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Abstract

Despite high unmet medical needs, investment in rare cancer drug development has stagnated, likely because the potential market for such drugs
is small. In this context, we hypothesized that rare cancer drugs could achieve a higher sales margin. A dataset was created from publicly available
information obtained from the IQVIA Solutions Japan K.K. Pharmaceutical Market database on the website of the Pharmaceuticals and Medical
Devices Agency/Ministry of Health, Labour and Welfare of Japan. The total amount of sales and prescription volumes between 2010 and 2016
for drugs whose indications include chronic myelogenous leukemia (CML) and neuroendocrine tumor (NET) were investigated. Regarding drugs
for CML, the sales and prescription volumes of imatinib have been decreasing every year, whereas those of dasatinib and nilotinib have been
increasing. Regarding drugs for NET, the sales and prescription volumes of sunitinib, everolimus, and streptozocin have been increasing every
year. The present study revealed two sales models for the development of rare cancer drugs. First, sales amounts can be assured if clinical
positioning with other existing drugs is sufficiently clear. Second, obtaining a label for rare cancers can stimulate drug development for more
common cancers. These findings suggest that rare cancer drugs can offer high market value and profit potential; thus, to meet high unmet medical
needs, clinical development programs for the development of rare cancer drugs should be promoted.
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1. Introduction rare cancers. Third, rare cancer drugs are generally considered
to be less profitable than conventional drugs [1].

To address the issue of the wide dispersion of patients with
= rare cancer, registries for rare cancers have been constructed.
persons per year [32]. Because of the lack of scientific and For example, the MASTER KEY (Marker Assisted Selective
clinical knowledge of the pathology of rare cancers owing to ThErapy in Rare cancers: Knowledge database Establishing
the limited number of cases, patients are often treated in differ-  ooi511y) Project was initiated to collect genetic, treatment, and
ent ways at different sites and are unlikely to receive evidence- prognostic information actively so that a large-scale, compre-
based treatment [8]. As a result, patient satisfaction with treat- hensive database could be established [15]. SCRUM-Japan (the
ment remains low and prognosis remains poor compared with  cancer Genome Screening Project for Individualized Medicine
more common cancers [5]. Despite these high unmet rpedlcal in Japan) was also initiated as a genomic screening project for
needs, rare cancer drug development has stagnated. This stag-  ypg and gastrointestinal cancer [14]. These projects, which
nation can likely be explained by the following reasons. First, are both led by the National Cancer Center, are expected to ac-
knowledge about rare cancers remains insufficient and the di-  cejerate the global development of rare cancer drugs through
agnosis is difficult. Second, conventional trial designs often de- reliable, integrated databases in Japan.
mand large numbers of patients, which is often unfeasible for From the regulatory perspective, the Orphan Drug Act was

passed in the US in 1983 to facilitate the development of or-
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a significant improvement in safety or effectiveness and these
drugs can receive the priority review; Japan has also established
similar regulations. Indeed, the review time for orphan drugs
has been shortened significantly compared with non-orphan
drugs in Japan [25]. Moreover, the specific characteristics of
pivotal studies of orphan drugs have been reported in a non-
randomized, non-controlled, Phase II study [11]. A systemic
analysis of study designs for rare cancer drug approvals in the
US revealed that 69% of approvals were overall response rate as
the primary endpoint [4]. In this context, study designs appli-
cable for rare cancer clinical trials have been actively discussed
with the aim of achieving efficient clinical development; these
include the Umbrella study, Basket study, N-of-1 study, Adap-
tive design, and Bayesian design [9]. Furthermore, discussions
of these innovative trial designs in Japan have been initiated to
promote personalized medical care [6].

From the perspective of pharmaceutical product developers,
the profitability of such products is considered to be one of the
most important factors. Several papers have revealed the char-
acteristics and prognoses of Japanese pharmaceuticals. Japan’s
unique pricing system indirectly encourages the development
of anticancer drugs in Japan, setting higher drug prices than
other drugs [21, 22, 23]. In addition, the development of anti-
cancer drugs with novel modes of action has been encouraged
at the global level, including in Japan; the Japanese pharmaceu-
tical market rivals the global market, where anticancer drugs are
among the most profitable of all therapeutic areas [24, 29, 28].
However, to our knowledge, no systematic empirical study has
attempted to address the question of how the development of
rare cancer drugs can be profitable. One previous study re-
ported the profitability of orphan drugs in Japan, but the focus
of that study was on drugs for neurological diseases [26]. With
this background, we hypothesized that rare cancer drugs could
achieve a higher sales margin in Japan.

The development of rare cancer drugs in Japan faces three
hurdles, the first and second of which have been mitigated by
the above countermeasures. However, for the third hurdle, no
countermeasures have been taken. Therefore, the primary ob-
jective of the present study was to examine whether the de-
velopment of drugs targeted to treat rare cancers can meet the
needs of pharmaceutical companies using the prescription data
of selected drugs prescribed to treat rare cancers in Japan be-
tween 2010 and 2016.

To the best of our knowledge, no previous studies have
used such empirical data on prescription patterns to examine the
profitability of drugs for rare cancers in Japan. We believe that
the insight obtained from this research by investigating recent
prescription patterns could help stimulate drug development for
rare cancers by pharmaceutical companies in collaboration with
clinicians and academia.

2. Methods

2.1. Database used in the present study

The dataset used in the present study was created from pub-
licly available information obtained from the IQVIA Solutions

Japan K K. Market database. Data regarding the total amount
of sales and prescriptions of selected anticancer drugs in Japan
between 2010 and 2016 were analyzed. This article does not
contain any studies with human or animal subjects performed
by any of the authors.

2.2. Selection of rare cancer drugs for this study

The rare cancer drugs selected for analysis in the present
study were characterized to evaluate their potential market
position in the anticancer drug market in Japan. Drugs for
chronic myelogenous leukemia (CML) and neuroendocrine tu-
mor (NET) were selected (Table 1).

The rationale for selection involved drugs for rare cancers
that receive relatively long-term pharmacotherapy so that pre-
scription patterns could be investigated periodically. The in-
dications and approval dates for the drugs of interest were se-
lected by referring to the package inserts and interview forms
available on the Pharmaceuticals and Medical Devices Agency
(PMDA) website [17].

2.3. Prices of selected rare cancer drugs in the present study

The prices of selected rare cancer drugs in the present study
were obtained from The Ministry of Health, Labour and Wel-
fare (MHLW) website [12]. It was also used to identify drugs
commanding premium pricing.

2.4. Generic medicines of interest investigated in the present
study

Next, we aimed to investigate the prescription patterns of
generic versions of CML and NET drugs; however, no generic
versions of NET drugs were available, so only generic versions
of imatinib for CML were selected for analysis.

2.5. Objectives

The primary objective of the present study was to clarify
whether the research and development of rare cancer drugs
could be profitable for pharmaceutical companies to meet ur-
gent unmet medical needs in Japan, thereby providing direc-
tion for future rare cancer drug development by pharmaceutical
companies, clinicians, and academia.

3. Results

3.1. Prescription patterns of rare cancer drugs

The prescription patterns of the CML drugs are shown in
Figure 1. The prescription pattern of each drug was similar in
terms of both sales and prescription volumes. While the sales
and prescription volumes of imatinib have been decreasing ev-
ery year, those of dasatinib and nilotinib have been increasing.
No trends could be confirmed for ponatinib as the only data
available are for 2016. Dasatinib had the largest market share
among the CML drugs.

The prescription patterns of the NET drugs are shown in
Figure 2. The prescription pattern of each drug was also similar
in terms of both sales and prescription volumes. The sales and
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Drug Indications Approval Date
Chronic myelogenous leukemia 21 November, 2001
Imatinib KIT (CD117)-positive gastrointestinal stromal tumor 17 July, 2003
Philadelphia chromosome-positive acute lymphoblastic leukemia 31 January, 2007
FIP1L1-PDGFRa positive; Hypereosinophilic syndrome, Chronic eosinophilic leukemia | 22 February, 2012
Dasatinib Chronic myelogenous leukemia 21 January, 2009
Relapsed or refractory Philadelphia chromosome-positive acute lymphoblastic leukemia | 21 January, 2009
Nilotinib Chronic myelogenous leukemia in the chronic or transition phase 21 January, 2009
Ponatinib Chronic myelogenous leukemia resistant or intolerant to prior therapy 28 September, 2016
Relapsed or refractory Philadelphia chromosome-positive acute lymphoblastic leukemia | 28 September, 2016
Gastrointestinal stromal tumor resistant to imatinib 16 April, 2008
Sunitinib Unresectable or metastatic renal cell carcinoma 16 April, 2008
Pancreatic neuroendocrine tumor 10 August, 2012
Unresectable or metastatic renal cell carcinoma 20 January, 2010
Neuroendocrine tumor 22 December, 2011
Everolimus Inoperable or recurrent breast cancer 17 March, 2014
Renal angiomyolipoma with tuberous sclerosis 21 November, 2012
Subependymal giant cell astrocytoma with tuberous sclerosis 21 November, 2012
Streptozocin | Gastroenteropancreatic neuroendocrine tumor 26 September, 2014

a. Sales amount

Table 1: Selected Drugs for Rare Cancers in the Present Study.

b. Prescription volume

-~ Imatinib
—o~ Nilotinib
—o~ Dasatinib
—o- Ponatinib

7,658

sales (JPY) = Imatinib Prescripti I
ales . .. rescription volume
-~ Nilotinib
50,000,000,000 - . . 16,000,000
—o— Dasatinib
45,000,000,000 | —e~ Ponatinib
14,000,000 |-
40,000,000,000 |-
12,000,000 |-
35,000,000,000 |
10,000,000 |-
30,000,000,000 |
25,000,000,000 | 8,000,000 |-
20,000,000,000 |
6,000,000 |-
15,000,000,000 |-
4,000,000 |
10,000,000,000 |-
2,000,000 |-
5,000,000,000 |
48,385,432
0 O e e e O 0o lorot o101 61 519
2010 2011 2012 2013 2014 2015 2016 2010 2011 2012 2013 2014 2015 2016

Year Year

Figure 1: Prescription patterns of drugs for chronic myelogenous leukemia: (a) sales amount;

(b) prescription volume. The white circles indicate that no data are available.
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a. Sales amount
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16,000,000,000

=@ sunitinib

14,000,000,000

12,000,000,000

10,000,000,000 [

8,000,000,000 -

6,000,000,000 ~
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Figure 2: Prescription pattern of drugs for neuroendocrine tumor: (a) sales amount;
(b) prescription volume. The white circles indicate that no data are available. For
everolimus, the data are not available for 2010 and 2015.

prescription volumes of sunitinib and everolimus have been in-
creasing every year. An increasing trend was also observed for
streptozocin, but only over a limited period. Everolimus had
the largest market share among the NET drugs.

3.2. Prescription drug trends for generic imatinib medicines

As described above, the only rare cancer drug of interest
that had a generic version was imatinib. The prescription pat-
terns of imatinib (original), imatinib (generic), and imatinib
(original and generic) are shown in Figure 3. Although the
sales and prescription volumes of imatinib (generic) have been
increasing since 2013, when the first generic versions were
launched, those of imatinib (original) and imatinib (original and
generic) have been decreasing.

The numbers of generic imatinib medicines available for
CML are shown in Figure 4. The first generic medicines were
launched in 2013, and as of 2016, this number had increased to
17.

3.3. Rare cancer drug prices

The rare cancer drug prices are shown in Table 2. Among
the CML drugs, dasatinib had the highest price and imatinib
the lowest. Compared with 2010 drug prices, those for imatinib
and dasatinib in 2016 were lower. On the other hand, those for
nilotinib were higher. The rates of change in drug prices from
2010 to 2016 were 88.3%, 88.5%, and 105.0% for imatinib,

dasatinib, and nilotinib, respectively. Ponatinib had the second-
highest drug price in 2016.

Among the NET drugs, streptozocin had the highest price
and sunitinib the lowest. Compared with the drug prices in
2010 for sunitinib and 2011 for everolimus, that for sunitinib
in 2016 was lower while that for everolimus was higher. The
rates of change in drug prices from 2010 (sunitinib) and 2011
(everolimus) to 2016 were 87.6% and 101.9% for sunitinib and
everolimus, respectively.

3.4. Drug prices of generic imatinib medicines

The drug prices of generic imatinib medicines are shown in
Table 3. In 2016, the highest price was 1,555 JPY and the low-
est was 1,171 JPY, indicating that the prices of generic drugs
were set between this range, which was almost half that of ima-
tinib (original).

4. Discussion

The results of the present study demonstrated that rare can-
cer drugs whose indications focus on CML and NET showed
strong sales numbers in Japan. The results also revealed two
types of sales models for the development of rare cancer drugs.
First, for CML drugs, even though they are “follower” as op-
posed to “first-in-class” drugs, sales amounts can be assured
with clear clinical positioning in regard to other existing drugs
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a. Sales amount

Sales (JPY)
50,000,000,000 ..
—o— Imatinib (all) 16,000,000
—o— Imatinib (original)
45.000,000,000 —o— Imatinib (Generic medicine)
14,000,000
40,000,000,000 -
12,000,000
35,000,000,000
30,000,000,000 - 10,000,000
25,000,000,000 8,000,000
20,000,000,000
6,000,000
15,000,000,000
4,000,000
10,000,000,000
2,000,000
5,000,000,000
M 0

2010 2011 2012 2013 2014 2015 2016
Year

b. Prescription volume

Prescription volume

—e— Imatinib (all)
—o— Imatinib (original)
-0~ Imatinib (Generic medicine)

2010 2011 2012 2013 2014 2015 2016
Year

Figure 3: Prescription patterns of imatinib (original), imatinib (generic), and imatinib (original
and generic): (a) sales amount; (b) prescription volume. The white circles indicate that
no data are available. “Imatinib (all)” indicates imatinib (original and generic).

18

16

14

12

10

Number of generic medicines

17
16
12
4
1 1 1
2010 2011 2012 2013 2014 2015 2016
Year

Figure 4: Number of generic imatinib medicines available between 2010 and 2016.
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2010 | 2011 2012 2013 2014 2015 2016

Imatinib 2,832 | 2,749 2,749 | 2,749 | 2,648 | 2,617 | 2,500

Dasatinib 4,719 | 4,236 3984 | 3908 | 3955 | 3964 | 3941

Nilotinib 7,602 | 7,699.6 | 7,787 | 7,824 | 7,967 | 8,017 | 7,985

Ponatinib N/A“ | N/A N/A N/A N/A N/A 6,318

Sunitinib 8,546 | 8,546 7451 | 7,162 | 7,401 | 7,482 | 7,482

Everolimus | N/A 12,711 | 12,678 | 12,400 | 13,180 | 13,547 | 12,956

Streptozocin | N/A N/A N/A N/A N/A 42,531 | 42,531

Table 2: Drug Prices (in JPY) of Selected Drugs for Rare Cancers in the Present Study.

“N/A, not available

through well-designed clinical trials. Second, for NET drugs,
obtaining the label of a rare cancer drug can stimulate drug de-
velopment for the more common cancers, resulting in greater
sales.

Regarding CML drugs, imatinib is a “first-in-class” drug,
whereas dasatinib, nilotinib, and ponatinib were launched as
“follower” drugs (Table 1). However, these drugs are all ty-
rosine kinase inhibitors. Increasing prescription trends were
observed for dasatinib, nilotinib, and ponatinib, although it
should be noted that the patent for imatinib expired, result-
ing in greater penetration for generic medicines (Figures 1, 3,
and 4). The indications for all of the generic imatinib medicines
were for CML and Philadelphia chromosome-positive acute
lymphoblastic leukemia [17]. Patients with CML or Philadel-
phia chromosome-positive acute lymphoblastic leukemia re-
ceive long-term therapy, and the prices of the generic ver-
sions were almost half that of the original imatinib (Table 3).
Therefore, the markets associated with the above two indica-
tions are highly competitive. However, the other two indi-
cations (gastrointestinal stromal tumor and hypereosinophilic
syndrome/chronic eosinophilic leukemia) are dominant for
imatinib (original), which has been decreasing in terms of sales
and prescription volume. It is notable that nilotinib [34] and
ponatinib [35] have been reported to induce stronger clinical re-
sponses; they are also used to treat CML that has been resistant
or intolerant to prior therapy, which positions them uniquely
in relation to imatinib [7, 10]. Dasatinib is structurally diverse
from imatinib and is a highly potent inhibitor of BCR-ABL and
was also approved for the treatment of imatinib-resistant acute
myeloid leukemia [13]. Overall, even for rare cancers, if the
clinical positioning can be clearly established, stable sales can
be assured.

Regarding the NET drugs, increased sales and prescription
volumes were seen for sunitinib, streptozocin, and everolimus
after obtaining an indication as a NET drug (Figure 2). No-
tably, sales and prescription volumes drastically increased for
everolimus after obtaining an indication for inoperable or recur-

rent breast cancer (Figure 2). This “from niche market to mass
market” strategy is considered to be one of the most profitable
models for rare cancer drug development, because increasingly
more investigations have been revealing the molecular biol-
ogy of cancer, and in accordance with these advances, most of
the candidate drugs under clinical development are molecular-
targeted drugs, which are unlikely to be affected by the penetra-
tion of generic medicines [27, 30].

For rare cancers, indications can be obtained based on early-
phase clinical data by the effective use of biomarkers in clinical
trials, such as basket and umbrella trials, as genomic medicine
advances [15, 18, 19].The utilization of biomarkers can lead
to the adequate appraisal of clinical efficacy and safety data in
clinical trials, or their use as surrogate markers to evaluate ef-
ficacy and safety data, especially in early-phase trials [31]. In
addition, using biomarkers to stratify patients can lead to more
favorable efficacy and safety. These innovative clinical trial de-
signs can be expected to boost the clinical development of rare
cancer drugs.

However, in proposing this sales model, it is necessary to
mention the approval of nivolumab in Japan, which has re-
ceived extensive discussion in regard to the sustainability of the
Japanese healthcare system. Because of its high price, which
was set when the indication for melanoma was approved, many
worry that the use of nivolumab could cause the collapse of the
Japanese healthcare system [2]. With their durable response
rate, immuno-oncology (IO) agents have transformed cancer
therapy, and the number of new clinical trials worldwide in
2017 was reported to be 469 [33], which includes many tri-
als investigating combination therapy with other immune mod-
ulators, targeted therapy, chemotherapy, and radiation therapy
[20]. In this context, similar financial issues in the Japanese
health insurance system may occur after the approval of other
IO therapies in Japan. Indeed, it has been reported that cancer
therapy can cause “financial toxicity” among cancer patients,
although this is the case outside of Japan, where the situation
might be different [37]. However, considering the increase in
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2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
GE1 | N/A® | N/A | NJA | 1,842 | 1,552 | 1,575 | 1,284
GE2 | NJA | NA | N/A | 1,842 | 1,555 | 1,540 | 1,338
GE3 | NJA | NA | NA | 1,842 | 1,558 | 1,540 | 1,339
GE4 | N/A | NA | NA | 1,842 | 1,581 | 1,540 | 1,256
GE5 | NJA | NA | NA | NA | 1,661 | 1,754 | 1,555
GE6 | NJA | NA | NA | NA | 1,540 | 1,540 | 1,345
GE7 | NA |NA |NA | NA | 1,769 | 1,651 | 1,359
GES | N/A |NA | NA | NA | 1,540 | 1,540 | 1,224
GE9 | NJA | NA | NA | NA | 1,540 | 1,540 | 1,235
GE10 | NJ/A | N/A | NA | NJA | 1,386 | 1,386 | 1,216
GE11 | NJA | NA | NA | NJA | 1,386 | 1,386 | 1,210
GEI2 | NJ/A | N/A | NA | NA | 1,386 | 1,386 | 1,298
GEI3 | NJ/A | NA |NA | NA | NA | 1,386 | 1,309
GE14 | NJA | NA |NA | NA | NA | 1386 | 1,202
GE15 | NJA | NA | NA | NA | NA | 1,429 | 1,341
GE16 | NJ/A | NA | NA | NA | NA | 1386 | 1,171
GE17 | NJ/A | NA | NA |NA | NA | NA | 1207

Table 3: Drug Prices (in JPY) of Generic Imatinib Medicines.

“N/A, not available

healthcare expenditures, the financial burdens that IO agents
may potentially cause to the nation rather than to individual
cancer patients in Japan should be considered. Health technol-
ogy assessment is considered to be one of the solutions for ris-
ing healthcare expenditures [16]. Health technology assessment
can play a critical role in maintaining a sustainable healthcare
system in Japan while ensuring patient access to innovative new
drugs.

In summary, future strategies should include efforts to ad-
equately appraise care for rare cancers and refine the health
insurance system, while also seeking opportunities to promote
the development of rare cancer drugs by stimulating industry-
sponsored clinical trials through proper incentive systems. Col-
lectively, the results of the present study are expected to provide
important perspectives by informing pharmaceutical companies
about the potential profitability of rare cancer drugs, thereby en-
suring patients timely access to innovative care for rare cancers.

Notably, two of the four CML drugs (nilotinib and dasa-

tinib) and all three of the NET drugs (sunitinib, everolimus,
and streptozocin) received premium rewards in their drug pric-
ing in 2018; this is referred to as “Drug Price Premiums for
Promoting the Creation of New Drugs and the Elimination of
Off-label Drug Use”, and indicates that higher drug prices can
be set for rare cancer drugs compared with those for other com-
mon cancers. Wakutsu et al. reported that the benefits brought
by this premium reward system were considered to be sufficient
to encourage pharmaceutical companies to engage in clinical
development, in that research and development costs can be re-
covered at an early stage [36]. However, Wakutsu et al. also
stressed that such benefits can be limited, especially for orphan
drugs, and suggested that financial support is strongly needed in
this disease area to deliver new drugs efficiently [36]. In Japan,
drug prices are set by the government and revised every other
year. During regular drug price revisions, one of the character-
istics associated with price cutting is to have “follower drugs”
(the new/generic drugs which have an identical mechanism of
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action in the market) on the market [3]. This may also be the
case with rare cancer drugs, in which case, it could be a nega-
tive factor in terms of their potential development by industry.
Indeed, in regard to CML, downward trends in the drug prices
of tyrosine kinase inhibitors have been confirmed for imatinib
and nilotinib (Table 2). In this context, intensive discussions
on drug pricing, together with the balance between the sales of
rare cancer drugs and overall healthcare expenditures in Japan,
are warranted.

This study did have some limitations. In discussing prof-
itability, the costs associated with research and development
and the impact of sales force of each pharmaceutical company
must be considered. However, these aspects were not consid-
ered in the present study. Furthermore, it is difficult to conclude
that the development of rare cancer drugs can be profitable
based on only the results obtained from this study since target
indications should first be expanded to cover all rare cancers.
Moreover, the dataset of the drugs of interest for the present
study was not stratified by CML or NET; thus, the prescription
data included all indications for each drug. In this context, fur-
ther research is strongly warranted to estimate adequately the
research and development costs for new drugs through math-
ematical models or proper simulations and investigate the pre-
scription trends of all rare cancer drugs available in Japan while
stratifying the data according to each rare cancer indication.

Despite these limitations, by directly testing the sales of rare
cancer drugs, even though this was limited to CML and NET
drugs, the results of the present study fill a research gap and
highlight the potential capabilities of rare cancer drugs to ac-
quire a larger market share and recover the costs of research
and development at an early stage.

5. Conclusion

Rare cancer drugs can achieve higher market value and
greater sales; therefore, more clinical development should be
encouraged in this area to meet urgent unmet medical needs.
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