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Executive Summary

Purpose As a nation, we continue to spend billions of dollars to discover, develop,
test, and refine new medical technologies. However, little effort is
exerted to determine if these technologies, once they are ready for pub-
lic use, realize the potential they displayed during their development.
The purpose of this report is to examine the extent to which one
advance in the treatment of breast cancer has benefited patients. This
report responds to a request by the Subcommittee on Health and the
Environment of the House Committee on Energy and Commerce that GAO
examine the issue of cancer patient care.

Background In the mid-1970's, great excitement was generated by reports from two
separate clinical trials that chemotherapy administered following sur-
gery (adjuvant chemotherapy) was beneficial for premenopausal women
with breast cancer that had spread to the lymph nodes under the arm.
Subsequent to these reports, the use of adjuvant chemotherapy
increased considerably for this group of patients.

The results of continued experimentation on the benefits of adjuvant
chemotherapy led to a consensus that "adjuvant chemotherapy has
demonstrated a significant reduction in mortality in premenopausal
women with histologically positive axillary lymph nodes." In light of
this consensus that adjuvant chemotherapy can increase survival, and
given the increased use of this therapy, logic would indicate that the
survival of premenopausal, node-positive breast cancer patients should
have improved since the introduction of adjuvant chemotherapy. The
issue of how the survival of breast cancer patients has changed over
time is the focus of this review.

Results in Brief Despite a considerable increase in the use of chemotherapy since 1975,
there has been no detectable increase in survival for the patients who
should have benefited most from the advent of this therapy. Although
this finding could be interpreted as evidence that chemotherapy is not
beneficial, such an interpretation is unlikely to be correct. Controlled,
prospectively designed, clinical studies have been conducted and have
shown that chemotherapy does extend survival for specific types of
breast cancer patients. When these studies were critically examined by
cancer experts around the world, a consensus was reached that adju-
vant chemotherapy improves the survival of premenopausal, nude-posi-
tive breast cancer patients. GAO's work does not contradict these
findings. What it does shc w is that there seem to have been problems in
moving the treatment for breast cancer from the laboratory to the
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Executive Summary

patients. GAO believes that the issue of the survivability benefits from
postsurgery chemotherapy treatments needs further study.

Principal Findings The accompanying table shows the treatment and survival patterns for
the group of patients who should have benefited most from adjuvant
chemotherapy.

Table 1: Premenopausal, Node-Positive,
Stage H Breast Cancer Patients:
Treatment and Survival Patterns Year of diagnosis

Percent receiving
chemotherapy

Survival rate"
3-year 5-year 7-year

1975 23% .82 .72 .64
1976 45 85 .71 .64
1977 46 .83 .71 64
1978 53 .83 70 .63
1979 55 .83 .71 .65
1980 62 .86 .77
1981 66 83 .72
1982 72 .84
1983 69 .85

aThe survival rates provided assume complete follow-up only through the end of 1985 That is why the
last year for 3-year survival :s 1983, for 5-year, 1981, and for 7-year, 1979.

When these data are subjected to statistical tests, they show no statisti-
cally significant improvement in patients' survival. This finding was
consistent across all three analytic methods GAO employed to detect
changes in survival. GAO concludes that the lack of a detectable improve-
ment in patients' survival may result from one or a combination of the
following:

Many patients still do not receive adjuvant chemotherapy.
The benefits of chemotherapy are small and therefore difficult to detect.
There are problems with how well the treatments are implemented.

One additional finding was that the sum ival of women diagnosed in
1980 was greater than that of women diagnosed in any other year. GAO
could find no expi,, --i fof this finding.

Page 3 GAO/PEMD-89-9 The Survival of Breast Cancer Patients



Recommendation GAO recommends that the secretary of the Department of Health and
Human Services (xis) initiate a study to determine why there has been
no visible improvement in the survival of pre ,menopausal, node-positive
breast cancer patients despite the advent of adjuvant chemotherapy.
Given the methodological obstacles involved in such a study, the secre-
tary should seek expert advice in assessing the feasibility of conducting
the recommended research and in developing the study design most
likely to succeed. (See pp. 26-27.)

Agency Comments In mis's response to a draft of this report, it concurred with GAO's recom-
mendation, suggesting a small modification with which GAO concurs. The
recommendation as stated above incorporates mis's views.

The most pervasive concern expressed by HHS in its written comments
was that the study design GAO used had low statistical power. HHS
pointed out that this is the case because the maximum benefit that can
be derived from adjuvant chemotherapy is "modest," ranging from 7.3
to 10.8 percentage points. However, GAO'S study was begun on the basis
of miS's response to a 1987 GAO report in which His argued that there
was a "confirmed 25 percent improved survival for Stage H preme-
nopausal women treated with adjuvant chemotherapy." If this 25-per-
cent figure is used, the power of GAO'S study is adequate.

The fact that HHS has presented conflicting estimates of the expected
benefits of adjuvant chemotherapy suggests the need for further study
of what has happened in the treatment of breast cancer patients. Fur-
ther bolstering GAO's recommendation is inis's agreement that large num-
bers of patients still do not receive adjuvant chemotherapy and that
problems with how well the treatments are implemented may contribute
to the absence of a detectable improvement in sur.ival among preme-
nopausal Stage H breast cancer patients.
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Adjuvant Chemotherapy and Breast Cancer

Introduction

The Development of
Adjuvant
Chemotherapy

Whether a new treatment has the potential to benefit patients is a ques-
tion that is best answered under controlled, experimental conditions. An
equally important question, and one that cannot be answered through
experiments, is whether the treatment actually benefits patients in the
"real world" once the experiments have been concluded. Our objective in
this report is to determine, for one specific medical advance, whether its
potential to extend patient survival has been realized.

This report responds to a request from the Subcommittee on Health and
the Environment of the House Committee on Energy and Commerce that
we examine the issue of cancer patient care. The specific focus of our
work is on the advance made when it was discovered that administering
chemotherapy following surgery (adjuvant chemotherapy) improves the
survival chances of premenopausal breast cancer patients. In the
remainder of this chapter, we give a brief historical overview of this
discovery.

Until the 1960's, the only two options available for effectively treating
most forms of cancer were surgery and radiation therapy. The benefits
and limitations of surgery were clear-cut. If the operation could remove
all the cancerous cells from the body, the patient was often cured. If not,
the patient invariably died. Although radiation therapy expandea the
physician's ability to reach and kill cancer cells, it too had the same
basic limitation as surgery. That is, both treatments were effective only
for achieving local control. Once cancer cells had spread through the
body by the process of metastasis, neither surgery nor radiation therapy
could offer much hope of cure.

All this changed with the introduction of chemotherapy to the
armamentarium of cancer care. Chemotherapythat is, treatments that
use drugs to "poison" cancer cellsallowed cancer to be treated for the
first time as a systemic disease. Using drugs that spread throughout the
body, cancerous deposits could be attacked wherever they were located.

Although it was known in the 1920's that certain drugs could kill cancer
cells, it was not until the late 1950's that researchers were able to
develop a practical treatment for one relatively rare form of cancer.
This was followed by the determination in the mid-1960's that a combi-
nation of drugs could be successfully used to treat acute lymphocytic
leukerr ia, the most common form of childhood leukemia. Since then, dif-
ferent combinations ' chemotherapy have been shown to work against
many other forms of cancer.
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Chapter 1
Adjuvant Chemotherapy and Breast Cancer

For the most part, however, until the mid-1970's, drugs showed little
promise in treating carcinomas, the "solid tumors" that account for
app.-oximately 85 percent of all cancer cases in this country. Then there
was svme promising news. Two articles appeared within ayear of each
other, de,.eri'oing the results of experiments on the use of adjuvant
chemotherapy to treat breast cancer patients. The first of the articles, in
1975, was from the National Surgical Adjuvant Breast Project (NSABP)
study that compared surgery patients receiving L-phenylalanine mus-
tard (L-PAM) after their operations to patients receiving no additional
therapy after surgery) Prelintinary results from this trial showed that
patients treated with IA-PAM had -longer "disease-free survival" than their
counterparts, who had only surgery as treatment.2Little more than a
year later, even more exciting news came from an experiment conducted
in Italy. Researchers at the Milan Tumor Institute reported that breast
cancer patients treated with a combination of three drugs following sur-
gery (cyclophosphamide, methotrexate, and 5-fluorouracil, or cmF) had
one fourth the recvrrence rate that women had whose treatment
included only surgery."

The immediate reaction to the article describing the Italian study was
cc nsiderable. In an editorial appearing in the same journal issue, the
work was described as being of "monumental importance" and the find-
ings were characterized as "nothing short of spectacular. "' More impor-
tantly, the percentage of premeropausal, node-positive patients
receiving chemotherapy almost doubled in 1976 and continued to rise
until 1982. No doubt much of this positive reaction stemmed from the
fact that chemotherapy had been finally shown to have some effect, in a
clinical setting, against a prevalent form of cancer.

What was perhaps missed in the initial assessment of the adjuvant ther-
apy trials was that the results were based on a very short observation
period. In fact, the length of follow-up in the Italian study was so short
that the researchers who reported the results warned that their "results
should be considerec' with caution, the effect on survival not being

1B. Fisher et al., "L-Phenylalanine Mustard (L-PAM) in the Management of Primary Breast Cancer: A
Report of Early Findings," New England Journal of Medicine, 292:3 (1975), 117-22.

2"Disease-free survival" is defined as the length of time that passes between the date of diagnisis and
either recurrence or the end of an observation period.

3G. Bonadonna et al., "Combination Chemotherapy as an Adjuvant Treatment in Operable Breast
Cancer," New England Journal of Medicine, 294:8 (1976), 405-10.

1J.F. Holland, "MWor Advance in Breast Ca.er Therapy," New England Journal of Medicine, 294:8
(1976), 440-41.
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Chapter 1
Adjuvant Chemotherapy and Breast Cancer

known." This warning turned out to be prop:ietic. Once a sufficiently
long period had passed in which to evaluate the benefits of chemother-
apy on extending overall survival (as opposed to reducing recurrences),
the results in both the Milan and NSABP studies were found to be less
dramatic. The "final" results showed a benefit for chemotherapy among
all premenopausal, node-positive patients in the Milan trial and a more
limited benefit in the NSABP study (only premenopausal patients with
fewer than Nit- positive nodes).

As patients were observed for longer periods of time, the shifting results
of adjuvant chemotherapy trials led to both debate on the efficacy of
drugs for treating breatc cancer and further experimentation.' The
NSABP continued in its plans to add other drugs to L-PAM to see if combi-
nations of drugs would be more effective than single agents.'' The
researchers in Milan compared different durations of therapy (6 versus
12 cycles) to one another. New drugs were tried, as were combinations
of drugs with established or new modalities of treatment." Research was
conducted both here and abroad."

In response to the growing body of knowledge developed from these tri-
als, the National Institutes of Health convened experts from around the
worla to see if there was agreement on the benefits of chemotherapy. At
this 1985 meeting, a consensus was reached that

"adjuvant chemotherapy has demonstrated a highly significant increase in disedse-
free survival and a significant reduction in mortality in premenopausal women with

For an illustration of the debate, see S.H. Levitt and R.A. Potish, "Tie Case for Adjuvant CMF Chem-
otherapy in Breast Cancer: Has It Been Made?" Cancer Clinical Trials, 4 (1981), 363-64.

4'B. Fisher et al., "Adjuvant Chemotherapy for Breast Cancer: An Overview of NSABP Findings,"
International Advances in Surgical Oncology, vol. 5 (New York: Alan R. jss, Inc., 1982), pp. 65-90.

7G. Benadonna et al., "Adjuvant Chemotherapy Trials in Resectable Breast Cancer with Positive Axil-
lary Lymph Nodes: The Experience of the Milan Cancer Institute," in S.E. Jones and S.E. Salmon
(eds.), Adjuvant Therapy of Cancer IV (Orlando, Fla.: Grune & Stratton, 1984), pp. 195-207.

8J.M. Morrison et al., "The West Midlands Trial of Adjuvant Chemotherapy for Axillary Node Posi-
tive Breast Cancer: A Controlled Clinical Tr:21" in Jones and Salmon, pp. 253.59; D.C. Smith et al.,
"Adjuvant Radiotherapy Chemotherapy in Breast Cancer," in Jones and Salmon, pp. 283-89; T.B.
Hakes et al., "CMF Levamisole Breast Adjuvant Chemotherapy: 5year Analysis," Proceedings of
the American Society of Clinical Oncology, 1:83 (1982).

"The NSABP studies are one example of U.S. research. The West Midlana3 trial was conducted in
England and the onginal CMF trial in Italy, to name but two of Lie foreign studies.

_1 2
Page 10 GAO/PEMD-89-9 The Survival of Breast Cancer Patients



Chapter 1
Adjuvant Chemotherapy and Breast Cancer

histolog.. illy positive axillary lymph nodes. Adjuvant chemotherapy can now be
considered standard care for these patients."'

This consensus statement shows that the question of whether chemo-
therapy has the potential to extend patient survival has been setti.ed.
What has not yet been resolved is whether the actual use of chemother-
apy has realized this potential.

Report Overview In the next chapter, we describe how our study was conducted. In that
context, we describe the data we used, why we focused on adjuvant
chemotherapy for breast cancer, how patients were selected for inclu-
sion in the study, how "benefit" is defined, and the analyses thatwere
performed to develop and support our findings. Our results a 'e pre-
sented in chapter 3, the concluding chapter of the report. A discussion of
statistical issues is provided in appendix I and the patient selection cri-
teria are described in appendix II. The comments of the Department of
Health ana Human Services (HHs) are in appendix III. Appendix IV lists
the major contributors to this report.

'National Institutes of Health, Consensus Development Conference Statement, Adjuvant Chemother-
apy for Breast Cancer, 5:12 (1985).

rage 11 GAO/PEMD-89-9 The Survival of Breast Cancer Patients
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Chapter 2

Objective, Scope, and Methodology

The objective of this study is to determine whether there has been any
detectable change in survival for the group of breast cancer patients
who should have benefited the most from the increasing use of adjuvant
chemotherapy. The scope of the project was largely defined by the
availability of data, the advances in treatment that have been made in
recent decades, and the population of patients for whom those advances
were relevant. Each of these dimensions is discussed below, followed by
descripticns of how "benefits" Lee measured and how the analyses that
support our findings were conducted.

Data Source: The
SEER Program

Given our objective of determining whether there was any change in
survival for a specific group of patients, we needed a data set that con-
tained information on the characteristics of both the disease and
patients and that tracked patients over time. The Surveillance, Epidemi-
ology, and End Results (SEER) program, initiated by the National Cancer
Institute (KO in 1972 and currently the primary source for data on can-
cer incidence and patient survival, provided us with the needed data.

Twice a year, SEER receives information on incidence and follow-up for
cancer patients from population-based cancer registries in the United
States and Puerto Rico. Together, these registries cover 12 percent of
the total population. The population covered by SEER is not a probability
sample of the country, but the data are believed to represent overall
cancer patterns.

The SEER data base contains information at the case level on the type of
cancer, the date of diagnosis, how far the disease had advanced when it
was discovered, how the patient was treated, the most recent date that
contact was made with the patient, and whether the patient was alive or
dead on that date. In addition, SEER also provides information on
patients' characteristics (age, race, and sex) that is useful for creating
homogeneous strata of patients for analysis.

When we began our study, the last full annual cohort of patients in SEER
were those who were diagnosed during 1985. For this reason, we used
that year as the cutoff for entering patients into our study. Our decision
to restrict entry at the other end to patients diagnosed after 1974 was
based on the fact that the treatment advance (adjuvant chemotherapy)
was made in 1975. Since follow-up data for patients were available only
through 1986, this meant that for patients diagnosed in later years, only
short-term survival could be computed (for example, only 1-year sur-
vival was available for patients diagnosed in 1985).

Page 12 .1 4 GAO/PEMD-89-9 The Survival of Breast Cancer Patients
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Criteria for Selecting
Adjuvant
Chemotherapy for
Breast Cancer

In our earlier study, in which we examined the use of "breakthrough"
treatments, we required criteria to decide which advances in treatment
should be included) We established three criteria:

1. the treatment had been proven to increase patients' survival in a large
randomized clinical trial (necessary to ensure that benefits of the
advance were measurable),

2. the results of that trial had been published by 1982 (so as to allow us
to determine patterns of use with the available data on treatment), and

3. the treatment was relevant for an identifiable group ofcancer
patients (so that we could include in our analyses only the patients who
should have benefited from treatment).

As we began our first study, we asked the assistance of NCI in determin-
ing the therapies that met all three requirements. In response to our
request, NCI forwarded a list of treatments, seven of which were
included in our report.2

In the present study, the focus is on the actual benefits of the new thera-
pies to patients. The analyses we used to determine benefit required
that three additional criteria be satisfied for any therapy to be appropri-
ate for inclusion. One of these was that the therapy be relevant for a
large enough number of patients to ensure that the estimates of benefits
not be overly subject to random fluctuations as a consequence of small
sample size. The second criterion was that there be no known change in
the prognosis of patients that was unrelated to treatment. Any such
change would make it impossible to determine why patient survival had
(or had not) improved over time. The final criterion was that there be a
considerable increase in the frequency with which the treatment
advance was given to patients. Such an increase clearly had to have
occurred before treatment-related survival gains could be expected.

I U.S. General Accounting Office, Cancer Treatment 1975-85: The Use of Breakthrough Treatments
for Seven Types of Cancer, GAO/PEMD-88-12BR (Washington, D.C.: January 1988).

'-'The seven were adjuvant chemotherapy for breast cancer and colon cancer, adjuvant radiation ther-
apy for rectum cancer, and chemotherapy for small-cell lung cancer, testicular cancer. Hodgkin's dis-
ease, and non-Hodgkin's lymphoma.
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The only therapy that met the three criteria added for this study was
adjuvant chemotherapy for the treatment of premenopausal breast can-
cer patients.' No apparent change in prognostic factors for this group of
patients has been noted, and, since 1975, there has been a considerable
increase in the frequency with which the therapy is given.

It seemed important to examine improvements in breast cancer patients'
survival for two reasons. First, the incidence of the disease is on the
rise, as is the mortality rate, among premenopausal women. Second, the
recent decision by NCI to issue a clinical alert recommending that adju-
vant chemotherapy also be considered for all node-negative patients
focused new attention on the question of the extent to which node-posi-
tive breast cancer patients have actually benefited from such therapy.

The Selection of
Patients

Few if any treatments are appropriate for all patients suffering from
any one type of cancer. As a disease progresses, the appropriate treat-
ment for it typically changes. Given that our goal was to determine
whether breast cancer patients benefited from the advent of adjuvant
chemotherapy, it was reasonable to focus on the patients for whom the
treatment had been proven effective. As mentioned above, the initial
clinical trials showed chemotherapy to be effective only for premen-
opausal, node-positive patients. For this reason (and at the suggestion of
NCI staff) we included in our analyses only breast cancer patients 50
years of age or younger at time of diagnosis (as a surrogate for meno-
pausal status) who were node-positive and who did not have any metas-
tases to distant sites.4 Using these criteria, as well as a requirement that
a tumor not exceed 5 centimeters in size upon diagnosis, we selected all
he brnast cancer patients in the SEER data base who satisfied our crite-
ria and were diagnosed after 1974.

Measuring Benefits Progress against disease can come in many different forms, including
new or improved treatments. When a new treatment is developed, it can

:3The treatments for prostate, colon, and rectum cancer had not been proven to extend survival in
trials concluded by 1982. The treatments for osteosarcoma and soft-tissue sarcoma would not yield
large enough samples of patients. The treatments for the two lymphomas and testicular cancer
showed no increased use over the 11-year period for which data were available. Finally, a data prob-
lem with small-cell lung cancer made patients diagnosed after 1982 noncomparable with patients
whose cancers had been detected by then. The specific problem was a change in how the extent of
disease was coded in SEER data.

4The age cutoff of 50 is not a perfect surrogate for menopausal status because the onset of meno-
pause may be earlier or later and some women have hysterectomies that induce early menopause.
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be seen as beneficial for different reasons. For example, the treatment
may increase cure rates, reduce treatment-associated side effects,
reduce cost, or increase the length of time until relapse. Which of these
benefits is the most "important" is impossible to say, and it is likely that
the value of each one is weighed differently by patients, physicians,
researchers, and health insurance providers. The benefits also differ
considerably in the ease with which they can be measured. For this
study, we selected overall survival as the benefit of interest.5

Three factors support our decision to focus on overall survival. First
and foremost, whether a patient lives and, if so, for how long are clearly
important considerations. Second, measuring overall survival is more
feasible than measuring more abstract concepts such as "quality of life."
Finally, the clinical trials that showed adjuvant chemotherapy to be ben-
eficial for young breast cancer patients based that conclusion on the
ability of chemotherapy to extend life.

Our focus on overall survival, while appropriate, also means that our
conclusions on the benefits of therapy should not be extended to reach
conclusions on such issues as whether breast cancer patients live health-
ier or happier lives than they used to.

The logic underlying our analyses rests on two facts: chemotherapy has
been shown to be effective in extending the lives of premenopausal,
node-positive breast cancer patients, and there has been a dramatic,
twofold to threefold increase in the use of chemotherapy for this class
of patients in recent years." From these facts, it follows that one should
be able to observe some improvement in the survival experiences of
breast cancer patients. To test whether this actually occurred, we
employed three different statistical procedures. Each of the procedures
involved making comparisons between diagnostic cohorts (that is,
cohorts that are defined by the year in which the patients were diag-
nosed as having cancer).

'Overall survival is defined as the time that passes between the date of diagnosis (starting point) and
either death or the end of data collection (ending point), whichever comes first.

"The ambiguity regarding the magnitude of the increase is a function of how one enumerates the
patients for whom chemotherapy was planned but for whom SEER does not indicate whether it was
given. If these patients are counted as getting chemotherapy, the threefold increase is the more accu-
rate figure.

Page 15
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One approach we took was to compare observed survival rates of each
successive diagnostic cohort.' Despite the frequency with which sur-
vival rates are used, one problem with them is that they take measure-
ments only at specific points and not across entire intervals. Figure 2.1
shows the erroneous conclusions that can be reached by examining only
survival rates.

Figure 2.1: Hypothetical Survivr.: C;:-:,s

02 * 4, 4, 4
xt xt xqt dt 411'

Yaws Following Diagnosis

Group A

Group B

I

As can be seen from this figure, the percentage of group A that remains
alive is always greater than the percentage of group B, except at the 5-
year point. If we compared only 5-year survival rates, both groups
would look the same, even though they have different survival profiles.
Examining survival rates at more than one point (for example at 3, 5,
and 7 years) reduces the likelihood of making this type of error but does
not eliminate it.

'The observed survival rate is defined as the percentage of patients who survive for a specified
period of time (for example, 5 years) from the time of diagnosis.

18
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The second set of analyses we performed avoids the limitations of
"point comparisons." In these analyses, we compared the survival expe-
riences of women diagnosed in 1975 with those diagnosed in 1976, those
diagnosed in 1976 with those diagnosed in 1977, and so on, through
1984-85, using the lifetable method's This procedure compares actual
length of survival (not only percentage surviving at specified times) of
all cases across groups and provides statistical tests that indicate
whether survival is different between the groups. We employed the
LIFETEST procedure that is available on the SAS software program to
perform these analyses. In evaluating the output from these computer
runs, our principal focus was on the significance levels achieved in the
Generalized Wilcoxon and Logrank tests."

Because of the possibility that the populations we compared changed in
some way and that, if such changes occurred, they might be related to
survival, we also analyzed the data using a procedure known as propor-
tional hazard modeling.," For this analysis, also known as Cox regres-
sion, we simultaneously entered four variables that identified the age
and race of the patient, the size of the tumor, and how far the tumor had
extended at the time of diagnosis, as well as 10 dummy variables denot-
ing the year in which the cancer was diagnosed. In reviewing the results
of this analysis, our focus was on whether the Beta coefficients associ-
ated with the year of diagnosis dummy variables achieved statistical
significance." Significant coefficients would mean that any change in
the risk of dying was probably "real" (not a function of chance). If the
coefficients did not achieve significance, we concluded that any
observed change was probably the result of chance.

8Elisa T. Grant, Statistical Methods for Survival Data Analysis (Belmort, Calif.: Wadsworth, Inc.,
1980), ch. 5, and David Oakes, "Survival Analysis," European Journal of Operations Research, vol. 12
(1983), 3-14.

9Significance level is defined as the probability that any observed difference is simply the result of
chance.

InD.M. Finkelstein and R.A. Wolfe, "Methods of Survival Analysis," in R.G. Cornell (ed.), Statistical
Methods for Cancer Studies (New York: Marcel Dekker Inc., 1984), pp. 147-52.

"The Beta coefficients (which actually denote a hazard function) can be transformed (by exponentia-
tion) to provide a measure known as the relative risk. If the relative risk is greater than 1.0, then
there is an increased hazard, and if less than 1.0, a decreased hazard.
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Our findings also include data on patterns of use for adjuvant chemo-
therapy. These are drawn from our January 1988 report, to which read-
ers are referred for a description of how that analysis was performed.''

Our work was perform& in accordance with generally accepted govern-
ment auditing standards. Howe ver, it should be noted that we did not
verify the SEER data provided to us by NCI.

12U.S. General Accounting Office, Cancer Treatment 1975-85: The Use of Breakthrough Treatments
r Seven Types of Cancer, GAO/PEMD-Q8-12BR (Washington, D.C.: January 1988).
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Findings The likelihood of surviving breast cancer for a specified period of time
depends on a number of factors. These "prognostic indicators" include
characteristics of the patient (age, race, sex) as well as characteristics of
the cancer itself (how far it has spread, the types of cells involved, and
so on). Figure 3.1 shows, by year of diagnosis and for all breast cancer
patients, the characteristics that both are related to survival and have
data available from SEER.

Figure 3.1: Characteristics of All Breast
Cancer Patients in SEER 1975-85

100 Percent of Cases

00

00

70

60

50

40 000

....................................

10 11111101111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

0

i / / 1 / el ,,,,,e / e if /
Year of Diagnosis (N =Number of Cases)

- Tumor Is In Situ or confined to breast
mimosa Tumors less than 2 cm at diagnosis

Patients less than 50 years of age
is Nonwhite patients

As can be seen from this figure, the trend line for each prognostic factor
is relatively flat. What this means is that we should expect little, if any,
change in patients' survival to result from a shift in the distribution of
prognostic factors. This is especially true for patients we selected for
our study. Figure 3.2 shows trend lines for this group. If anything, the
trend lines show even less change over time than exhibited by the gen-
eral population of breast cancer patients. (The line for percent of cases
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with four or more positive lymph nodes starts in 1977 and ends PI 1982
because data on nodal status were not available for any other years.)

Figure 3.2: Characteristics of
Premenopausal, Node-Positive, Stage d
Breast Cancer Patients in SEER 1C?5-85 100 Percent of Casa
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One thing that has changed among the group of patients we selected is
the frequency with which adjuvant chemotherapy is administered. As
table 3.1 shows, there was a steady increase in the use of chemotherapy
from 1975 to 1982.' What the table also shows, however, is that 3-, 5-,
and 7-year survival rates have remained relatively stable across diag-
nostic cohorts.

iFor reasons that are discussed in our January 1988 report on the use of breakthrough treatments, a
more precise statement is that there was a decrease in the number of patients not receiving chemo-
therapy. See U.S. General Accounting Office, Cancer Treatment 1975-85: The Use of Breakthrough
Treatments for Seven Types of Cancer, GAO/YEMD-88.12BR (Washington, D.C.: January 1988).
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Table 3.1: Premenopausal, Node-
Positive, Stage II Breast Cancer Patients:
Treatment and Survival Patterns

Year of diagnosis

Survival rate (.95 confidence interval)*
Percent receiving 3-year 5-year 7-year

chemotherapy Rate CI Rate CI Rate CI
1975 23% .82 .036 .72 .042 .64 .045
1976 45 .85 .033 .71 .043 .64 .045
1977 46 .83 .036 .71 .042 .64 .045
1978 53 .83 .035 .70 .043 .63 .045
1979 55 .83 .035 .71 .042 .65 .044
1980 62 .86 .031 .77 .038
1981 66 .83 .033 .72 .040
"1982 72 .84 .031

1983 69 .85 .030

aThe survival rates provided assume complete follow-up only through the end of 1985. That is why the
last year for 3year survival is 1983, for 5year, 1981, and for 7-year, 1979. The figures in parentheses
define the 95percent confidence intervals for each survival rate estimate. These intervals are con-
structed by adding the numbers in parentheses to, and subtracting them from, the estimate provided
For example, using the data, we conclude that 95 percent of all possible estimates of the 3year survival
rate for women diagnosed in 1975 would fall between 78.4 (82 - 3.6) and 85 6 (82 + 3.6) percent

When confidence intervals are constructed for each of the survival rates
in table 3.1 (by adding and subtracting the corresponding standard
error), there is no instance in which the intervals do not overlap. This
means that there is no statistically significant difference between any of
the rates. As mentioned in the previous chapter, however, survival rates
alone can be misleading, since they measure survival only at specific
times rather than along a continuum. Therefore, we also compared the
survival of the successive cohorts by using the lifetable method.

The lifetable method compares actual length of survival (not only per-
centage surviving at specified times) of all cases across groups and pro-
vides statistical tests that indicate whether survival is different between
the groups. In looking for differences in survival, we first compared the
survival experiences of successive diagnostic cohorts (that is, women
diagnosed in 1975 with those diagnosed in 1976, those diagnosed in
1976 with those diagnosed in 1977, and so on, through 1984-85).
Because of the possibility that there wos an incremental improvement in
survival that went unnoticed because we only compared proximate
cohorts, we also made other comparisons. Among these were

a comparison of 1975 (the year in which the smallest percentage of
patients received adjuvant chemotherapy) with 1982 (the year in which
the largest percentage of patients received adjuvant chemotherapy);

Page 21 2 3 GAO /PEMD -89.9 The Survival of Breast Cancer Patients



Chapter 3
Treatment Patterns and Survival

an analysis that combined 1975, 1976, and 1977 into a single cohort and
compared that cohort to each of the successive cohorts; and
an analysis that examined all cohorts simultaneously to see if there was
any overall significant difference in survival.

Irrespective of the specific comparisons made, the results were consis-
tent. Specifically, they show that there has been no detectable change in
patients' survival since 1975, the year in which adjuvant chemotherapy
was proven effective in prolonging the lives of cancer patients. The one
exception to this finding is that women diagnosed in 1980 did signifi-
cantly better than women diagnosed the previous year. Unfortunately,
this increase in survival did not hold steady and the 1981 cohort did
significantly worse than women whose cancers were discovered in 1980.
Reinforcing the finding that the 1980 group is somehow "unique" (and
we have no description or explanation of this uniqueness) is a compari-
son that shows no differences between the 1979 and 1981 groups.

In our final attempt to detect changes in survival, we used proportional
hazard models. These models show the extent to which patients' charac-
teristics are related to the probability of dying (relative risk). In our
study, the characteristic we were most interested in was the year in
which a patient was diagnosed as having breast cancer. The question
was whether the probability of death changed from one diagnostic
cohort to the next. The results of this analysis are displayed in table 3.?.

r,
. Lt
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Table 3.2: The Relative Risk of Dying for
Premenopausal, Node-Positive, Stage II Characteristic Beta Relative risk p-value
Breast Cancer Patients by Year of

Races .251 1.28 .001Diagnosis
Age at diagnosis .013 .99 .003
Tumor size .358 1.43 .000
Tumor extension .258 1.29 .000

Year of diagnosisb

1976 .018 1.02 .876
1977 .045 1.05 .693
1978 .020 .98 .863
1979 .058 .94 .619
1980 .33E .71 .009
1981 .016 1.02 .895
1982 .146 .86 .259
1983 .126 .88 .333
1984 .011 1.01 .935
1985 318 1.37 .063

aWhite = 0, nonwhite = 1.

bReference year = 1975

What table 3.2 shows is that a patient's race and age were both signifi-
cantly related to the probability of dying (with white patients less likely
and younger patients more likely to die). The table also shows that the
extent to which a tumor had spread at the time of diagnosis and its size
were also related to the probability of death. Finally, with respect to the
influence of the year of diagnosis, the results of the proportional hazard
models are entirely consistent with those of the lifetable analyses. That
is, there is no significant change (p-value less than .05) in the risk of
dying from one cohort to the next (once again, with the exception of
1980).

Conclusions How is this possible? That is, what would explain our consistent finding
that there is no observable improvement in breast cancer patients' sur-
vival, even thcaigh the use of chemotherapy has increased considerably?
The most direct, but least likely, explanation is that chemotherapy is not
beneficial. The procedure through which chemotherapy was shown to
improve survival is accepted as the best method for demonstrating the
effectiveness of any therapy. This procedure, known as the randomized
clinical trial, provides the strongest evidence that any benefits that are
seen should be considered real. This is especially true when more than
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one clinical trial shows a therapy to be effective, as with adjuvant chem-
otherapy for premenopausal breast cancer. Based on the trials con-
ducted, it has been stated conclusively that chemotherapy should have
efficacy in the treatment of this group of patients."

A number of more likely reasons exist for why patients may not have
realized the benefits of adjuvant chemotherapy. One factor that clearly
explains away part of the mystery is that treatment did not change for a
considerable number of patients. That is, given that approximately one
in five women already received chemotherapy in 1975, there might be
little opportunity for improvement among 20 percent of the patients. In
addLion, it is clear that we should expect no change in survival among
the patients who never received chemotherapy. Although this number
diminished over time, approximately a third of the patients in the 1985
cohort had not received adjuvant chemotherapy. Among these two
groups, we would expect little if any change in survival, since patterns
of treatment remained constant.

A second reason why patients have not realized the benefits of cheino-
therapy may be that the chemotherapy they are receiving is inappropri-
ate. As we discussed in our January 1988 report, SEER data are not
sufficiently precise to inform us as to exactly what therapy was used.
For example, a treatment advance might be the combination of three
specific drugs into a chemotherapeutic regimen. From SEER, however,
one can tell only whether or not the patient received chemotherapy. The
SEER data are not detailed enough to indicate the exact type of chemo-
therapeutic regimen administered. As a result, when we say that there
has been a twofold-to-threefold increase in the use of chemotherapy for
breast cancer patients, this does not necessarily mean that all, some, or
any of these women are being treated with the correct combination of
drugs, given in proper sequence and at appropriate dosages. That is, the
unchanging survival experiences of breast cancer patients, year after
year, could be a function of poor implementation of the breakthrough in
treatment.

Finally, although it is acknowledged that adjuvant chemotherapy is ben-
eficial in the treatment of premenopausal breast cancer, the question of
how large a benefit it provides remains unresolved. Different trials have
reported benefits in terms of both disease-free survival and overall sur-
vival and have not taken their measurements at a standard time (for

-'National Institutes of Health, Consensus Development Conference Statement, Adjuvant Chemother-
apy for Breast Cancer, 5:12 (1985).
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example, one trial may report only 3-year disease-free survival while
another may report 9-year overall survival). In addition, even when
there is consistency in measurement and reporting, the results often dif-
fer. One consequence of the differences is that it is not clear whether
our results are surprising or expected. If adjuvant chemotherapy is
expected to extend survival for 25 percent of the patients who receive it
(as HHS stated in its response to an earlier GAO report), our finding of no
detectable ht.prevement in survival is surprising., However, if the true
benefit of this therapy extends to only 7-to-10 percent of premen-
opausal, node-positive breast cancer patients (as HHS currently main-
tains), it is likely that whatever improvements in survival did occur
after 1975 would be too small to detect with the available data and sta-
tistical procedures.

Implications Two of the three competing explanations for why the increased use of
adjuvant chemotherapy has not led to detectable improvements in
patients' survival have direct, yet different policy implications. If the
primary explanation is that many patients are not receiving any adju-
vant chemotherapy, efforts to increase the use of this therapy are in
order. These efforts would be directed at patients (if their refusal to
accept chemotherapy explains their failure to receive the therapy), at
physicians (if they do A offer chemotherapy to their patients), or at
both groups.

If survival rates have not improved because physicians do not provide
the right kind of chemotherapy, some mechanism must be developed to
improve the quality of care. More focused training or regulatory efforts
are but two strategies for achieving this goal.

However, the third explanationthat the magnitude of the improve-
ment was too small to be detected with all the available data and statis-
tical proceduresdoes not appear to lend itself to any immediate policy
resolution.' This is not to suggest that the issue is unimportant, how-
ever. The size of the benefit provided by adjuvant chemotherapy is
clearly of considerable interest to breast cancer patients and their
physicians.

pit '3. General Accounting Office, Cancer Patient Survival: What Progress Has Been Made, GAO/
PEMD-87-13 (Washington, D.C.: March 1987), p. 114.

lOne --ehtial resolution would be expand the number of cases available for analysis. This cption,
however, vb, .1.c1 require a considerable expansion of the SEER program.
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The point here is that it is essential to determine which of the three
explanations is correct and that two of these are potentially susceptible
to resolution. We cannot now recommend a policy to adopt because we
cannot say which of the three explanations or what combination of
them more accurately reflects reality. A variety of strategies exist for
making this determination. Unfortunately, each of these strategies has
its limitations and none can be assumed to easily provide an answer to
the question.

For example, one approach would be to go to patients' case records,
determine exactly what type of chemotherapy was or was not given,
and then relate the type of therapy to each patient's survival. The prob-
lem with this design is twofold: it is expensive, and it depends entirely
on case records' providing sufficient detail to allow investigators to
identify the theravy that was given.

An alternative strategy for determining the therapy that was provided
would be to ask physicians what therapy they gave. This is a less costly
design than case record review, but it is open to problems of memory as
well as other forms of response bias (for example, physicians might well
hesitate to say they did not provide appropriate care).

The most elaborate (and costly) study design would be one in which
patients were prospectively followed from the time of diagnosis. By
observing exactly how the patients were treated and then tracking their
survival, we would have the strongest evidence on what in fact hap-
pened and why. Here again, however, there are methodological obsta-
cles. Aside from the costs and time required to conduct a prospective
study, there is the issue of physicians' and patients' compliance. If
either the patients or their physicians were unwilling to cooperate with
a research team, the conclusions of such a study might be methodologi-
cally flawed.

These problems present obstacles that must be overcome if a study is to
determine conclusively why no improvement in survival is visible.

Recommendation We recommend that the secretary of the Department of Health and
Human Services initiate a study to determine why there has been no
detectable improvement in the survival of premenopausal, node-positive
breast cancer patients since the advent of chemotherapy in 1975. In
light of the potential methodological obstacles that such a study faces,
we also suggest that prior to conducting it, the secretary seek expert
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advice on the feasibility of conducting the recommended research and
the study design most likely to provide valid conclusions.

Agency Comments The Department of Health and Human Services reviewed a draft of this
report. HHS cone Arred with the recommendations contained in that draft,
although the agency suggested including a feasibility analysis prior to
the full-scale study. Our current recommendations reflect this
suggestion.

fins summarized its general cm-dnents by listing three "major concerns"
with our report (see appendix III):

"1.The conclusion, as worded, gives the erroneous impression that no progress
against Stage II, premenopausal breast cancer has been made since the advent of
adjuvant chemotherapy. The body of the report makes it clear that GAO does
believe there has been improvement as evidenced by clinical trials; however, the
conclusion as stated gives exactly the opposite impression.

"2.GA0 interprets its analysis to show that no increase in survival is detectable by
any means. However, the GAO analysis does not have sufficient statistical power to
be able to justify this definitive statement.

"3.The Department agrees with GAO that a closer examination of the actual chemo-
therapy delivered to breast cancer patients would be useful."

In reading through the full text of iis's comments, we concluded that
the "conclusion" mentioned in the first concern is actually the title of
the draft report HHS reviewed. We agree that the draft title could have
been misinterpreted, so we have changed the title to Breast Cancer:
Patients' Survival.

The concern that is most pervasive throughout mis's comments is
described in the second point. In its response to our report, HHS consist-
ently emphasizes the small number of patients included in our study and
argues that this number leads to our study's having low statistical
power. Furthermore, HHS contends that low statistical power is the
major reason that no improvement in survival was detected. That is, the
small number of patients makes it likely that whatever the improvement
in survival, improvement would not achieve statistical significance. We
agree that our findings may result from small sample size. In fact, this
point was made in the draft HHS reviewed and remains in this report.
However, statistical power is a function of several factors: in addition to
sample size, the most important factor in our study is the size of change
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in survival one expects (effect size). As either sample size or the size of
the expected change decreases, so does the statistical power.

In our analyses, the size of the samples is a given: we included all breast
cancer patients from SEE _It who satisfied Na's criteria for defining ideal
candidates for adjuvant caemotherapy. What is less clear is how large a
change in patients' survival should be expected. In its response to a
1987 GAO report, HHS stated that a 25-percent improvement in survival
was to be expected for premenopausal breast cancer patients.5 If this 25-
percent estimate of effect size is used, the power of our statistical tests
is adequate. However, if inis's current estimate of 7-to-10-percent is
closer to the true effect size, our statistical tests do not have a reason-
able probability of detecting that effect. A question remains, however,
as to the basis for the change in mis's estimate of the likely survival
benefits from adjuvant chemotherapy.

In that earlier response, HIS also argued that survival rates could be
improved significantly "through better application of existing treat-
ments." This position of iis's supports our conclusion that poor imple-
mentation may explain why we did not detect any improvement in
patients' survival.

There are, therefore, a number of possible explanations for our findings:
the number of patients available for our study was small; the benefits of
adjuvant chemotherapy are small; many physicians do not give chemo-
therapy correctly. HHS, in its responses to this and earlier GAO reports,
has agreed with all these factors.

All other comments provided by HHS have been considered and changes
have been made in the report as appropriate.

''U.S. General Accounting Office, Cancer Patient Survival: What Progress Has Been Made? GAO/
PEMD-87-13 (Washington, D.C.: March :987), p. 114.
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Measuring Survival
Time

The classic problem in survival analysis is that of censoring or right
truncation. At issue is what values to assign to the survival times of
patients who are still alive at the conclusion of a study. If we simply
calculate their survival by time at end minus time of entry, we are
equating their survival to that of patients who entered the study at the
same time and died near the time that the study ended.

As a solution to the censoring problem, many algorithms add time to
anyone who is censored (alive when last seen). Typically, the amount
added is half the time in the subsequent interval. For example, any
patient who was alive at the end of our study would be given 6 addi-
tional months of survival, if we measured survival in years. This
method of assigning values to censored cases introduces a bias, because
of the natural history of breast cancer and the types of patients we
included in our analyses.

Our study was limited to Stage II, premenopausal patients who had had
surgery. Among this group of women, it is very unusual for anyone to
die (from cancer or other causes) within the first year or two of diagno-
sis. This means that assigning half an interval to censored data is likely
to bias later diagnostic cohorts. For example, consider a patient diag-
nosed in January 1975 and another patient diagnosed in January 1987.
Assume that the probability of death during the first 2 years following
diagnosis is small for both patients. Finally, remember that our study
ends in January 1988 with the second patient still alive.

Since the study ends with the second patient still alive, her survival time
has to be estimated. This estimate measures her survival as 18 months
(the 1 year she was measured while alive and the additional half year
she gets for being censored). However, the likelihood of her surviving to
the end of the second year is great. This means that 24 months (at a
minimum) is probably a better estimate.

The problem was aggravated by the fact that our initial censoring date
was relatively early (December 31, 1985). We believe that the early cen-
soring date and the bias described above accounted for initial results
that showed that women in our last two cohorts had significantly worse
survival than other patients. That is, women in 1975, 1976, 1977, and so
on had the opportunity to live 2 and 3 years (which most did) whereas
those diagnosed in 1985 did not.

To correct for this problem, we extended the censoring date to December
31, 1986. Since we did not have complete follow-up on patients up to
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that date, we assumed that any patient who was not recorded as dead
was alive at the end date. When this was done, the differences between
the 1984 and 1985 cohorts relative to all others disappeared.

Estimating Cohort
Effect

In the Cox models, the year of diagnosis was entered into the model in
two different ways. One was to record the direct value (for example,
1977, 1978, 1979) of the year in which the patient was diagnosed. We
also constructed 11 dummy variables to correspond to each of the 11
annual diagnostic cohorts. It is this latter measurement scheme that is
reported in chapter 3.

Also at issue was which cohort should be used as the comparison group
for the proportional hazard models. We chose 1975 for the theoretical
reason that it was the year in which the advance in treatment was first
reported. However, when we combined 1975 and 1976 or combined
these two cohorts with 1978 to fonm a comparison cohort, the results
remained unchanged (1980 is the only significantly different cohort).

Statistical Power of
the Study Design

In conducting clinical trials, it is advisable to determine the statistical
power of the design (the probability that an effect will be detected if one
really exists) as early as possible. Among the primary benefits of power
estimates is that they allow for modifications in the study design (for
example, expanding the number of patients to be enrolled) while such
modifications are still easily made. In fact, the utility of power estimates
for determining sample size is so well established that tables exist that
show the required number of subjects for each desired level of signifi-
cance and statistical power.'

In situations where the analyst is unable to modify the study environ-
ment (by increasing either the effect size or the sample size), power esti-
mates serve more to help in the interpretation of study findings than to
inform design decisions. The study described by this report is one in
which both the effect size and the number of patients included in the
analyses were factors beyond the control of the analysts. The utility of
any power estimates for this study, therefore, derives primarily from
their role in helping in the interpretation of our findings.

'or example, L.S. Freedman, "Tables of the Number of Patients Required in Clinical Trials Using the
Logrank Test," Statistics in Medicine, 1 (1982), 121-29.
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The major finding of our study is that there was no detectable improve-
ment in patient survival over time. If the power of our study is high, thy.:
finding would be more accurately stated by omitting the word "detecta-
ble" from it. If the power of our study is low, the finding is correctly
stated as is and should come as no surprise. (That is, we could not detect
any change primarily because the change is difficult to detect with the
design we employed.)

Obviously, the alternative conclusions to be drawn from our study,
given high or low power, have different implications. A conclusion that
there has been no improvement in survival could point to a problem in
the way cancer patients are treated. A failure to detect improvement
could mean no more than the obvious fact that small effects are difficult
to detect. Unfortunately, we could not determine which of these per-
spectives is more accurate because we could not compute the power of
our design.

One reason we could not estimate the power of our study is that there is
no agreed-upon estimate of the magnitude of the benefit provided by
adjuvant chemotherapy. As we indicate in chapter 3, HHS has itself pro-
vided two distinct estimates of effect size, each of which would lead to
considerably different estimates of power.

A second reason that we could not estimate power is that the central
analyses (the lifetable and proportional hazard comparisons) were per-
formed by making numerous comparisons across the 11 cohorts rather
than a simple comparison of one cohort against a second. This presents a
number of problems for power computations. One obvious (and insur-
mountable) one is that we could find no existing algorithm for comput-
ing power for an n-way logrank test. An equally vexing dilemma was
what comparisons should be included: 1975 against all other years, 1975
and 1976 against all other years, 1975 through 1977 against 1982
through 1985, and so on. Since each of these tests was run, and each
would generate different power estimates as a result of different sample
sizes, we could generate a wide range of power estimates.
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Patient Selection Criteria

In an earlier study on the use of state-of-the-art cancer therapies, we
asked NCI to provide us with criteria for selecting the cancer patients
who should be the most likely candidates for adjuvant chemotherapy.'
These criteria were applied to the entire population of breast cancer
patients contained in SEER. The patierts who satisfied all the criteria
were included in the earlier study and also served as the population for
the current study.

Patients'
Characteristics

The sex of a patient had to be female.

The age of a patient had to be 50 years or less at the time of diagnosis.

The medical history of a patient could not include any previous diagno-
sis of cancer.

The diagnosis must have been made through some means other than an
autopsy.

The diagnosis must have been made in 1975 or later.

The patient must have had surgery.

Tumor Characteristics The primary site of the tumor was in the breast.

The size of the tumor at the time of diagnosis was less than 6.0
centimeters.

The histology of the tumor was coded as 8140 (adenocarcinoma, Not
Otherwise Specified), 8141 (scirrhous adenocarcinoma), or 8500 (infil-
trating duct carcinoma), using the International Classification of Dis-
eases, 9th Edition, Oncology.

The tumor could not extend to or beyond the chest wall, and there could
be no evidence of metastatic activity to adjacent or distant organs.

The nodal status of the patient had to be positive with only the axillary
lymph nodes involved and no involvement of distant lymph nodes.

I U.S. General Accounting Office, Cancer Treatment 1975-85: The Use of Breakthrough Treatments
for Seven Types of Cancer, GAO/PEMD-88-12BR (Washington, D.C.: January 1988), pp. 1-3.
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Comments From the Department of Health and
Human Services

DEPARTMENT OF HEALTH & HUMAN SERVICES Office of Inspector General

OCT 1 8 1888

Ms. Eleanor Chelimsky
Director, Program Evaluation
and Methodology Division

U.S. General Accounting Office
Washington, D.C. 20:A8

Dear M5,,SkIttelAIL;:

Washington, 0 C 20201

Enclosed are the Department's comments on your draft report,
"Breast Cancer: Patients Have Yet to Realize the Benefits of
Adjuvant Chemotherapy." The enclosed comments represent the
tentative position of the Department and are subject to
reevaluation when the final version of this report is received.

The Department appreciates the opportunity to comment on this
draft report before its publication.

Sincerely yours,

Richard P. Kusserow
Inspector General

Enclosure
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COMMENTS OF THE DEPARTMENT or HEALTH AND HUMAN SERVICES
ON THE GENERAL ACCOUNTING OFFICE'S DRAFT REPORT,

"BREAST CANCER: PATIENTS HAVE YET TO REALIZE THE BENEFITS
OF ADJUVANT CHEMOTHERAPY," SEPTEMBER 1988

General Comments

The Department appreciates the opportunity to comment on the
General Accounting Office (GAO) drat report. In its report, the
GAO attempts to determine whether an increase in the use of
djuvant chemotherapy has led to a population-wide improvement
in survival for women with Stage II breast cancer, under the age
of 50, since 1975.

GAO concludes that despite a considerable increase in the use of
chemotherapy since 1975. there has been no detectable increase in
survival for those patients who should have benefited most from
the advent of this therapy." GAO recommends that the Secretary
of the Department of Health and Human Services (DHHS) initiate a
study to determine "why there has been no visible improvement in
the survival of premenopausal, node-positive, breast cancer
patients despite the advent of adjuvant chemotherapy."

The Depa-tment agrees with the conclusion drawn in the GAO report
that adjuvant chemotherapy clearly prolongs the survival for
premenopausal women with Stage II breast cancer. As pointed out
by GAO, this survival advantage has been well documented in
several, large, randomized clinical studies, and the Department
agrees with GAO that the question of whether (adjuvant)
chemotherapy has the potential to extend patient survival has
bee,-, settled."

The Department also shares GAO's concern that this survival
advantage may not be reaching the entire population of Stage II,
premenopausal breast cancer patients nationally. Our concerns
are two-fold; first, that not all eligible patients are receiving
adjuvant chemotherapy, a concern borne out by the GAO analysis
which shows that 31 percent of eligible patients did not receive
chemotherapy as late as 1987; and second, that patients who are
being treated may not be receiving chemotherapy with the
intensity (dosage and timing of treatment) needed to achieve the
potential survival advantage.

The Department believes, however, that the statistical power of
the GAO analysis is not sufficiently strong to allow the sweeping
conclusion that no increase in survival benefit can be detected.
The major reason for this is that the Surveillance. Epidemiology
and End Resu-ts (SEER) database contains too few Stage II,
premenopausal patients who meet the GAO selection criteria
(approximately 400 to 650 per year), to be able to draw a

3 6
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definitive conclusion given the magnitude of the survival
advantage expected based on clinical trials data (7 to 10
percentage points at 5 years post diagnosis) and given the
statistical approach used by GAO. The National Cancer Institute
is supporting extensive research to develop therapies which will
confer greater survival advantages. However, while this 7 to 10
percent survival improvement represents a significant
accomplishment of adjuvant chemotherapy, detecting this
difference using the methods employed by GAO would require two to
three times as many patients as are available in the SEER
database. The Department's analysis indicates that the GAO
approach had less than a 50 percent chance of demonstrating an
Improvement in 5 year survival using the SEER database. This
(Leans that there was at least a 50 percent chance that the GAO
analysis would miss finding a survival advantage even if one
existed.

fhe Department believes that an incomplete transfer of the
adjuvant chemotherapy treatment advance to the community also
contributed to GAO not detecting a survival advantage between
1975 and 1983. The fact that only 69 percent of eligible
patients received adjuvant chemotherapy in 1983 speaks to this
point. On a recent analysis of the SEER database. the Department
also found that there were proportionately more patients with
four or more positive lymph nodes in the treatment group than in
the overall SEER population of Stage II, premenopausal breast
cancer patients. This wc.ald result in a smaller than expected
survival benefit for the treatment group since patients with four
or more positive lymph nodes receive a lesser benefit from
adjuvant chemotherapy than does the general population of
premenopausal, Stage II breast cancer patients (Bonadonna G..
Rossi A.. Tancini G. et al. (1983) "Adjuvant Chemotherapy in
Breast Cancer" (letter) LANCET, 1, 1157). The Department
believes that this incomplete transfer of adjuvant chemotherapy
to the community may have been a major contributing factor to a
lower than expected national survival benefit between 1975 and
1983.

Although the SEER database is the best currently existing
resource to have used for the GAO study. it does not contain
enough information about patient treatment to definitively answer
questions about the impact of particular treatments on survival
and about patterns of care. The SEER database does not capture
information about the nature of treatment (single agent versus
combination chemotherapy), the dosages given, or the length of
t-eatment. It is, therefore, not possible to determine whether
adjuvant therapy is being given in the community using the same
methods which improve sur,,:val in clinical trials.

Page 36
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The main conclusion of the GAO draft report is stated in the
title, "Breast Cancer: Patients Have Yet to Realize the Benefits
of Adjuvant Chemotherapy". The Department believes that this
statement is uninformative and possibly misleading. If this
conclusion means that the breast cancer patients who actually
received adjuvant chemotherapy showed no survival benefit, we
disagree: GAO did not provide evidence to support this assertion.
If it means that there has been no possibly discernible impact on
the whole Stage II, premenopausal population, we also disagree.
As stated above. the GAO analysis does not have sufficient
statistical power to prove that a survival benefit from adjuvant
chemotherapy has not occurred nationally. The Department
suggests that a more appropriate title for the GAO report might
be, "Adjuvant Chemotherapy for Breast Cancer: Is a Survival
Benefit Detectable in the National Statistics7'" The use of this
alternative title could prevent a misunderstanding about the fact
that adJwiant therapy is an effective method of treatment.

In conclusion, the Department has three major concerns with the
GAO report:

1. The conclusion, as worded, gives the erroneous impression
that no progress against Stage II, premenopausal breast
cancer has been made since the advent of adjuvant
chemotherapy. The body of the report mat:es it clear that
GAO does believe there has been Improvement as evidenced by
cliw.cal trials; however, the conclusion as stated gives
exactly the opposite impression.

G. GAO interprets its analysis to show that no increase in
survival is detectable by any means. However. the GAO
analysis does not have sufficient statistical power to be
able to justify this definitive statement.

3. The Department agrees with GAO that a closer examination of
the actual chemotherapy delivered to breast cancer patients
would be useful.

GAO Recommendation

GAO recommends that the Secretary of the Department of Health and
Human Services (HHS) initiate a study to determine why there has
been no detectable improvement in th-. survival of premenopausal,
node-positive, breast cancer patients since the advent of
adjuvant chemotherapy in 1975. GAO also recommends that prior to
initiation of such a study, the Secretary convene and seek the
advice of an advisory committee as to the design most likely to
provide valid conclusions. This committee should tnclude
representatives from the cancer research community, practicing
oncologists, physicians other than oncologists who have a role in
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cancer patient management and women who have been treated for
breast cancer. Care should be exercised in selecting the
participants to ensure that the major professional societies are
also represented. This is to increase the likelihood of
cooperation by all relevant parties with any study endorsed by
this group.

Department Response

The Department agrees with the GAO recommendation, but not with
the way it is stated. As mentioned in the General Comments
section, and described in more detail in the Technical Comments
section, the GAO analysis does not have the statistical power to
state that there has been no improvement in survival for Stage
II, premenopausal breast cancer patients. The number of women
in the SEER database, in the category selected by GAO, is too
small (400 to 650 per year) to be able to detect a change in
survival of the sire predicted from the clinical trials
literature using the GAO approach. It is, therefore, not
appropriate for GAO to recommend a study to determine why there
has been no apparent survival improvement, but rather whether
adjuvant therapy for breast cancer has been successfully
transferred from clinical trials to clinical practice.

A patterns of care study of the delivery of adjuvant therapy for
breast cancer, not just in Stage II premenopausal women, would be
important and could provide valuable insights to aid the transfer
of clinical trials advances to clinical practice. The Departmensl
agrees that an advisory panel s'Iould be convened prior to the
initiation of a study, not only to advise on study design, but to
assess the feasibility of successfully conducting such a study.
The availability and adequacy of patient records are the ajor
factors which influence the feasibility of a patterns of care
study. Any study design chosen will require the complete
availability of patient records to provide detailed information
about chemotherapy agents used, dosage, frequency, and length of
treatment. In a clinical trial, such data collection and
monitoring is standard and agreed upon, in advance, by the
patient and physicia.l. For a patterns of care study of the
delivery of therapy which is principally done in individual
physicians' offices, physicians would have to agree to 4eep
records in greater detail than is customary. Furthermore, access
to records of patients not participating in a clinical trial
would be essential and would require an unprecedented level of
cooperation and openness an the part of physicians and their
patients. Should the advisory committee determine that a
patterns of care study is feasible, it would be advisable to
conduct a pilot study prior to the full scale effort to be
certain that the necessary information can be obtained.
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Now page 2.

Now page 3

Now pages 2 and 3.

Page 5

Additionally. a patterns of care study would require a
significant commitment of personnel. equipment, and financial
resources over a several year period.

Technical Comments

Title Page

The title of the report, Breast Cancer: Patients Have Yet to
Realize the Benefits of Adjt''ant Chemotherapy asserts a
conclusion that cannot be supported by the report itself, does
not accurately reflect the contents, and could suggest to the
public that adjuvant chemotherapy is not an effective method of
treatment. GAO specifically states that it does not attack the
positive findings for adjuvant chemotherapy in clinical trials.
but the title clearly states patients have yet to realize the
benefits of adjuvant chemotherapy. GAO failed to find a
survival improvement reflected in national statistics for Stage
II, premenopausal patients, but the size of the sample and the
treatment effect which could be expected based on a careful
analysis of the clinical trials oats made the lilelihood of
finding this improvement less than 50 percent.

The report notes that 31 percent of the premenopausal women who
have Stage II breast cancer, a stage for which chemotherapy is
indicated, did not receive adjuvant therapy in 1983. The title
of the report could inadvertently lead to a decrease in the
percentage of women who receive adjuvant chemotherapy as it
leaves the mistalen impression that this treatment, which has
well Inown side effects, is useless.

Pane ES-1, Paragraph 1

The report opens with the assertion that the Nation spenos
billions of dollars on new medical technologies. Since the
passage of the National Cancer At in 1971. the National Cancer
Institute has spent a total of $4.55 billion on all forms of
cancer treatment research out of its total appropriation of $14.3
billion during this time period. The largest expenditures have
been for basic research and have led to an uno-ecedented
understanding of the nature of cancer.

Page ES-4 Table 1

GAO's multivariate analyses on pages 7.-3 include cases through
1995, yet Table 1 stops at 1987. If 1985 cases are part cf the
GAO analysis, they should also be :ncluded in Table 1.
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Now page 3.

Now pages 7 and 9.

Now page 8.

Page 6

Rage ES -5. Paragraph 1

GAO describes several plausible reasons that might contribute to
the failure to detect benefits of adjuvant chemotherapy in
national survival statistics. It omits the fact that many
physicians who are hesitant to prescribe chemotherapy do so only
for 1"..ir patients with the worst prognoses; large primary tumor.
more tha. four positive lymph nodes, aggressive histology. etc.
The Department's analysis of the SEER data supports this
assertion an. shows that there were proportionately more patients
with four or more positive lymph nodes in the treatment group
than in the whole SEER Stage II, premenopausal population. This
would result in a smaller survival benefit for the treatment
group since patients with four or more positive lymph nodes
receive a lesser benefit from adjuvant chemotherapy than does the
overall population of premenopausal, node-positive breast cancer
patients (Bonadonna G.. Rossi A., Tancini G. et al. (1983)
"Adjuvant Chemotherapy in Breast Cancer" (letter) LANCET, 1.
1157).

In adchtion to these factors. GAO should note that the small
number of breast cancer patients in the SEER database who fit the
criteria for its study (428 to 653 each year), and the modest
size of the expected y.. in (7.3 to 10.8 percentage points in
clinical trials) result in a serious lack of power in the
statistical anllyses. This makes it highly improbable that a
national benefit could be detected even if the women who were
given a, uvant chemotherapy did 'lave their lives extended. It
should noted that clinical trials can Potect this survival
difference enrolling a smaller number of patients because a
survival difference is being sought between two populations,
100 percent of whom receive treatment on one arm of the study and
zero percent who are treated on the other arm. In the SEER data
analyzed by GAO, the comparison is made between the 23 to 71
percent who received treatment over the time period of the study,
a change in treatment status of only 48 percent. This makes
larger numbers of patients necessary to detect an evolving
survival a antage.

Page TC-3. Abbreviations and Page 1-3

L-PAM is an acronym for L-phenylalanine mustard, not for
L-phenylalanine (which is a non-cytotoxic amino acid).

Page 1-1

Reference is made to the focus of the GAO report being "... the
advance made when it was discovered that chemotherapy
administerri following surgery (adjuvant chemotherapy) improves
the survival chances of premenopausal breast cancer oatien.s."
The group referred to in the report is actually women with
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Now page 8.

Now page 9.

Deleted.

Deleted.

Page 7

evidence of spread o' the breast cancer into axillary (underarm)
lymph nodes (node-positive), not all premenopausal breast cancer
patients. In addition, the term adjuvant chemotherapy should be
more clearly defined. It refers only to chemotherapy given to
women with no detectable disease following definitive local
therapy (surgery or radiotherapy) in an attempt to eradicate
undetectable, microscopic cancer cells which may remain in the
body and does not include chemotherapy given to patients who have
evidence of metastatic disease.

Paae 1-2

The chronology of cancer drag development is inaccurate. The
first use of antitumor agents in humans was in 1943 when
alkylating agents were first used at Yale to treat patients with
leukemia and Hodgkin's disease. The first curative chemotherapy
was reported in the late 1950's when methotrexate was used in the
treatment of metastatic choriocarcinoma. Curative combination
chemotherapy of many of the leW'emias and lymphomas was developed
in the 1960 s.

Facie 1-3

The GAO report states that "... drugs showed little promise in
treating carcinomas ..." until the mid-1970's. This is
incorrect. By the mid-1970's, chemotherapy had oeen shown to
have significant antitumor activity in choriocarcinoma, breast
calcer, ovarian carcinoma, and small cell carcinoma of the lung.
The impact of effective chemotherapy for these carcinomas is
further magnified when the young median age of patients with some
of these cancers is taken into account. Although more effective
chemotherapeutic regimens have since been developed for these
carcinomas, the contributions of these early regimens in terms of
tumor response and overall survival should not be underesticlated.

Page 1.-4

Clinical trials of adjuvant chemotherapy in premenopausal, node-
positive breast cancer patients have consistently shown a 30 to
50 percent reduction in relapse rate at 5 years. The 75 percent
reduction referred to in the GAO report was reported in only one
study and is not considered a standard estimate of the
effectiveness of adjuvant chemotherapy in this population.
Further, this reduction in relapse rate does not translate to an
equivalent change in the probability of survival.

Paae 1-6 Ref. 12

NA' when used in this context. stands for Nolvadey (the trade
name for tamoxifen) Adjuvant Trial Organization.
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Now page 12.

Now page 24.

Now page 12.

Now page 30.

Deleted.

Page 8

Pages 2-2, Paragraph 2

The wording of the fourth line could be construed to mean that
SEER contacts all patients directly for follow-up. The SEER data
case is developed from hospital records, death records, and
sometimes letters to the patient's physician in order to obtain
the most recent follow-up information. However, SEER registries
almost never contact patients directly.

Contrary to the statement in the report, the SEER database does
not contain information on ".., how the patient was treated."
SEER data does not contain information on the nature of the
treatment (i.e. single agent or combination chemotherapy), the
duration of the therapy (i.e. single course versus six or more
cycles of therapy), and the dose-intensity (i.e. amount of drug
given over a unit period of time), all of which have been shown
to significantly influence the outcome of patients treated with
adjuvant chemotherapy. SEER does not include information on
whether patients receive therapy equivalent to that shown to be
effective in clinical trials. These limitations of SEER are
described only near the end of the report, on pages 3-12 and '-
13, but should be mentioned in the Objectives, Scope, and
Methodology portion of report as well.

GAO reports that "... SEER provides information on patient
characteristics (age, race and sex) that are useful for c'eating
homogeneous strata of patients for analysis." GAO is correct
that SEER reports the 1Jsted characteristics. However, a number
of factors which could sic,-nificantly influence response to
adjuvant chemotherapy are not reported in SEER, including
important variables such as estrogen receptor status, In
assessing a population's response to adjuvant chemotherapy, it is
Important that prognostic features be lnown in order to be able
to predict the magnitude of the expected survival benefit.

Page 2-2, Paragraph 3

The text should make clear that 7year follow-up data was not
available for the patients enterea into the GAO study who were
diagnosed in 1984 and 1985. The protlems created by the
censoring methods used to deal with this are discussed in the
Technical Comments on Page I-1.

Page 2-5, Paragraph 1

GAO states that This disease is diagnosed in approximately
120,000 women... the second most prevalent form of cancer..."
This statement follows one which limits the discussion to only
premenopausal women. The 120,000 represents all new cases of
breast cancer diagnosed in 1985, rot just the premenopausal
subset which constitutes approximately 22 percent of the total.
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Now page 14.

Now page 30.

Now page 17.

Page 9

Breast cancer has the second highest incidence rate after lung
cancer. However, this does not imply that it is the "second most
prevalent" form of cancer. Prevalence, ur cumulative incidence
up to the patient s present age, means the number of people
currently alive who have a history of a particular cancer.
Because of the much longer survival for breast cancer than for
lung cancer, there are many more persons alive today with a
history of breast cancer than of lung cancer (Feldman A.R.,
Kessler L., Myers M., and Naughton M.D. (1986) The Prevalence of
Cancer: Estimates Based on the Connecticut Tumor Registry" NEW
ENGLAND JOURNAL OF MEDICINE, 315, 1394-1397).

Page 2-5, Paragraph 1 to 2-6. Paragraph 1

GAO should succinctly state the selection criteria for these
analyses. This information, as well as the number of women per
year included in the group studied, should be included in the
text. Figure 3.2 shows that the number of women in the study
cohort for 1975 was 429, rising in 1983 to 653, with intermediate
size cohorts in the intervening years. The small number of cases
on which this analyses is based should be clearly stated in the
report, not just in a figure.

The report says that "cancer p, 'ients under the age of 50" were
Included in the study group. However, the SEER data provided by
the National Cancer Institute at GAO's request, Included females
aged 50 and under, a somewhat larger group. The above sentence
should be revised to say, "patients 50 and under" if this was the
populatior of women studied. The description of the study cohort
should include the histologies of the breast cancers which were
included for analysis. This information was omitted from the
description of the methodology. Page I-I mentions that only
surgically treated patients were included, but this fact is not
stated in The Selection of Patients and it is not made clear
whether that selection was indeed made. It would aid the
interpretation of this study if the selection criteria were
presented in tabular form indica ing how many cases each
criterion included as compared to the total SEER node positive,
premenopausal breast cancer population.

Page 2-11

GAO overstii:_es the power of the statistics which they employ in
their anel,sis in concluding "If the coefficients did not
achieve significance, we concluded that any observed change was
probably due to chance." If the tests achieve significance, then
the effect hae a low probability (usually 5 percent) of being a
spurious finding. However, the opposite is not true. There can
be many reasons why, when an effect is real, the tests do not
achieve statistical significance. Some of the reasons include an

Page 43

44
GAO/PEMD89-9 The Survival of Breast Cancer Padet.ts



Appendix III
Comments From the Department of Health
and Human Services

Now page 20.

Now page 22.

Now page 23.

Page 10

Insufficient number of cases. the procortion of cases affected is
small. the effect being measured is small, the power is weal.
and/or the model is inappropriate.

Page 3-5

Although SEER shows that there has been a stead" increase in the
use of chemotherapy from 1975 to 1982, SEER dc . not include
information on the number of cycles of chemotherapy. the
combination of agents used or the dosage, all factors which have
been shown in clinical investigations to -...xert a major influence
on the effectiveness of the treatment.

Page 3-7

The statement is made here and elsewhere "... there has been no
detectable change in pLtient survival since 1975..." The
Department believes that this wording is misleading. If GAO
wishes to summarize the results of its analysis more accurately.
the statement should read. In our analysis of the SEER data.
GAO was unable to detect a significant improvement in survival ih
this group of breast cancer patients." Similar changes should be
made on Page 3-9, Paragraph 2 and Page 3-10, Line 1.

The first step in conducting a study such as that undertM.en by
GAO would be to determine, given the available data, the
probability of being able to detect a survival difference between
groups if one existed. This concept is termed the power of the
study. To calculate power, an estimate of survival. assuming
maximal benefit of iJuvant chemotherapy. must be provided.
National Cancer Institute scientists using the same information
as that available to GAO have made the following calculations.
Based on review of the papers by Moon et al. (Jones S.E., Moon
T.E.. Bonadonna G.. Valagussa P.. Rivkin S., Buzdar A., Montague.
E., and Powles T. (1987) "Comparison of Different Trials of
Adjuvant Chemotherapy in Stane II Breast Cancer Using a Natural
History Data Base" AMERICAN JOURNAL OF CLINICAL ONCOLOGY, 10(5)
387-..::95: and Moon T.E.. Jones S.E.. Bonadonna G., Valagussa P..
Powles T.. Buzdar A., and Montague E. (1987) "Development and
Use of a Natural History Data Base of Breast Cancer Studies"
AMERICAN JOURNAL OF CLINICAL ONCOLOGY. 10(5) 396-403), the
Department estimates that the 5 year survival for wmen on
clinical trials under 50 who have positive nodes and tumor size
less than 5 centimeters is 75.5 percent for those receiving
adjuvant chemotherapy compared to 64.7 percent for those who do
not. For a particular diagnot.,s-year ; the SEER data only a
percentage of the patients has adjuvant chemotherapy. Thus, for
any given year we can calculate the expected 5-year survival as:
(.755) (percent receiving adjuvant chemotherapy) + (.647)
(percent not receiving adjuvant chemotherapy).
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Page 11

In the SEER database, there are several chemotherapy usage
categories: 1) no chemotherapy; 2) chemotherapy received;
3) chemotherapy recommended - unknown if received; 4) unknown If
chemotherapy received. If we assume that everyone who had
chemotherapy recommended (group 3) received it, then Table 1

shows the expected 5 year survival for each diagnosis year from
1975-1985.

Table 1

5 YR
DX YEAR % RECEIVED % CHEMO RECOMMENDED. TOTAL % EXPECTED

CHEMO uNr. IF RECFIVED CHEMO SURVIVAL

1975 19.6 3.3 22.9 .672
1976 33.8 11.6 45.4 .696
1977 34.0 11.9 45.9 .697
1978 45.9 6.8 52.7 .704
1979 45.2 9.8 55.0 .706
1980 48.8 12.5 61.3 .713
1981 54.0 12.1 66.1 .718
1982 55.5 15.9 71.4 .724
1983 54.1 14.6 68.7 .721
1984 45.7 21.0 66.7 .719
19E, 47.9 15.0 62.9 .715

Thus, a maximum difference of 5.2 percentage points in 5 year
survival (1975 to 1982) would be expected based on the survival
benefit of adjuvant chemotherapy demonstrated in clinical trials.

Power calculations were performed using the results of Freedman
(Freedman L.S. (1982) "Tables of the Number of Patients Requv-ed
in Clinical Trials Using the Logrant. Test" STATISTICS IN
MEDICINE, 1, 121-129) for comparisons of two survival curves
with the logranl, test. Figures 1 and 2 show power versus number
of events (deaths) needed (in both groups together) to detect a
change in 5 year survival from .672 to .71 and .72, respectively.
(Note thc: the x-axis in Figures 1 and 2 are on different
scales.) In both curves we assume a one sided Type I error rate
of .05. If we assume that there are about 7.00 events available
for analysis (which is approximately the number of deaths
available from SEER for each pair of years being compared) then
the power to detect a change from .672 to .71 is between 175 and
40 percent, and the power to detect a change from .672 to .72 Is
only 50 percent. This level of power is unacceptable because the
chance of missing the expected improvement in survival due to
chemotherapy is 50 percent or more.
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FIGURE 1

POWER ¶10 LErwr A DIFFERENCE IN FIVE YEAR SURVIVAL F1 .67 TO .71
(HAZARD RATIO = 1.16) AS A FUNCTION OF THE NUMBER OF EVENIS (LEAMS)

POWER USING A ONE SIDED .05 IEVEL LCGRANK TESTI

1Based on Freedman L.S. (1982) "Tables of the Number of Patients Required in Clinical Trials Using the Logrank 7ese
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0.95 + A

0.90 + A

0.85 +

0 80 +

0.75 +

0.70 + 74A
0.65 + A

0.60 +

0.55 +

0.50 +

//,A

A

0.45 + /A
0.40 4 A'/
0.35 +

//
A

0.30 + A

0.25 +

0.20 4. irA

0.15 + A

I /
0.10 + A

0
4

200 400 600 800 1000 1200 1400 1600 1800 2000 ?200 240

EVE

1The nunber of events represents the deaths in both groups combined. Follow-4p only extents through the follow-up
period of the shorter of the two groups (eg. for diagnosis year 1975 and 1980 with follow-4p through 1986, only
deaths within 7 years count as events.) 48



FIGURE 2
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Now page 22.

Now page 23.

Now page 23.

See pages 24.25.

Page 12

Looting again at Figures 1 and 2, we would need 1,119 events to
detect a change from .672 to .71 with 80 percent power. and we
would need 685 events to detect a change from .672 to .72 with
80 percent power.

The Department's analysis described above uses data from selected
trials reviewed and analyzed by Moon and colleagues. A

comprehensive review of adjuvant trials undertaken by R. Peto and
colleagues, The Effects of Adjuvant Tamoxifen and of Cytotoxic
Therapy on Mortality in Early Breast Cancer: An Overview of 70
Randomized Trials among 30.000 Women," suggests that five year
survival rises from 65.7 percent to 73.0 percent due to adjuvant
chemotherapy, a smaller difference than that suggested by the
Moon et al. review. If this smaller, but statistically
significant effect, is indeed the expected benefit, then the GAO
analysis would have even less of a chance of detecting it.

Page 3-7. Paragraph 2

Analysis of the SEER data using multivariate survival modeling,
of which the Cox propor' nal hazard approach used by GAO is one
example, is quite ar driate for the basic aims of the GAO
study. the GAO mc_ shown on page 3-8, is related to the
pairwise year comparisons used in the GAO's second analysis. As
noted above, the pairwise analysis has insufficient power to test
the basic hypotheses of the study. Adjusting for covariates
could improve power if there is a relationship between the year-
independent variables, the covariates, and survival. However, as
GAO points out, there is little change over time in the
covariates.

Page 3-9. Paragraph 2

The GAO statement that it can find no observable improvement in
breast cancer patient survival should be amended to specify that
it cannot find evidence of improvement for the subset of women
Included in its analysis and that its analysis had less than a
50 percent chance of detecting an improvement of the magnitude
expected from clinical trials. The current statement ignores the
improvement seen in large clinical trials.

Page 3-10

The footnote on the bottom of the page is a Ley point that should
be emphasized in the text: there are not enough data and the
sample size is not large enough to detect the differences
expected based on a comprehensive review of the reported clinical
trials.
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Deleted.

Deleted.

Now page 26.

Now page 27.

Page 17

Page 3-11, Paragraph 2

It is not clear whether the range of 10 to 30 percent survival
improvement refers to relative or absolute percent change in
survival. There is little evidence to suggest that the survival
improvement conferred by chemotherapy is larger than 10 percent
absolute difference at 5 years.

The Department believes that many cancer patients for whom
adjuvant chemotherapy has been shown to improve survival in
clinical trials do not receive it or do not receive the regimens
most likely to be effective. The Department has cr.ultiple
programs in place to disseminate information to the public and to
physicians about cancer prevention, diagnosis, and treatment.
Efforts to provide treatment information to physicians are
described in the recent response to the GAO report "Cancer
Treatment: The National Cancer Institute's Role in Encouraging
Doctors to Use Breakthroughs."

Page 3-12, Paragraph 7 and continuing on page 3-13

GAO expresses a concern that the Department may be promoting
therapies which, though effective in clinical trials. do not
change patent outcomes when used in clinical practice. There is
no inherent reason why adjuvant breast cancer therapies which are
effective in clinical trials, cannot be delivered correctly in
clinical practice. he critical concern is that practicing
physicians may modify effective therapies thereby rendering them
less than optimally effective.

Page 3-14

Third paragraph (first line), the word "most" should be "must".

Pape 7-15

The Department believes that before attempting to design a
patterns of care study, an advisory committee should consider
whether such a study is feasible, taking into account the
obstacles enumerated in the General Comments section. The
Department believes that if an advisory committee recommends that
such a sl-udy be done, it should be preceded by a pl'ot study to
assure feasibility prior to undertaking a full-scale oatterns of
care study. The panel convened should consider the advisability
and feasibility of a broader study of the delivery of cancer
therapy, extending beyond breast cancer.
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Now pages 30-32.

Now page 31.

Deleted.

Page 14

Page I-1 to 1-7

There are many problems and inconsistencies in this sectiol. To
summarize: 1) most life table methodologies do not add the one-
half interval of survival. but rather assume everyone survived
one-half of the interval in which they were censored: 2) the
example is inappropriate: 7) changing the study cut-off date and
assuming that everyone not reported dead. but lost to follow-up.
was alive in December 1986 is not justified. The Department
would use a conservative approach and employ December 1985 as the
study cut-off rather than December 1986 because follow-up
fairly complete by this date. i.e. almost all patients are either
dead or known to be alive on December 71, 1985. GAO's approach
could bias its results in either direction.

Page 1-3 Paragraphs 2 and

The two different ways of coding the year variable (the direct
value or 1 through 11) will produce identical findings. These
are not really separate analyses. More importantly. the analysis
done in this manner is not the most appropriate. If year is used
as a proxy for chemotherapy, then this analysis implies a
monotonic functional relationship between survival and year.
This was not the case in the SEER data. as shown in Table 1. and
this violates the assumption of proportional hazards.

An alternative is to use the percent receiving chemotherapy each
diagnosis calendar year as a continuous independent variable.
Everyone diagnosed in a particular calendar year would have an
identical value of the covariate. This alternative would be a
more appropriate way of approaching the data and, in the
departmental analyses. does yield results suggesting a survival
benefit from chemotherapy. Assumptions about follow-up, and the
use of covariates. however, do affect the results of this
analysis. There are several ways to approach the SEER data, and
the GAO analysis did not utilize methods most lilely to
demonstrate the expected survival benefit.

Page 1-5

The calculations in the last column of Table I.1 imply a decision
rule that says if at least one of the two pairwise comparisons is
significant. then one would conclude a significant benefit of
chemotherapy in the general population. However. this is not the
decision rule used in the report. since the 1975 versus 1980
comparison is significant.

The power estimates reported in Table 1.1 &Appendix I), according
to the footnote, male the assumption that no women received
chemotherapy in 1975 and 1976 and that 100 percent were treated
with chemotherapy post 1976. Using these assumptions, GAO
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Page 15

overestimates the power to detect survival differences. The
Departmeot notes that more appropriate calculations indicate a
lower power to detect differences of a magnitude that can be
expected based on clinical trials data

5 4
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Program Evaluation
and Methodology
Division, Washington,
D.C.

Michael J. Wargo, Associate Director (202) 275-3092
Boris Kachura, Group Director
George Silberman, Project Manager
Timothy Armstrong, Social Science Analyst
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