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Abstract:

Pharmacoeconomic evaluation of patients with BRAF mutation-positive mela-
noma treatment with dabrafenib and vemurafenib was conducted in the present
study. When analyzing the costs required per one year of the therapy with the
drugs being compared, it was established that treatment with dabrafenib was
28% less expensive in comparison with vemurafenib, and the differences in
the cost per patient per year was 1,633,622 RUB. The budget impact analysis
has shown that dabrafenib comparing to vemurafenib treatment to may reduce
budget costs by 1,268,108 RUB per patient within first one year. The results
based on data from previous clinical studies have shown that treatment with
dabrafenib reduces costs by 35% as compared to the therapy with vemurafenib.
Analysis demonstrated that throughout the projected cohort of patients (1245
patients), requiring BRAF-kinase inhibitors treatment, dabrafenib treatment al-
lows to treat additional 680 patients in comparison with vemurafenib within the
period before the beginning of progression. Therefore, dabrafenib therapy is
preferred treatment option for patients with BRAF mutation-positive advanced
and unresectable melanoma in Russian Federation.

Key words: dabrafenib, vemurafenib, dacarbazine, melanoma, unresectable and
metastatic melanoma, BRAF V600 gene mutation, post-progression survival,
progression-free survival, overall survival, inhibitors of BRAF-kinases, phar-
macoeconomics, cost-minimization analysis, budget impact analysis, missed
opportunity analysis.

Introduction

Melanoma is one of the most aggressive forms of skin cancer, which
develops from melanocytes, pigment synthesizing cells that can be found
throughout the body, including the skin, mucosals, and iris [22, 25, 30].
Cutaneous types of melanoma, found in 90% of cases, are the most common
and well-investigated [1]. The incidence of melanoma is increasing worldwide
by 3-5% every year [4,32], which is also confirmed by data in Russia: its
prevalence in Russia increased by 5.8% in 2014 compared to 2013 and by
51.8% compared to 2004 (Figure 1) [2]. According to P. Herzen Moscow
Oncology Research Institute data, the number of patients with newly-
diagnosed melanoma was registered in 9,390 patients. [3]

Melanoma estimates about 2 % of all skin tumors [3,32]. Meanwhile,
being one of the most aggressive forms of cancer, melanoma is characterized
by a high mortality rate, which accounts for 75% of all skin cancer cases [4,
18, 25]. According to Russian epidemiologic data, the annual mortality rate of
melanoma in 2014 was 12.1%. The results presented show a steady tendency
to decrease of this rate over the last 10 years. This trend is due to improved
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diagnosis of the disease and implementation of innovative approaches to
treatment (Figure 2) [2]. At the same time, the risk of death increases with the
severity of disease, and staging process. Thus, in patients with stage llIC, the
5-year survival rate is only 40%, 10-year-old - 24%, while patients with stage
IV have mortality rate of 15% -20% and 10-15%, respectively [34].

Approximately 50-60% of patients with melanoma have the BRAF
gene mutation, which leads to simultaneous uncontrolled cell proliferation
and increased survival due to hyper activation of the mitogen-activated
protein kinase pathway. A high significance of the above gene mutation in
the mechanism underlying melanoma led to the development of drugs with
targeted inhibitory activity against this level of pathogenesis [3, 4].

Patients diagnosed with BRAF-positive unresectable or metastatic
melanoma, according to the recommendations of the Association of oncologists
of Russia should be prescribed with BRAF inhibitor therapy-kinases (dabrafenib
and vemurafenib) before progression of the disease [3]. Randomized phase Il
clinical trials demonstrated that these drugs were markedly more effective in
patients with unresectable or metastatic cutaneous melanoma with BRAF V600
mutation compared with dacarbazine. Efficacy measures were progression-free
survival (PFS) and overall survival (0S) [27, 29].

Early stages of melanoma require surgical excision of the tumor tissue, and
unresectable or metastatic cases should be treated with chemotherapy [1] that,
consequently, affects the cost of treatment. For example, D.T. Alexandrescu
et al. found that direct costs on treatment per one case of early stage T1
melanoma for the US health care system in 2009 amounted to $2,442, while
treatment of a more severe stage T4b required 2.7 times higher costs ($6,678)
[15]. Therefore, the more severe disease stages require the higher direct costs.
Meanwhile, melanoma leads to the increase of indirect costs related to disability
and premature death of patients at working age (an average age of melanoma
to be diagnosed is 53 years) [36]. The assessment of the economic burden
of metastatic melanoma in Australia in 2014 showed that expenses related to
premature mortality of patients with this diagnosis accounted $202.56 min (loss
of 25,875 healthy life years) [14]. These results indicate that melanoma is a
social and economic problem for the entire society and the choice of therapy
should be justified both with clinical efficacy and cost effectiveness.

In 2014, about 9,390 new cases of melanoma were diagnosed in the
Russian Federation. Almost 25% of the cases are diagnosed in the late stages
with distant metastases [1, 3]. It is assumed that 60% of tumor appearance is
associated with the presence of BRAF-mutations [2]. Therefore, the number
of patients in the Russian Federation who require treatment with a BRAF-
inhibitor is about 1,245 (Figure 3).
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Figure 1. The prevalence of melanoma in the Russian Federation per 100,000 population [3]
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Figure 2. Mortality rates over a year after diagnosis in the Russian Federation, % [3]

9390

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

i Incidence of melanoma per year
B Number of patients with end-stage melanoma (22,1 %)

B Number of cases with BRAF positive melanoma (60 %)

Figure 3. The projected number of patients with metastatic or unresectable melanoma with the BRAF V600 gene mutation
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Currently, BRAF-kinase inhibitors (dabrafenib and vemurafenib) are
not included in the Essential drug List (EDL), which limits the possibilities
of effective treatment of BRAF-positive melanoma. One of the arguments to
include the drugs in the EDL is the result of pharmacoeconomic evaluation [11].
Thus, the pharmacoeconomic research of the innovative drugs dabrafenib and
vemurafenib in patients with unresectable or metastatic melanoma with BRAF
V600 mutation is needed to use these results for decision-making in the drug
supply for these patients.

Experts in various fields, such as public health policy officials, heads of
medical institutions and oncologists, will be able to use the results obtained in
the pharmacoeconomic study.

Materials and Methods

In the present research, an analytical model for decision-making was designed
in MS Excel, which enables conducting a pharmacoeconomic evaluation of
the therapy with dabrafenib vs vemurafenib in patients with unresectable or
metastatic melanoma with BRAF V600 mutation.

Clinical and economic analysis was conducted using the following
methods of pharmacoeconomic evaluation:

1. The effectiveness analysis

2. Cost analysis

3. Cost-minimization analysis

4. Budget impact analysis

To articulate the effectiveness of the compared treatment options for
unresectable or metastatic melanoma with BRAF V600 mutation, Pubmed,
Medlink and Cochrane databases were searched to retrieve data using the
following key words: dabrafenib, vemurafenib, dacarbazine, trametinib, mel-
anoma, unresectable or metastatic melanoma, BRAF V600 gene mutation,
post-progression survival, progression-free survival, overall survival, inhibi-
tors of BRAF-kinases, phase Ill.

The search yielded two international multicenter, randomized, compar-
ative phase Il clinical trials to evaluate the safety and efficacy of dabrafenib
(BREAK-3) or vemurafenib (BRIM-3) versus dacarbazine in patients with
melanoma, which served as the subject of further investigation (Table 1)
[19,20,27,28,35].

Table 1. Clinical trials to evaluate the safety and efficacy of dabrafenib or vemu-
rafenib

Test
sub-
stance

Patient
number

Compara-
tor agent

Study
name

Efficacy
measures

Source

Follow-up

1. PFS
2.0S
Dacarba- 1.187 42 3. Median

zine BREAK-3 2.67 months PFS [27]
4. Median

0S

Dab-
rafenib

1. PFS
2.0S
Dacarba- 1.295 24 3. Median

zine BRIM-3 1 5 303 | months PFS (28]
4. Median

0S

Vemu-
rafenib

Dacarbazine was a shared alternative therapy option in both studies. The
patient populations in these two studies were comparable in age and sex, and
represented patients with unresectable or metastatic cutaneous melanoma
with the BRAF V600 gene mutation. Efficacy was evaluated using the same
parameters: PFS, OS, median PFS, median OS (Table 1) [27, 28]. Based on the
data obtained, an indirect comparison of treatment with drugs being studied
was conducted.

One of the characteristics of the reported studies was a possibility of switch-
ing patients to a more effective treatment of dabrafenib BREAK-3 clinical trial,
whereas in order to switch patients to a group of more effective treatments it
was required approval of Ethics Committee in the study of safety and efficacy
assessment of vemurafenib in BRIM-3 trial. Therefore, the presented results
of conducted clinical trials show the summarized OS for patients in comparing

groups. These results can not be used as parameter of effectiveness in current
study because the target population in Russian Federation is patient with the
BRAF-kinase treatment within the period before the beginning of progression
according prescribing information of comparing drugs and according national
recommendation in treatment of patients with melanoma [1,12,13]. Data of
0S for target population is not available.This is why median PFS was chosen as
the main efficacy measure. An additional argument in favor of choosing PFS are
the results of a study by K.T. Flaherty et al., which demonstrated that PFS is an
acceptable surrogate endpoint with a robust relation to OS in dacarbazine-con-
trolled clinical trials in the treatment of metastatic melanoma [23].

Clinical trials showed similar median PFS of 6.9 months in the dabrafenib
and vemurafenib treatment groups, while in the dacarbazine group it was 2.7
months (BREAK-3) and 1.7 months (BRIM-3) (Table 2). Hazard ratios (HR)
of PFS in the dabrafenib-dacarbazine and vemurafenib-dacarbazine groups
were 0.37 and 0.39, respectively [29, 35], suggesting a relatively similar risk
of the events in the two groups being compared to the control treatment with
dacarbazine.

Table 2. The efficacy analysis

Outcome measure Dabrafenib Vemurafenib
Median PFS, months 6.9 6.9
Hazard Ratio (com-
pared to dacarbazine) 037 039

K. Srivastava et al. obtained similar results when conducting an
indirect comparison of the mentioned treatment options based on the data
from clinical trials BREAK-3 and BRIM-3 obtained on the earlier stages of
observation. The researchers also showed congruity in the events in the two
treatment groups (ie dabrafenib and vemurafenib vs other treatments) being
compared, which led to the conclusion of a relatively similar efficacy of these
methods of therapy [31].

In view of the reported comparable efficacy of the investigated treatment
strategies in patients with unresectable or metastatic melanoma with the BRAF
V600 gene mutation by the time of progression-free period, an appropriate
method for clinical and economic evaluation is a cost-minimization analysis.

In the present study, we calculated only direct medical costs, the struc-
ture of which depends on the patient’s particular medical status (progres-
sion-free). According to the Russian Society of Clinical Oncology guidelines
for patients with BRAF-positive melanoma, they require inhibitors of BRAF-ki-
nases, supportive care for occurring adverse events (AE), and outpatient ob-
servation every three months [1, 9].

To calculate the costs of treatment, we took into account the average auc-
tion prices of the compared drugs as of November 26, 2015. For dabrafenib
(Tafinlar®), we took an average price of 348 194 RUB per package (75 mg, 120
pcs), according to the results of government procurement for the period Janu-
ary 31, 2015 — January 31, 2016. The same approach was used to determine
the price of the reference drug vemurafenib (Zelboraf®), which was 112 780
RUB per package (240 mg, 56 pcs). The cost of a treatment course is calculat-
ed per patient taking into account dosing regimen specified in the prescribing
information, as well as data on the probability of duration of progression-free
status of patients at the moment for every subsequent two months of therapy.
The probability of a patient’s progression-free status was estimated based on
data on PFS according to the results of randomized clinical trials BRIM-3 and
BREAK-3 which was calculated every 2 months before progression the maxi-
mum period of which in accordance with clinical trial was 20 months [28, 33].

When assessing the supportive care of adverse events (AES) and serious
AEs, cost of each case was determined by the approved health care stan-
dards and guidelines for treatment of relevant AEs.

The cost of outpatient treatment was calculated based on the approved
standard of primary health care for patients with malignant skin tumors, in-
cluding melanoma, taking into account the four required outpatient doctor
visits per year [4, 9].

All costs were calculated for the duration of BRAF-kinase inhibitors treat-
ment until disease progression, obtained from the results of clinical trials.
Therefore, the maximum course of therapy lasted up to 20 months [28, 33].
Due to the duration of treatment for more than a year, a discounting was per-
formed using a rate of 3% when calculating the costs.

——
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Results

In view of the reported conclusion on comparable efficacy in terms of PFS,
a cost-minimization analysis was assumed as the most appropriate method
for assessing the investigated treatment strategies, and the first step was
an analysis of costs related to the treatment of patients with BRAF-positive
melanoma, i.e. costs of drug treatment with BRAF-kinase inhibitors, supportive
care for AE, and outpatient care.

Cost Analysis

Costs of drug treatment with BRAF-kinase inhibitors

In this pharmacoeconomic research, we have calculated the costs of drug
treatment with drugs being compared per one month, two months, and one
year of treatment, taking into account the cost of 1 mg of active substance and
dosage regimen in accordance with the approved prescribing information for
the study drugs (Tables 3,4) [12,13].

Table 3. The calculation of costs of treatment with BRAF inhibitors

Total mg/  Cost of 1 mg,
Dosage day RUB
Dabrafenib 150 mg twice 300 388
daily
Vemurafenib 960 mg twice 1920 84
daily

Table 4. The calculation of costs of treatment with BRAF inhibitors per one patient

Cost of Decrease in
one treat- A0 S Costof one  costs with
one-month  2-months :
INN ment day, e o year of treat-  dabrafenib
RUB RUB’ RUB’ ment, RUB treatment,
RUB (%)

Dabrafenib | 11,636 353,920 | 707,839 | 4,247,036
1633 622
(28 %)

Vemurafenib | 16,111 490,055 | 980,110 | 5,880,658

Costs of supportive care for occurring adverse events

Data on frequency of AE based on the results of the retrieved clinical trials
BREAK-3 and BRIM-3 were used in assessing the safety of alternative therapies
within the comparison of treatment with dabrafenib vs vemurafenib (Tables 5)
[27,29]. Cost of supportive care per each case of AE was calculated on the basis
of approved health care standards and guidelines for their treatment. On the next
stage of cost analysis the cost of AEs management has been calculated. In order
to identify treatment regime for each AE, treatment standards, recommendations
and experts’ opinion have been searched. Calculation of costs for correction AE
was conducted only for AE lll and IV grade of severity with frequency of each AE
>b % and was assumed that each type of AE occurred only once in the year of
treatment [8, 10]. On the basis of received information, costs of AEs relief has
been calculated and presented in Table 5.

The data presented in Table 5 shows that the highest costs are associated
with squamous cell carcinomas compared to treatment groups.

Costs of Qutpatient Care

The costs of outpatient care in progression-free patients relate to the costs
of diagnostic procedures and follow-up monitoring of disease progression.
Costing of outpatient treatment was based on the standard of primary health
care approved by Order of the Ministry of Healthcare of Russia No. 1143n
dated December 20, 2012 [7], and included the costs of drug therapy, medical
services, laboratory and instrumental diagnosis, calculated with tariffs
approved by territorial funds of OMI in Moscow city [10]. Expenses on drugs
included in the health care standard were established based on an average
price of the auctions as a result of government procurement. The cost per
one outpatient visit was 520 RUB. According to the Russian Society of Clinical
Oncology 2014 guidelines, patients with melanoma must be monitored for
disease progression once every three months [1]. Therefore, an average cost
of outpatient care in progression-free patients over two months amounted to
347 RUB.

The total cost analysis took into account total expenses per one patient
with unresectable or metastatic melanoma over two months. The cost of
treatment was estimated in patients who were in a progression-free status,
and required therapy with BRAF-kinase inhibitors (Table 6).

Table 6. Costs in progression-free period over two months, RUB

Costs per cycle (2 months) Dabrafenib Vemurafenib
Drug treatment 707,839 980,110
Outpatient care 347 347

AE 34 75
Total over 2 months 708,220 980,531

Therefore, the data presented in Table 6 demonstrate that the therapy
with vemurafenib requires more budget expenses. When assessing the cost
of therapy in the two compared groups over the first year of treatment, the
highest costs in the amount of 5,880,658 RUB were associated with the
use of vemurafenib. Thus, the use of dabrafenib for the treatment of these
populations of patients can reduce the state budgetary expenditure by 28%
(1,633,622 RUB) per patient within first year of the treatment (Table 7).

Table 7. Costs in progression-free period over the first year of treatment, RUB

Costs per one patient per first year

in “progression-free state” Dabrafenib Vemurafenib
Drug treatment 4,247,036 5,880,658
Outpatient care 2,080 2,080
AE 205 448
Total per one year 4,249,321 5,883,186

Table 5. Cost of adverse events treatment occurring during treatment with dabrafenib in patients participated in BREAK-3 study

Cost of care for an adverse event considering its

Adverse event Cost of care per one case, RUB OISO frequency, RUB
Dabrafenib Vemurafenib DELTE ] Vemurafenib

Squamous cell carcinoma 2 064 9% 186 19% 392

Back pain 389 5% 19 0% 0
Arthralgia 389 0% 0,0 6% 23

Rash 191 0% 0,0 9% 17
Keratoacanthoma 157 0% 0,0 10% 16

Total per one treatment year 205,2 4484
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When establishing the costs of treatment with dabrafenib compared to
vemurafenib, the probability of a patient’s progression-free status during the
entire treatment period should be taken into account, which was determined
by the PFS value in patients treated with options being compared, based on
the results of clinical trials BREAK-3, BRIM-3. The probability of being in
progression-free state was estimated in each two months within the period.
The choice of period for transition of patients into other states was based on
published results of clinical trials. The parameter of probability was multiplied
by the costs that were estimated within the appropriate period of observation
of PFS [28,33]. Accordingly, while assessing the total cost of treatment until
the progression based on 3% discount rate, it was estimated that dabrafenib
treatment costs are 2,802,014 RUB and vemurafenib treatment costs are
4,335,476 RUB (Table 8). Therefore, when assessing the total costs of therapy
in the two groups compared, it was demonstrated that the cost of therapy
with vemurafenib is approximately 1.5 times higher than that with dabrafenib.

A more detailed estimate of the cost structure for the treatment of
progression-free patients with unresectable or metastatic melanoma is
presented in Table 8.

Table 8. Total costs for the treatment of patients with melanoma within the period
before beginning of progression

Months of Medication Out-patient AE treatment, Total costs,

therapy costs,RUB  care, RUB RUB RUB
Dabrafenib 2 2,782,149 1,362 134 2,783,646
13-20 18,358 9 1 18,368
Total | 2,800,508 1,371 135 2,803,912
Vemurafenib | 1-12 | 4,050,013 1,432 309 4,051,754
13-20 | 283,601 100 22 283,722
Total | 4,333,613 1,533 330 4,335,476

The data presented in Table 8 suggest that the most significant cost item
is the cost of drug treatment with BRAF-kinase inhibitors, and they account for
about 99.87 % and 99.94% of the total cost in the dabrafenib and vemurafenib
groups, respectively. However, costs of outpatient care and supportive care
of occurring AEs account for less than 1 % of total costs in both treatment
groups. The expected budget saving with dabrafenib BRAF-kinase inhibitor
in comparison with vemurafenib equals to 1,268,108 RUB (31 %) during the
first year of treatment.

Cost-minimization analysis

As mentioned above, in view of comparable therapeutic (clinical) efficacy of
the tested therapies, we decided to conduct the cost-minimization analysis,
the main objective of which is to compare the costs required to achieve the
same efficacy (Table 9).

Table 9. The results of cost-minimization analysis per patient on the respective
treatment regimen with BRAF-kinase inhibitors within the period before the
beginning of progression

: Supportive Total

INN Drug gﬁgmem’ g::gaga'g care of AEs, costs,

’ RUB RUB

Dabrafenib | 2,800,508 1,371 135 2,802,014

vemu- 4,333,613 1,533 330 4,335,476
rafenib

Costdiffer- | 4 543 106 164 195 1,533,462
ences

Cost-minimization analysis comparing total costs of the two studied
BRAF-kinase inhibitors recommended by the Russian Society of Clinical
Oncology for the treatment of unresectable or metastatic melanoma with
BRAF V600 gene mutation showed that the use of dabrafenib, in comparison
with vemurafenib, provides budget savings in the amount of 1,533,462 RUB
per patient per course of therapy until the disease progression.

"

Budget Impact Analysis

The next step in the pharmacoeconomic research was to analyze the budget
impact taking into account the projected number of patients with unresectable
or metastatic melanoma. Thus, budget impact analysis carried out within
the simulation of drug supply system covering the entire population of the
Russian Federation was based on 1,245 patients who needed targeted therapy
with BRAF-kinase inhibitors (Table 10).

Table 10. The results of budget impact analysis over a course of treatment with
BRAF-kinase inhibitors until disease progression in 1,245 patients considering
survival rates, RUB

: Supportive
Drug treatment  Qutpatient care care of AEs Total
Dabrafenib | 3,486,632,093 1,707,323 168,465 |3,488,507,880
Vemu- 5,395,348,626 1,908,047 411,384 |5,397,668,057
rafenib
CostaMfer- | 4 908,716,534 | 200,724 242919 |1,909,160,177

Budget savings equal to 35% when dabrafenib is included in the treatment
regimen for metastatic BRAF-positive melanoma will amount to 1,909,160,177
RUB over the entire course of treatment until the disease progression. In view
of the identified high budget savings, an analysis of “missed opportunities”
was carried out and showed that, within a fixed budget, switching to therapy
with dabrafenib allows to treat additionally 680 patients with unresectable or
metastatic melanoma with BRAF V600 gene mutation.

Meanwhile when budget impact analysis was conducted for the first year
of the treatment per patient the difference in budget funds was estimated
as 1,268,108 RUB, that showed the decline about 31 %of required budget
funds that was associated with the dabrafenib treatment in comparing with
vemurafenib (Table 11).

Table 11. Results of current pharmacoeconomics study

Drug treatment, [:1?:;:1;:2:;1:: Budget impact
RUB RUB : analysis, RUB
Results for first year of the treatment
Dabrafenib 4 247 036 2783646 3465 639 376
Vemurafenib 5880 658 4051754 5044 433 562
1633 622 1268 108 1578794 187
Cost difference (28 %) (31 %) (31 %)

Sensitivity Analysis

The two-factor sensitivity analysis was carried out to assess the
robustness of the obtained results. Prices for the studied drugs (dabrafenib and
vemurafenib) were selected to be the main variables, due to their high impact
on the results of the study, as the cost of drug therapy for both treatment
regimens accounts for more than 99% of total costs. With simultaneously
increased price for dabrafenib and reduced price for vemurafenib by 21%,
the budget savings for dabrafenib versus vemurafenib were shown to retain,
indicating that the obtained results are robust within the range of + 21%.

Conclusions

When analyzing the costs required per one year of therapy with the drugs
being compared, it was established that treatment with dabrafenib, without
survival rates accounted, was less expensive, when compared to vemurafenib,
by 28%, and the difference in the costs per patient was 1,632,622 RUB.

The budget impact analysis showed that dabrafenib therapy leads to reduction
of budget expenditures by 31% in comparison with vemurafenib during the
first year of the treatment. The estimated budget savings for using dabrafenib
as compared to vemurafenib was about 1,268,108 RUB within the first year
of the treatment.

Analysis of missed opportunities has demonstrated that throughout the
projected cohort of patients (1245 patients), requiring BRAF-kinase inhibitors
treatment, dabrafenib treatment allows to treat additional 680 patients in
comparison with vemurafenib before progression within fixed budget.
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Therefore, in terms of clinical and economic analysis, the therapy with
dabrafenib is the most preferable treatment option compared to vemurafenib
for patients with BRAF-positive melanoma, as viewed from the public health
system in the Russian Federation.
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