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Background: Payment for care provided as part of clinical
research has become less predictable as a result of managed
care. Because little is known at present about how entry into
cancer trials affects the cost of care for cancer patients, we
conducted a matched case–control comparison of the incre-
mental medical costs attributable to participation in cancer
treatment trials. Methods: Case patients were residents of
Olmsted County, MN, who entered phase II or phase III
cancer treatment trials at the Mayo Clinic from 1988
through 1994. Control patients were patients who did not
enter trials but who were eligible on the basis of tumor reg-
istry matching and medical record review. Sixty-one
matched pairs were followed for up to 5 years after the date
of trial entry for case patients or from an equivalent date for
control patients. Hospital, physician, and ancillary service
costs were estimated from a population-based cost database
developed at the Mayo Clinic. Results: Trial enrollees in-
curred modestly (no more than 10%) higher costs over vari-
ous follow-up periods. The mean cumulative 5-year cost in
1995 inflation-adjusted U.S. dollars among trial enrollees
after adjustment for censoring was $46 424 compared with
$44 133 for control patients. After 1 year, trial enrollee costs
were $24 645 compared with $23 964 for control patients.
Conclusions:This study suggests that cancer chemotherapy
trials may not imply budget-breaking costs. Cancer itself is a
high-cost illness. Clinical protocols may add relatively little
to that cost. [J Natl Cancer Inst 1999;91:847–53]

As health plans have become more adept at reviewing and
managing the care received by their covered populations, pay-
ment for care provided as part of or incident to clinical research
protocols has become less predictable(1). As a matter of federal
policy, Medicare does not pay for routine patient care delivered
in clinical trials unless that care would be necessary without the
trial.

Managed care administrators are understandably concerned
that patient enrollment in cancer clinical trials increases medical
care cost. Although this concern may be justified in certain
well-publicized cases, such as very expensive new treatments for
conditions with no currently available therapy, cancer clinical
trials span a wide array of interventions and disease stages. Most
cancer trials today involve the use of chemotherapy. Little is
known at present whether the treatment regimens of cancer trials
increase or decrease the costs of care over the remaining life-
times of cancer patients.

Information on the incremental patient care costs (or cost
savings) associated with cancer clinical trials can help put such
concerns into proper perspective and, thereby, facilitate arrange-
ments for patients insured by managed care organizations to
participate in such studies. To our knowledge, no published
study has evaluated the costs associated with participation in

cancer trials. Estimates of differences in patient care costs be-
tween trial enrollees and equivalent patients receiving conven-
tional cancer care across a wide spectrum of clinical studies can
assist in fiscal planning, negotiations for sharing of patient care
costs, and financial risk management.

For these reasons, we conducted a matched case–control
comparison of the cumulative incremental patient care costs at-
tributable to participation in phase II and phase III cancer treat-
ment trials from the date of trial entry until either death or 60
months after trial entry.

SUBJECTS AND METHODS

Selection of Case Patients

We identified all residents of Olmsted County, MN, who entered cancer
clinical trials at the Mayo Clinic Cancer Center from January 1, 1988, through
December 31, 1994. This sampling period permitted relatively complete enu-
meration of the 5-year history of medical services used by trial participants. The
Rochester Epidemiology Project, a cooperative effort of the principal sources of
medical care in Olmsted County, provides an umbrella for population-based
research, including a comprehensive medical care utilization database(2).1 The
year 1988 was chosen as the earliest date for inclusion in the study for the
following two reasons: 1) Health care utilization and cost data are available in
electronic form for 1987 and later, and 2) changes in medical technology or in
the nature of clinical protocols could invalidate earlier data.

Identification of case patients began with an inventory of all clinical protocols
at the Mayo Clinic Cancer Center that were accruing patients during the sam-
pling period. All of the protocols were funded by the National Cancer Institute
either through the North Central Cancer Treatment Group or directly to the Mayo
Clinic Cancer Center, and all were chemotherapy trials. Selected data on each
protocol and on each patient enrolled during the study period were obtained from
electronic and paper files maintained at the Mayo Clinic Cancer Center.

All protocols were screened to eliminate nonclinical or ancillary studies, such
as those involving only record reviews or secondary analyses of laboratory
specimens. The remaining protocols fell into one of the following five trial types:
1) pilot trials, 2) phase I treatment trials, 3) phase II treatment trials, 4) phase III
treatment trials, or 5) cancer control trials. We merged the lists of participants in
each protocol into a master list of unique patients enrolled in one or more cancer
clinical trials, and we further restricted the sample to those who had enrolled in
at least one phase II or phase III study.

Many patients participated in more than one cancer trial. Although no patients
participated simultaneously in more than one treatment trial, some entered two
or more treatment trials sequentially during the study period or participated
simultaneously in a treatment and a cancer control study. Approximately 10% of
all case patients participated in more than one trial during the study period. We
regard multiple trial enrollments partly as consequences of the familiarization of
patients with the clinical research environment and the frequent contact between
trial participants and clinical research teams. Thus, entering one trial may pre-
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dispose individuals to enter other trials, with their accompanying cascade of cost
impacts. Therefore, we did not exclude case patients from the sample if they
were enrolled in more than one cancer trial over the study period, provided that
the first trial entered was a qualified phase II or phase III treatment trial.

We excluded all trial participants who were not residents of Olmsted County
on the date of trial enrollment. Of 2466 individuals enrolled at Mayo Clinic
Cancer Center in phase II or phase III cancer treatment trials in the study period,
176 (7%) were Olmsted County residents on the date of trial enrollment.

Selection of Control Patients

The selection of control patients occurred in a two-stage process designed to
maximize similarity between case patients and their matched control patients on
demographic and clinical characteristics likely to affect both trial eligibility and
prognosis independent of the trial. We balanced the goal of achieving demo-
graphic and clinical equivalence between case patients and control patients
against the constraints on the number of available control patients.

In the first stage, we identified all potential control patients through a review
of the Mayo Clinic Tumor Registry. We matched the characteristics of the 176
case patients with those of all cancer patients recorded in the registry. Potential
control patients were Olmsted County residents who between 1988 and 1996
were classified as having malignant disease diagnosed before autopsy and as
having a date and place of treatment recorded in the Mayo Clinic Tumor Reg-
istry. Registry data elements in the first-stage matching criteria included age,
sex, site of the primary cancer, stage of cancer, and year of diagnosis. Year of
diagnosis pertained either to the initial diagnosis of cancer or to the initial
diagnosis of metastatic disease as discussed below. An age range of up to ±7
years was allowed in matching the control patient with a case patient. Patients
were matched for the site of their primary tumor by use of the three-digit
code as described in the International Classification of Diseases for Oncology
(ICD-O) (3), with additional groupings to minimize the number of case patients
for whom no match would be found.

We developed an algorithm to match the date of diagnosis of each potential
control patient with that of the case patient. Treatment protocols were divided
into those for metastatic and those for nonmetastatic disease. Using this sepa-
ration, we matched potential control patients with nonmetastatic disease on their
initial date of diagnosis of cancer. Potential control patients whose diagnosis date
was within ±3 years of the case patient’s diagnosis date were accepted, except
for patients with colorectal cancer. Because surgical adjuvant therapy became
standard medical practice in 1990 for treatment of colorectal cancer, case pa-
tients diagnosed in 1989 and earlier were matched only with potential control
patients also diagnosed within 3 years of the case patient in 1989 or earlier. Case
patients whose colorectal cancers were diagnosed in 1990 or later were matched
only with potential control patients diagnosed in that later period. Case patients
entered into protocols for treatment of metastatic disease were matched in the
same way, except that the relevant diagnosis date was the date of diagnosis of
metastatic disease as recorded in the Mayo Clinic Tumor Registry. Patients with
colorectal cancer were again divided into those diagnosed before 1990 and those
diagnosed in 1990 or later.

Through the above process, we identified 617 unique potential control patients
for 133 case patients undergoing treatment on protocol. Thus, 43 (24%) of the
176 case patients could not be matched in the first stage.

In the second stage, the medical records of potential control patients identified
in the first stage were reviewed to further ascertain their appropriateness as
matches. Review of the medical records began with the potential control patients
for those case patients with the fewest available potential control patients. Po-
tential control patients for each case patient were randomly assigned a rank order
for medical record review. If a potential control patient met the eligibility criteria
for a case patient’s clinical protocol, his or her record was selected and was
ineligible for selection as a control patient for any other case patient. In the
interests of time, we further elected to restrict the number of potential control
patients for any case patient to no more than 10, when a case patient had more
than 10 potential control patients.

The matching criteria used in the medical record review were the eligibility
criteria specific to the relevant treatment protocol and an assessment of the
patient’s performance status. We considered performance status to be an impor-
tant predictor of both longevity and ability to tolerate therapy. Trial eligibility
criteria generally included type and stage of cancer, specific laboratory param-
eters, and performance status as measured by the criteria of the Eastern Coop-
erative Oncology Group(4). To be considered eligible for the trial, the potential
control patient’s medical record could have no mention of a condition or finding

violating protocol eligibility at any time from diagnosis date to an assigned trial
entry-equivalent date. The trial entry-equivalent date for the control patient was
chosen so that the period between the date of diagnosis and the date of entry (or
entry-equivalent date) in the trial would be the same for both patients in a
matched case and control pair. (For example, if the case patient was diagnosed
with cancer of the cervix on January 1, 1990, and entered a phase II or phase III
trial for cervical cancer on January 1, 1991, then the matched control patient who
was diagnosed with cervical cancer on January 1, 1992, would be assigned a trial
entry-equivalent date of January 1, 1993.) The second stage yielded matches for
61 (46%) of the 133 case patients surviving the first-stage matching process.

Cost Measurement

The primary end point of the study was the cumulative 5-year incremental
medical care cost. This cost was defined as the total excess cost for case patients
compared with that of equivalent control patients incurred from trial entry date
or trial entry-equivalent date until the date of death or the end of the 60th 30-day
month, whichever came first. The follow-up period was limited to 5 years
because too few observations would be available to provide stable cost estimates
beyond this period. Secondary end points were the excess cost incurred by
participants from the date of enrollment in the trial to the end of the 12th month
and the average monthly cost incurred throughout the follow-up period.

The Olmsted County utilization database, an archived source of provider
billing data for Olmsted County medical care providers, was the basis for cost
estimation. This database is available in electronic format starting with 1987 data
and presently containing data through the end of 1995. It captures 90%–95% of
all physician and hospital services used by Olmsted County residents(2). The
proportion may be even higher for cancer patients.

Although complete capture of all categories of health care costs was the goal,
certain categories were excluded, notably outpatient prescription drugs, durable
medical equipment, ambulance and other transportation services, outpatient ser-
vices provided by allied health professionals (such as physical and occupational
therapists or clinical psychologists), and nursing home care. The utilization
database includes services in these categories provided by the medical facilities
participating in the Rochester Epidemiology Project, but it does not include
items provided by drugstores, dispensers, distributors, and independent allied
health professionals. In the interests of consistency, therefore, we eliminated all
such services from the cost estimates. We also did not capture services provided
to study subjects outside Olmsted County, such as the Veterans Affairs Medical
Center in Minneapolis or the University of Minnesota Hospital, because the
utilization database does not include these institutions. Also excluded were the
costs of experimental agents provided free of charge by trial sponsors or third
parties such as drug companies. These items did not enter the billing systems of
the institutions participating in the Rochester Epidemiology Project.

The utilization database contains detailed billing records for every medical
encounter and service rendered by the participating providers. We used a costing
system developed by researchers at the Mayo Clinic to assign a unit cost to each
service. That system assigns a standardized inflation-adjusted unit cost to each
service or procedure in 1995 U.S. dollars. Although the services provided rep-
resent the practice choices of Olmsted County providers, the value of each unit
of service has been adjusted to national cost norms by use of widely accepted
valuation techniques(5).2

The use of standardized unit costs is desirable because of the well-known
discrepancies between billed charges, which are directly available in the utili-
zation database, and “opportunity” costs in health care(5–8).3 These differences
vary by type of service, among providers, and over time, so billed charges can
give a distorted picture of cost differences between groups of patients treated
with different services over various times. The unit costing system assigns 1995
Medicare fee-schedule rates to all physician and outpatient ancillary services
provided from 1987 through 1995. Hospital charges are converted to costs by
applying department-level cost-to-charge ratios reported by all hospitals to Med-
icare. Each unit cost is normalized to a national 1995 value by use of regional
hospital market-basket indexes reported annually by the Prospective Payment
Assessment Commission(9).

Lifetime (or 5-year) cost is most appropriately measured as the net present
value of the stream of costs incurred over time from the trial entry date to the
date of death or the end of the 5-year measurement period. The net present value
of cumulative cost is the sum of costs incurred at each time point, weighted by
a discount factor that reflects the decay in the value of money from trial entry to
the time at which the cost is incurred. A commonly used annual discount rate for
health care spending is 3% after adjustment for inflation(10). We estimated
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cumulative 5-year costs by using discount rates of 0% (i.e., no discounting)
and 3%.

Although cost data are available at the level of the individual service and can
be reported at any level of aggregation and by any unit of time, the small sample
size precluded analysis of specific cost components (e.g., inpatient hospital,
physician, and laboratory) or periods shorter than each 30-day interval after the
trial entry or trial entry-equivalent date. Preliminary analysis of costs at a more
disaggregated level showed no discernible patterns contradicting the findings for
total medical costs.

Statistical Analysis

The primary analysis of cost differences was conducted on the total sample of
122 observations, containing 61 matched pairs of case and control patients.
Paired comparison formed the primary basis of analysis involving intrapair
differences in costs before adjustment for censored observations. Two-sample
comparisons were also conducted of the Kaplan–Meier sample average cost, an
estimate of mean cumulative (5-year) cost across a population in the presence of
censored observations(11,12).The Kaplan–Meier sample average cost estimator
has been shown to be an unbiased estimate of cumulative cost under conditions
of independent censoring of observations, whereas cost analysis that is not
adjusted for censored observations may be biased(12,13).

All comparison-wise type I error rates were set at 5%, and all testing proce-
dures were two-sided. Pairedt tests based on matched samples of 61 observa-
tions provide 80% power to detect differences of 0.37 standard deviation from
zero, a moderate effect size according to Cohen’s classification(14). The ob-
served standard deviation of the differences in total cost was $74 354, so the 61
observations provided 80% power to declare an intrapair average difference of
$27 510. Pairedt tests on log-transformed costs led to no differences in inference
and, therefore, are not reported. Power for the nonparametric procedures was of
a comparable nature, given the assumptions of nonnormality. AllP values are
two-sided.

RESULTS

Characteristics of Case and Control Patients

Table 1 shows the characteristics of case patients and control
patients who survived each step of the matching process. The

133 case patients successfully matched in the first stage were
similar to the original sample, except that those case patients for
whom matches were found had poorer performance scores on
average (P<.001).

The first-stage matching process found 617 unique control
patients eligible for chart review. Patients with breast cancer and
early stage cancers were heavily overrepresented in the pool of
potential control patients, whereas patients with gastrointestinal
cancers were underrepresented. The disproportionately small
number of potential control patients with gastrointestinal cancers
may have resulted from the stringent diagnosis date criteria used
to match colorectal cancer patients.

Many potential control patients identified in the first stage of
matching were rejected in the second stage of matching. Of the
133 case patients surviving the first stage, only 61 were success-
fully matched in medical record review. These 61 case patients
were enrolled in 36 different clinical protocols. The majority
(54%) of excluded control patients were not eligible for the trial
or were not clinically equivalent to the case patient (Table 2). In
36% of the excluded records, however, discrepancies were
found between the medical record and other data sources, par-
ticularly the tumor registry.

Comparison of case and control patients showed no statisti-
cally significant differences in the proportion of case patients
who were censored, in the median number of months of follow-
up, or in survival. By the end of the cost measurement period
(December 1995), 45 (74%) case patients and 41 (67%) control
patients had died. In 34 (56%) of the 61 matched pairs, both case
and control patients died; in nine (15%) of the 61 matched pairs,
both were still alive at the end of the cost measurement period.
Roughly 10 subjects per year had index dates during the period
from 1988 through 1991, and roughly five matched pairs per
year had index years during the period from 1992 through 1994.

Table 1.Selected characteristics of case patients and control patients*

Original case patients

First-degree matches Final matches

Case
patients

Control
patients

Two-sided
P†

Case
patients

Control
patients

Two-sided
P†

No. 176 133 617 61 61

Male, % 44.3 46.6 29.5 .001 50.8 50.8 1.0

Censored, % NA 18.1 62.6 <.001 24.6 32.8 .32

By site of cancer, % of total patients‡ .001 1.0
Unknown 2.3 3.0 0.8 0.0 0.0
Gastrointestinal 38.6 39.1 17.7 32.8 32.8
Genitourinary 13.6 12.0 5.8 14.8 14.8
Breast 11.9 15.8 44.1 18.0 18.0
Lung 9.7 12.8 18.0 18.0 18.0
Central nervous system 8.0 5.3 2.1 3.3 3.3
Blood 4.0 6.8 9.1 9.8 9.8
Head/lymphatic 1.8 5.3 2.4 3.3 3.3
Other 9.1 0 0 0 0

By stage group, % of total patients‡ .001 1.0
1 11.9 14.3 38.1 9.8 9.8
2 14.8 12.0 14.6 8.2 8.2
3 34.1 32.3 23.8 37.7 37.7
4 34.1 34.6 14.4 34.4 34.4
Unknown 5.1 6.8 9.1 9.8 9.8

ECOG score 0–1, % of total patients 90.3 62.6 18.5 <.001 93.4 91.8 .5

*NA 4 not available; ECOG4 Eastern Cooperative Oncology Group.
†Pairedt test.
‡Not all columns add up to 100 as a result of rounding.
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The index date differed between the case patient and the
matched control patient by 38 days (average, mean, and median;
paired t test P 4 .55; Wilcoxon signed rankP 4 .54). The
maximum difference in index dates observed was just over 1000
days. Control patients were followed on average 3.7 months
longer than case patients (median4 0; t testP 4 .3; Wilcoxon
P 4 .53).

Thirty-six subjects (30% of the 122 observations in the study)
were censored at termination of cost measurement (December
1995). Of the 36 censored observations, the medical records of
35 subjects were active after the termination date. Thus, one
study subject (a case patient) was potentially lost to follow-up
before the cost measurement termination date.

About one half of the patients in the 61 matched pairs were
drawn from the population of patients with gastrointestinal or
genitourinary cancers (Table 1), and 18% of the patients had

breast cancer. All but 17% of the patients had late stage tumors.
The sexes were represented about equally. All but four of the
case patients as well as five of the control patients had an Eastern
Cooperative Oncology Group performance status of either 0
or 1.

Cost Comparisons

Summary statistics for total costs before adjustment for cen-
sored observations are given in Table 3. The mean 5-year cost
per patient was slightly more than $40 000 for both case and
control patients, but costs for case patients were approximately
5% higher than those for control patients, who did not participate
in trials. These results were not statistically significant, however,
and variability among the pairs was marked. Some case patients
incurred costs that were more than $200 000 greater than the
costs incurred by their matched control patients, whereas some
control patients incurred costs that were more than $200 000
greater than the costs incurred by their matched case patients
(Fig. 1).

Discounting health care costs to their present value made
little difference to the cost estimates or to the estimated differ-
ences between case and control patients, largely because a high
proportion of patients lived for less than 1 year and the selected
annual discount rate was low. For example, the mean intrapair
difference in 5-year discounted costs was $1998 compared with
an undiscounted difference of $2120. Because cost levels and
differences were generally insensitive to discounting, we report
only undiscounted costs.

In the first 30 days, patients enrolled in trials cost an average
of $569 more than the control patients. Costs incurred during the
first 90 days were almost identical between the two groups. By
the end of the first year, however, the mean difference between
case and control patients had risen to about $900, or about 4% of
the mean cost for a patient not enrolled in a cancer trial. The
difference in median cost at the end of the first year was statis-
tically significant (P 4 .03), but the difference in means was
not. Differences beyond the second year became more difficult
to interpret because of the small number of patients surviving at
that point. Overall, the average cost associated with being en-
rolled in a clinical trial was consistently 5%–11% higher than

Table 2.Reasons for exclusion of potential control patients through
records review

Reason for exclusion
No. of

patients excluded %*

Protocol eligibility violated
Nonmetastatic disease for metastatic

protocol
137 31.2

Site of metastatic disease not appropriate to
protocol

8 1.8

Age outside protocol eligibility requirement 1 0.2
Other eligibility criteria not met 30 6.8

Patient otherwise nonequivalent
Too ill or poor performance status 43 9.8
Metastasis outside trial entry time frame 19 4.3

Data errors
Misclassified in Mayo Clinic Tumor

Registry
109 24.8

Not an Olmsted County resident 4 0.9
Treated at Federal Medical Center 24 5.5
Enrolled on study protocol 22 5.0

Control patient matched to another case patient 22 5.0

Patient eligible for standard treatment 2 0.5

Other miscellaneous 18 4.1

*Numbers in this column do not add up to 100 as a result of rounding.

Table 3.Mean (median) costs for various times from index date (1995 U.S. dollars)

Period

Total cost from index date*

% difference Two-sidedP‡
Case patients

(n 4 61)
Control patients

(n 4 61)
Difference†

(case − control)

First month $5718 $5149 $569 11.1 .78
($1842) ($1941) (−$453) (.43)

First 3 months $11 955 $11 937 $18 0.2 1.0
($6172) ($5347) ($752) (.69)

First 6 months $18 492 $17 427 $1065 6.1 .84
($9052) ($6138) ($3830) (.01)

First year $24 660 $23 763 $898 3.8 .88
($14 213) ($11 881) ($6771) (.03)

First 5 years $43 495 $41 375 $2120 5.1 .22
($29 639) ($19 185) ($7284) (.13)

*All costs are undiscounted and for censored observations.
†The transitive property of subtraction applies only to the means (e.g., the mean of the differences is the difference of the means). The other statistics are calculated

on the basis of intrapair differences.
‡Pairedt test.
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the average costs associated with not being enrolled in clinical
trials.

For every 30-day month that a patient was alive and available
to follow-up, the mean difference between case and control pa-
tients was $247, and the median difference was $366 (Table 4).
Although neither of these measures was statistically significant, the
median difference did have aP value of .06. Thirty-nine (64%) of
the pairs involved case patients who incurred more expenses than
the matched control patient. Table 4 also presents the maximum
monthly cost incurred for each patient. This analysis tests whether
patients who enter trials experience bolus amounts of treatment
upon initial entry or cause the system to incur greater catastrophic
costs as a result of closer monitoring. Case patients had slightly
higher costs on average ($177 and $1342 difference in the mean
and median, respectively). However, in a substantial minority (25
pairs or 41%) of the 61 pairs, the maximum cost for the control
patient was higher than that for the case patient.

We analyzed costs in the months preceding death for the 34
matched pairs in which both subjects died during the study pe-
riod (Table 5). Costs in the last few months of life were higher
for case patients than for control patients. In roughly 65% of the
34 pairs, case patients incurred greater costs consistently over
the last year of life. Total 5-year costs in this subgroup averaged

$49 400 per control patient, so costs incurred in the last 3 months
of life amounted to about 15% of the total for control patients but
were almost 29% for case patients. Patients in trials had monthly
costs during the last 3 months that were twice as high as during
the previous 9 months, whereas the monthly costs for control
patients did not rise appreciably as death approached.

Kaplan–Meier Analyses

Kaplan–Meier survival analysis did not reveal a statistically
significant difference in survival (logrankP = .06), but control
patients in the sample survived longer than did case patients
(median survival time4 724 days and 493 days, respectively).
After 1 year, the adjusted survival rate in case patients was 63
survivors per 100 subjects, compared with 68 survivors per 100
subjects in control patients.

The cumulative 5-year Kaplan–Meier sample average costs
for case and control patients without discounting are shown in
Fig. 2. The average cumulative 60-month cost after adjustment
for censoring was $46 424 for the case patients and $44 133 for
the control patients, a difference of 5.2%. This difference was
not statistically significant (P 4 .833) based on an estimate of
variance obtained by the bootstrap method involving 10 000
simulated samples(15). At the end of the first 12 months, the
Kaplan–Meier sample average cumulative cost was $24 645 for
case patients versus $ 23 964 for control patients, a difference of
2.8%. In 61% of the bootstrapped samples, case patients had
higher 5-year Kaplan–Meier sample average costs than control
patients. Discounting at a rate of 3% per year had minimal effect
on the results. Thus, the estimated costs for each group and cost
differences between the two groups were essentially the same
when adjustments were made for censored observations as when
they were not.

DISCUSSION

This population-based study of the incremental patient care
costs associated with participation in cancer trials showed that
trial enrollment was associated with a modest (5%–10%) in-
crease in costs over various follow-up periods. These results
were robust across a variety of statistical procedures and distri-
butional or logistic assumptions. The bulk of additional costs
attributable to trial participation occurred in the first few months
after trial enrollment. The observed cost differences decreased as
time progressed. However, of those pairs whose members were

Fig. 1. Five-year cost comparison (log scales) for various case and control pairs
presented in U.S. dollars adjusted to 1995 levels.

Table 4.Monthly cost estimates (1995 U.S. dollars)

Case patients
(n 4 61)

Control patients
(n 4 61)

Intrapair difference*
(case − control)

Two-sided
P†

Cost per month of follow-up
Mean (95% CI‡ for mean) $2536 ($1894 to $3178) $2290 ($1360 to $3220) $247 (−$728 to $1222) .61
Median $2052 $1100 $366 .06
Minimum $89 $63 −$17 077
Maximum $15 319 $22 751 $12 838

Maximum monthly cost
Mean (95% CI‡ for mean) $10 709 ($7510 to $13 908) $10 531 ($6328 to $14 734) $177 (−$5094 to $5548) .95
Median $6379 $5545 $1342 .36
Minimum $278 $268 −$73 560
Maximum $72 178 $82 095 $68 003

*The transitive property of subtraction applies only to the means (e.g., the mean of the differences is the difference of the means). The other statistics are calculated
on the basis of intrapair differences.

†Pairedt test.
‡CI 4 confidence interval.
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both followed until death, case patients incurred a substantially
higher cost in the last 3 months of life than did control patients.
Control patients in this sample lived longer than did trial par-
ticipants, which may explain in part the decline in cumulative
cost differences averaged across all subjects over the follow-up
period.

Although several important categories of medical care costs
went unmeasured, these were largely services that would be
unlikely to differ systematically with trial enrollment. The most
notable exception is outpatient prescription drugs. Experimental
chemotherapeutic drugs are typically donated by the trial spon-
sor and would, therefore, not be part of the cost burden to pa-
tients or to insurers. However, other drugs, such as those for
palliation of side effects or cancer symptoms, would add to
patient care costs. If these outpatient prescription drug costs are
higher under investigational protocols, their exclusion underes-
timates the incremental cost of clinical trials to patients and
insurers. Also, to the extent that treatment trials compare an
experimental drug donated by its sponsor with standard chemo-
therapy administered to hospital inpatients (whose costs were
included in this study), the exclusion of experimental treatment

costs underestimates the cost of cancer trials to society but not to
insurers.

The longer survival of control patients in this sample affected
the estimate of the per-month incremental costs of enrolling in a
cancer trial. When total costs are divided by the number of
months during which patients were available to follow-up, they
were $247 per month higher for case patients than for control
patients. However, over the full 5-year follow-up period, the
Kaplan–Meier sample average monthly cost across the entire
sample of case patients was only $38 higher than that for the
control patients.

The high variation in 5-year costs within matched pairs un-
derscores a major limitation of the study: its small sample size
and the consequent limited statistical power to estimate true
differences with much accuracy. High, unexplained variation in
medical care expenditures is the rule rather than the exception
throughout medical care. For example, in a study of non-elderly
health maintenance organization enrollees in Minnesota, demo-
graphic and clinical predictors explained only 5%–10% of the
variation in annual medical care costs(16). Our data do suggest
that health plans may find it difficult to manage the costs of
cancer patients in general unless they can spread the risks across
a large population.

This study demonstrated the difficulty that can be encoun-
tered in trying to match case patients with eligible control pa-
tients by the use of multiple criteria. Our two-stage matching
process demonstrated that reliance on data elements typically
available in institutional tumor registries is inadequate to ensure
equivalence between patient groups. Not only are the data items
collected in registries insufficient to describe the clinical and
prognostic attributes of patients, but also sometimes they may
disagree with the medical record on which they are based. Ironi-
cally, the pool of eligible control patients also may have been
limited by the strong commitment to clinical research on the part
of both cancer clinicians and patients in Olmsted County.

Even with intensive efforts to find equivalent patients through
detailed medical records review, the case–control methodology
cannot fully rule out the possibility of unobserved selection bi-
ases in trial enrollment. Those who choose not to enroll may be
predisposed to use medical care more or less intensively than
those who do enroll in such studies. Clinicians might also en-
courage patients with more aggressive disease to enroll in clini-
cal trials. Some control patients might have been improperly
declared eligible because clinical findings bearing on eligibility
were not recorded in the medical record. We know of no studies

Table 5.Mean (median) costs incurred (in U.S. dollars) within various times from death

Period
Case patients

(n 4 34)
Control patients

(n 4 34)
Intrapair difference*

(case − control) Two-sidedP†

Last months $4038 $3009 $1029 .44
($1313) ($223) ($307) (.18)

Last 3 months $11 487 $7311 $4176 .05
($8844) ($5189) ($3769) (.04)

Last 6 months $18 304 $10 789 $7514 .01
($14 600) ($10 142) ($6417) (.01)

Last year $27 068 $27 566 −$498 .95
($23 174) ($14 284) ($9235) (.07)

*The transitive property of subtraction applies only to the means (e.g., the mean of the differences is the difference of the means). The other statistics are calculated
on the basis of intrapair differences.

†Pairedt test.

Fig. 2. Mean cumulative cost derived by the Kaplan–Meier sample average
estimate. Data for the cost are expressed in U.S. dollars adjusted to 1995 levels.
Dashed line4 case patients.Solid line 4 control patients. The 95% confidence
interval (CI) at 12 months after trial entry was $17 893–$31 397 for case patients
and $13 244–$34 664 for control patients. At 60 months after trial entry, the 95%
CI was $33 312–$59 536 for case patients and $27 610–$60 675 for control pa-
tients. These 95% CIs were based on estimates of variance obtained by the
bootstrap method involving 10 000 simulated samples.
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to suggest how such selection biases, if they exist, might be
expected to affect treatment costs. Neither medical records nor
clinical trial data systems routinely contain information on in-
dividuals who were judged eligible but refused enrollment. Sys-
tematic collection of such information as part of clinical trial
designs would greatly facilitate the matching process in future
research of this type.

That this study was conducted on cancer patients who were
diagnosed at one institution and who resided in a single county
with a population of approximately 110 000 raises questions
about the generalizability of the findings across a broader spec-
trum of health care environments. Most importantly, patients
who did not enroll in trials typically were served by the same
clinicians and health care providers as those who enrolled. Thus,
they were not subjected to different practice styles apart from the
circumstances of the trial. In other communities, the probability
of trial enrollment might be contingent on the practice styles and
referral pathways of the primary care and cancer providers.
Larger differences (of unpredictable direction) in medical costs
might result.

All of the clinical trials investigated in this study evaluated
chemotherapeutic agents. None compared a highly expensive
new technology, such as bone marrow transplantation for late
stage breast cancer, with much less expensive conventional man-
agement, yet managed care organizations clearly focus on such
“outlier” trials when they express misgivings about funding
clinical research(17). This study offers some reassurance that
chemotherapeutic trials may not in and of themselves imply
budget-breaking costs. Cancer itself is a high-cost illness. This
study suggests that chemotherapy protocols may add relatively
little to that cost. Replication of these results in other carefully
designed studies across different care settings is needed before
conclusive statements about relative costs can be made.
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NOTES

1The Rochester Epidemiology Project is an ongoing grant project funded since
1966 by Public Health Service grant AM30582-32 from the National Institute of
General Medical Sciences, National Institutes of Health, Department of Health
and Human Services, to link medical records from virtually all sources of medi-
cal care available to and used by the local population of Olmsted County,
including the Mayo Clinic and its affiliated hospitals, the Olmsted Medical
Center and its affiliated hospital, the University of Minnesota Hospitals, and the
Veterans Affairs Medical Center in Minneapolis. The Rochester Epidemiology
Project maintains the capability to electronically match patients’ names and
addresses with medical registration information for purposes of undertaking
approved medical research projects.

2Detailed documentation of the unit costing methodology is available from the
authors upon request.

3The logic behind the concept of opportunity cost is described by Kahn(8) as
follows: “The basic economic problem, in short, is the problem of choice. A
decision to produce one good or service is a decision to produce less of all other
goods and services taken as a bunch. It follows that the cost to society of
producing anything consists, really, in the other things that must be sacrificed in
order to produce it.” (page 66).
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