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SPECIAL ARTICLE

EFFICACY AND COST EFFECTIVENESS OF ADJUVANT CHEMOTHERAPY IN WOMEN WITH
NODE-NEGATIVE BREAST CANCER

A Decision-Analysis Model

Bruce E. HILLNER, M.D., aND THoMas J. SmrtH, M.D.

Abstract Background. In 1988 the National Cancer In-
stitute issued a Clinical Alert that has been widely inter-
preted as recommending that all women with node-nega-
tive breast cancer receive adjuvant chemotherapy.
Acceptance of this recommendation is controversial, since
many women who would not have a recurrence would be
treated.

Methods. Using a decision-analysis model, we stud-
ied the cost effectiveness of chemotherapy in cohorts
of 45-year-old and 60-year-old women with node-negative
breast cancer by calculating life expectancy as adjusted
for quality of life. The analysis evaluated different sce-
narios of the benefit of therapy: improved disease-free
survival for five years, with a lesser effect on overall sur-
vival (base line); a lifelong benefit from chemotherapy;
and a benefit in disease-free survival with no change in
overall survival by year 10. The base-line analysis as-
sumed a 30 percent reduction in the relative risk of recur-
rence for five years after treatment.

N 1990 breast cancer affected more than 150,000
women in the United States; it will eventually be
the cause of death of 25 percent of them.! The 1985
Consensus Development Conference on Breast Can-
cer? and the 1988 Clinical Alert® affected both the ap-
proximately 75,000 women with node-negative breast
cancer and the health care professionals who care for

From the Division of General Internal Medicine, Department of Medicine
(B.E.H.), and the John N. Dalton Oncology Clinics, Massey Cancer Center
(T.J.S.), Medical College of Virginia, Virginia Commonwealth University,
Richmond. Address reprint requests to Dr. Hillner at the Division of General
Internal Medicine, Box 170, MCV Station, Richmond, VA 23298.

Results. For the 45-year-old woman, the base-line
analysis found an average lifetime benefit from chemo-
therapy of 5.1 quality-months at a cost of $15,400 per
quality-year. The 60-year-old women gained 4.0 quality-
months at a cost of $18,800 per quality-year. Under the
more and less optimistic scenarios, the benefit of chemo-
therapy varied from 1.4 to 14.0 quality-months for both
groups.

Conclusions. Chemotherapy substantially increases
the quality-adjusted life expectancy of an average woman
at a cost comparable to that of other widely accepted ther-
apies. This benefit decreases markedly if the changes in
long-term survival are less than in disease-free survival.
Given its uncertain duration, the benefit may be too small
for many women to choose chemotherapy. Selective use
of chemotherapy to maximize the benefit to individual pa-
tients may be possible with refinements in risk stratifica-
tion and explicit assessment of the patients’ risk prefer-
ences. (N Engl J Med 1991; 324:160-8.)

them. The Clinical Alert stated that “chemotherapy
can have a meaningful impact on the natural history
of node-negative breast cancer patients,” which was
widely interpreted as a recommendation for adjuvant
therapy in these women,* although controversy has
continued over the treatment of such patients who are
not in clinical trials.> :

The effectiveness of adjuvant chemotherapy in pro-
longing disease-free survival in women with node-neg-
ative breast cancer is measurable but moderate.’”!"
The effectiveness of adjuvant therapy in prolonging
overall survival is less clear.'""'? Chemotherapy causes
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a short-term decrease in the quality of life of most
patients, and this must be weighed against a possible
chance of prolonged life for the few who will benefit.
The chance of dying because of adjuvant therapy is
low, but most treated patients have side effects, and
the estimated cost of chemotherapy is high — $338
million for the entire group.®

The purpose of this study was to explore the effec-
tiveness of adjuvant therapy in women with node-
negative breast cancer at different levels of risk of
recurrence. We created a model that incorporated the
variables of the risk of recurrence, efficacy of adjuvant
therapy, duration of benefit from adjuvant therapy,
and quality of life. We used decision analysis to evalu-
ate the clinical model, perform sensitivity analyses,
and define thresholds that would assist clinicians in
choosing therapy."

MEeTHODS
Basic Model

We stated the study problem as follows: a woman has undergone
surgery for Stage I or Ila breast cancer that is node negative and
estrogen-receptor negative. Should she receive chemotherapy? The
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decision to accept therapy is based on the patient’s and her physi-
cian’s perceptions of benefit, which depend on the patient’s progno-
sis according to clinical variables, the risk and benefit of chemother-
apy, and the patient’s preference about the prospect of treatment
toxicity.

We developed a decision-analysis model involving two groups:
45-year-old premenopausal women and 60-year-old postmenopaus-
al women. Decision analysis uses a decision tree to consider all the
available options and their possible outcomes systematically in solv-
ing a problem. The methodologic background has recently been
reviewed.'>

These groups represent two typical kinds of patients: premeno-
pausal women who commonly are advised to receive chemotherapy,
and postmenopausal, older women who have the highest incidence
of breast cancer. Our model used a Markov process to calculate the
cumulative value of outcomes in each cohort with and without
adjuvant therapy. A Markov process is a modeling technique used
for conditions in which the prognosis is described by a series of
chance events (adverse outcomes), and the value of these outcomes
depends on whether and when they occur.'® A Markov process has
been useful for modeling diseases in which the same event — the
occurrence of osteoporotic fractures'” or thromboemboli,'®'® for ex-
ample — can happen repeatedly over time.

Figure 1 shows an abbreviated version of the Markov model of
prognosis that we used. The figure shows only four of the nine
health states used in the model. “Health states” are part of the
Markov vocabulary and describe defined categories of health or
disease that apply to a person for a finite period of time. Time-

Year
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1 Chemotherapy
toxicity
2
N
D
N

RISV \\\\\\“\\\
Cancer Dead
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Dead
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Figure 1. Abbreviated Version of the Markov Model Used in the Study.

As an example, the movements from health state to health state of a woman receiving chemotherapy are indicated by solid arrows.

Potential movements are indicated by hatched arrows. The ovals represent states of health at the beginning of each year. In year 0,

everyone was in the well oval. From the well oval, movement into any of the other ovals was possible. The chemotherapy-toxicity oval

could only be entered during year 1. After entry into the cancer-recurrence oval, return to the well oval was impossible. Cancer could
recur during any year. The probability of recurrence was reduced with chemotherapy.
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dependent probabilities determined how the patients in our study
moved from state to state. All the patients began in the well state.
They were tracked through the defined health states at annual inter-
vals. We counted them each year by taking a computer “snapshot”
of each woman, and we assigned credits according to the number of
women in each health state. We adjusted the credits to reflect the
quality of life in each health state (Table 1). For example, a patient
who had her first recurrence of breast cancer during the year con-
tributed only 70 percent of a year to the cohort’s net credits. The
model was run until the entire cohort died or reached the age of 90.
We calculated the average number of years of life, as adjusted for
quality, for each cohort. A quality-adjusted year of life was a nu-
merical description that combined expected survival and expected
quality of life; it was based on the value people place on life in a
given state of health. The difference between the groups was thus a
measure of the benefit of treatment in terms of quality-adjusted life
expectancy.

For each of the two age groups, one cohort received chemothera-
py and one did not. Similar Markov processes were used for the four
cohorts; only the probability of toxic effects of chemotherapy in the
first year and the probability of a first recurrence of breast cancer
differed (Table 1). All the patients were assumed to be without
metastatic disease at the outset. In each subsequent year a woman
could remain free of recurrence (well) or have her first recurrence of
breast cancer. If a first recurrence occurred, the patient might re-
spond to salvage therapy (thus entering the post-first-recurrence
state) or die. Once a patient had a first recurrence, returning to the
well state was impossible. During the year of a first recurrence, the
patient could die or survive (first recurrence). If the patient sur-
vived, during the next year the patient could continue to respond to
salvage therapy given during the first recurrence (thus entering the
post-first-recurrence state) or could have a second recurrence. In
the year of the second recurrence, the patient could die or survive
(second recurrence). We considered a maximum of three recur-
rences. Almost all patients died within four years. The patients who
died in the year of a recurrence contribute nothing to their cohort’s
net credits.

During the first year, the cohorts that received chemotherapy
might have complications associated with treatment — minor toxic-
ity, major toxicity, or death. Minor toxicity was defined as severe
nausea and vomiting or weakness sufficient to require a reduction in
the activities of daily living but not hospitalization, and major toxic-
ity as complications sufficient to require hospitalization. These
health states represented short-term morbidity; with no recurrence
of breast cancer, the patient returned to being well in the model’s
next year.

Modeling the Duration of Benefit from Chemotherapy

A fundamental question is, What is the long-term prognosis for
patients treated with chemotherapy? The majority of studies on
adjuvant chemotherapy for node-negative cancer have found in-
creases in disease-free survival but no effect on overall survival at
the end of the study period. Many oncologists believe that these

Table 1. Health States in the Study Model and Their
Incremental Values.*

HEALTH STATE INCREMENTAL VALUE

BASE LINE RANGE

Well 1.00 1.00

Minor toxicity with chemotherapy 0.90 0.70-1.00
Major toxicity with chemotherapy 0.80 0.50-0.95
First recurrence 0.70 0.60-0.80
After first recurrence 0.85 0.70-0.90
Second recurrence 0.50 0.40-0.60
After second recurrence 0.70 0.60-0.80
Third recurrence 0.30 0.20-0.40
Dead 0.00 0.00

*The incremental value or utility of each health state was the factor used
to adjust for quality of life. The values applied for one year at a time and
were derived from a survey of oncologists and oncology nurses.
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Figure 2. Alternative Models of the Duration of the Survival Bene-
fit of Treatment in Patients with Cancer.

Untreated with adjuvant chemotherapy, the cancer has an annual
probability of recurrence of 10 percent (open circles). Solid circles
indicate the survival curve if treatment has an indefinite or lifelong
benefit in reducing the risk of recurrence by 50 percent. If treat-
ment is beneficial for only five years, the survival curve indicated
by the solid squares would be obtained. Triangles indicate the
survival curve if treatment delays recurrence but has no benefit in
long-term survival. Until year 5 the curves cannot be distinguished
from one another. After year 5 the magnitude of the benefit due to
treatment varies greatly.

results are due to insufficient follow-up and that if patients were
followed for a sufficient period, a commensurate increase in overall
survival would be evident. This belief is based on the assumption
that some patients are permanently cured.'® It is possible, however,
that adjuvant therapy delays but does not prevent the eventual
recurrence of breast cancer. A tumor might respond to chemothera-
py to the extent that it becomes clinically undetectable, but eventu-
ally the surviving cells start to grow again, producing a clinical
recurrence. Since tumors may be kinetically as well as biochemically
heterogeneous, both these outcomes may occur. If so, the initial
benefit in disease-free survival would eventually decrease, but a
benefit in overall survival would remain.

We repeated our analyses with each of the following assumptions:
chemotherapy increases disease-free survival but has less effect on
overall long-term survival, chemotherapy has a lifelong benefit in
altering both disease-free and overall survival, and chemotherapy
increases disease-free survival but does not change overall survival
after 10 years. Survival curves for four hypothetical cohorts of
patients with breast cancer with an annual probability of recur-
rence of 10 percent and a relative efficacy of initial treatment of 50
percent are shown in Figure 2. Relative efficacy or reduction in
relative risk is the annual decrease in the risk of cancer. The
absolute or total reduction in risk would be lower; for the first year
it would be 5 percent (10 percent in the untreated group as
compared with 5 percent if all patients were treated).?’ With
the assumption that the benefit of therapy is limited to the first
five years, the risk of recurrence was reduced by 50 percent in
the first five years but unchanged in years 6 to 10. The model of
maximal benefit assumed that treatment is effective indefinitely. To
model an initial benefit in disease-free survival but no change in
long-term survival required an increased risk of recurrence in
later years. We therefore increased the annual probability by 20
percent for years 6 to 10. With this assumption, the treated groups
had a greater average life expectancy due to the benefits of
therapy in the first five years, but the number of survivors at year
10 was unchanged. Figure 2 shows that the net benefit of treat-
ment, which is represented by the area between any of the
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Table 2. Probability and Cost of Recurrence, Complications of
Chemotherapy, and Death in Women with Node-Negative Breast

Cancer.
BASE-LINE

VARIABLE ESTIMATE RANGE
Annual probability of recurrence (%)%

First recurrence 4 1-10

Second recurrence 70 50-90

Third recurrence 90 80-100
Chemotherapy (%)"'®

Efficacy of chemotherapy* 30 0-50

Minor toxicity 60 20-80

Major toxicity 5 0-10
Death within year (%)%

Chemotherapy 0.5 0.0-1.0

First recurrence 30 20-50

Second recurrence 50 30-70

Third recurrence 90 80-100
Costs in each Markov state ($)1

Chemotherapy, if given 6,000 2,500-9,000

Minor toxicity 1,500 500-3,000

Major toxicity 10,000 2,500-12,000

Scheduled visits if well or disease-free 1,000 200-1,000

Nonfatal first recurrence 6,000 2,500-7,000

Nonfatal second recurrence 10,000 8,000-12,000

Death during first recurrence or chemotherapy 25,000  20,500-30,000

Death during second or third recurrence 10,000 8,500-12,000
Discount rate (%)% 5 0-10

*Relative reduction in the rate of recurrence of breast cancer.
tCharges in 1989 at the Medical College of Virginia and estimates from Medicare data.?®
$Both costs and benefits were discounted.

treatment curves and the no-treatment curve, varied markedly be-
tween assumptions.

Which approach should be used? Long-term trials in patients
with node-positive disease have consistently shown greater benefits
of chemotherapy in increasing disease-free survival and smaller
benefits in improving long-term overall survival.?! Since trials”! in
patients with node-negative disease have shown benefits only in
disease-free survival, we assumed no benefit in long-term overall
survival for years beyond the years of follow-up in published re-
ports. We therefore limited the survival benefit of chemotherapy to
the first five years after treatment, and we considered the alternative
approaches in our sensitivity analyses. A sensitivity analysis is a test
of the stability of the results over a range of clinically relevant
estimates of probability, structural assumptions, or value judg-
ments. Our other assumptions included the following: that chemo-
therapy alters only the probability of a first recurrence of breast
cancer, making the probability of second and third recurrences the
same for both cohorts; that all patients receiving chemotherapy
complete the treatment, receive full therapeutic doses, and have no
long-term disability (unless there is a fatal complication); that the
chemotherapy consists of six cycles of treatment with cyclophos-
phamide, methotrexate, and fluorouracil?; that no patient has a
second primary breast cancer; and that this combination of chemo-
therapy does not increase the risk of secondary tumors.?

Summary of the Data
Natural History of Node-Negative Breast Cancer

The risk of recurrence of breast cancer depends on the biologic
characteristics of the tumor and is independent of the patient’s age
(Table 2).*'"" For the typical patient, the annual probability of a
first recurrence is 2 to 7 percent.?*?** Qur estimated probability of
recurrence of 4 percent per year corresponded to a rate of disease-
free survival of 80.4 percent or a rate of recurrence of 19.6 percent
after five years. In the sensitivity analysis, we varied the probability
of recurrence from 1 to 10 percent per year.'®?%%

After the first recurrence of cancer, the rate of response to salvage
chemotherapy or hormonal therapy varies with the location of the
recurrence but increases long-term survival very little.?8 Most pa-
tients receive a palliative benefit, but median survival is about two
years.*”® Our probability estimates for second and third recur-
rences were based on a review of the literature and on expert esti-

ADJUVANT CHEMOTHERAPY FOR BREAST CANCER — HILLNER AND SMITH 163

mates.”’?®3 The salvage chemotherapy in our model was cyclo-
phosphamide, doxorubicin, and fluorouracil.?’

Effect and Toxicity of Chemotherapy

We modeled the efficacy of chemotherapy in reducing the risk of a
first recurrence of breast cancer by decreasing the probability of
recurrence by 30 percent per year for the first five years, on the basis
of recently reported trials.””' We limited the duration of benefit
because of the experience in patients with node-positive disease, in
whom initial disease-free survival exceeded long-term survival.?!
The probability of a first recurrence was therefore 2.8 percent per
year in the treated group and 4 percent per year in the untreated
group for each of the first five years after therapy.? Thereafter, the
probability of a first recurrence was the same (4 percent per year).
The net effect of chemotherapy after 10 years was thus an absolute
gain of about 12 percent in survival. As noted earlier, the toxic
effects of chemotherapy could occur only during the year in which it
was received. Minor and major toxicity reduced a patient’s quality
of life and required unscheduled visits to a physician, but only
major toxicity required hospitalization. For rates of death from
other causes, we used annual age-specific mortality rates for white
women in the United States.”!

Quality of Life

Explicit consideration was given to changes in health or quality of
life associated with recurrences of breast cancer and complications
of adjuvant therapy. The appropriate way to determine a patient’s
preferences is controversial, and different methods provide inconsis-
tent results.32% Despite these limitations, there are gross differences
in the level of well-being during the stages of treatment and the
natural history of breast cancer. We assigned an incremental value
for quality of life to each health state. The values shown in Table 1
were determined by a survey of our oncology staff. The adjustments
in quality of life with adjuvant therapy apply only to the year in
which chemotherapy was given.

Cost of Treatment

The financial cost of therapy varied with the patient’s state of
health (Table 2). We based costs on 1989 charges at our medical
center for physician, laboratory, office, and hospital services and on
estimates from Medicare data®; our figures were similar to other
published estimates.® Indirect costs due to loss of earnings and the
cost of treatment for other medical conditions were excluded. The
cost of chemotherapy was based on six months of outpatient thera-
py. There were additional costs associated with minor toxicity,
among them more office visits, laboratory studies, and drug thera-
py- The cost of major toxicity was based on a five-day hospitaliza-
tion plus additional follow-up care. Costs for both cohorts included
the annual expenses of scheduled visits and mammograms. Annual
costs of treatment assumed outpatient care for nonfatal first recur-
rences and seven days of hospitalization for nonfatal second or third
recurrences. Costs for terminal care varied with the number of
recurrences and were greater if death occurred in the year of first
recurrence. These aggregate costs were used to determine the cost
effectiveness of chemotherapy, defined as the cost per quality-ad-
justed year of life.'>3* We used a discount rate of 5 percent'® to
account for the fact that health benefits gained and dollars spent in
the future are worth less than health benefits and dollars in the
present. We discounted both costs and benefits and varied the rate
from O to 8 percent in the sensitivity analyses. Using a discount rate
of 0 percent and excluding adjustments for quality, we calculated
the life expectancy of the average member of each cohort. All calcu-
lations were performed with the decision-analysis software program
Smitree (Smltree 2.9.1989 [J.P. Hollenberg]).

REesuLTs
Base-Line Analysis

Table 3 shows the results in the cohorts of 45- and
60-year-old women receiving chemotherapy for each
of the three assumptions of the duration of efficacy of
treatment. For example, a 45-year-old woman’s aver-
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Table 3. Base-Line Analyses in Two Cohorts Receiving Chemotherapy, According to

Three Assumptions of Benefit.*

INCREASE IN DISEASE-FREE
SURVIVAL/NO CHANGE IN

Jan. 17, 1991

ancy of 14.7 years, an increase of
7.7 months. This compares with an
average life expectancy of 22.5
years for 60-year-old women with-

VARIABLE 5 YEARS OF BENEFIT LIFELONG BENEFIT 10-YEAR SURVIVAL out breast cancer.
45-YEAR-OLD 60-YEAR-OLD 45-YEAR-OLD 60-YEAR-OLD 45-YEAR-OLD 60-YEAR-OLD
COHORT COHORT COHORT COHORT COHORT COHORT Sensitivity Ana'y
lity-adjusted 1. 4 11.77 9.87 10.72 9.24 e .

Quatity-adjusted years 0 949 Sensitivity analyses for plausible
Benefit in quality-adjusted 5.1 4.0 14.0 9.1 1.7 1.4 ranges of rates of first recurrence of

months H

T ncer and the relative effi-

Cost per quality-adjusted 15,400 18,800 5,100 7,400 48,500 56,800 breast f(}a h h . he 4

year saved (§) cacy of chemotherapy in the .5-
Life expectancy (y)t 19.5 14.7 21.4 15.5 — — year-old cohorts are shown in Fig-
Benefit in life expect- 11.0 7.7 19.3 17.4 — — ure 3. The benefit curve intersects

ancy (mo)t

the horizontal axis at the threshold

*Results or benefits in the chemotherapy cohorts are compared with those in the cohorts with no therapy. The relative

efficacy of chemotherapy was 30 percent.
1Values for life expectancy were neither adjusted for quality nor discounted.

age quality-adjusted life expectancy was 11.03 qual-
ity-years if given chemotherapy and 10.60 quality-
years if not treated; the benefit was therefore 0.43
quality-years or 5.1 quality-months. The incremental
cost per quality-adjusted year was $15,400. The aver-
age life expectancy after chemotherapy was 19.5 years,
a gain of 11.0 months over life expectancy without
treatment. (For comparison, the average life expectan-
cy of a 45-year-old woman without breast cancer is
35.8 years.) For a 60-year-old woman given chemo-
therapy, the quality-adjusted life expectancy was
9.49 quality-years, a benefit of 4.0 quality-months at
an incremental cost of $18,800 per quality-adjusted
year. The treated women had an average life expect-
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A

point, the finite point at which two
strategies have equal benefits or
values for any or all variables.'? By
definition, the cost-effectiveness ra-
tio at a threshold point is infinite. An incremental cost-
effectiveness ratio was determined at probabilities of
recurrence or efficacies of chemotherapy greater than
the threshold levels.

As Figure 3A shows, if the annual probability of
recurrence is above 0.4 percent, the use of chemother-
apy will be beneficial. The net benefit in quality-years
gradually increases in a nonlinear curve as the prob-
ability of recurrence increases. Although therapy re-
mains effective at higher risks of recurrence, the in-
creases in the size of the benefit decline. This is due to
the limited life expectancy in which to overcome the
initial quality-of-life penalty that chemotherapy im-
poses. Cost effectiveness changes minimally for prob-

10 80,000
)
5 &
g 8 -
- 160,000 S
2 >
S 64 8
® E
2 £40,000 T
5 <
g £
= T
& 3
[ -20,000 <
g 2 Z
o
)
0 . .

v T 0
0 10 20 30 40 50

Relative Efficacy of Chemotherapy (%)
B

Figure 3. Sensitivity Analyses in the 45-Year-Old Cohorts.

A range of estimates of the annual probability of the recurrence of breast cancer (Panel A) or the relative efficacy of chemotherapy (Panel
B) is shown on the horizontal axis. The left vertical axis shows the benefit in quality-adjusted months (solid circles). The right vertical
axis shows the incremental cost effectiveness (the cost per additional quality-adjusted year of life) in the chemotherapy cohort as
compared with the untreated cohort (open circles). The base-line estimates (a 4 percent probability of recurrence and 30 percent
relative efficacy of chemotherapy) are indicated by the arrows. Chemotherapy was assumed to be beneficial for the first five
years after treatment.
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abilities of recurrence higher than 5 percent per year,
and it plateaus at $9,000 per quality-year. For the 60-
year-old cohorts the results were similar, but the abso-
lute benefit for any probability of recurrence was low-
er and the costs were higher.

Figure 3B illustrates the results of changes in the
relative efficacy of chemotherapy. The minimal effica-
cy that will produce a benefit or threshold point is 4.2
percent. The cost-effectiveness curve is very steep at
low estimates of efficacy. If a conservative relative
efficacy of 15 percent is used, the benefit decreases to
about two quality-months at an incremental cost of
$36,800 per quality-year.'? With the best results of
recent trials, a 45 percent relative efficacy,'® the bene-
fit is eight quality-months and the incremental cost
drops to $9,900 per quality year.

Figure 4 shows the anticipated benefits of chemo-
therapy in the 45-year-old cohorts, given different as-
sumptions about the duration of benefit. If chemo-
therapy is curative in a subset of patients, then that
group will have a lifelong benefit in disease-free sur-
vival and overall survival. We modeled this optimistic
view by allowing the base-line 30 percent reduction in
the risk of recurrence to apply for the patient’s life-
time. As Figure 4 shows, the threshold for a benefit of
therapy is a 2 percent relative reduction in the rate of
recurrence; at the base-line relative efficacy of 30 per-
cent the benefit is 14.0 quality-months. An alternative
point of view is that chemotherapy is not curative and
all women with micrometastatic disease will eventual-
ly relapse. We modeled this less optimistic view by
increasing the rate of recurrence in years 6 to 10 so
that the survival curves for treated and untreated
women meet after 10 years and show no further sur-
vival benefit. Patients treated with adjuvant therapy
still have a slightly increased life ex-
pectancy, since the rate of recur-
rence increases only after year 5.
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Relative Efficacy of Chemotherapy (%)

Figure 4. Structural Sensitivity Analyses.
The effects of different assumptions on the duration of benefit
from chemotherapy are shown. The base-line assumption (solid
circles) is a five-year benefit from chemotherapy. We also consid-
ered two alternatives: a lifelong benefit from chemotherapy (open
circles) and a benefit in disease-free survival alone, with no sur-
vival benefit by year 10 (open squares). The base-line estimate of
the relative efficacy of chemotherapy is indicated by the arrow.
The magnitude of the benefit of chemotherapy varies greatly
between assumptions.

tions of discount rates and quality-of-life decrements
associated with chemotherapy (Table 4).

Patients’ Questions

Our decision-analysis model allows doctors and pa-
tients to explore relevant clinical issues even when

Table 4. Sensitivity Analyses of the Cost and Quality-Adjusted Benefit of

5 ! 4 Chemotherapy.*
With this less optimistic assump-
[iOﬂ, chemotherapy is beneficial ANALYSIS 45-YEAR-OLD COHORT 60-YEAR-OLD COHORT
only if the relative efﬁcacy exceeds QUALITY-ADJUSTED COST PER QUALITY-ADJUSTED COST PER
10 percent' at thc base line rclativc BENEFIT QUALITY-YEAR BENEFIT QUALITY-YEAR
; -
efficacy of 30 percent the benefit is mo dollars mo dollars
. ity-months. -
abOl;t L Z‘.quahtl)i IJIO ; S. Tll:e I’Cl:. Base line 5.1 15,400 4.0 18,800
son lor t 1§ sma ene ,t st ?‘t the Best-case efficacy (lifelong 40% relative efficacy)
penalty in reduced quality of life as- Low risk 7.0 10,700 3.7 19,700
sociated with chemotherapy is im- Average risk 19.7 3,400 12.7 5,000
diat h the b fit in im- High risk 24.6 2,800 18.8 3,200
mediate, W ereas the CI‘IC Worst-case efficacy (20% relative efficacy/no survival benefit after 10 years)
proved disease-free survival occurs Low risk -0.1 NA -0.1 NA
H H Average risk 1.9 40,800 0.8 92,800
latel: and is dlSCO}ln[Cq. High risk 4.7 16,400 23 34,600
Since there is (‘ilsagreement Worst-case quality of life (“chemotherapy scares me as much as cancer”)t
about the correct estimates for sev- Low risk -1.2 N(;\oo -1L6 NA
. : Average risk 2.7 30, 1.7 46,500
eral of the key variables used in our High risk o 10,200 a9 15500
analyses, we performed sensitivity Best-case quality of life (“I will do anything to prolong my life and avoid the return of cancer”)}
analyses using best-case and worse- Low risk 3.8 NA 2.4 NA
binati f Average risk 11.2 NA 78 NA
case combinations 01 recurrence High risk 13.9 NA 1.6 NA

and treatment efficacy (Table 4).

In addition, risk preferences may
percent per year, resp

*Risk refers to the annual probability of the recurrence of breast cancer. Low, average, and high risks are 1, 4, and 10
ively. NA d not applicabl

vary greatly among women. We
therefore assessed various combina-

1Quality of life during chemotherapy is assumed to be the same as during a first recurrence of cancer.
$No quality-of-life penalty for

h h

py and no di ing of future years.
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data from clinical trials are not complete. We posed
these in the form of questions that women might ask
their doctors. For the answers to each of the following
questions we first assumed our base-line estimates, in
which the risk of recurrence was 4 percent per year
and chemotherapy reduced the risk by 30 percent for
the first five years and improved survival by 12 per-
cent at year 10.

I am willing to accept the initial toxicity if you can add one
or two years to my life with chemotherapy. Can you do that?
Probably. The question offers another way of quanti-
fying the decrease in quality of life due to chemothera-
py- Women who have undergone chemotherapy with
cyclophosphamide, methotrexate, and fluorouracil
have said that maybe one and certainly two added
years would be sufficient benefit to warrant undergo-
ing therapy again.*» Whether the efficacy of chemo-
therapy meets these thresholds depends on the dura-
tion of the benefit. Given our base-line assumption
that the benefit lasts for five years after treatment,
chemotherapy must be at least 33 percent effective for
45-year-old women and 47 percent effective for 60-
year-old women. With the optimistic assumption that
the benefit is lifelong, the minimal efficacy for 45-year-
olds drops to 11 percent for one year and 20 percent for
two years. Current reports of chemotherapy for wom-
en with node-negative breast cancer show relative
benefits in disease-free survival of 15 to 45 percent
after three to five years”*'%; the long-term survival
benefit is unknown but is probably smaller.'"'%2' If
early disease-free survival does not translate into a
later survival advantage, chemotherapy may not pro-
vide the magnitude of benefit most women require in
choosing it.

If quality-of-life issues are important to me, during both
chemotherapy and a possible recurrence, and if I accept that
the present has greater value than the future (the principle
of discounting), can chemotherapy add one year to my life?
Probably not. For a 45-year-old woman, chemother-
apy must be at least 63 percent effective to gain
an additional quality-adjusted year. As discussed
above, the reported benefits of adjuvant therapy
are substantially below these thresholds. The duration
of benefit has a dramatic effect on the thresholds.
Given the optimistic view of a lifelong benefit, the
thresholds for a gain of one quality-adjusted year
drop to 27 percent relative efficacy for 45-year-olds,
which is less than our initial estimate, and 38 percent
for 60-year-olds, which has been achieved in some
studies.

Is chemotherapy effective enough to increase by 10 percent my
chance of being disease-free five years from now? Yes, but
only for women at high risk. Adjuvant chemotherapy
must be more than 55 percent effective to increase life
expectancy by 10 percent after five years. Simes et al.
found that most women would accept the toxicity of
adjuvant chemotherapy if the benefit were a 10 per-
cent greater chance of being alive and disease-free
after five years.” This absolute gain of 10 percent is
an unrealistic goal for a woman at the standard risk of
recurrence of 4 percent per year, since the chance
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of recurrence or death in five years is about 20 per-
cent. For a woman at high risk, however, a 10 percent
absolute gain may be achievable. If risk stratifica-
tion could identify women at high risk of recurrence
(10 percent per year, or about 50 percent after
five years), adjuvant therapy would still have to be at
least 30 percent effective in 45-year-olds and 37 per-
cent effective in 60-year-olds to achieve a 10 percent
absolute gain.

If my breast cancer is small (<1 cm) and has good prognos-
tic factors, will chemotherapy be of any benefit? Yes, but very
little. Risk stratification based on tumor size and other
prognostic factors has become increasingly feasible
and advocated.*® Tumors no larger than 1 cm have a
particularly good prognosis — about 10 percent recur-
rence after 10 years.?> We therefore assumed an annu-
al risk of recurrence of | percent. Chemotherapy pro-
vides a benefit of 38 quality-days for 45-year-old
women and 27 quality-days for 60-year-old women, at
a cost of $65,000 to $91,000 per quality-year. Chemo-
therapy is still beneficial because of the very low annu-
al chance of death from other causes. As a group, 45-
year-old women have an expected chance of death of
only 2 per 1000 in the next year. Even a low-risk tu-
mor, if untreated, thus increases the chance of dying
three- to fivefold.

If chemotherapy does not cure me, but just delays recurrence,
should I still undergo it? Probably, especially if the risk of
recurrence is average or high. This worst-case scenar-
io explores the ramifications if early disease-free
survival does not translate into a long-term survival
benefit. There may be an overall benefit if the dis-
ease-free years outweigh the early toxicity. However,
each woman’s risk preferences have a great effect on
this balance. To make informed choices, women who
are willing to risk the early toxicity must know how
effective chemotherapy is likely to be in their case.
Given base-line adjustments in quality at standard
risks of recurrence for both 45- and 60-year-old white
women, chemotherapy must be at least 10 percent
effective in delaying the recurrence of disease to offer
any benefit at all. As Table 4 shows, different risk
preferences and rates of discounting markedly affect
the decision.

DiscussioN

Our analysis shows that there is a definite benefit of
chemotherapy in women with node-negative, estro-
gen-receptor—negative disease, if we assume that all
women are treated and that the average risk of recur-
rence is 4 percent per year. For a premenopausal
woman of 45, life expectancy would be increased by 11
months; adjusted for quality of life and discounted,
the benefit would be about 5 quality-months. For a
postmenopausal woman of 60, the benefit would be
only about 8 months; adjusted, the benefit would be
only 4 quality-months. The financial cost of gaining
an additional quality-year of life would be approxi-
mately $15,400 in the premenopausal group and
$18,800 in the postmenopausal group.

What are the implications of these additional
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days and dollars to women with breast cancer, their
physicians, insurance companies, and policy makers?
Women with breast cancer generally choose adjuvant
therapy over the uncertainty of observation. One pre-
liminary report found that nearly 90 percent of the
women who had already undergone adjuvant chemo-
therapy with cyclophosphamide, methotrexate, and
fluorouracil indicated that either of two conditions
would be sufficient enticement to choose adjuvant
therapy again®: an additional two years of life ex-
pectancy or a 10 percent increase in the chance of
being alive after five years. Women who were married
or had dependent children were more likely to choose
chemotherapy. Unfortunately, women faced with the
decision about adjuvant therapy may not receive full
information about risks and benefits. In one carefully
constructed study of the decision about adjuvant ther-
apy in node-positive breast cancer (in which the bene-
fit in survival is established), patients markedly over-
estimated their chance of cure: 60 percent of the
patients overestimated their chance of cure by 20 per-
cent or more, and nearly 50 percent overestimated
their chance of cure even when given numerical val-
ues.”’” This suggests that women will overestimate
their chance of benefit and choose chemotherapy even
when the benefit is known to be small. What will be
the choice when the benefit, in terms of long-term
survival, is unknown? We suspect (although data are
not available to answer the question) that most wom-
en, and particularly younger women with dependents,
will overestimate their benefit and underestimate tox-
icity®; most will choose chemotherapy if the toxicity is
acceptable.?® Our analysis suggests that for women at
a 4 percent risk of annual recurrence, the efficacy of
chemotherapy necessary to gain one quality-adjusted
year is 62 percent, far greater than the currently
attainable level.

What is the proper role of the physician in counsel-
ing women with node-negative breast cancer about
adjuvant therapy? Physicians usually supply the pa-
tient with a clear recommendation, and the patient
usually follows it.*” Our perception is that oncologists
are recommending chemotherapy for women with
node-negative breast cancer even without a demon-
strated survival benefit. Oncologists are prone to ac-
cept new forms of treatment as standard before their
value has been well documented.*® The National Can-
cer Institute’s Clinical Alert and the fear of litigation if
chemotherapy is withheld appear to allow oncologists
only two choices: give chemotherapy even if the bene-
fit is small, or enroll the patient in a clinical trial. Since
only a small fraction of eligible patients enter clinical
trials and since physicians are reluctant to discuss
frankly adverse outcomes (such as lack of benefit or
risk of morbidity and mortality), we suspect that most
patients will be offered chemotherapy — and most will
accept.

Can physicians define a subgroup of women with
breast cancer for whom chemotherapy is clearly of
sizable benefit, so that only those women will bear the
toxicity and cost? The issue is complex, since there is
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no perfect marker for a low risk of recurrence and no
evidence that women at high risk have a better chance
of responding to chemotherapy. Patients with a low
risk of recurrence may be identifiable by tumor size,
morphologic features, or DNA techniques. Tumors
with the best prognosis (those less than 2 cm in diame-
ter) may have only a 5 percent chance of causing
death in the first five years.?® Expert morphologic and
histologic analysis can identify a subgroup with an
excellent prognosis, but this has not yet become stand-
ard practice.** DNA analysis, carried out by flow cy-
tometry and reported as ploidy and S-phase analysis,
may allow the identification of a low-risk subset.*! Un-
fortunately, such analysis can be technically difficult,
lacks a defined standard, and is not available at many
institutions.

Is it possible for physicians to define a subset of
women with breast cancer in whom chemotherapy
will be most effective? Ideally, this would be the subset
at highest risk of recurrence and death, probably those
with large (>3 cm), estrogen-receptor—negative, aneu-
ploid, or high-S-phase tumors. The minimal data that
are available to answer this critical question suggest
that patients whose tumors indicate a poor prognosis
are no more intrinsically curable by chemotherapy
than those whose tumors indicate a good prognosis.
The single study that showed a correlation between
the thymidine-labeling index and the response to che-
motherapy showed no correlation between the thymi-
dine-labeling index and survival.*?

If chemotherapy is relatively ineffective in the
group at highest risk of recurrence and death, then the
benefit to that group is likely to be less than predicted.
If we assume in our model that adjuvant therapy is
equally effective in cancers with a high risk of re-
currence, then therapy is most cost effective in patients
at high risk. If chemotherapy is not curative and
merely postpones recurrence with no change in long-
term survival, then the benefit of therapy decreases
markedly. Observation will produce more benefit than
treatment unless the relative efficacy of therapy ex-
ceeds 10 percent.

When compared with the choices of women who
have undergone adjuvant therapy with cyclophospha-
mide, methotrexate, and fluorouracil, our results sug-
gest that the level of benefit is very close to the typical
woman’s threshold for choosing chemotherapy. If the
optimistic perspective is supported by the results of
long-term follow-up of subjects in reported trials, then
most women should receive treatment. If these studies
show no change in long-term survival, then the benefit
appears to be insufficient. However, most women and
their oncologists will choose treatment when faced
with uncertainty and the overestimation of personal
benefit as opposed to risk.*

What are the policy implications of our analysis of
cost effectiveness for those who pay for cancer care?
For the individual patient, the decision has been clear-
cut: treat to prolong life despite the cost. In an era of
limited health care resources, this approach is increas-
ingly untenable, however. Those who pay for the care
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of patients with breast cancer might point to the high
cost of gaining an additional quality-adjusted year of
life in an attempt to discourage the standard use of
chemotherapy in women with node-negative disease.
The conundrum for cost-conscious physicians is that
the expense of this therapy is within the range of cur-
rent medical interventions. For both age groups of
women, an incremental cost of less than $20,000 per
quality-year would be generally acceptable. The true
cost effectiveness may actually be lower, since we
based the costs of chemotherapy on charge estimates.
Other widely accepted medical interventions with
costs per quality-adjusted year ranging between
$10,000 and $25,000 include hemodialysis for end-
stage renal disease, treatment of three-vessel coronary
disease, bone marrow transplantation for acute non-
lymphocytic leukemia, and treatment of hyperten-
sion.** But if chemotherapy only delays recurrence,
then the incremental cost increases markedly. Is it
acceptable to spend more than $50,000 for one qual-
ity-year? Alternatively, is it acceptable to spend
$6,000 for chemotherapy to gain less than two months
of life? How much is society willing to spend for a
small potential gain, since the effect of adjuvant thera-
py on survival is unknown? Should the potential bene-
fit be limited to younger women, for whom it is more
cost effective, even though a woman alive at the age of
60 may be expected to live another 22 years?

It is important to keep in mind that these decisions
affect women who are faced with a frightening, disfig-
uring, and often fatal disease. It is also an expensive
disease with increasingly costly options for treatment.
Decisions about treatment that look at cost have al-
ways been a part — even if unspoken — of medical
practice. Costs and risk preferences should be part of
the discussion of the efficacy and toxicity of treatment
in these and all other decisions made at the bedside.*’
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