Anti-Cancer Drugs 1998, 9, pp. 843847

Economic evaluation of chemotherapy

Review of cost—effectiveness assessments of
chemotherapy in adjuvant and advanced breast
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Economic assessments of treatment alternatives in breast
cancer have been predominantly ones addressing the role
and type of adjuvant therapy. These assessments have
shown that the effectiveness of the intervention drives the
cost—effectiveness results. Other key factors were the
relative risk of recurrence, the time frame considered and
only minimally the costs of the intervention. Assessments in
advanced breast cancer are few in parallel with the limited
number of phase Ill trials. Future assessments should
address neoadjuvant therapy, high-dose adjuvant therapy
and agents that alter disease associated complications
agents such as biphosphonates. [© 1998 Lippincott Williams
& Wilkins.]
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Introduction

As other papers in this special issue have noted, the
inability to contain the costs of health care and curtail
its growth is a major public policy issue in all Western
societies. As Eisenberg has stated, ‘‘to suggest that
medical decision making can be divorced from
consideration of cost denigrates the complexity of
patient care”.! In the US, oncology services have been
a particular focus of attention since they consume an
increasingly relative amount of hospital resources, is
an area with a diverse set of recent advances due to
biotechnology innovations, a reluctance to stop ‘active
therapy’, and a blurriness of the line between
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established and investigational therapy. Tools are
available to aid health planners in the assessment of
alternative allocation of limited health care resources.
The application of economic principles to medicine
only addresses how to do so more effectively, not the
absolute size of total revenues consumed or allocated.
The tools of meta-analysis, decision analysis and cost-
effectiveness analyses are each quantitative methods
used to combine information to arrive at a summary
conclusion, and have been essential to our research.?
Although each method may appear intuitively easy,
their proper conduct can be complex and rely on
multifaceted methodology. The skills required to do
these types of analysis are also used in other areas of
outcomes research and are cornerstone steps used in
practice guideline development: extensive knowledge
of research study design, practical skills and knowl-
edge of the limitations and data collection, statistics,
and critical appraisal of the published literature.

To date, the majority of our group’s work in the
assessment of the cost-effectiveness of oncologic
interventions has focused on breast cancer. In this
short review, we will revisit the findings of our past
work, discuss selected work done by others and
highlight areas in breast cancer ripe for future
assessments.

Assessments of adjuvant
therapies

Breast cancer readily leads itself to such assessments
since it is the area with the most randomized
controlled trials and meta-analyses. Adjuvant therapy
is a classic setup for decision analysis since the
toxicities, costs and inconvenience of the adjuvant
therapy occur immediately while the potential benefits

Anti-Cancer Drugs - Vol 9. 1998 843



BE Hillner

will occur, if they occur, in the future. The scientific
evaluation of adjuvant therapy after primary surgical
treatment for early breast cancer has evolved gradually
over the last two decades (see Table 1). The landmark
1988 meta-analyses from the Early Breast Cancer
Trialists' Collaborative Group (EBCTCG) confirmed
the effectiveness of chemotherapy for node-positive
pre-menopausal woman and tamoxifen especially for
postmenopausal woman.? Despite over 23000 wo-
men from 61 trials being assessed in the meta-analyses,
controversies persisted for many reasons including the
limited long-term follow-up, the larger relative effec-
tiveness in disease-free survival compared to overall
survival and the size of the benefit in absolute when
compared to relative effect.

Our group developed a decision analysis model that
addressed the incremental benefits and cost-effective-
ness of chemotherapy that was originally used for
nodenegative breast cancer and has subsequently
been extended to other settings of early breast
cancer.*® The impetus for this work was the 1988
National Cancer Institute Clinical Alert to all physicians
recommending that all node-negative breast cancer
patients should be considered for treatment with
adjuvant chemotherapy.” The thrust of this contro-
versy focussed on the difference on the relative versus
absolute benefit since women with node-negative
disease have a relatively low risk of subsequent
systemic recurrence and the number of events in the
three trials on which the Clinical Alert was based were
few. This model used a Markov process to calculate
the cumulative outcomes of women who receive
adjuvant therapy or not. The model described nine
different health states possible after diagnosis from
wellness to death. Simultaneously, all women experi-
ence anxiety about their potential future survival, may
experience the adverse effects of chemotherapy if
given, incur the costs of treatment and the majority
will experience no increase in their survival. The
model used the conceptual framework outlined in

Table 1. Adjuvant therapies options

Table 2. The model addresses the question from a
societal perspective using hypothetical cohorts of
women who are subsequently followed using a
mathematical Markov process to assess their lifetime
survival and risk of recurrence. The efficacy of one
group receiving chemotherapy was based on treat-
ment efficacy derived from reported randomized
clinical trials. The initial study used a relative risk
reduction of 30% that was subsequently confirmed by
the 1992 meta-analysis.>® Two additional features of
the efficacy of therapy were correctly modeled: the
relative risk reduction is constant for a high or low risk
of recurrence, therefore the absolute benefit will be
greatest in those at greatest risk. In addition, the
benefit of any form of adjuvant therapy appears to
plateau after 5 years. After that, the recurrence curves
are nearly parallel.

The model considered only direct health care costs
based on a retrospective cost analyses of individuals at
one academic health center. These estimates were
based on a tracking fee for service patients charges and
then adjusting these to estimate actual costs, drug
purchasing costs and published estimates for treating
disease recurrence. The model was done with and

Table 2. Conceptual framework used in cost—effective-
ness assessments decision of adjuvant therapies in
breast cancer*®

Hypothetical cohorts

Societal perspective

Lifetime perspective estimating cost—effectiveness and
cost—utility

Efficacy derived from published randomized trials or
meta-analysis

Direct health care costs

Retrospective cost based on chart review and published
estimates

Quality of life when included based on results obtained
from surrogates using a linear analog scale

No specific co-morbidities considered or excluded

Pre-menopausal

Post-menopausal

Elderly

Node-negative, ER—
Node-negative, ER+

chemotherapy versus &
chemotherapy versus tamoxifen

Node-positive, ER —
Node-positive, ER+

chemotherapy
tamoxifen+chemotherapy
versus chemotherapy

chemotherapy versus @
tamoxifen versus

chemotherapy
chemotherapy+tamoxifen

@ versus chemotherapy
tamoxifen versus @
chemotherapy-+tamoxifen

chemotherapy versus @
tamoxifen

versus tamoxifen

The more commonly used strategy in the US is shown to the left. Additional prognostic factors such as S phase, ploidy and Heu-2 have been

excluded.

Note: to date, no economic assessments of ovarian ablation are available.
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without quality of life adjustments based on the use of
a linear analog scale of surrogates. Since this was a
hypothetical cohort—no specific co-morbidities were
considered or patients were excluded.

The model showed that the benefit of adjuvant
chemotherapy was highly dependent on the likelihood
of disease recurrence that varied with patient age and
biological features of the tumor. For example, an
average 45-year-old women with an estimated recur-
rence risk of 4% would have survival benefit of an
increase in quality-adjusted life expectancy of about 5
months. However, for older women with smaller
cancers the benefit would decrease to less than 1
month. In contrast, in women with an 8% annual
probability of recurrence, such as those with a large,
estrogen receptor-negative tumor, the treatment
would increase quality-adjusted survival by approxi-
mately 8 months.

Models translating the results of the meta-analysis
into units that are more intuitively accessible to
patients, physicians and policy makers have been used
to tailor recommendations to individual patients and
guide policy development. What remains a distressing
finding is that many surveys have repeatedly shown
that the perception that oncologists and woman have
of the therapeutic gain from wuse of adjuvant
chemotherapy markedly overestimates the actual
benefit.”'® A variety of tools to aid patients in their
decision making build upon these analyses: Levine’s
decision board, Ravdin’s computer program Adjuvant!
and the Foundation for Shared Decision Making Video
series.!'!? In many ways, to American oncologists
showing that for most women at average or high risk
for subsequent recurrence the incremental cost-
effectiveness is less than $30000 per quality-adjusted
life-year was ‘icing on the cake’ since they were
already extensively giving chemotherapy. To many it
was surprising that the estimated costs of chemother-
apy (or tamoxifen) were not a particularly sensitive
factor. Our local tracking of drugs costs, preparation,
delivery, physician fees, laboratory monitoring and
potential anti-emetics assuming no hospitalizations for
six cycles of cyclophosphamide+methotrexate+fluoro-
uracil (CMF) or four cycles of adriamycin+cyclopho-
sphamide in standard doses were each about $6000.
Messori in his retrospective economic analysis of CMF
used only $1595 per patient.'>'*

The common key factors for this and subsequent
analyses were the size of the relative reduction in risk
with treatment, the relative risk of recurrence and the
time frame considered. Our assessment of the roie of
tamoxifen in pre-menopausal women shows that for
estrogen receptor-positive woman, tamoxifen should
always be given since it provides meaningful increases

Cost-effectiveness of chemotherapy

in survival at 2 modest cost. This is particularly true in
countries were tamoxifen is now available as a generic
drug with typical costs of less than 25 cents per day.
The larger controversy is whether tamoxifen alone is
sufficient or if it should be combined with chemother-
apy. Our results show that chemotherapy for higher
risk pre-menopausal woman provides additional ben-
efit at a2 modest incremental cost ($14 800-33 100) per
life-year gained. What is surprising, is that many us
oncologist only use chemotherapy and do not follow it
with tamoxifen. In addition, the just published 1998
update from the EBCTCG found the relative efficacy of
tamoxifen if used for 5 years to be 50% compared to
our analyses estimate of 19%."% 1t is likely that
combination therapy is actually cost-saving based on
this efficacy estimate!

In absolute terms, the largest groups of woman
facing the adjuvant therapy decision are woman
between the ages of 51 and 65 who have zero or one
axillary node involved and have estrogen receptor-
positive primary tumors. For these women, the
worldwide standard of care is tamoxifen for 5 years.
Whether adding chemotherapy to tamoxifen provides
any additional benefit remains uncertain, and is the
source of much of the discordance in the patterns of
adjuvant care between the US, Canada and Western
Europe. The 1992 EBCTCG meta-analyses reported on
indirect comparisons of these treatments suggesting
that the combined therapy provided about an
additional 20% relative risk reduction. This was
markedly lower than that seen in NSABP B-16 that
at 3 years of follow-up had about a 50% relative risk
reduction and a 17% absolute risk reduction.'® Our
group modified our model and reported in abstract
form only our results using a 19% relative risk
reduction.!” We found cost-utility ratios of combina-
tion therapy compared to tamoxifen alone added 0.23
years to overall survival, 0.12 quality-adjusted years at
an incremental cost of $58000 per quality-adjusted
year. We are eagerly awaiting the publication of the
next round of the EBCTCG meta-analyses that
includes direct comparisons of these strategies, longer
follow-up for survival effects, and comparisons
between anthracycline and non-anthracycline combi-
nations. Meanwhile, it should be humbling to the
chemotherapy advocates to see the results of the
Gelber Q-TWiST analysis from nine trials involving
over 3900 patients."® With 7 years of follow-up the
modest benefit of increased relapse-free and overall
survival for patients who received chemotherapy just
balanced the costs in terms of acute toxic side effects.
They found that chemotherapy-treated patients
gained an average of 5.4 months of relapse-free and
2 months of overall survival. No values of preference
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weights for time spent undergoing chemotherapy and
time after relapse gave significantly more Q-TWiST
with chemotherapy plus tamoxifen than with tamox-
ifen alone.

Assessments in advanced breast
cancer

In contrast to the adjuvant setting, there are few
comparative randomized controlled trials, particularly
for second-line therapy, that support a specific form of
chemotherapy. Paclitaxel and docetaxel were each
approved in the US for treatment of metastatic breast
cancer based on opendabel phase II trials. We are
unaware of any published cost-effectiveness compar-
isons of alternative chemotherapy regiments outside
bone marrow transplantation.

Since the onset of its use, the debate about the
role of high-dose chemotherapy with autologous
bone marrow transplantation (ABMT) has been as
much about the costs of the procedures as its
efficacy. Although marked improvements in suppor-
tive care with cytokines, peripheral stem cells and
anti-infectives have lowered the morbidity and
mortality of ABMT, the procedure remains very
expensive with costs hovering at 3- to 10fold those
associated with conventional therapy.'® Despite the
costs, its use has continued to grow since many
women believe that ABMT is the only reasonable
approach in an otherwise hopeless situation and
attempts to restrict its use by contract or ‘experi-
mental’ exclusion have been found illegal. Currently,
breast cancer is the most common indication for
ABMT in North America.

In 1992, we reported a new Markov decision model
that addressed this question.?® A key assumption of the
model, which has often been overlooked, was that
ABMT was given only to women in whom the disease
had responded to induction chemotherapy. We found
ABMT was the preferred approach under almost all

assumptions but the size of the benefit varied greatly
with the period of interest. The incremental cost-
effectiveness ratios were $115 800 per life-year using a
5 year time horizon and $28600 if one assumed that
disease-free women at 5 years are subsequently cured
from their breast cancer. Unfortunately, in 1998 all
members of the oncology community are still awaiting
the results of the North American prospective
randomized trials that should clarify but not settle
the issue. An economic companion assessment to
these trials is planned.

In addition to chemotherapy, Bates and colleagues
have recently reported a model that addressed the role
of a cardioprotective agent, dexrazoxane, in prevent-
ing anthracycline-induced caridiotoxicity.>' The analy-
sis attempted to abstract clinical events from the
clinical trials assessing dexrazoxane. They found that
therapy with dexrazoxane costs $5661 per cardiac
event prevented. However, what remains problematic
is that some studies found that the agent reduced the
efficacy of chemotherapy that would like be deleter-
ious to the cost-utility ratios.

Improved assessments and new
issues in breast cancer

The previously described decision analysis models are
based on hypothetical cohorts of patients. There are a
few studies using a retrospective design assigning the
community effectiveness of therapy. The most promi-
nent breast cancer example is the British Columbia
study of the effectiveness of adjuvant therapy.*
However, retrospective assessments are limited by
wellknown flaws and plagued by incompleteness. The
future of cost and outcomes assessments lies in the
prospective assessment of cohorts in a randomized
trial setting (efficacy) and/or cohorts within an
integrated delivery (effectiveness). In the randomized
trial settings doing an economic analysis within the
clinical trial is being increasingly considered and

Table 3. Other current or potential situations in breast cancer amenable to pharmacoeconomic assessments

Options

Neoadjuvant chemotherapy
High-risk stage Il (=10 positive nodes)

Limited stage metastatic breast cancer

Taxanes versus anthracycline regimens as first-line
therapy in hormone-resistant metastatic disease

Biphosphonates in the prevention of metastatic bony
complications

pre- versus post-operative

standard chemotherapy versus high-dose chemotherapy
with stem cell support

high-dose chemotherapy versus standard chemotherapy

numerous combinations

pamidronate versus @
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occasionally incorporated into primary data collected
with a specific trial. This topic was recently addressed
at a conference sponsored by the National Cancer
Institute.”> Schulman and colleagues have been
involved since the onset in the ECOG high-dose
therapy adjuvant trial that should be reported in
1999. We are unaware of any current prospective
economic assessments within the US in integrated
health plans.

Table 3 lists some areas that I believe will be ripe for
future cost-utility assessments in breast cancer. Each
of these will likely be dependent on patient-specific
utilities since substantial differences in survival are
unlikely (with the possibly exception of high-dose
adjuvant therapy).
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