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Abstract

0.58-7.43/year).

companies will be required for efficient cost containment.

Background: Modern drug therapy accounts for a major share of health expenditure and challenges public provider
resources. The objective of our study was to compare drug expenditure trends for ten major drug classes over 16 years
at Maccabi Healthcare Services (MHS), the 2" largest healthcare organization in Israel.

Methods: A retrospective analysis of drug expenditure per HMO beneficiary between the years 1998-2014. Trends in
annual mean drug expenditures per MHS member were compared among 10 major drug classes.

Results: Average annual drug expenditure per beneficiary increased during the study period from 429.56 to 474.32 in
2014 (104 %). Ten drug classes accounted for 58.0 % and 77.8 % of total drug cost in 1998 and 2014, respectively. The
overall distribution of drug expenditure among drug classes differed significantly between 1998 and 2014 (p < 0.001),
mainly due to the increase in expenditure for cancer drugs, from 6.8 % of total drug cost to 30.3 %. In contrast,
expenditures for cardiovascular drugs decreased during the same period from 16.0 to 2.7 %. Moreover, the median
annual increase in net drug costs per HMO member during 1998-2014 was largest for cancer drugs (NIS 6.18/year; IOR,
1.70-9.92/year), about two-fold that of immunosuppressants, the second fastest growing drug class (NIS 2.81; IQR,

Conclusions: The continuous rise in anti-cancer drug expenditure puts a substantial burden on the medication
budgets of public health organizations. Coordinated measures involving policy makers, physicians, and pharmaceutical

Keywords: Drug expenditure, Cancer agents, Health Maintenance Organization

Abbreviations: HMO, Healthcare maintenance organization; IQR, Inter-quartile range; MHS, Maccabi healthcare
services; NIS, New Israeli Shekel; QALY, Quality adjusted life years

Background

Oncology drug cost, amounting to an estimated $40 bil-
lion per year worldwide, is a concerning issue in public
health economic discussions [1]. Medicare spending on
Part B drugs — a category dominated by drugs used to
treat cancer — increased from $3 billion in 1997 to $11
billion in 2004 (a 267 % increase), compared with a rise
in overall Medicare spending from $210 billion to $309

* Correspondence: ronen.loebstein@sheba.health.gov.il

'Department of Pharmaceutics and Clinical Pharmacology, Maccabi
Healthcare Services, Tel-Aviv, Israel

®Health Division, Maccabi Healthcare Services, HaMered St. 27 Tel Aviv, Israel
Full list of author information is available at the end of the article

( ) BiolMed Central

billion (an increase of 47 %) during the same period [2].
While 15 years ago the most expensive cancer drug was
paclitaxel (TAXOL®, Bristol-Myers Squibb) at a monthly
cost of approximately US$ 2,500 per patient in the USA,
some recently approved anti-cancer drugs are much
more expensive (http://www.ascopost.com/issues/febru-
ary-1,-2013/cost-of-cancer-drugs-what-price-for-what-
benefit.aspx). Trends in oncology drug expenditures,
especially in comparison with drugs for non-oncology
indications, have been only partially characterized. When
disclosed by health organizations, drug expenditure
often includes additional fees associated with the specific
medical condition such as hospital admission bills,
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surgeries and procedures, ambulatory care cost and sup-
portive therapy, all of which may vary widely among
countries [3-5].

Israel has national health insurance with universal
health coverage, i.e. every citizen is insured by one of
four health maintenance organizations (HMOs). The
budget of each HMO is allocated by the government
based on the number of beneficiaries. Medications and
health technologies and their precise indications covered
by the HMOs are determined by the Ministry of Health
and summarized in the “Health basket”. The government
decides on the annual growth rate of the health basket’s
budget, and once a year a professional committee priori-
tizes the addition of new medications or technologies
and their indications.

Maccabi Healthcare Services (MHS) is the second lar-
gest Israeli health organization, insuring about 2 million
beneficiaries in 2014 nationwide. Its health benefits in-
clude medications and technologies as specified by the
Israeli National Health Basket. Additionally, MHS pro-
vides new health technologies, including medications
with evidence-base technologies prior to their inclusion
in the National Health Basket. Our objective was to
compare trends in drug expenditure at a large modern
HMO over a 16-year- period, in major drug classes
representing therapies for diverse acute and chronic
medical conditions.

Methods

Data extraction

All data regarding drug purchases (quantities and prices)
were retrieved from the MHS computerized database.
This database includes information on all medications
dispensed to MHS beneficiaries starting January 1998 up
to end of 2014, classified into 56 pharmacological
groups. We included in our analyses the 10 major drug
classes that accounted for about three quarters of the
total drug expenditure in 2014: Immunosuppressants,
anti-cancer drugs, immuno-stimulants, antiviral drugs,
anti-diabetic drugs, cardiovascular drugs, anticoagulants,
enzyme replacement agents, lipid-lowering drugs, and
antibiotics.

Data analysis and statistics

Data on drug expenditure were expressed in New Israeli
Shekels (NIS) and matched to the Israeli 2014 Cost of
Health Index. For the years 1998-2014 (observation
period), we calculated the expenses for each drug cat-
egory per HMO member, thus accounting for the grow-
ing number of HMO members during this period.
Changes in annual drug expenses per HMO member
were not normally distributed, and were therefore
expressed as medians and interquartile ranges, with non-
parametric tests (Kruskal-Wallis) used for comparison
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among different drug categories. Additionally, we com-
pared the distribution of expenditures for the 10 drug
classes as proportions of total drug expenditures at the be-
ginning (1998) and the end of the observation period
(2014) using x’-test. For all statistical analyses, P-values
<0.05 were considered significant. Statistical analyses were
performed using SPSS statistical software (SPSS v.22,
IBM® SPSS°® Inc., Chicago, IL). The study was approved by
the MHS institutional review board.

Results

Global drug expenditure

During the study period, the number of MHS beneficiar-
ies increased by 88.6 %, from 1.141 to 2.151 million. The
total annual drug purchase expenditures increased by
108.2 %, from NIS 489.9 million to NIS 1,020.2 million.
Accordingly, the average annual drug expenditure per
beneficiary increased only slightly, from NIS 429.56 in
1998 to 474.32 in 2014 (a rise of 10.4 %). The ten major
pharmacological groups accounted for 58.0 % and
77.8 % of total drug cost in 1998 and 2014, respectively.

Trends in drug expenditure by drug category

Costs per beneficiary in 1998 were dominated by cardio-
vascular medications (16.0 % of total cost), followed by
antibiotics (9.1 %) and lipid-lowering drugs (7.1 %).
Costs of cancer agents accounted for 6.8 % of drug ex-
penditure in 1998, but rose steadily to become the lar-
gest expenditure for a single drug class starting in 2002.
By 2014, antineoplastic drugs accounted for 30.2 % of
total drug expenditure, while expenditure for some other
drug classes (e.g., cardiovascular and lipid-lowering
drugs and antibiotics) decreased constantly. Accordingly,
the overall distribution of drug expenditures for different
drug classes was significantly different when comparing
the beginning (1998) with the end (2014) of the observa-
tion period (P < 0.001; Fig. 1).

Differing trends in drug expenses during the observa-
tion period were also evident when examining the an-
nual changes in drug expenditures. The median annual
increase in drug expenses per beneficiary during the ob-
servation period differed significantly among drug clas-
ses (overall Kruskal-Wallis P < 0.001; Fig. 2).

For cancer drugs, expenses increased by a median of
NIS 6.18 (IQR, 1.70-9.92) per HMO beneficiary each
year, an annual increase that was more than two-fold
higher compared to that of immunosuppressants (NIS
2.81; IQR, 0.58-7.43), but the difference was not statisti-
cally significant (Mann-Whitney test for comparison be-
tween these two drug classes, P =0.13).

Discussion
Our study demonstrates that expenditures for cancer
agents have been rising constantly over the last decade,



Lomnicky et al. Israel Journal of Health Policy Research (2016) 5:37 Page 3 of 6

1998 2014

W ANTI-CANCER DRUGS
m IMMUNO-SUPPRESSANT
= ANTIVIRALS
B IMMUNO-STIMULANT
42.0% 1 _5%‘_\\ 4 : E:i{eﬂifs_:luENCY
W ANTIDIABETIC
= CARDIOVASCULAR
LIPID-LOWERING DRUGS
W ANTIBIOTICS
OTHERS

5.0%

5.5% 5.8%

Fig. 1 Distribution of drug expenditure for ten major drug classes per HMO member in 1998 and 2014. The overall distribution differed
significantly between 1998 and 2014 (P < 0.001)

Median annual increase in net drug costs
per HMO member between 1998-2014
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Fig. 2 Median annual change in net drug expenses per HMO member for different drug classes between 1998 and 2014. Changes in expenditure
were significantly different among drug classes (P < 0.001). Bars denote the median, error bars the 75 % percentile
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offsetting savings for the majority of medications used to
treat other acute and chronic medical conditions. In fact,
by the end of study period approximately a third of all
MHS drug expenditure was accounted for by anti-cancer
drugs.

In this study, we did not attempt to identify the contri-
bution of specific reasons for the increasing expenditure
for oncological therapies, e.g., increasing drug prices, in-
creasingly complex (and therefore more expensive) treat-
ment regimens, or an increasing proportion of patients
treated, either because of changes in cancer prevalence/
detection or changes in eligibility criteria for cancer.
However, the overall age-adjusted rates of invasive tu-
mors in males and females have changed only minimally
during the study period [6]. Moreover, all therapies
included in the health basket follow internationally ac-
cepted evidence-based guidelines.

One likely reason for the sharp increase in expendi-
tures for cancer agents is the increasing approval of ex-
pensive biological and targeted therapies in this field
(e.g. monoclonal antibodies and modern tyrosine kinase
inhibitors) [7]. This trend is likely to continue with the
inclusion of costly checkpoint inhibitors (Programmed
Death-1 [PD-1] inhibitors) in the national health basket
in 2015 (i.e., after the end of the study period). Biologic
drugs also contributed to the increased drug expenditure
for autoimmune conditions in our study since 2006, par-
alleling their introduction for treatment of inflammatory
bowel diseases, rheumatic diseases, and other auto-
immune disorders, and challenged by health organiza-
tions’ difficulties to incorporate biosimilars.

Rising costs of cancer drugs should be viewed with
concern in light of the fact that cancer incidence is ex-
pected to rise worldwide, from 10.4 million newly
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diagnosed patients annually in 2000-25 million in 2030
[8], with more than 70 % of cases occurring in low- and
middle-income countries [9].

The increase in total drug expenditure per beneficiary
in our study (a rise of 10.4 % over 16 years) was modest
compared to other developed countries, e.g., 5.5 % and
4 % in Western European countries and Japan over
shorter time periods, respectively [4, 5]. This difference
reflects extensive generic drug use in Israel for numer-
ous medical conditions compared with other Western
countries [4]. In our study, the major savings in expend-
iture for antibiotics, cardiovascular drugs and lipid low-
ering agents were most noticeable after 2001 (Fig. 3),
coinciding with the HMO-wide implementation of cost
containment methods including preferred drug lists,
generic substitution, pre-authorization of selected ex-
pensive drugs, and advanced methods to assess and con-
trol drug prescription and dispensing.

The allocation of limited public resources to various
diseases has to be judged objectively in view of the ex-
pected benefit to patients. During the years 1970-2000,
the life expectancy of U.S. Americans increased on aver-
age by 6 years; only 6 months were attributed to anti-
neoplastic therapies, while over 4 years were attributed
to pharmacological interventions for cardiovascular
diseases and metabolic conditions [10]. Many drug treat-
ments for cardiovascular diseases and metabolic condi-
tions are available as generics, and “me-too” or
“glorified-me-too” drugs were released, increasing com-
petition and diminishing overall costs for these pharma-
ceutical groups. Notwithstanding, public awareness of
the needs of cancer patients in Western countries, where
malignancy is the leading cause of death, increases the
pressure on regulators to approve new and expensive
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cancer agents, sometimes with only limited evidence of
cost-effectiveness [11, 12]. Moreover, data on post-
marketing effectiveness, including the effect on mortality
in cancer patients, is sparse, precluding the assessment
of real-life public benefit.

Our study has several limitations. Firstly, MHS ensures
a relatively young population [16 % are >55 years of age,
as compared to 19.1 % in the general Israeli population
[13]. Our study may therefore underestimate the ex-
penditure for antineoplastic agents in aging populations.
As mentioned above, we normalized expenditure per
HMO beneficiary and not per patient treated, which
greatly underestimates the real rise in drug expenditure
per cancer patient. However, the focus of this study was
the changing burden of drug expenditure across differ-
ent drug classes on an HMOQO’s medication budget, and
not expenditures per patient for individual patient
groups. Our approach better captures the true impact of
expenditures for a pharmacological class on the budget,
since it reflects both drug costs per patient and the
prevalence of the disease group. For instance, drug ex-
penditure for a patient with Gaucher disease requiring
enzyme replacement therapy is higher than for the aver-
age oncological patient, yet the burden of Gaucher pa-
tients on the medication budget is lower (5 % of total
expenditures) due to the low number of Gaucher pa-
tients compared to that of oncological patients (30 % of
total expenditures). We also did not consider expend-
iture for drugs used in oncology supportive care, such as
agents to control chemotherapy-induced nausea and
vomiting, narcotics and other analgesics, and growth fac-
tors (e.g. G-CSF), and our data therefore underestimate
the real malignancy-related drug expenditure for cancer
patients. A few oncological medications also have spe-
cific non-oncological indications, and are covered by the
health basket according to specified criteria as third- or
fourth-line drugs for such non-oncological indications.
In this database study, we categorized these medications
by their main indication into the oncological drug class,
since this represented their by far most common use.
For instance, the anti-CD20 monoclonal antibody rituxi-
mab was reimbursed in more than 90 % of all cases for pa-
tients with hematooncological indications, and only in a
minority for patients with non-oncological indications,
such as rheumatoid arthritis or immune thrombocytopenia.
Thus, this misclassification is not expected to greatly affect
our findings.

Practical solutions for reducing the costs of cancer
therapies should consider different strategies beyond the
well-established formulary approach, including imple-
mentation of pharmacoeconomic evaluation in health
care decision-making. A number of strategies have been
suggested, including sequential monotherapy use in the
palliative setting (instead of combination therapy) and
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lowering the doses of anticancer agents when appropri-
ate and supported by data [1]. Another well-known ap-
proach is the Technology Appraisal Program of NICE in
the United Kingdom which often considers the cost per
QALY ratio (quality adjusted life years) [14-16]. The
measure of QALY is widely used as it takes into account
not only life expectancy but also quality of life, which is
often significantly impaired in cancer patients. Other po-
tential solutions beyond cost sharing (i.e., increasing the
contributions to insurance premiums and selection of
insurance plans with higher copayment) include risk
sharing [17] and conditional reimbursement [17, 18].
Risk sharing refers to financial compensation of health
insurers by drug companies in cases where the post-
marketing drug effectiveness was inferior to the benefits
expected from the drug dossier submitted to the regula-
tory authorities for drug approval. Conditional reim-
bursement refers to temporary conditional approval of
an index drug therapy for a limited period of time, after
which its approval is reevaluated as a condition for per-
manent reimbursement.

Conclusions

Our data suggest that despite successful MHS cost con-
tainment methods to control modern medication ex-
penditure and thus provide updated treatment for
chronic medical conditions to larger patient populations,
the economic burden of cancer medications on the drug
budget increases constantly, potentially compromising
the total drug budget. Our findings suggest that a com-
prehensive cost-benefit assessment of cancer drug ther-
apy should guide oncological drug approval in public
health care organizations, and methods to control and
limit drug cost should be coordinated between health
care providers, pharmaceutical companies, and policy
makers.

Acknowledgments
This manuscript is dedicated to the memory of the beloved Joseph Eliahu
Siegelmann.

Funding
None.

Availability of data and materials

The raw data of this study will not be shared. MHS database has been
described in detail in the Methods section of the manuscript. Similar to
other HMO's in Israel and worldwide, medication purchase agreements are
confidential and therefore cannot be shared.

Authors’ contribution

YL was the study coordinator and contributed to the preparation of the
manuscript. DK assisted in data collection and performed the statistical
analysis. He also contributed to the preparation of the manuscript. RL
assisted in data collection as well as preparation of the manuscript. IK
contributed to data collection and study design. JV-L contributed to data
collection and study design. NS-D assisted in data analysis and reviewed the
manuscript. All authors read and approved the final manuscript.



Lomnicky et al. Israel Journal of Health Policy Research (2016) 5:37

Author’ information

Daniel Kurnik, MD, is the Director of Clinical Pharmacology at the Rambam
Health Care Campus and a Clinical Associate Professor at the Rappaport
Faculty of Medicine, Technion - Israel Institute of Technology, both in Haifa,
Israel. He also serves as Consultant for the Department of Pharmaceutics and
Clinical Pharmacology, Maccabi Healthcare Services, Tel-Aviv, Israel.

Ronen Loebstein, MD, is the Director of Clinical Pharmacology and
Toxicology at the Sheba Medical Center and a Clinical Associate Professor at
the Sackler School of Medicine, Tel Aviv University, Israel. He also serves as
Consultant for the Department of Pharmaceutics and Clinical Pharmacology,
Maccabi Healthcare Services, Tel-Aviv, Israel

Nava Siegelmann-Danieli, MD, is the Director of Oncology Service line.
Professional Medicine, Health Division, Maccabi Healthcare Services.

ltzhak Katzir, PhD, is the Head of Department of Rational Resource Allocation
in Health, Health Division, Maccabi Healthcare Services, Deputy chairman of
the Pharmaceutical society of Israel and Lecturer at The Ono Academic
College. Formerly Chairman of the Pharmaceutical Society of Israel, Deputy
of The Chief Pharmacist and assistant to The Head of Health Division,
Maccabi Healthcare Services and visiting lecturer at the School of Pharmacy,
The Hebrew University of Jerusalem, Jerusalem, Israel.

Yossi Lomnicky, PhD, is the Head of Department of Pharmaceutics and
Clinical Pharmacology, Health Division, Maccabi Healthcare Services and a
PhD in pharmacy from the Faculty of Medicine school of Pharmacy Hebrew
University, Jerusalem. Formerly, the chief pharmacist of the IDF.

Janet Vesterman-Landes, M.Sc, is in charge of rational medication use at the
Department of Pharmaceutics and Clinical Pharmacology, Health Division,
Maccabi Healthcare Services and B.Sc in pharmacy.

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

Author details

'Department of Pharmaceutics and Clinical Pharmacology, Maccabi
Healthcare Services, Tel-Aviv, Israel. “Department of Professional Medicine,
Maccabi Healthcare Services, Tel-Aviv, Israel. *Health Division, Maccabi
Healthcare Services, HaMered St. 27 Tel Aviv, Israel. “Sackler School of
Medicine, Tel Aviv University, Tel Aviv, Israel. Rappaport Faculty of Medicine,
Technion-Israel Institute of Technology, Haifa, Israel.

Received: 28 June 2015 Accepted: 8 August 2016
Published online: 15 September 2016

References

1. Smith TJ, Hillner BE. Bending the Cost Curve in Cancer Care. N Engl J Med.
2011,364(21):2060-5.

2. Bach PB. Limits on Medicare’s Ability to Control Rising Spending on Cancer
Drugs. N Engl J Med. 2009;360(6):626-33.

3. Meropol NJ, Schulman KA. Cost of cancer care: issues and implications.

J Clin Oncol. 2007;25(2):180-6.

4. CBS-International comparisons, Israel 2008 http://www.cbs.gov.il. Accessed
21 Aug 2016.

5. Walley T, Folino-Gallo P, Stephens P, Van Ganse E. Trends in prescribing and
utilization of statins and other lipid lowering drugs across Europe 1997-
2003. Br J Clin Pharmacol. 2005,60(5):543-51.

6. Ministry of Health website, Cancer incidence table, Invasive tumors only.
http://www.health.gov.il/UnitsOffice/HD/ICDC/ICR/Cancerincidence/Pages/
All_sites_inv.aspx. Accessed 21 Aug 2016.

7. Rochau U, Sroczynski G, Wolf D, Schmidt S, Jahn B, Kluibenschaed! M,
Conrads-Frank A, Stenehjem D, Brixner D, Radich J, Gastl G, Siebert U. Cost-
Effectiveness of the Sequential Application of Tyrosine Kinase Inhibitors for
the Treatment of Chronic Myeloid Leukemia. Leuk Lymphoma. 2014;13:1-40.

8. IARC Press release World Cancer Day. 2008. p. 2. http://www.vr.se/
download/18.2f62b054117692ac43f80008393/PM_IARC_cancer_080104.pdf.
Accessed 21 Aug 2016.

9. Cancer control, knowledge into action, WHO guide for effective programs.
2007. Pl http//www.who.int/cancer/modules/Prevention%20Module.pdf.
Accessed 21 Aug 2016.

10.  Lenfant C. Clinical Research to Clinical Practice - Lost in Translation? N Engl
J Med. 2003;349(9):868-74.

Page 6 of 6

Hillner BF, Smith TJ. Efficacy Does Not Necessarily Translate to Cost
Effectiveness: A Case Study in the Challenges Associated With 21st-Century
Cancer Drug Pricing. J Clin Oncol. 2009;27(13):2111-3.

Schneeweiss A, Chia S, Hickish T, Harvey V, Eniu A, Hegg R, Tausch C, Seo
JH, Tsai YF, Ratnayake J, McNally V, Ross G, Cortés J. Pertuzumab plus
trastuzumab in combination with standard neoadjuvant anthracycline-
containing and anthracycline-free chemotherapy regimens in patients with
HER2-positive early breast cancer: a randomized phase Il cardiac safety
study (TRYPHAENA). Ann Oncol. 2013;24(9):2278-84.

Israeli Social Security Report for Health Services in 2008. http://taubcenter.
org.il/wp-content/files_mf/sept2010.pdf. Accessed 21 Aug 2016.
Drummond MF, Mason AR. European perspective on the costs and cost-
effectiveness of cancer therapies. J Clin Oncol. 2007;25(2):191-5.

Reeder CE, Gordon D. Managing oncology costs. Am J Manag Care. 2006;12:
s3-16.

Claxton K, Sculpher M, Drummond M. A rational framework for decision
making by the National Institute For Clinical Excellence (NICE). Lancet. 2002;
360(9334):711-5.

McCabe C, Bergmann L, Bosanquet N, Ellis M, Enzmann H, von Euler M,
Jonsson B, Kallen KJ, Newling D, Nussler V, Paschen V, de Wilde R, Wilking N,
Teale C, Zwierzina H. Biotherapy Development Association. Market and
patient access to new oncology products in Europe: a current,
multidisciplinary perspective. Ann Oncol. 2009;20(3):403-12.

Niezen MG, de Bont A, Stolk E, Eyck A, Niessen L, Stoevelaar H. Conditional
reimbursement within the Dutch drug policy. Health Policy. 2007;84(1):39-50.

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

* We accept pre-submission inquiries

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

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central



http://www.cbs.gov.il/
http://www.health.gov.il/UnitsOffice/HD/ICDC/ICR/CancerIncidence/Pages/All_sites_inv.aspx
http://www.health.gov.il/UnitsOffice/HD/ICDC/ICR/CancerIncidence/Pages/All_sites_inv.aspx
http://www.vr.se/download/18.2f62b054117692ac43f80008393/PM_IARC_cancer_080104.pdf
http://www.vr.se/download/18.2f62b054117692ac43f80008393/PM_IARC_cancer_080104.pdf
http://www.who.int/cancer/modules/Prevention%20Module.pdf
http://taubcenter.org.il/wp-content/files_mf/sept2010.pdf
http://taubcenter.org.il/wp-content/files_mf/sept2010.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data extraction
	Data analysis and statistics

	Results
	Global drug expenditure
	Trends in drug expenditure by drug category

	Discussion
	Conclusions
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contribution
	Author’ information
	Competing interests
	Author details
	References

