based on a document issued by the Region of 
Emilia Romagna (34). The costs include the whole proce-
dure package (consultation fees, bone marrow transplant, 
stem cell apheresis, pharmacological treatment). The 
unit cost for ASCT was €37,197.79 and for Allo-SCT was  
€85,761.58.

TABLE I - Treatment costs

Mg per 
unit

Posology Dose/ 
administration

Unit/ 
administration

Adm/ 
month

Cost per 
unit (€)

Cost 
month (€)

ToT 
(months)

Cost per 
ToT (€)

Arm A

BV 50 1.8 mg/kg/21 days 137.34 mg 2.7468 1.4494 3,008.03 11,975.61 10.4 124,546

Total 124,546

Arm B

BV 50 1.8 mg/kg/21 days 137.34 mg 2.7468 1.4494 3,008.03 11,975.61 6.2 74,249

Nivolumab 240 3 mg/kg/14 days 228.90 mg 0.95375 2.1741 3,226.01 6,689.31 14.7 98,333

“Other” (see Tab. II) 5,644.66 5.7 32,174

Total 204,756

BV = brentuximab vedotin; ToT = time on treatment.

TABLE II - Costs for “Other” treatments

Alternatives included in “Other” % use Cost per ToT per patient (€)

Chemotherapy* 47.50 5.7 months of chemotherapy = 1,390.62
Total per patient = 1,390.62

Chemotherapy* + Allo-SCT 35.00 5.7 months of chemotherapy = 1,390.62
Allo-SCT = 85,761.58
Total per patient = 87,152.20

Chemotherapy* + ASCT 2.50 5.7 months of chemotherapy = 1,390.62
ASCT = 37,197.79
Total per patient = 38,588.41

Palliative Care** 15.00 5.7 months of PC = 306.95

Weighted cost per ToT per patient  32,174.57

(*) For the details about how the monthly costs were calculated, refer to Tabs. A and (**) B in Supplementary materials.
Allo-SCT = allogenic stem cell transplantation; ASCT = autologous stem cell transplantation; ToT = time on treatment.



© 2021 The Authors. AboutOpen - ISSN 2465-2628 - www.aboutscience.eu/aboutopen

Economic evaluation of brentuximab vedotin as consolidation therapy84 

The administration cost of €45.34 was considered for 
all intravenous medicines based on the average outpatient 
tariffs applied in different Italian regions to assess the varia-
bility in how this is reimbursed (34-38; Tab. III). For the other 
drugs, the administration costs were not included. 

For each resource considered in the model (Tab. IV), the 
frequency of use was collected 1) from the AETHERA trial 
(12) for arm A (Fig. 1); 2) from the AETHERA trial and various 
published sources for arm B (39,40). The annual frequen-
cies reported in Table IV were applied according to each 
segment of the two arms’ duration compared (Fig. 1). The 
resource consumption in the off-treatment period was assu-
med to equal the one considered for the previous treatment 
period. In line with clinical reports (6,41-43), the health 
care resources included routine monitoring (computed 

tomography [CT] scans, physician counseling fees, laboratory 
test costs), emergency room (ER) visits, and hospitalizations. 
All the DRGs and outpatient service tariffs reported in the 
article were obtained from the Official Journal (44) if not sta-
ted differently. When two or more relevant DRGs were avai-
lable, the number of hospitalizations was used to calculate a 
weighted average (45). 

Sensitivity analysis

A one-way sensitivity analysis (OWSA) was conducted by 
varying each parameter’s value to test the assumptions’ robu-
stness. Except for BV and nivolumab prices, all model para-
meters were changed around their estimated range when 
available from the literature or around an arbitrary range of  
±10% of the base-case value.

TABLE III - Administration costs for the infusion therapies

Single regimen Freq. (%) of use Aver. admin/month Cost per month (€) Average nr. admin./ToT Cost (€) cycle/ToT

BV consolidation 100% 1.45 65.76 15.05 683.60

BV rescue 100% 1.45 65.76 8.97 407.53

Nivolumab 100% 2.17 98.41 31.902 1,449.36

Regimen “Other” Freq. (%) of use* Aver. admin/month† Aver. cycles/ToT (5.7 months) Average nr. admin/ToT Cost (€) cycle/ToT

GEM-P 15% 3.26 1.56 5.11 231.82

GEM-Ox 15% 2.17 3.23 7.02 318.46

ChlVPP 25% 2.17 2.85 6.20 281.00

Bendamustine 20% 2.17 2.32 5.06 229.48

BEACOPP 10% 4.35 3.04 13.22 599.46

DHAP 10% 1.45 1.42 2.07 93.67

CT 5% 0

Weighted average cost/ToT (5.7 months) 282.11

* = to calculate the weighted cost, percentages were scaled down to 100%, excluding CT.
† =  the nr. of administrations per month is defined accordingly to the SPC of the drugs reported in Tab. A (Supplementary material) and sourced from the 

literature.
CT = computed tomography; ToT = time on treatment.

TABLE IV - Resource consumption

 Frequency event/patient/year Cost per 
event (€)

Service code 
(44)Arm A Arm B

BV NCT BV rescue Nivolumab “Other”

CT scan 5.72(12) 3.00(39) 3.00(39) 3.00(39) 3.00(39) 124.10 87.4.1

WBCC 5.72(12) 8.09(12) 8.09(12) 10.40(39) 10.40(39) 6.50 90.70.4; 91.49.2

RBCC 5.72(12) 8.09(12) 8.09(12) 10.40(39) 10.40(39) 5.80 90.62.2; 91.49.2

Consultation 4.84(12) 6.84(12) 6.84(12) 10.40(39) 10.40(39) 20.70 88.7

ER visit 0.08(12) 0.12(12) 0.12(12) 0.12(12) 0.12(12) 241.05 (46)

Hospitalization 0.61(12) 0.83(12) 0.83(12) 1.30(40) 1.30(40) 4,989.12(*) DRG 403; 404

Duration of monitoring 3 years 6.3 months 9.3 months 14.7 months 5.7 months

Cost per duration (€) 11,829 2,516 3,715 8,857 3,434

Total cost per arm (€) 11,829 18,522

BV = brentuximab vedotin; CT = computed tomography; ER = emergency room; NCT = no consolidation therapy; WBCC = White Blood Cell Count; RBCC = Red 
Blood Cell Count. 
(*) = Weighted average cost.
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and their caregivers (0.11 for BV vs. 1.80 for no consolidation) 
(12). For this reason, when also considering indirect costs, the 
saving associated with the adoption of BV in consolidation 
would be even more significant than the one estimated in the 
present analysis focused on direct costs only. If we adopted a 
time horizon of 5 years, the results would still remain in favor 
of BV: 1) in arm A, the expenditure would remain stable due 
to a 5-year median PFS still not reached (11); 2) in arm B, the 
spending could be ≥€225,418 per patient, due to the possibility 
of further relapses and the eventual need of subsequent thera-
pies and/or transplant procedures.

One-way sensitivity analysis

The results of the OWSA are depicted in the tornado dia-
gram (Fig. 2) around the overall saving calculated for the base 
case (€−88,359). The parameters with the highest potential 
to influence the result are those related to the cost of tre-
atments, as the treatment duration of nivolumab in arm B 
(+28.4%, −31.8%), the average body weight of the cohort  
(±29.1%), and the duration of the consolidative treatment 
with BV (±27.8%).

Discussion

BV is an anti-CD-30+-based antibody-drug conjugate 
recently approved by the European Medicines Agency to 
treat adult CD30+ HL patients at increased risk of relapse or 
progression following ASCT. This indication is not yet reimbur-
sed in Italy, as the post-ASCT consolidation is a strategy that 
remains unrecognized in the lymphoma space. The objective 
of this analysis was to evaluate the advantages of introducing 

Results

The early administration of BV consolidation therapy has 
demonstrated a significant and long-lasting improvement in 
the PFS vs. no consolidation for patients at high risk of relapse 
or progression after ASCT (10,11). Indeed, after 3 years: 1) in 
arm A, the median PFS was not reached, so the cost evalua-
ted was the one of BV for consolidation, only; 2) in arm B, 
further relapses occurred, so the estimated treatment cost 
resulted in the sum of all therapies considered to treat them. 
The median pharmaceutical cost per patient in 3 years was 
higher in patients without consolidation therapy as shown in 
Table V: €204,756 per patient not receiving consolidation the-
rapy and treated only at the time of the relapse (arm B) com-
pared to €124,546 per patient treated with BV consolidation 
therapy (arm A). Considering the drug acquisition cost alone, 
the savings due to the administration of BV consolidation the-
rapy is around 40% (€80,210) in 3 years. Moreover, if other 
direct costs were considered (administration and resource 
consumption), the total expenditure would be €225,418 in 
arm B and €137,059 in arm A. Considering all the direct costs, 
the use of BV consolidation therapy allowed to save around 
€88,359, in 3 years (about 40%).

The NHS savings calculated with this model could be 
potentially underestimated because all the other direct costs 
associated with relapses were not considered (i.e., possible 
multiple transplants). Moreover, as reported in the SPC, the 
adoption of the BV consolidation therapy is associated not only 
with a reduction in the rate of hospitalizations and outpatient 
visits but also with a lower number of missed working days for 
both patients (5.62 for BV vs. 11.70 for no consolidation) (12) 

TABLE V - Results

Resource Drug acquisition (€) Other costs (€) Tot. (€)

BV consolidation BV rescue Nivolumab “Other” Administration Resource consumption

Arm A   124,546 0 0 0 683 11,829 137,059

Arm B 0   74,248   98,333  32,174   2,139 18,522 225,418

Difference +124,546 −74,248 −98,333 −34,835 −1,456 −6,694 −88,359 (−39.20%)

BV = brentuximab vedotin.

Fig. 2 - Results of the deter-
ministic analysis (base-case: 
€−88,359). Allo-SCT = allogen-
ic stem cell transplantation; 
BV = brentuximab vedotin;  
CT = computed tomography; 
NCT = no consolidation thera-
py; PFS = progression-free sur-
vival; ToT = time on treatment.
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BV as consolidation therapy (arm A) vs. no-consolidation stra-
tegy and the administration of subsequent treatments at the 
time of relapse (arm B). The prescription of brentuximab as 
consolidative monotherapy demonstrated enhanced clinical 
outcomes vs. the choice of observation (10,11,14,15,47). 
Moskowitz and colleagues (11) confirmed that the median 
PFS for patients at high risk of HL relapse or progression 
receiving BV consolidation was not reached after 5 years 
compared to the progression rate for placebo (41%) through 
the long-term follow-up analysis (hazard ratio [HR] 0.52; 95% 
CI, 0.379-0.7171). Moreover, the risk associated with only 
one treatment (BV consolidation), which guarantees a long 
period free from relapses, is presumed to be lower than the 
one resulting from the sum of the risks associated with all the 
therapies needed to treat further relapses.

The modeling of the present analysis is based on median 
PFS values. As confirmed in the recent article from Sureda 
and colleagues (48), PFS is considered a clinically relevant 
endpoint in evaluating HL (12,49). The direct comparison 
of the two arms modeled highlighted a saving of about 40% 
generated from the administration of BV as consolidation 
therapy vs. the current paradigm, which consists of treating 
HL patients at the time of relapses. This saving could be even 
more significant if: 1) other direct costs would be considered; 
2) indirect costs would be accounted for; 3) pembrolizumab 
(recently reimbursed for the same indication as nivolumab) 
(50) would be considered as an alternative to pre/post- 
nivolumab (its treatment cost is higher than the one esti-
mated for nivolumab). Yasenchak and collaborators, in their 
work, assessed the burden of the disease after the first relapse 
and found that second and third lines of therapy were 2.7-3.5 
times more expensive than the first-line therapy (51). Evi-
dence from another study suggested that relapsed patients 
accrued $401,529 compared to $89,709 in non-relapsed 
patients (52). In line with observations reported in articles 
published in the pre-BV era, we also observed an increase 
in the year total costs after the first relapse (€79,449) to the 
second relapse (€106,281) in arm B (no consolidation). While 
the impact of the BV consolidation is estimated with appre-
ciable precision, it appears clear that the economic burden 
for subsequent therapies is variable. This burden depends 
on many factors such as the number of relapses, the drugs 
administered at each relapse, the treatment durations, and 
the need for a transplant. All this highlights the importance 
to prevent relapses not only from the patients’ point of view 
but also from an economic perspective. The present analysis 
has clearly pointed out a preeminence of one arm concerning 
the other, despite several limitations like the duration of the-
rapies in the real practice, the mix of therapies/transplants 
adopted, and the uncertainty on the PFS duration after the 
third relapse. Hence, real-world evidence would be oppor-
tune to validate the outcomes of the present analysis.
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