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Abstract

Background: Gemcitabine is a novel nucleoside ana-
logue with unique activity against a range of solid
tumors including non-small cell lung cancer (NSCLC)
and pancreatic cancer.

Study Design and Methodology: This report reviews
a series of retrospective economic evaluations that
have taken place over the past 4 years comparing
gemcitabine, both as a single agent and in combina-
tion therapy, with other treatment modalities for
NSCLC in the following countries: United States,
Spain, Germany, Sweden, Belgium, Canada, and Italy.
These economic evaluations were in the form of sim-
ple cost identification, cost minimization, and cost-
effectiveness in order to estimate the economic
impact of gemcitabine in NSCLC treatment compared
with other treatment modalities.

Results and Conclusions: The results of these retro-
spective economic evaluations suggest that gemcitabine
as monotherapy or in a combination regimen may be
cost saving or perhaps even cost effective. This is large-
ly because the chemotherapy can be administered in an
outpatient setting and because the side-effect and toxi-
city profile is lower. This economic advantage assumes
equivalent efficacy of gemcitabine and other treatment
modalities for treatment of NSCLC.
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Gemcitabine (Gemzar™) is a novel nucleoside ana-
logue with unique activity against a range of solid
tumors including non-small cell lung cancer (NSCLC)
and pancreatic cancer.' As of December 1997, gem-
citabine was approved for chemotherapeutic treatment
in 48 countries: 15 for NSCL.C only, 7 for pancreatic
cancer only, and 26 for both NSCLC and pancreatic
cancer. 'The economic evaluations performed on gem-
citabine to date have all used clinical data and out-
comes from the E018 clinical trial, an extended phase
IT trial of gemcitabine monotherapy in chemonaive
patients with NSCLC (n = 161) from Canada, France,
Belgium, United Kingdom, the Netherlands, Italy,
Finland, and Spain. This study had 3 complete
responses with gemcitabine therapy and 30 partial
responses for an objective response rate of 21.8% (95%
confidence interval [95% CI]: 15.5%, 29.3%). This
response rate places gemcitabine among the most
active agents in patients with NSCLC. Toxicities
observed with gemcitabine therapy were relatively
mild and included short-lived myelosuppression, low-
grade flu-like symptoms, ankle edema, and low-grade
nausea and vomiting.'

-+ GEMCITABINE PHARMACOECONOMIC STUDIES -~

The traditional measures of efficacy for new
chemotherapeutic agents include overall survival,
disease-free survival, tumor response, and toxicity.
However, most chemotherapeutic agents for
NSCLC only prolong life for a few additional
months, thereby making toxicity and symptom
relief important clinical wial endpoints. One of the
most difficult balances to achieve in the treatment
of NSCLC is providing additional disease-free time
and survival without dramatically increasing the tox-
icity experienced by the patient. When the inten-
tion of treatment is curative, higher levels of
toxicity may be justified; however, when the inten-
tion of treatment is palliative, lower levels of toxici-
ty are preferred.”
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This report reviews a series of retrospective eco-
nomic evaluations that have taken place over the past
4 years comparing gemcitabine, both as monotherapy
and combination therapy, with other treatment
modalities for NSCLC in the following countries:
United States, Spain, Germany, Sweden, Belgium,
Canada, and Italy. These economic evaluations were
in the form of simple cost identification, cost mini-
mization, and cost effectiveness in order to better
estimate the economic impact on NSCLC of gem-
citabine treatment compared with other treatment
modalities. A brief description of each modeling
study and results follow.

United States

The US economic modeling study®’ was a retro-
spective, nonrandomized, cost minimization analysis
designed to test the clinical outcomes and potential
cost savings of gemcitabine monotherapy compared
with cisplatin/etoposide combination therapy for pal-
liative treatment of late-stage NSCLC in the United
States. The perspective taken for the economic evalu-
ation was that of a US-based community cancer care
setting and a private insurance payer. 'The modeled
dosing schedule for gemcitabine was 1250 mg/m’ on
days 1, 8, and 15 of a 28-day cycle.”’ The modeled dos-
ing schedule for cisplatin/etoposide was based on the
average of the three most common dosing schedules,
as follows: (1) cisplatin 60 mg/m* and etoposide 100
mg/m’, both given on days 1, 2, and 3 of a 21- or 28-day
cycle; (2) cisplatin 60 mg/m’ on day 1 and etoposide

100 mg/m’® on days 1, 2, and 3 of a 21- or 28-day cycle; -

and (3) cisplatin 100 mg/m’ on day 1 and etoposide 100
mg/m® on days 1, 2, and 3 of a 21- or 28-day cycle.”’
The median survival time modeled for gemcitabine of
9.4 months' was not statistically different from that
modeled for the cisplatin/etoposide combination,
which was 7.3 months (Outpatient Chart Reviews, 1992,
by ELLM Services, Rockville, MD [formerly the DMI
Research Institute]). The key assumption for this analy-
sis was equivalent efficacy (ie, survival) between gem-
citabine monotherapy and cisplatin/etoposide com-
bination therapy, which led to a cost minimization
design for the economic evaluation. This assumption
was based on medical literature, clinical trial response
rates, observed survival data, and performance improve-
ments.” The economic model used only direct medical
costs (ie, chemotherapy administration, management of
adverse events) and did not use discounting of costs
because most patients with NSCLC live less than 1 year.
Indirect costs were excluded because patients with
NSCLC are usually retired or stop working shortly after
their diagnosis. Direct nonmedical costs were excluded

because the data source for the study did not contain
these resource items.

The gemcitabine treatment patterns were estimat-
ed from medical resource utilization data collected
through the previously described E018 trial of gem-
citabine.'” The cisplatin/etoposide treatment patterns
were estimated from medical resource utilization data
obtained through 88 retrospective chart reviews from the
US National Oncology Data Base (ELM Services).
Medical resource costs for the model were obtained
from four major sources: (1) 1993 MedStat Market-
Scan®™ Database (hospital payments); (2) HIAA-Medical
Prevailing Healthcare Charge System One (laboratory
tests, chest X-rays, office visits); (3) Indianapolis
Hospitals (transfusion and emergency room charges);
and (4) Indiana Community Cancer Care (outpatient
palliative drug costs).”> The location of chemotherapy
administration modeled was 100% outpatient for gem-
citabine patients and hospitalization for 3 days of drug
administration for 70% of the cisplatin/etoposide
patients.?” It is important to note that the length of hos-
pitalization for cisplatin/etoposide treatment may have
changed since the original analysis was completed.

The Monte Carlo simulation technique was uti-
lized: 5000 theoretical patients with NSCLC were
exposed to each treatment arm. Excluding chemother-
apy drug costs, which were unknown at the time of the
analysis, gemcitabine demonstrated a cost savings per
cycle of therapy ranging between $1504 and $7425,
with a median cost savings of $2154 and a mean cost
savings of $1879. The use of gemcitabine through the
Monte Carlo simulation technique resulted in theoret-
ical cost savings per cycle 90% of the time. The
sources of the cost savings were analyzed by multiply-
ing each cost by the probability of incurring that cost
and calculating the difference in related costs between
the two treatment arms. The source and percentage of
total cost savings were as follows: (1) location of
chemotherapy administration (eg, 70% inpatient for
cisplatin/etoposide vs 100% outpatient for gem-
citabine), 72%; (2) difference in treatment of febrile
neutropenia, 13%; and (3) difference in antiemetic
usage, 11%.%°

Sensitivity analyses were performed to determine
those cost elements that had the greatest impact on
potential cost savings. The most sensitive cost ele-
ments found were both associated with the cisplatin/
etoposide treatment arm: they were febrile neutro-
penia treatment and the days of hospitalization for
chemotherapy administration. For example, varying
the occurrence of febrile neutropenia from the most
likely scenario (where there is no febrile neutropenia)
to a scenario where the patient experiences severe

1592

THE AMERICAN JOURNAL OF MANAGED CARE

NOVEMBER 1998



- PHARMACOECONOMIC RESEARCH ON GEMCITABINE -~

febrile neutropenia reduces the anticipated cost sav-
ings per cycle of therapy by 171%. Conversely, if the
cisplatin/etoposide combination therapy is adminis-
tered without the 3-day hospitalization, the cost sav-
ings per cycle of therapy would be reduced by nearly
88%.”* The Monte Carlo simulation modeling did not
take into account posttreatment costs or quality-of-life
changes, both of which could affect the outcome.

In the original paper describing the results of this
modeling study,’ the cost per cycle of gemcitabine was
unknown because the product was not yet launched in
the United States. Therefore, the original paper con-
cluded that there was a mean cost savings per cycle of
chemotherapy for gemcitabine compared with cis-
platin/etoposide combination therapy (excluding
chemotherapy costs) of US $1879. Subsequent to
publication of this modeling study, gemcitabine was
approved for treatment of pancreatic cancer in the
United States and a price for the compound was
determined. Upon a priori addition of chemotherapy
costs into the economic evaluation, the mean cost
savings per cycle of chemotherapy for gemcitabine
compared with cisplatin/etoposide combination ther-
apy would theoretically be reduced from US $1879 to
US $1105. The results of this study suggest that gem-
citabine may be a cost-saving alternative to cis-
platin/etoposide treatment of NSCLC in the United
States even when chemotherapy cost differences are
a priori taken into account.

Spain

The Spanish economic modeling study,” adapted
from the US modeling study described earlier,” was
a retrospective, nonrandomized, cost minimization
analysis designed to test the clinical outcomes and
potential cost savings of gemcitabine monotherapy
compared with cisplatin/etoposide combination thera-
py for palliative treatment of late-stage NSCLC in
Spain. The perspective taken for the economic evalua-
tion was that of a public healthcare payer in Spain. As
with the US model described above, the important
assumption for this analysis was equivalent efficacy (ie,
survival) between gemcitabine monotherapy and cis-
platin/etoposide combination therapy, which led to a
cost minimization design for the economic evaluation.
The modeled dosing schedule for gemcitabine was 1250
mg/m’ on days 1, 8, and 15 of a 28-day cycle.* The mod-
eled dosing schedule for cisplatin/etoposide was based
on the average of the three most common dosing sched-
ules in Spain as follows: (1) cisplatin 100 mg/m* on day 1
or 3 and etoposide 100 mg/m” on days 1, 2, and 3 of a 21-
day cycle; (2) cisplatin 60 mg/m* on day 1 or 3 and etopo-
side 120 mg/m’ on days 4, 6, and 8 of a 21-day cycle; and

(3) cisplatin 25-50 mg/m?* on days 1, 2, and 3 and etopo-
side 100 mg/m® on days 1, 2, and 3 of a 21-day cycle.”

The gemcitabine treatment patterns for Spain were
estimated by using the US modeling assumptions
described earlier.”® The cisplatin/etoposide treatment
patterns were adapted for the Spanish healthcare sys-
tem based on a survey of 25 Spanish oncologists.
Medical resource costs for the model were assigned by
using hospital estimates for charges made to pharma-
ceutical companies for clinical trials because direct hos-
pital charges were unavailable in Spain. Medication
charges were obtained from the Vademecum, which is
similar to the Physician’s Desk Reference’

The economic evaluation was performed by multi-
plying the cost of each medical resource item by the
probability of incurring that cost and comparing the
difference in related costs between the treatment
arms. Excluding the cost of chemotherapy, the mean
cost savings pert cycle of therapy was US $1359, with
the majority of the cost savings due to the difference
in hospitalization of the cisplatin/etoposide patients
for chemotherapy administration (60% of the patients
in the model stayed an average of 3.5 days). Additional
cost savings were realized from differences in nausea,
vomiting, and febrile neutropenia.’

Sensitivity analyses were conducted, as suggested
by 25 Spanish oncologists, by varying three key input
parameters: (1) assuming that no colony-stimulating
factors were used with the cisplatin/etoposide treat-
ment arm; (2) assuming that 40% of the cisplatin/
etoposide patients and 60% of the gemcitabine
patients were hospitalized for chemotherapy adminis-
tration; and (3) assuming that both scenarios 1 and 2
described above occurred simultaneously. Under these
Worst-case scenarios, cost savings per cycle would be
reduced by 35%, 29%, and 42%, respectively.’

In the original paper describing the results of this
modeling study,” the cost per cycle of gemcitabine was
unknown because the product was not yet launched in
Spain. Therefore, the original paper concluded that the
mean cost savings per cycle of chemotherapy for geme-
itabine compared with cisplatin/etoposide combination
therapy (excluding chemotherapy costs) was US $1359.
Subsequent to publication of this modeling study, gem-
citabine was approved for treatment of NSCL.C in Spain
and a price for the compound was determined. Upon a
priori addition of chemotherapy costs into the economic
evaluation, the mean cost savings per cycle of
chemotherapy for gemcitabine compared with cis-
platin/etoposide combination therapy would theoretical-
ly be reduced from US $1359 to US $787. The results of
this study suggest that gemcitabine may be a cost-saving
alternative to cisplatin/etoposide treatment of NSCLC
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in Spain even when chemotherapy cost differences are a
priori taken into account.

Germany

The German economic modeling study*® was a
retrospective, nonrandomized, cost minimization
analysis designed to test the clinical outcomes and
potential cost savings of gemcitabine monotherapy
compared with ifosfamide/etoposide combination ther-
apy for palliative treatment of stages IT1I/IV NSCLC in
Germany. The clinical data for modeling gemcitabine
therapy were taken from the E018 trial' described ear-
lier, and the ifosfamide/etoposide combination data
were taken from Drings et al,’” Wellens et al,® and
Ettinger.’ The study was performed by Cambridge
Pharma Consultancy, Policy and Economics Group,
Cambridge, England, for Eli Lilly-Germany. The per-
spective of the economic evaluation was. that of the
authorized health insurance program (Gesetzliche
Krankenkassen).”* The dosing schedules for the two
chemotherapeutic regimens were as follows: ifos-
famide 1500 mg/m’ plus mesna 20% (300 mg/m®) on
days 1-5 and etoposide 120 mg/m® on days 1-3 of a 28-
day cycle vs gemcitabine 1250 mg/m?* on days 1, 8, and
15 of a 28-day cycle.”® The median’ survival time for
gemcitabine of 9.4 months’ was similar to that modeled
for the ifosfamide/etoposide combination therapy of
8.0 months.** The key assumption in this analysis was
equivalent efficacy (ie, survival) between gemcitabine
monotherapy and ifosfamide/etoposide combination
therapy, which led to a cost minimization design for the
economic evaluation. The economic model used only
direct medical costs (ie, diagnosis and staging,
chemotherapy administration, management of adverse
events) and did not use discounting of costs because
most patients with NSCLC live less than 1 year, there-
by rendering discounting of costs unnecessary.*’

The probabilities for adverse events from gem-
citabine were estimated from the E018 clinical trial'
described earlier, and those from ifosfamide/etoposide
were estimated from the literature.”® Treatment pat-
terns for adverse events were based on expert opinion.
It is common practice in Germany for the ifosfamide/
etoposide chemotherapeutic regimen to be given while
the patient is hospitalized; therefore, it also was
assumed that any adverse events that required hospi-
talization would take place during the hospitalization
for chemotherapy administration. Costs reimbursed
through the authorized health insurance program were
assigned using the Gebuhrenordnung fur Arzte (fee
scale for physicians). The data and costs were analyzed
by multiplying each medical resource cost by the prob-
ability of incurring that particular cost and then com-

paring the differences between related costs for each
chemotherapeutic regimen.”’

Excluding the cost of chemotherapy, the mean cost
savings per cycle of therapy with gemcitabine com-
pared with ifosfamide/etoposide combination therapy
in Germany was US $892; the largest single contributor
to the cost savings was the location of chemotherapy
administration (65%), with the cost of managing toxici-
ties accounting for the remaining differences (35%).
Sensitivity analyses were performed on the number of
hospital days, cost of an outpatient day, hotel costs,
leukopenia, and nausea and vomiting probabilities. If
ifosfamide were to be given as a 3-day inpatient treat-
ment regimen rather than as a 5-day inpatient treat-
ment regimen, the cost savings per cycle of therapy
would be reduced by 28%. Sensitivity analyses on the
other variables had no appreciable impact on the cost
savings per cycle of therapy.*®

In the original paper describing the results of this
modeling study,’ the cost per cycle of gemcitabine was
unknown because the product was not yet launched in
Germany. Therefore, the original paper concluded that
the mean cost savings per cycle of chemotherapy for
gemcitabine compared with ifosfamide/etoposide com-
bination therapy (excluding chemotherapy costs) was
DM 1512 (US $892). Subsequent to publication of this
modeling study, gemcitabine was approved for treat-
ment of pancreatic cancer in Germany and a price for
the compound was determined. Upon a priori addition
of chemotherapy costs into the economic evaluation,
the mean cost savings per cycle of chemotherapy for
gemcitabine compared with ifosfamide/etoposide com-
bination therapy would be reduced from DM 1512 (US
$892) to DM 1083 (US $639). The results of this study
suggest that gemcitabine may be a cost-saving alterna-
tive to ifosfamide/etoposide treatment of NSCLC in
Germany even when chemotherapy cost differences
are a priori taken into account.

Sweden
The Swedish economic modeling study” was a
retrospective, nonrandomized, cost minimization

analysis designed to test the potential cost savings of
gemcitabine monotherapy compared with cisplatin/
etoposide combination therapy and ifosfamide/etopo-
side combination therapy for palliative treatment of
stages III/IV NSCLC. The clinical data for modeling
gemcitabine therapy were taken from the E018 trial'
described earlier. The clinical data for the
cisplatin/etoposide combination therapy were taken
from Crino et al," Leung et al,” Klastersky et al,”
Rosso et al,' and Weick et al.”” The clinical data for
ifosfamide/etoposide were taken from Drings et al’ and
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Wellens et al.® The study was performed by the
Swedish Insticute for Health Economics located in
Lund, Sweden, for Eli Lilly-Sweden. The perspective
for the economic evaluation was that of Swedish soci-
ety. The dosing schedules for the chemotherapeutic
regimens were as follows: (1) gemcitabine 1000 mg/m’
on days 1, 8, and 15 of a 28-day cycle; (2) cisplatin 120
mg/m’ on day 1 and etoposide 100 mg/m® on days 1-3
of a 28-day cycle; and (3) ifosfamide 1500 mg/m’ plus
mesna 20% (300 mg/m®) on days 1-5 and etoposide 120
mg/m’ on days 1-3 of a 28-day cycle. The median sur-
vival time of patents receiving gemcitabine (8-10
months) was similar to that modeled for cisplatin/
etoposide and ifosfamide/etoposide (6-9 months).”

The key assumption for this analysis was equiva-
lent efficacy (ie, survival) between gemcitabine
monotherapy and the combination therapies, which
led to a cost minimization design for the economic
evaluation. The economic model used direct medical
costs (ie, chemotherapy administration, laboratory

" tests, management of adverse events) and direct non-
medical costs (ie, transportation and hotel costs). The
model did not use discounting of costs because most
patients with NSCLC live less than 1 year, thereby
rendering discounting of costs unnecessary. The prob-
abilities for adverse events with gemcitabine were
estimated from the K018 trial' described earlier. The
probabilities for adverse events with the combination
therapies were identified through the literature.”*""
All treatment patterns for adverse events were based
on Swedish expert opinion. Drug costs were based on
FASS 96: Likemedel i Sverige,” and other treatment
costs were estimated from accounting systems and
price lists from the University Hospital located in
Lund, Sweden.

The data and costs were analyzed by multiplying
each direct cost by the probability of incurring that
particular cost and comparing the differences between
each chemotherapeutic regimen. Total costs for the
first cycle of therapy with gemcitabine, cisplatin/
etoposide, or ifosfamide/etoposide were Swedish
krona (SEK) 13,266 (US $1965), SEK 15,131 (US
$2241), and SEK 25,226 (US $3736), respectively,
which represents cost savings of SEK 1865 (US $267)
compared with cisplatin/etoposide and SEK 11,960
(US $1778) compared with ifosfamide/etoposide.”
The location of chemotherapy administration
accounted for the majority of cost savings associated
with gemcitabine because 60% of the costs associated
with the combination regimens were hotel charges.
The cost of managing toxicity was the second most
important element of cost savings associated with
gemcitabine."

Sensitivity analyses were performed on the loca-
tion of chemotherapy administration, travel distance,
and the need for a wig. If gemcitabine were given on
an inpatient basis, total costs would increase to SEK
19,644 (US $2910). If ifosfamide/etoposide were
administered on an outpatient basis, total costs would
still be greater than those for gemcitabine. If 25% of
cisplatinfetoposide patients were treated as outpa-
tients, total costs would decrease to SEK 13,560 (US
$2009)." Travel distance impacted the cost of gem-
citabine therapy more than it did the cost of the com-
bination therapies due to the dosing schedule (ie,
three separate trips to the treatment center per month
tfor gemcitabine compared with one trip for both com-
bination regimens). Varying the number of patients
needing a wig still demonstrated cost savings for gem-
citabine. The results suggest that gemcitabine may be
cost saving for the treatment of NSCLC in Sweden
based on its suitability for outpatient administration
and favorable toxicity profile.

Belgium

The Belgian economic modeling study” was a
retrospective, nonrandomized, cost minimization
analysis designed to test the potential cost savings of
gemcitabine monotherapy compared with cisplatin/
etoposide combination therapy and carboplatin/
etoposide combination therapy in palliative treat-
ment of stages I1I/IV NSCLC. The clinical data for
modeling gemcitabine therapy were taken from the
E018 trial' described earlier, and clinical data for the
combination therapies were taken from the litera-
ture. The study was performed by Ralph Crott,
PhD, MPH, of the Catholic University of Louvain,
Belgium, for Lilly-Benelux. The perspective for the
economic evaluation was that of a third-party payer
in Belgium. The dosing schedules for the
chemotherapeutic regimens were as follows: (1)
gemcitabine 1000 mg/m®on days 1, 8, and 15 of a 28-
day cycle; (2) cisplatin 60-120 mg/m® on day 1 and
etoposide 80-120 mg/m* on days 1-3 of a 28-day
cycle; and (3) carboplatin 300-365 mg/m’® on day 1
and etoposide 80-120 mg/m® on days 1-3 of a 28-day
cycle. The model focused on side effects and toxic-
ities such as anemia, thrombocytopenia, neutrope-
nia, infection, emesis, flu-like symptoms, edema,
and fever and made no assumptions concerning effi-
cacy for the various treatment regimens. The model
included only direct medical costs (ie, chemothera-
py administration, laboratory tests, management of
toxicities) and excluded indirect costs.”

The probabilities for adverse events with gem-
citabine were estimated from the E018 clinical trial’
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described eailier. The probabilities for adverse events
from the combination therapies were estimated from
the literature. 'Treatment patterns for adverse events
were based on a survey of standard care and opinion
from Belgian experts. Costs were calculated per cycle
and estimated for total cycles of therapy (3-3.5 cycles
for gemcitabine and 2.4-2.8 cycles for the combination
regimens). Because gemcitabine was not launched in
Belgium at the time the economic evaluation was per-
formed, cost for gemcitabine therapy was included by
using values in Belgian francs (BEF) 20,785 (US
$660), BEF 24,092 (US $765), BEF 26,769 (US $850),
to BEF 29,446 (US $935)."”

The data and costs were analyzed by using a deci-
sion-tree model that incorporated the probability of
occurrence for each of the toxicities described earlier
multiplied by the total costs for each regimen and
then comparing the results. Total costs for one cycle of
cisplatin/etoposide and carboplatin/etoposide were
BEF 58,955 (US $1872) and BEF 69,019 (US $2192),
respectively. 'Total costs for one cycle of gemcitabine
were BEF 44,778 (US $1422) to BEF 51,733 (US
$1643), depending on the cost of gemcitabine therapy
as described above. Total costs for all expected cycles
of cisplatin/etoposide and carboplatin/etoposide were
BEF 176,864 (US $5616) and BEF 179,434 (US
$5698), respectively. Total costs for all expected cycles
of gemcitabine were estimated between BEF 145,563
(US $4622) and BEF 168,167 (US $5340), depending
on the cost of gemcitabine therapy. The cost savings
observed for gemcitabine were attributed primarily to
outpatient administration and secondarily to lower
incidence of serious toxicities such as febrile neu-
tropenia.’” The results suggest that gemcitabine may
be cost saving for the treatment of NSCLC in
Belgium based on its favorable toxicity profile and
suitability for outpatient administration. These results
will need to be verified once the efficacy profile for
gemcitabine in the treatment of NSCLC is better
established through subsequent clinical trials.

Canada

The Canadian economic modeling study”® was
a retrospective, nonrandomized, cost-effectiveness
analysis designed to estimate the clinical outcomes
and total direct costs of gemcitabine monotherapy
compared with best supportive care (BSC) for stage [V
NSCLC. The clinical data for modeling gemcitabine
were taken from the E018 trial' described earlier, and
the clinical data for BSC were taken from Rapp et al”
and Jaakkimainen et al.” The study was performed by
William Evans, MD, Ottawa Regional Cancer Center,
Ontario, for Eli Lilly-Canada. The perspective for the

economic evaluation was that of the Canadian govern-
ment as payer in a universal healthcare system. The
dosing schedule for gemcitabine was 1000 mg/m’® on
days 1, 8, and 15 of a 28-day cycle.! The model com-
pares the overall survival of patients with stage IV
NSCLC from the E018 clinical trial’ with the survival
of stage IV patients managed by BSC.” It was
assumed that patients receiving BSC would require
23.6 days of terminal care in the hospital and that
patients receiving gemecitabine would receive 3.3
cycles of therapy and require 17.1 days of terminal
care in the hospital. The economic model used only
direct medical costs paid by the Canadian government
(ie, diagnosis, chemotherapy administration, radio-
therapy, healthcare professional fees, hospitalization)
and excluded indirect costs and costs borne by the
patient.”® The study made no assumptions concerning
toxicity differences between gemcitabine and BSC
and excluded them from the economic model.
Diagnostic costs, physician fees, and costs of labo-
ratory tests were estimated from the Ontario schedule
of fees. Cost of hospitalization for diagnosis was esti-
mated from the Ontario Cancer Registry, and cost of
hospitalization for terminal care was estimated from

~ the Princess Margaret Hospital, Toronto, and from the

A. Maxwell Evans Clinic of the Cancer Control
Agency of British Columbia, Vancouver. Costs for
other healthcare professionals were estimated by the
Ottawa Regional Cancer Center. Because gemcitabine
was not launched in Canada at the time the economic
evaluation was performed, cost for gemcitabine thera-
py was included by using values from Can $800 (US
$584), Can $1000 (US $730), Can $1200 (US $876), to
Can $1800 (US $1314).*

The analyses were performed by using the lung
cancer costing model of the Population Health Model
developed by Statistics Canada (Ottawa, Canada).”
This model generates a theoretical cohort of patients
with various stages of NSCL.C based on incidence and
assigns treatment, disease progression, and survival
time based on the medical literature. The model esti-
mated that total annual costs for treating all patients
with BSC would be Can $91.4 million (US $66.7 mil-
lion). The model estimated that total annual costs for
3.3 cycles of gemcitabine for all patients would range
from Can $94.3 million (US $68.8 million) to Can
$108.8 million (US $79.4 million), depending on the
cost of gemcitabine. Estimated cost per life-year
gained with gemcitabine ranged from Can $1609 (US
$1174) to Can $9529 (US $6955), depending on the
cost of gemcitabine.”

Sensitivity analyses were performed on survival
time and the number of days for hospitalization. If sur-
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vival were decreased by 25%, the cost per life-year
gained with gemcitabine increased and ranged from
Can $2054 (US $1499) to Can $11,956 (US $8727),
depending on the cost of gemcitabine. If survival were
decreased by 50%, the cost per life-year gained with
gemcitabine increased and ranged from Can $2839
(US $2073) to Can $16,230 (US $11,847), depending
on the cost of gemcitabine. Increasing the number of
hospital days for patients receiving gemcitabine
decreased the cost-effectiveness ratios for gem-
citabine.” The paper concluded by stating that the
estimated cost effectiveness for gemcitabine is com-
petitive with that of many other reimbursed health-
care interventions in the Canadian environment and
that reservations about cost and cost effectiveness for
gemcitabine should not be a barrier to using the prod-
uct in clinically appropriate situations.'

Italy

The Italian economic modeling study” was a
meta-analysis comparing four cisplatin-containing
chemotherapy regimens for palliative treatment of
stages IIIB/IV NSCLC. The perspective taken for
the economic evaluation was that of a third-party
payer in Italy. The study was performed by the
Insticute for Medical Informatics and Biostatistics,
Basel, Switzerland, for Lilly-Italy. The four cis-
platin-containing treatment regimens were as fol-
lows: (1) gemcitabine/cisplatin; (2) mitomycin/
ifosfamide/cisplatin; (3) etoposide/cisplatin; and (4)
cisplatin/vinorelbine. The efficacy and safety data
were calculated from an international literature
search with formalized inclusion and exclusion crite-
ria as defined by Palmer and Brandt.” Based on the
literature search, one study was identified to repre-
sent the gemcitabine/cisplatin treatment arm
(n = 48),” one study was identified to represent the
mitomycin/ifosfamide/cisplatin treatment arm (n =
133),” three studies were identified to represent the
etoposide/cisplatin treatment arm (n = 325),” ** and
two studies were identified to rep-resent the cis-
platin/vinorelbine treatment arm (n = 327).%% A sur-
vey was performed utilizing two Italian specialists in
the treatment of NSCL.C who provided information
concerning the use of these four treatment regimens
in the Iralian environment.

Direct medical costs were calculated based on gov-
ernment reimbursement rates for diagnosis-related
groups, hospital admission for the administration of
chemotherapy, and management of World Health
Organization grade 3 and 4 toxicities.”® The reim-
bursement values for chemotherapy regimens and
concomitant medications associated with each

chemotherapeutic regimen were taken from the offi-
cial reimbursement publication.” The cost of gem-
citabine was assumed to be 1.3 million Italian lira (US
$829) per cycle of therapy because the product was not
yet approved for therapy at the time of the study and
was consequently not listed on the reimbursement
schedule. As with the modeling studies previously
reviewed, discounting of medical costs was not per-
formed due to the short survival time of NSCLGC
patients of less than 1 year. The average cost effec-
tiveness (ie, cost per tumor response) was calculated
for each treatment arm along with marginal cost effec-
tiveness as defined by Garattini et al.* The additional
costs to obtain a NSCLC tumor response when using
mitomycin/ifosfamide/cisplatin, etoposide/cisplatin,
or cisplatin/vinorelbine instead of gemcitabine/cis-
platin also were calculated.

Sensitivity analyses for the average cost-effec-
tiveness ratios were performed in order to identify
sensitive cost elements. In addition, an analysis of
the extremes was performed as suggested by
Garattini et al® by calculating the lowest cost-effec-
tiveness ratio (ie, minimum expected costs, maxi-
mum expected efficacy) and the highest cost-
effectiveness ratio (ie, maximum expected costs,
minimum expected efficacy).

The calculated mean direct medical costs for the
four treatments were as follows (in millions of Italian
lira [1568 Italian lira equal US $1]): 45.2 (95% CI =
36.6, 56.0) for gemcitabine/cisplatin; 36.4 (95% CI =
30.8, 44.0) for mitomycin/ifosfamide/cisplatin; 33.6
(95% CI = 23.4, 47) for etoposide/cisplatin; and 46.8
(95% CI = 40.8, 52.2) for cisplatin/vinorelbine. The
resulting mean cost-effectiveness ratios (ie, cost per
tumor response) when combining the clinical, safe-
ty, and cost data together were as follows (in mil-
lions of Italian lira): 85.7 (95% CI = 62.2, 114.6) for
gemcitabine/cisplating 93.3 (95% CI = 72.2, 118.0)
for mitomycin/ifosfamide/cisplatin; 140.9 (95% CI =
90.2, 197.8) for etoposide/cisplatin; and 131.9 (95%
CI = 98.9, 178.1) for cisplatin/vinorelbine.” Further
analyses of the marginal cost-effectiveness ratios
showed the use of mitomycin/ifosfamide/cisplatin,
etoposide/cisplatin, or cisplatin/vinorelbine instead
of gemcitabine/cisplatin would result in additional
costs of 7.7 million lira (not significant), 55.2 million
lira (P < 0.05), or 46.2 million lira (not significant),
respectively, for each responding patient.
Sensitivity analyses of the data showed that tumor
response had the single greatest influence on the
resulting cost-effectiveness ratios, whereas neu-
tropenia and anemia were the second and third most
sensitive variables.”
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With respect to the limitations of this study, gem-
citabine/cisplatin was significantly more effective than
etoposide/cisplatin regarding tumor response and had
a trend toward greater effectiveness than mitomycin/
ifosfamide/cisplatin and cisplatin/vinorelbine. Direct
medical costs for gemcitabine/cisplatin chemotherapy
were higher than those for mitomycin/ifosfamide/cis-

platin and etoposide/cisplatin, but lower than those for
cisplatin/vinorelbine, although these differences were
not statistically significant. Average cost-effectiveness
ratios demonstrated a trend toward superior cost effec-
tiveness with gemcitabine/cisplatin compared with mit-
omycin/ifosfamide/cisplatin, etoposide/cisplatin, and
cisplatin/vinorelbine. The marginal cost-effectiveness

Table. Retrospective Pharmacoeconomic Evaluations of Gemcitabine Compared with Other Treatment Modalities

in Non-Small Cell Lung Cancer

USA Model**

Spanish Model® German Model*

Comparators

Gemcitabine vs CE

Gemcitabine vs [E

Perspective Private insurance payer

Public healthcare payer

Comprehensive provider

Assumptions

Equivalent efficacy between treatments

Tumor stage

Late-stage NSCLC

Timescale 6 mo (1991 costs)

6 mo (1992 costs)

2 cycles (1992 costs)

Economic methodology

Cost minimization

Costs included in
the modeling

Direct medical costs including diagnosis/staging, chemotherapy
administration, management of adverse events

Gemcitabine treatment
pattern estimates

Resource data from a 161-patient
international study (E018)

Patient chart reviews from a
national oncology database

Comparator treatment
pattern estimates

Local opinion leader surveys

Literature review,
expert opinion

Cost estimates Insurance claims database;

medicine pricing databases

Hospital clinical trial charges; medicine
pricing databases

Community-sector
reimbursement rates

Mean cost savings per uUs $1879*
cycle; gemcitabine vs

other therapies

US $1359*%

US $892+

US $774* more for gemcitabine
vs cisplatin/etoposide

Incremental chemotherapy
cost differences per
cycle (1997)

US $572% more for gemcitabine vs
cisplatin/etoposide

US $253* more for gemcit-
abine vs ifosfamide/etoposide

Major source(s) of
cost differences:
gemcitabine vs other
therapies

antiemetic use

Site of chemotherapy administration; treatment of febrile neutropenia;

Site of chemotherapy

Febrile neutropenia treatment;
Number of hospitalization days

Most sensitive variables

Number of hospitalization days for chemotherapy administration
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ratios demonstrated a statistically significant advantage
for gemcitabine/cisplatin compared with cisplatin/
vinorelbine and a trend toward greater cost effectiveness
for gemcitabine/cisplatin compared with etoposide/cis-
platin and mitomycin/ ifosfamide/cisplatin.”

‘The major difference between this study, the
German modeling study, and the US modeling study

was that chemotherapy administration was modeled as
inpatient for Italy and as outpatient for Germany and
the United States. The derived cost-effectiveness
ratios could be influenced to a greater extent if the
chemotherapy administration for gemcitabine were
shifted to the outpatient setting in Italy. The results of
this study suggest that the gemcitabine/cisplatin treat-

Swedish Model"

Belgian Model"”

Canadian Model"

Italian Model*

Gemcitabine vs CE vs |E

Gemcitabine vs CE vs
carboplatin/etoposide

Gemcitabine vs BSC

Gemcitabine/cisplatin vs CEvs
CV vs MIP

Societal

Third-party payer

Public healthcare payer

Third-party payer

Equivalent efficacy
between treatments

Adverse events only

Efficacy differences

Late-stage NSCLC

3 cycles (1996 costs)

3-3.5 cycles for Gemzar; 2.4-2.8
cycles for others (1994 costs)

3.3 cycles (1993 costs)

4 cycles (1994 costs)

Cost minimization

Cost effectiveness

Cost effectiveness using
meta-analysis

Direct medical costs including
diagnosis/staging, chemo-
therapy administration, man-
agement of adverse events

Chemotherapy administration and
management of adverse events
(Canadian study only)

Direct medical costs including diagnosis/staging, chemotherapy
administration, management of adverse events, and terminal care
(terminal care only in Canadian study)

Resource data from a 161-patient
international study (E018)

Phase Il study of gemcitabine
and cisplatin in advanced NSCLC

Literature review,
expert opinion

Expert opinion

NCIC clinical trial

Literature review and meta-analysis
techniques

Accountihg systems and
price lists from a Lund
hospital

Local reimbursement listings

Ontario health insurance program

Hospital-based DRG reimburse-
ment rates; official drug reim-
bursement lists

US $267F vs CE
US $1778% vs IE

Up to US $935% vs either therapy

US $1174-6955% per life-year gained
vs BSC

All cycles: US $4910% vs
MIP; US $35,2041 vs CE;
US $29,4641 vs CV

Not applicable; chemotherapy costs were included in the pharmacoeconomic evaluations

Differences in adverse event management

Drug administration

Response rate differences

Site of chemotherapy

Terminal care; hospital days

Tumor response rate; hospital
days

BSC = best supportive care; CE = cisplatin/etoposide; CV = cisplatinivinorelbine; DRG = diagnosis-related groups; IE = ifosfamide/etoposide; MIP =
mitomycin/ifosfamide/cisplatin; NCIC = National Cancer Institute of Canada; NSCLC = non-small cell fung cancer ‘

*Excludes chemotherapy costs as gemcitabine costs were not available at the time these studies were performed. Drug costs need to be considered
in any cost minimization analysis.

fincludes cost of chemotherapy.

*Cost source = International Marketing Services (IMS) data, third quarter of 1996; weighted average of net wholesale prices
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ment regimen may be more cost- ffective than the
other three regimens; however, this result must be
confirmed in well-designed and adequately controlled
clinical studies.

- DISCUSSION -

The results from each of the seven retrospective
pharmacoeconomic evaluations of gemcitabine in the
treatment of advanced NSCLC described in this
review suggest that gemcitabine given as monothera-
py or in a combination regimen may be cost saving or
perhaps even cost-effective largely because gem-
citabine can be administered in an outpatient setting
and it has a lower side-effect and toxicity profile. The
table summarizes the main modeling components and

results for each of the pharmacoeconomic studies of

gemcitabine described in this review.

The table begins by describing each of the model-
ing studies’ relevant comparators, perspectives,
assumptions, and so forth, which make up the key
inputs for the final results of each study. These results
are presented in the row titled “Mean Cost Savings
Per Cycle: Gemcitabine vs Other Therapies.”
Immediately under this row is a row titled
“Incremental Chemotherapy Cost Differences Per
Cycle (1997).” This row was inserted to hypothetical-
ly adjust the results of the US,** Spanish,” and
German® modeling studies to control for the exclusion
of chemotherapy drug costs for gemcitabine compared
with the other therapies because the price for gem-
citabine was unknown in each of these countries at the
time these studies were performed. The cost figures
in the table correspond to the incremental difference
in price between gemcitabine and each comparator
based on a weighted average of net wholesale prices
from Internal Market Services (IMS) data taken in the
third quarter of 1996 from each country. Theoretically,
one could adjust the mean cost savings derived for
each study by subtracting the incremental cost differ-
ence in chemotherapies from the mean cost savings
per cycle and arrive at a figure that would be roughly
comparable in content to that obtained for the other
four studies. For instance, the mean cost savings per
cycle from the US, Spanish, and German studies
would be reduced to US $1105, US $787, and US
$639, respectively. These figures still represent cost
savings for gemcitabine compared with the other
chemotherapeutic regimens for each country.

The major limitations of these studies revolve
around the retrospective nature of each economic
evaluation, which places significant weight on the
assumptions used in each model and the nonrandom-

ized nature of patient selection. Due to the retrospec-
tive nature of each modeling study, important vari-
ables such as disease-related symptoms, quality of
life, and posttreatment follow-up costs were not
assessed, thereby increasing the chance for potential-
ly biased findings. The nonrandomized design of each
modeling study also may have resulted in an uneven
match between the study groups with respect to
patient performance status and other important dis-
ease-related variables, which also could bias the find-
ings. Subsequent to publication of these modeling
studies, it has become apparent that greater percent-
ages of chemotherapy treatment are being performed
in the outpatient setting, regardless of the chemother-
apy treatment regimen, thereby rendering estimates
for outpatient chemotherapy in each study too low.
However, at the time each study was performed in
each country, the outpatient chemotherapy treatment
estimates reflected local clinical practice.

The estimates for outpatient chemotherapy regi-
mens and the resulting cost savings used in these mod-
eling studies were consistent with a previous study
published by Souadjian et al, which estimated that out-
patient chemotherapy treatment regimens saved
between 10% and 70% of the total cost attributed
to inpatient chemotherapy regimens.” Moreover,
Jaakkimainen et al reported similar estimates related to
the percentage of the total cost accounted for by indi-
vidual resources per patient expenditure in a Canadian
population.” The lower toxicity and side-effect profile
for gemcitabine may offer significant benefits to
NSCLC patients over and above any economic savings
associated with outpatient treatment settings, which
need to be evaluated in the future.

- CONCLUSION -

The economic modeling studies profiled in this
review offer a valuable preliminary evaluation of the
potential cost savings or cost effectiveness of gem-
citabine in an oncology clinical practice setting.
These retrospective economic evaluations of gem-
citabine will be followed up in the future with natu-
ralistic economic studies and other economic
evaluations targeting patients in actual oncology
clinical practice settings and not those patients who
took part in clinical trials. Significant population-
related differences are likely to exist between
patients enrolled in clinical trials and those seeking
oncology treatment through normal mechanisms,
thereby limiting generalizability of the results from
these initial economic evaluations to routine clinical
practice.
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Future health economics research programs for
gemcitabine will involve further elucidation of the
side-effect and toxicity profile as measured through
quality-of-life instruments, prospective economic
evaluations of gemcitabine in phase III clinical trial
settings, and phase IV naturalistic studies in NSCLC
and additional tumor types.
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