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Abstract

Background: Accessibility to essential cancer medications in low- and middle-income countries is threatened by
insufficient availability and affordability. The objective of this study is to characterize variation in transactional prices
for essential cancer medications across geographies, medication type, and time.

Methods: Drug purchase prices for 19 national and international buyers (representing 29 total countries) between
2010 and 2014 were obtained from Management Sciences for Health. Median values for drug pricing were
computed, to address outliers in the data. For comparing purchase prices across geographic units, medications, and
over time; Mann-Whitney U tests were used to compare two groups, Kruskal Wallis H tests were used to compare
more than two groups, and linear regression was used to compare across continuous independent variables.

Results: During the five-year data period examined, the median price paid for a package of essential cancer
medication was $12.63. No significant differences in prices were found based on country-level wealth, country-level
disease burden, drug formulation, or year when medication was purchased. Statistical tests found significant
differences in prices paid across countries, regions, individual medications, and medication categories. Specifically,
countries in the Africa region appeared to pay more for a package of essential cancer medication than countries in
the Latin America region, and cancer medications tended to be more expensive than anti-infective medications
and cardiovascular medications.

Conclusions: Though preliminary, our study found evidence of variation in prices paid by health systems to acquire
essential cancer medications. Primarily, variations in pricing based on geographic location and cancer medication
type (including when comparing to essential medicines that treat cardiovascular and infectious diseases) indicate
that these factors may impact availability, affordability and access to essential cancer drugs. These factors should be
taken into consideration when countries assess formulary decisions, negotiate drug procurement terms, and when
formulating health and cancer policy.

Keywords: Neoplasms, Health policy, Pharmacoeconomics, Economics, Global health, Public health, Health services
accessibility, Medicine, Policy
Background
According to the World Health Organization (WHO),
the “primary intent” of a health system is “to promote,
restore or maintain health” [1]. For individuals with can-
cer, this goal is best served by efforts to increase tertiary
prevention initiatives, which serve to reduce the progres-
sion or worsening of disease. While advances in the
modern era have allowed for the development of
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treatments with comparatively improved efficacy [2], lit-
tle has been done to quantify the complex modalities in
the context of accessibility and affordability which can
lead to inefficiency in the delivery of cancer treatment.
Cancer itself is among the biggest modern threats to

individual and population health [3]. The global cancer
burden has been steadily increasing through the 20th
and 21st centuries [4], and will likely continue to in-
crease in the foreseeable future [5]. Consequently, the
demand for cancer medications will also intensify [6]. In
an effort to help guide decisions regarding procurement
and coverage of essential medicines, the WHO has
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formulated a policy mechanism, the Essential Medi-
cines List (EML), which is a list of medicines defined
as drugs that “satisfy the priority health care needs of
the population” [7].
Medications listed on the EML are supposed to meet a

standard for efficacy, safety, and cost-effectiveness [8].
The EML standard for cost-effectiveness, in particular, is
meant to ensure that domestic health agencies seeking
to acquire an essential medication by including it on
their national formularies would be able to do so with-
out unreasonable financial burden [9]. Given that the
prevalence of cancer is rising more rapidly in economic-
ally developing areas of the world compared to high-
income countries [4, 10], it is critically important that
research be conducted to shed light on whether essential
cancer medications can actually be acquired at reason-
able prices.
This study will attempt to address this important con-

cern by exploring: (1) if some countries or regions pay
more for essential cancer medications than others; (2) if
countries with higher income or cancer burden pay
more or less for essential cancer medication; (3) whether
some essential cancer medications are more expensive
than others; and (4) whether essential cancer medication
is more expensive than other therapeutic categories of
essential medicines.
Characterizing the sources of financial variation in

cancer drug pricing is valuable in the development of
international policy as it may help to reduce the likeli-
hood that price determinations result in barriers to ac-
quire essential cancer medicine for at-risk populations
[11]. Furthermore, this information may aid national
governments in identifying and resolving issues in their
pharmaceutical supply chains that impede procurement
of essential cancer medications [12]. This information
may also be helpful for understanding variations in avail-
ability of treatment options for different cancers [13, 14].
Table 1 Comparisons tested in this study. For all tests, the depende

Category of Analysis Independent Variable

Geographic Buyers

Geographic Region*

Geographic GDP (nominal)†

Geographic All-Cancer Incidence (per 100,000)‡

Medication Essential Cancer Medications

Medication Essential Medication Categories

Medication Medication Formulations

Medication Pre/Post Generic Approval Date§

Longitudinal Year

*Obtained from the United Nations [20]
†Obtained from the International Monetary Fund [21]
‡Obtained from the International Agency for Research on Cancer [22]
§Obtained from DrugBank [26]
The ultimate goal of this research is to generate infor-
mation that can help address suboptimal access to can-
cer treatment by characterizing affordability of essential
cancer medications. Future policies that are informed by
findings from this research may allow for improved
international access to essential cancer medication or ex-
ploration of different policy mechanisms to enhance af-
fordability, thereby improving the likelihood of survival
for individuals with cancer who would otherwise be un-
able to access needed medication [11, 15, 16].

Methods
Overview
In order to achieve the goals of this study, we conducted
a series of comparative analyses on median prices paid
for essential cancer medications contained in a drug
procurement dataset that includes 19 national and inter-
national buyers (representing 29 total countries) ob-
tained from Management Sciences for Health (MSH) for
the period 2010–2014. Specifically, we made compari-
sons between median prices of essential cancer medica-
tions listed on the WHO EML by geography, cancer
medication type, and date/time of procurement. Specific
comparisons examined in this study are summarized in
Table 1.
Data from the MSH database included prices paid to

purchase a package of specific essential cancer medica-
tion. With the exception of the comparative analysis
across essential medication categories (where prices were
only available for 2014), all analyses were done on prices
from 2010 to 2014, inclusive.

Data
Data for drug prices were obtained from the Inter-
national Drug Price Indicator Guide (hereafter “Guide”)
published by MSH, an international nonprofit focused
on building programs to facilitate the improvement and
nt variable was medication price

Test Performed Number of Groups

Kruskal Wallis H 19

Mann-Whitney U 2

Linear Regression N/A

Linear Regression N/A

Kruskal Wallis H 43

Kruskal Wallis H 3

Mann-Whitney U 2

Mann-Whitney U 2

Kruskal Wallis H 5
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strengthening of health systems. Pricing data are kept in
a database maintained by the MSH Center for Pharma-
ceutical Management, a non-profit unit of MSH. MSH
works with the WHO to obtain drug prices for the
Guide. For this study, MSH used a prior version (April
2015) of the WHO’s EML to determine which medica-
tions it included in the Guide [17]. Pricing data from the
Guide has been previously analyzed in published, peer-
reviewed pharmacoeconomic studies assessing the af-
fordability of essential medicines [18, 19].
Pricing data in the Guide are currently available for

various formulations of nearly all cancer drugs included
on the 19th edition (adopted in 2015) of the EML and
provides data from 1996 to 2014 for 16 suppliers and 34
buyers. A supplier is a drug-selling entity that maintains
a warehouse and provides a wide range of products,
often including cancer drugs. A buyer is typically an
agency within an individual national government (i.e.,
ministries of health), although some international buyers
exist which represent a group of countries [17]. There
were two international buyers of essential cancer drugs
included in this study: the Organization of Eastern
Caribbean States Pharmaceutical Procurement Service
(OECS) and the Central American Integration System
(SICA). The OECS represents seven countries (Antigua
and Barbuda, Dominica, Grenada, Montserrat, Saint
Kitts and Nevis, Saint Lucia, and Saint Vincent and the
Grenadines) and the SICA represents eight countries
(Belize, Costa Rica, the Dominican Republic, El Salvador,
Guatemala, Honduras, Nicaragua, and Panama). How-
ever, it should be noted that Costa Rica, the Dominican
Republic, and Guatemala also purchase cancer drugs via
their own national agencies.
The Guide states that buyer prices, unlike supplier

prices, do not require adjustment for shipping charges.
Furthermore, the country identity of the purchaser was
only available for buyer prices, and not for supplier
prices. For these reasons, buyer prices were used in this
study’s analysis. Furthermore, this study primarily used
median values for measures of center, as the Guide rec-
ommends the use of median values for analytical pur-
poses due to the propensity for outliers among available
medication pricing data [17].

Comparative analyses
Three sets of comparative analyses were conducted. Data
management and statistical testing was conducted in R
version 3.2.3 (R Foundation for Statistical Computing:
Vienna, Austria), and graphs were produced using JMP
version 10 (SAS Institute: Cary, North Carolina).

Comparisons across geographies
First, the study sought to understand how the prices
paid for essential cancer medications varied across
different purchasing countries. We quantified the me-
dian price paid for all essential cancer medications for
each buyer providing data. A Kruskal Wallis H test was
conducted to test for a statistically significant difference
in pricing data at the country level. International buyers
were included in this comparative analysis.
Second, we sought to understand how the prices paid

for essential cancer medications varied in different re-
gions. We used country-level prices to compute a me-
dian value for each region. Therefore, countries and
international buyers were attributed to regions. For this
analysis, the United Nations Regional Groups classifica-
tion scheme was used to categorize countries by region
[20]. A Mann-Whitney U test was computed to test the
null hypothesis that there was no statistically significant
difference in prices between the two regions that
emerged.
Third, we sought to understand whether there was an

association between the prices that countries paid for es-
sential cancer medications and the nominal GDP of
those countries. We used linear regression to test the
association between median country-level prices and
country-level nominal GDP (available from the Inter-
national Monetary Fund [21]).
Finally, we sought to understand whether there was an

association between the prices that countries paid for es-
sential cancer medications and disease burden from can-
cer in those countries. We used linear regression to test
the association between median country-level prices and
country-level all-cancer incidence. The all-cancer inci-
dence rates for this study were obtained from the Inter-
national Agency for Research on Cancer’s (IARC) Global
Cancer (GLOBOCAN) data from 2012 [22]. These data
exclude incidence from non-melanoma skin cancer,
given its disproportionate impact on cancer burden met-
rics [23]. Therefore, with the exception of melanoma in-
cidence, the combined incidence for the entire set of
cancers was used, as was the median price for the entire
set of essential cancer drugs. While some essential can-
cer drugs are used to treat a variety of cancers, others
are almost exclusively used for specific cancer indica-
tions. Conversely, while some cancers can be treated by
a variety of essential cancer drugs, others are almost ex-
clusively treated by a very specific drug regimen.
Comparisons across medications
In this stage of analysis, we first sought to understand
the variation in prices paid for different essential cancer
medications. We quantified the median price for each
cancer medication and assessed the range, midpoint, and
distribution of median prices. A Kruskal Wallis H test was
conducted to test for a statistically significant differences
in prices among different cancer EML medications.
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Second, we sought to understand how the prices paid
for essential cancer medications may differ from the
prices paid for essential medications in other therapeutic
classes (i.e., medications that treat diseases other than
cancer). We quantified the median price of essential can-
cer medication and the median price of essential medi-
cation in other categories, and then conducted a Kruskal
Wallis H test to test the null hypothesis that no differ-
ences existed among category prices. The other categor-
ies chosen for comparison were those for cardiovascular
disease and infectious disease.
The cardiovascular medicines category was chosen

so as to allow for comparison of essential cancer medi-
cation pricing with that of another non-communicable
disease that shares a similar epidemiological preva-
lence across global regions [24]. Conversely, the infec-
tious disease category was chosen so as to allow for
comparison with a set of diseases that has a very differ-
ent etiology and global epidemiology [25]. For each
category, the set of essential medications with data in
the MSH database was cross-referenced with the set of
essential medications in the 19th EML to ensure that
the medication was also categorized as “essential”, and
for the purposes of determining the percentage of
essential medications in each category with available
pricing data.
We also sought to understand if prices paid for inject-

able essential cancer medications were different from
prices paid for orally administered essential cancer medi-
cations. The medication formulation was specified for
each transaction (e.g. “vial,” “tab-cap,” “ampule,” etc.)
[17]. We used a Mann-Whitney U test to determine if
the prices for injectable formulations were significantly
different from the prices for oral formulations.
Finally, we sought to understand whether the prices

paid for generic/biosimilar cancer drugs were signifi-
cantly different than the prices paid for branded cancer
drugs. Information regarding the dates of approval for
generic versions of these drugs were obtained from
DrugBank, an online bioinformatics and chemoinfor-
matics resource [26]. For drugs transitioning to generic
availability within the time frame, and when sample size
permitted statistical analysis, Mann-Whitney U tests
were used to compare the median price for packages
sold during the generic/biosimilar approval date and the
median price for packages sold after the generic/biosimi-
lar approval date.

Comparison across time
We also sought to understand how prices paid for essen-
tial cancer medications varied over time. We quantified
the median price for each essential cancer medication
for each year with available data between 2010 and 2014.
Regarding the distribution of the number of package
prices obtained across different years, it was observed
that this distribution exhibited a skewness of −0.158 and
a kurtosis of −1.411. These statistics support the uni-
formity of the distribution, thereby indicating that differ-
ent time periods did not have different levels of
influence on the entire multi-year sample. A Kruskal
Wallis H test was used to determine if statistically sig-
nificant differences in price existed across years. This
was important to determine if there were significant
price fluctuations experienced by countries in purchas-
ing essential cancer medication over a five year time
period.

Results
A total of 949 transactions for essential cancer medica-
tion were recorded and analyzed from 2010 to 2014.
The median price paid for a package of essential cancer
medication was $12.63, with the lowest recorded price
$0.03 and the highest recorded price $5250.00. This in-
dicates a high degree of variation in overall essential
cancer medication pricing.

Comparisons across geographies
Prices were obtained for 19 buyers representing a total
of 29 different countries. Results from a Kruskal Wallis H
test suggest statistically significant differences in prices
paid by different countries (χ2 = 148.330; p < 0.001). The
median price paid for essential cancer medication by each
country is available in Table 2. The highest median price
was for transactions from Namibia (n = 119; M = $27.75)
and the lowest median price was for transactions from
Ghana (n = 5; M = $1.10). While it is plausible that com-
parisons between certain countries may be biased due to
the specific cancer medications purchased, the statisti-
cally significant difference in pricing detected in this
analysis is supported by specific examination of a
smaller sample of medications that had insufficient
transactional data for statistical testing. For example,
the Dominican Republic paid $4.56, on average, for 1
vial of cyclophosphamide in 2014 whereas Peru paid
$9.52 for the same amount of the same drug in the
same year. Similarly, Costa Rica paid $2.00 for 100 tablets
of dexamethasone in 2010 whereas Namibia paid $7.96
for the same amount of the same drug in the same year.
Many additional examples of the pricing disparity between
countries for essential cancer medication are available
from raw data in the MSH Guide [17].
While the assessment of prices across geographies al-

lows for insight into potential pricing variation among
essential cancer medications, low sample sizes did not
allow sufficient statistical power for stratified hypothesis
testing. While 949 prices were available from the MSH
database in the five-year time period, the average geog-
raphy provided only 50 prices, with the range being 2



Table 2 Median package prices of cancer medication for all included buyers, with other select characteristics

Buyer UN Region Median Price GDP (mil, nominal) Cancer Incidence

Barbados Latin America $14.66 $4498 263.1

Bolivia Latin America $4.94 $33,983 143.9

Botswana Africa $18.40 $12,701 107.6

Costa Rica Latin America $21.40 $56,908 179.3

Dominican Republic Latin America $6.15 $71,433 153.4

DR Congo Africa $9.60 $41,207 107.8

Ghana Africa $1.10 $38,171 91.7

Guatemala Latin America $6.24 $68,142 130.4

Lesotho Africa $6.28 $1766 103

Namibia Africa $27.75 $11,210 82.7

OECS Latin America $9.00 - -

Peru Latin America $7.89 $178,643 154.5

Rwanda Africa $11.45 $8490 135.8

Senegal Africa $1.14 $14,572 101.2

SICA Latin America $8.15 - -

South Africa Africa $14.27 $266,213 187.1

Sudan Africa $2.36 $93,729 91.1

Tanzania Africa $3.19 $45,899 123.7

Uganda Africa $12.17 $24,995 169.7
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prices (Lesotho, Senegal) to 200 prices (South Africa).
As this limited set of prices was divided among 43 drugs,
sufficient statistical power did not exist to control for
other characteristics of a geography, such as the mix of
medications purchased. Furthermore, there was a wide
range of prices available per essential cancer medication
examined in the five-year time period, with the range
being 3 prices (trastuzumab, vinorelbine) to 62 prices
(cyclophosphamide). As with geographic comparisons,
the limited set of prices per drug did not provide enough
data to control for potentially influential variables corre-
sponding to the drug, such as the mix of package doses.
Therefore, while our analyses generate the possibility
that a given country may have purchased a given cancer
medication at a significantly different price than another
country, other explanations for the observed variation
are also possible.
To partially address this limitation in data availability,

a sub-analysis was carried out to more closely examine
the variation in transactional prices among buyers for
certain individual cancer medications. This sub-analysis
was conducted on cyclophosphamide (a cytotoxic drug
used since 1959 for treatment of both blood cancers and
solid tumors), which included the greatest number of
package prices in the dataset during the five-year period
(n = 62). Additionally, cyclophosphamide was available
as a generic during this entire time frame (i.e. generic
versions have been available since 1999) [26]. Buyers
with less than five transactions recorded were excluded,
leaving four buyers (Barbados, Namibia, the OECS
multinational buyer, and South Africa) with 46 transac-
tions. Purchases of tablets were excluded, allowing for
the remaining 31 transactions to be normalized to the
price per vial. A Kruskall Wallis H test among these 31
transactions indicated a statistically significant difference
in prices (χ2 = 9.105; p = 0.028), with the median price
being $3.85 per vial for the OECS (n = 5), $5.29 per vial
for Barbados (n = 5), $9.46 per vial for Namibia
(n = 12), and $10.00 per vial for South Africa (n = 8).
Further attempts to normalize to vial strength were lim-
ited due to sample size, resulting in insufficient statis-
tical power for further testing.
To further address this data limitation, we also ex-

amined pricing data across the different non-tablet
formulations of cyclophosphamide (200-mg vials, 500-
mg vials, and 1-g vials) and observed appreciable
variation in mean transactional prices: $0.006 per
milligram for the OECS (n = 5), $0.012 per milligram
for Barbados (n = 5), $0.015 per milligram for South
Africa (n = 8), and $0.126 per milligram for Namibia
(n = 12). Furthermore, when assessing only the price
paid for the 1-g formulation (which provided the
greatest number of transactions compared to the
other formulations), we continued to observe note-
worthy variations in transactional price: $6.39 per 1-g
vial for Barbados (n = 3), $11.17 per 1-g vial for
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Namibia (n = 4), $3.85 per 1-g vial for the OECS
(n = 5), and $13.02 per 1-g vial for South Africa
(n = 4).
In regards to regional variation, transactions were re-

corded from 11 countries in the UN African region and 8
buyers (6 countries and 2 international organizations) in
the UN Latin America region. Results from a Mann-
Whitney U test suggest that transactions from African
buyers exhibited a significantly higher price than transac-
tions from Latin American buyers (z = −3.468; p = 0.001).
The median price paid for essential cancer medication for
an African buyer was $15.03 (n = 530), while the median
price in these transactions for a Latin American buyer was
$10.89 (n = 419). The significant difference in prices paid
for essential cancer medication between these two regions
further underscores a potential for pricing and procure-
ment variation based on a country’s geographic region and
possibly its procurement relationships.
Linear regression found no statistically significant rela-

tionship between country-level GDP (nominal) and
median prices paid for essential cancer medication
(β = −4.778 × 10−6; p = 0.867; R2 = 0.002). Linear regres-
sion also found no statistically significant relationship
between country-level all-cancer incidence and median
prices paid for essential cancer medication (β = 0.040;
p = 0.347; R2 = 0.059).
Comparisons across medications
Results from a Kruskal Wallis H test suggest statisti-
cally significant differences in prices paid for different
medications (χ2 = 514.493; p < 0.001). The median
price paid for each essential cancer medication is
available in Table 3. The lowest median price paid for
an essential cancer medication was for allopurinol
(n = 17; M = $6.40) and the highest median price
paid for an essential cancer medication was for tras-
tuzumab (n = 3; M = $1800.00). Rituximab (n = 12;
M = $413.53), capecitabine (n = 22; M = $354.04),
and tioguanine (n = 6; M = $102.83) also exhibited
median purchase prices exceeding $100 per package.
As these medications are intended to be considered
essential for health systems, prices over $100 per
package likely impacts access for patients and cover-
age of these products by national health systems.
Though efforts have been taken by some national
governments to ameliorate the high price of trastuzu-
mab [27, 28], these efforts have been geographically
limited [29], with generally insufficient options for
residents of developing countries to gain access to
this treatment. It is worth noting that trastuzumab is
a treatment for HER2-positive breast cancer, a form
of breast cancer diagnosed for several hundred thou-
sand women each year [30].
Transactions were recorded for 43 of the 48 medica-
tions (90%) in the “Antineoplastic and Immunosuppres-
sives” category of the 19th EML, 81 of the 167
medications (49%) in the “Anti-Infective Medicines” cat-
egory, and 18 of the 28 medications (64%) in the “Car-
diovascular Medicines” category. Results from a Kruskal
Wallis H test suggest statistically significant differences
in prices between categories (χ2 = 108.421; p < 0.001).
The median price paid for a package of essential cancer
medication in 2014 was $9.31 (n = 204), which is ap-
proximately 4 times higher than the median price paid
in 2014 for a package of essential infectious disease
medication (n = 457; M = $2.45) and 5 times higher
than the median price paid for a package of essential
cardiovascular disease medication (n = 129; M = $1.73).
This analysis indicates that the median prices for ac-
quiring essential infectious disease medication and es-
sential cardiovascular disease medication are much
lower than the median price of acquiring essential can-
cer medication.
Results from a Mann-Whitney U test suggest that prices

paid for injectable cancer medications were not signifi-
cantly different than prices paid for oral cancer medica-
tions (z = −0.205; p = 0.837). The median price for a
package of injectable medication was $12.17 (n = 610) and
the median price for a package of oral medication was
$13.31 (n = 339). About two-thirds (64.3%) of transactions
were for injectable cancer medications.
We also investigated the role of generic/biosimilar

availability on transactional prices of essential cancer
drugs. Among the 43 drugs with available prices, 34 had
generic versions available throughout the entire 5-year
period from 2010 through 2014 (median price = $10.62),
3 had no generic versions throughout this entire period
(median price = $29.35), and the remaining 6 had a gen-
eric approved during the 5-year period. Drugs that be-
came available as generic are anastrozole (generic
available in 2010), gemcitabine (2010), docetaxel (2012),
capecitabine (2012), rituximab (2013), and imatinib
(2013). Only docetaxel and gemcitabine had greater than
5 package prices available in each of the following two
categories: (1) the years from 2010 up through the gen-
eric approval year and (2) the years after the generic ap-
proval year. The year of approval was included in the
“before” category, as this would allow for a short period
of time for international buyers to adapt to ordering
from new drug manufacturers. When using Mann-
Whitney U tests to compare prices of these drugs before
and after generic versions were approved, we found that
docetaxel exhibited a statistically significant decrease
in median price from $53.84 to $27.89 (z = −2.134;
p = 0.033) and capecitabine exhibited a non-significant
decrease in median price from $362.84 to $209.68
(z = −1.280; p = 0.201).



Table 3 Cancer medications in the 19th EML with median
purchase price and formulations available

Essential Cancer Drug Median Price Oral Injectable

Allopurinol $1.56 X

All-Trans Retinoid Acid Not Available X

Anastrazole $6.40 X

Asparaginase $42.58 X

Azathioprine $14.28 X X

Bendamustine Not Available X

Bicalutamide $17.61 X

Bleomycin $18.24 X

Calcium Folinate $15.98 X X

Capecitabine $354.04 X

Carboplatin $26.49 X

Chlorambucil $32.83 X

Ciclosporin $88.64 X

Cisplatin $8.47 X

Cyclophosphamide $13.00 X X

Cytarabine $4.27 X

Dacarbazine $14.50 X

Dactinomycin $25.23 X

Daunorubicin $6.08 X

Dexamethasone $2.01 X

Docetaxel $44.65 X

Doxorubicin $7.53 X

Etoposide $4.57 X X

Filgrastim $52.11 X

Fludarabine $91.46 X X

Fluorouracil $1.86 X

Gemcitabine $25.85 X

Hydrocortisone $1.96 X

Hydroxycarbamide $16.67 X

Ifosfamide $25.01 X

Imatinib $75.41 X

Irinotecan Not Available X

Leuprorelin Not Available X

Mercaptopurine $55.90 X

Mesna $3.47 X X

Methotrexate $9.00 X X

Methylprednisolone $9.06 X

Oxaliplatin $44.55 X

Paclitaxel $14.85 X

Prednisolone $7.18 X

Procarbazine Not Available X

Rituximab $413.53 X

Tamoxifen $5.24 X

Table 3 Cancer medications in the 19th EML with median
purchase price and formulations available (Continued)

Tioguanine $102.83 X

Trastuzumab $1800.00 X

Vinblastine $14.75 X

Vincristine $3.53 X

Vinorelbine $18.10 X
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Comparison across time
Results from a Kruskal Wallis H test suggest that,
between 2010 and 2014, prices paid for essential
cancer medications did not significantly differ by
year (χ2 = 3.497; p = 0.478). Indeed, prices did not
appear to exhibit a clear longitudinal trend, with the
median price for essential cancer medication being
$12.41 in 2010 (n = 216), $14.90 in 2011 (n = 150),
$14.77 in 2012 (n = 131), $12.81 in 2013 (n = 248),
and $9.31 in 2014 (n = 204).
Discussion
Though preliminary and limited to pricing and pro-
curement data available from the MSH dataset, the
results of this study suggest that: (1) some countries
and regions may pay more for essential cancer medi-
cation than others; (2) some essential cancer medica-
tions are likely significantly more expensive than
others; (3) essential cancer medications reviewed
exhibit higher prices than certain other categories of
essential medications; and (4) it is possible that prices
for essential cancer medications may decrease after
the introduction of a generic product.
Importantly, as a global policy-based mechanism, the

EML has the potential to have a broadly permeating
downstream effect, whereby national, subnational, and
private-sector participants in the pharmaceutical supply
chain react to EML medication inclusion by creating more
market demand and potentially decreasing pricing due to
increased purchasing volume that could lead to broader
availability [31, 32]. However, the longitudinal analysis in
this study did not uncover evidence that the EML has
met its potential to have a beneficial effect on medi-
cation affordability or availability through evidence of
decreased prices.
While it is already known that the geographic loca-

tion of a patient will likely have a notable impact on
the patient’s treatment options [33], and therefore the
patient’s ability to survive [33], the specific mecha-
nisms by which location influences odds of survival
have not been comprehensively enumerated. In this
study, we observed a variation in the prices paid by country-
level organizations in acquiring important medication for
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their cancer patients, including in our sub-analysis of spe-
cific essential cancer drug medications. This indicates that
geographic location may act as a potential mediator in pri-
cing variation, given that different prices for the same drug
are being paid by different health systems. This could have
an impact on treatment availability, quality, and coverage, as
it may lead to procurement failures of essential drugs or
suboptimal formulary inclusion of medications with poorer
treatment options [34].
The variation in regional and country-level drug pricing

observed in this study also implies that current EML pol-
icies do not take into account geographic and therapeutic
class characteristics that may directly impact procurement
terms that translate to drug access and affordability. Other
pharmaceutical policy mechanisms, such as tiered pricing,
group purchasing organizations (to increase purchase
power and negotiate lower pricing), and lowering tariffs
may result in more targeted medication pricing sensitive
to the geographic, economic, and population health char-
acteristics unique to each country and help promote more
equitable access [35]. Consequently, a fundamental ethical
question raised is the appropriateness and equity of a
country’s trade policy to impact drug procurement prices
for one country but not another [36–38]. This same ques-
tion is raised with regard to the impact of trade policies
on the price of drugs for some disease classes but not
drugs for other disease classes.
Overall, our preliminary findings indicate that geog-

raphy and cancer medication type have a role to play in
country and regional-level drug pricing. However, limita-
tions of the data set reviewed (discussed below) and the
need to account for additional factors associated with can-
cer drug pricing and procurement that could not be strati-
fied, necessitate further study, analysis, and better data
collection. Despite these limitations, as of this study date,
the MSH dataset is the arguably the best publicly available
dataset to conduct this preliminary examination. Hence,
results from this study can help inform future studies and
hypothesis-driven analysis on the association between
essential medication classification, pricing, and the factors
examined.

Limitations
This study may not have comprehensively examined
all independent variables which could explain varia-
tions in prices for essential cancer medication. It was
also not possible to determine if data were gathered
for the Guide in a non-random fashion. Furthermore,
low sample sizes for the prices attributed to an indi-
vidual drug did not permit for meaningful comparison
of median geographic prices to be stratified by drug.
Similarly, low sample sizes for individual buyers did
not permit comparison of median drug prices to be
stratified by buyer.
This study’s analysis involved covariates that were
ecological and oftentimes aggregated, including mea-
sures such as all-cancer incidence and national GDP at
nominal rates. While the ecological and aggregate na-
ture of these covariates allow for hypothesis-generating
observations at the macro level, more robust analysis to
better confirm these associations would benefit from
data derived at a more resolute level. With regard to
aggregate measures of wealth, caution should be taken
in determining whether pricing associations being stud-
ied pertain to the capacity of national health systems to
procure cancer medications or the financial capacity of
individual patients to obtain cancer medications, both
critical factors in assessing access to and affordability of
essential medicines.
Nonetheless, in order to support findings that

showed significant differences in the price of ag-
glomerated cancer drugs across buyers, this study
provided a sub-analysis comparing median prices of
the cancer drug with the highest sample size (cyclo-
phosphamide) across buyers with the highest
numbers of recorded transactions. Also, in order to
minimize the potential impact of missing variable bias, we
described the variation in cancer drug prices across a
number of pharmacoeconomic factors. Furthermore,
prices were gathered by the MSH via a systematic meth-
odology, thereby theoretically providing a degree of con-
trol for sampling bias that would have otherwise
differentially influenced buyers in the dataset.
The large range of chemotherapy prices observed in

this study indicates that certain chemotherapies could
be preferred over others in regional or country-level
healthcare facilities. This may lead to suboptimal
treatment or to restrictions on the number of patients
for which expensive chemotherapies may be provided.
Significant associations uncovered in this study should
be considered hypothesis generating, and further
studies should be conducted that compare prices paid
for essential medication between geographies, cancer
medication categories, and individual classes of drugs.
Better transparency and greater data availability are
necessary in order to conduct analyses that yield
more conclusive findings and provide a better overall
picture of affordability and access to essential cancer
medications globally.

Conclusions
Over one-fifth of essential chemotherapies assessed in
this study cost over $50 per package. As over 50 coun-
tries have a per capita gross national income of under
$2000 per person, essential chemotherapy may be too
expensive to ensure adequate regional or country-level
access. This study also found that countries with smaller
economies were not being sold chemotherapy at lower
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prices than countries with larger economies. Global
price barriers to chemotherapy access will likely be exac-
erbated in the future, as the number of cancer patients
in low- and middle-income countries is expected to rap-
idly rise.

Abbreviations
EML: WHO Essential Medicines List; GDP: Gross Domestic Product;
GLOBOCAN: IARC Global Cancer Data Project; IARC: International Agency for
Research on Cancer; MSH: Management Sciences for Health; OECS: The
Organization of Eastern Caribbean States Pharmaceutical Procurement
Service; SICA: The System of Central American Integration; WHO: World
Health Organization

Acknowledgements
The authors express their gratitude and appreciation to Thomas Novotny,
Cedric Garland, Edward Gorham, and Lianne Urada at the University of
California, San Diego and San Diego State University for their helpful input in
designing this research.

Funding
The authors would also like to express their appreciation to the Frontiers of
Innovation Scholars Program at the University of California, San Diego for
providing a predoctoral fellowship that funded this research. Funder had no
role in the design of the study, data collection, analysis, interpretation of the
data, or writing of the manuscript.

Availability of data and materials
The dataset supporting the conclusions of this article is available in the
Management Sciences for Health (MSH) repository, http://erc.msh.org/
mainpage.cfm?file=1.0.htm&module=DMP&language=English [17].

Authors’ contributions
Conceived and designed the study: REC, RLS, and TKM. Analyzed the data:
REC. Interpreted the results: REC, RLS, and TKM. Wrote the manuscript: REC,
RLS, and TKM. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Joint Doctoral Program in Global Public Health, University of California, San
Diego – San Diego State University, San Diego, CA, USA. 2Global Health
Policy Institute, San Diego, CA, USA. 3Division of Health Management and
Policy, Graduate School of Public Health, San Diego State University, San
Diego, CA, USA. 4Department of Anesthesiology, University of California, San
Diego – School of Medicine, San Diego, CA, USA. 5Division of Global Public
Health, University of California, San Diego – School of Medicine, San Diego,
CA, USA.

Received: 22 December 2016 Accepted: 14 August 2017

References
1. Atrash K, Carpentier R. The evolving role of public health in the delivery of

health care. Revista brasileira de crescimento e desenvolvimento humano.
2012;22(3):396–9.

2. Skeel RT, Khleif SN. Handbook of cancer chemotherapy: Lippincott Williams
& Wilkins; 2011.
3. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, Abraham J,
Adair T, Aggarwal R, Ahn SY. Global and regional mortality from 235 causes
of death for 20 age groups in 1990 and 2010: a systematic analysis for the
global burden of disease study 2010. Lancet. 2013;380(9859):2095–128.

4. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer
statistics, 2012. CA Cancer J Clin. 2015;65(2):87–108.

5. Bray F, Jemal A, Grey N, Ferlay J, Forman D. Global cancer transitions
according to the human development index (2008–2030): a population-
based study. Lancet Oncol. 2012;13(8):790–801.

6. Popat K, McQueen K, Feeley TW. The global burden of cancer. Best Pract
Res Clin Anaesthesiol. 2013;27(4):399–408.

7. World Health Organization Expert Committee: The Selection and Use of
Essential Medicines. In: WHO Technical Report Series. Geneva, Switzerland;
2003.

8. Hogerzeil HV. The concept of essential medicines: lessons for rich countries.
BMJ. 2004;329(7475):1169–72.

9. Magrini N, Robertson J, Forte G, Cappello B, Moja LP, de Joncheere K, Kieny
M-P. Tough decisions on essential medicines in 2015. Bull World Health
Organ. 2015;93(4):283–4.

10. López-Gómez M, Malmierca E, de Górgolas M, Casado E. Cancer in
developing countries: the next most preventable pandemic. The global
problem of cancer. Crit Rev Oncol Hematol. 2013;88(1):117–22.

11. Zaidi S, Bigdeli M, Aleem N, Rashidian A. Access to essential medicines in
Pakistan: policy and health systems research concerns. PLoS One. 2013;8(5):
e63515.

12. Hogerzeil HV, Liberman J, Wirtz VJ, Kishore SP, Selvaraj S, Kiddell-Monroe R,
Mwangi-Powell FN, von Schoen-Angerer T, Group LNA. Promotion of access
to essential medicines for non-communicable diseases: practical
implications of the UN political declaration. Lancet. 2013;381(9867):680–9.

13. Shulman LN, Mpunga T, Tapela N, Wagner CM, Fadelu T, Binagwaho A.
Bringing cancer care to the poor: experiences from Rwanda. Nat Rev
Cancer. 2014;14(12):815–21.

14. O'Brien M, Mwangi-Powell F, Adewole IF, Soyannwo O, Amandua J, Ogaja E,
Okpeseyi M, Ali Z, Kiwanuka R, Merriman A. Improving access to analgesic
drugs for patients with cancer in sub-Saharan Africa. Lancet Oncol. 2013;
14(4):e176–82.

15. Chalkidou K, Marquez P, Dhillon PK, Teerawattananon Y, Anothaisintawee T,
Gadelha CAG, Sullivan R. Evidence-informed frameworks for cost-effective
cancer care and prevention in low, middle, and high-income countries.
Lancet Oncol. 2014;15(3):e119–31.

16. de Lima LG, de Souza JA, Barrios C. Access to cancer medications in low-
and middle-income countries. Nat Rev Clin Oncol. 2013;10(6):314–22.

17. International Drug Price Indicator Guide. http://mshpriceguide.org/en/home/.
Accessed 21 Aug 2017.

18. Hanlon M, Zhang R. Price discrimination in essential medicines: evidence
from international drug price indicator guide data. International health.
2013;5(1):58–63.

19. Goyal A, Gilhotra N. Pharmacoeconomics of selected essential medicines for
common ailments in Sonipat District, Haryana, India. J Appl Pharm Sci Vol.
2015;5(06):083–7.

20. United Nations Department for General Assembly and Conference
Management: United Nations Regional Groups of Member States. 2014.

21. International Monetary Fund: IMF Data. 2016.
22. International Agency for Research on Cancer: GLOBOCAN 2012 Database:

http://globocan.iarc.fr/Default.aspx. Accessed 21 Aug 2017.
23. Global Burden of Disease Cancer Collaboration: The global burden of

cancer 2013. JAMA Oncol. 2015;1(4):505.
24. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, AlMazroa

MA, Amann M, Anderson HR, Andrews KG. A comparative risk assessment of
burden of disease and injury attributable to 67 risk factors and risk factor
clusters in 21 regions, 1990–2010: a systematic analysis for the global
burden of disease study 2010. Lancet. 2013;380(9859):2224–60.

25. Murray CJ, Lopez AD. Global mortality, disability, and the contribution of risk
factors: global burden of disease study. Lancet. 1997;349(9063):1436–42.

26. Wishart DS, Knox C, Guo AC, Shrivastava S, Hassanali M, Stothard P,
Chang Z, Woolsey J. DrugBank: a comprehensive resource for in silico
drug discovery and exploration. Nucleic Acids Res. 2006;34(Database
issue):D668–72.

27. Pearson S-A, Ringland CL, Ward RL. Trastuzumab and metastatic breast
cancer: trastuzumab use in Australia—monitoring the effect of an expensive
medicine access program. J Clin Oncol. 2007;25(24):3688–93.

http://erc.msh.org/mainpage.cfm?file=1.0.htm&module=DMP&language=English
http://erc.msh.org/mainpage.cfm?file=1.0.htm&module=DMP&language=English
http://mshpriceguide.org/en/home/
http://globocan.iarc.fr/Default.aspx


Cuomo et al. BMC Cancer  (2017) 17:566 Page 10 of 10
28. Limb M. Roche’s decision to drop Herceptin patent in India opens way for
generics. BMJ. 2013;347:f5197.

29. Nikolentzos A, Nolte E, Mays N. Paying for (expensive) drugs in the statutory
system: an overview of experiences in 13 countries. London: London School
of Hygiene & Tropical Medicine; 2008.

30. Wolff AC, Hammond MEH, Hicks DG, Dowsett M, McShane LM, Allison KH,
Allred DC, Bartlett JM, Bilous M, Fitzgibbons P. Recommendations for
human epidermal growth factor receptor 2 testing in breast cancer:
American Society of Clinical Oncology/College of American Pathologists
clinical practice guideline update. Arch Pathol Lab Med. 2013;138(2):241–56.

31. Li Y, Ying C, Sufang G, Brant P, Bin L, Hipgrave D. Evaluation, in three
provinces, of the introduction and impact of China's National Essential
Medicines Scheme. Bull World Health Organ. 2013;91(3):184–94.

32. Lu CY, Ross-Degnan D, Stephens P, Liu B, Wagner AK. Changes in use of
antidiabetic medications following price regulations in China (1999–2009). J
Pharm Health Serv Res. 2013;4(1):3–11.

33. Kingham TP, Alatise OI, Vanderpuye V, Casper C, Abantanga FA, Kamara TB,
Olopade OI, Habeebu M, Abdulkareem FB, Denny L. Treatment of cancer in
sub-Saharan Africa. Lancet Oncol. 2013;14(4):e158–67.

34. Experts in Chronic Myeloid Leukemia: The price of drugs for chronic
myeloid leukemia (CML) is a reflection of the unsustainable prices of cancer
drugs: from the perspective of a large group of CML experts. Blood. 2013;
121(22):4439–42.

35. Gleeson D, Friel S. Emerging threats to public health from regional trade
agreements. Lancet. 2013;381(9876):1507–9.

36. Shah AK, Warsh J, Kesselheim AS. The ethics of intellectual property rights in
an era of globalization. J Law Med Ethics. 2013;41(4):841–51.

37. Lopert R, Gleeson D. The high price of “free” trade: US trade agreements
and access to medicines. J Law Med Ethics. 2013;41(1):199–223.

38. Dyck A. Ethical ramifications for a proposed FTA between India and the EU.
Perspect Glob Dev Technol. 2013;12(1–2):266–82.
•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Overview
	Data
	Comparative analyses
	Comparisons across geographies
	Comparisons across medications
	Comparison across time


	Results
	Comparisons across geographies
	Comparisons across medications
	Comparison across time


	Discussion
	Limitations

	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

