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Introduction

That cost concerns drive
developments in health care man-
agement and policy is everywhere
apparent. Managed care contract-
ing and other recent changes in
third-party reimbursement prac-
tices are constant reminders at the
institutional level. At the public
policy level, cost issues shape cur-
rent Congressional deliberations
on a “Patients’ Bill of Rights” and
reform of the Medicare program,
among others. Given this perva-
sive concern, it is remarkable how
little we actually know about the
costs of delivering medical ser-
vices. To be sure, we have an
increasingly refined set of National
Health Accounts, and there is a bur-
geoning literature on cost-benefit
analysis (CBA), cost-effectiveness
analysis (CEA), and cost-utility
analysis (CUA) in health care. How-
ever, the National Health Accounts
estimate broad expenditure aggre-
gates, and CBA, CEA, and CUA stud-
ies focus mostly on cost compar-
isons of specific therapies used by
only small fractions of given
patient populations. Dealing with
cost issues also requires good data
on what some call attributable
costs, the cumulative value of
resources used to treat full
episodes of a health condition
from the time of initial diagnosis to
death. Although the line between
various types of health-related cost
analyses often blurs, a key point is
that attributable cost studies con-
ceptually encompass the entire
population of incident or prevalent
cases of a given disease, and they
generate patient-level cost esti-
mates from the bottom up. Attrib-
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utable cost studies of this sort pro-
vide significant benchmarks for
managerial and policy delibera-
tions about health care cost con-
tainment. Viewed from this per-
spective, the fact that they are in
short supply at the moment is a
serious matter.

The primary objective of this
paper is to appraise how much we
know currently about the attribut-
able costs of cancer treatment.
Cost containment issues are as vex-
ing in cancer care as they are else-
where, and gauging the attributable
costs of lifetime episodes of specif-
ic malignancies is increasingly
important in an era of rapid tech-
nological advance and improving
survivorship. The next section sets
out briefly what ideally we would
like to know about cancer costs or,
put differently, the desiderata of an
applied research program on this
topic. What we actually know
about the costs of cancer treatment
is then briefly reviewed, with spe-
cial emphasis on crucial relation-
ships such as cost variations across
disease stages at diagnosis. The
final section pulls together some
general inferences from the review.

What Should We Know
About Treatment Costs?

In principle, we would like to
measure cumulatively the value of
all resources allocated to treat a
specific disease from the date of
diagnosis onward. This means enu-
merating the units of each and
every health care service used to
treat the disease and then assigning
dollar weights to those units to
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reflect the “worth” or “scarcity
value” of their resource inputs.
Although only certain phases or ele-
ments of this cumulative record
may be of interest to given payers
or providers, the value of all
resources devoted to the complete
episode of the disease is needed to
judge the overall allocation of
resources from a societal perspec-
tive. A major reason is that many
services can be substituted for one
another, and these substitutions
may occur in response to changing
economic and technological condi-
tions. When they do, partial pic-
tures of the cost structure are likely
to provide misleading advice. For
instance, focusing only on the cost
of inpatient services in the treat-
ment mix may mislead when outpa-
tient treatments are substituted for
inpatient ones. Focusing on the
costs of formal treatment when sub-
stitutions to home care occur is sim-
ilarly misleading. In the latter case,
purchases by households of, say, in-
home nursing services must be tal-
lied in the same way that nursing
home utilization is tallied. Cost pro-
files must therefore systematically
document the utilization of all
attributable services as well as
break down the value of those ser-
vices according to care setting and
the time course of the disease.

A number of technical issues
must be resolved in order to gauge
treatment costs in this way, begin-
ning with access to data sets with
sufficiently detailed records to
track the services used by each
individual in a defined population
of persons with the disease over
time. Data on unit costs, charges, or
reimbursements must also be avail-
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able to use as value weights in cal-
culating the cumulative profile of
treatment costs. Methodologically,
investigators must also grapple
with some special characteristics
and problems of cost data. For
instance, they have to deal with
missing data and adjustments for
patients who die or are lost to fol-
low-up.t Since cost distributions
typically have extremely long right-
hand “tails,” investigators also have
to deal with data transformations
and other methods for normalizing
the underlying distributions.?
Assuming these technical issues are
handled appropriately, central ten-
dencies in the data can be exam-
ined and the factors that shape the
distribution of costs across patients
can be analyzed.

Calculating mean costs over a
given study population and classify-
ing them by type of service setting
are obvious beginning points for
cumulative cost analysis. Whether
mean costs of different cohorts are
changing and/or whether cost ele-
ments are increasing or decreasing
over time are also results of consid-
erable interest to clinicians, man-
agers and policy makers. However,
cost analyses should not necessari-
ly be limited to just such descrip-
tive accounts of cost profiles. More
extensive analytic efforts are need-
ed to understand the factors that
account for the dispersion
observed about mean costs. To
begin with, the shapes (skewness
and kurtosis) of cost distributions
are critical to judging the success
or failure of cost containment
efforts.® Knowledge of the factors
that systematically influence cost
differentials is also crucial. The

expectation that costs will vary
directly with stage at diagnosis is a
case in point. If more complex
therapies are generally required to
treat more advanced disease, we
should detect a systematic relation-
ship between cost profiles and
stage, and we can use the measured
differentials in appraising, among
others, the potential cost-effective-
ness of screening efforts that result
in downstaging. Yet, even within
stage strata, variations in cost pro-
files are still likely, perhaps even
large ones. One reason is the con-
tinuing uncertainty about the effi-
cacy of various cancer therapies
and the corresponding variation in
patient treatment regimens, each
with its own cost structure.* Other
reasons stem from practice style
differences relating to both the
characteristics of patients and the
providers treating them.> For
instance, older patients may be
treated less aggressively than their
younger counterparts, or patients
with significant comorbidities may
be treated less aggressively than
those with only cancer. Other
socioeconomic characteristics of
patients and providers such as
insurance coverage, available social
support, implementation of clinical
practice guidelines, and/or
provider profiling may also influ-
ence costs. Practice styles and
thereby treatment costs also differ
dramatically across geographical
areas.® Suitably structured statisti-
cal analyses should be able to iden-
tify and gauge the impact of these
systematic effects on cost profiles.
Although there may still be residual
or “unexplained” variance, it should
be purely random, ie, statistical
noise. In general terms, this point
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Selected Characteristics of Recent Studies on the Attributable Costs of Cancer

Studies Cancer Study Cancer Cost Measure Cost Estimate(s):
Sites Population Cases (Observation Period) Cumulative Period
(Dx Dates) (Reference Year)
DESCRIPTIVE
Riley et al® Colorectal Medicare/SEER 287,013 Medicare payments <35 years post Dx
Prostate (1973-1989) (1984-1990) by phase (1990)
Breast
Lung
Bladder
Taplin et al*® Breast HMO panel/ 6,107 HMO incurred costs Initial, continuing
Prostate SEER region (1990-1991) terminal phases
Colon (1973-1994) (1992)
Logorreta et al't Breast HMO panel 200 HMO expenditures <4 years post Dx
(1989) (1989-1992) (1993)
Polednak et al*? Breast State registry/ 377 Inpatient charges <2 years post Dx
discharge data (1991-1993) (1993)
(1991)
Etzioni et al*® Ovarian Medicare/SEER 5,012 Medicare payments <15 years post Dx
(1973-1989) (1984-1990) by phase (1990)
Fireman et al*# Breast HMO panel/ 21,997 HMO incurred costs/ <15 years post Dx
Prostate SEER region non-HMO charges by phase (1992)
Lung (1973-1991) (1987-1991)
Colon
Rectum
Lymphoma
Ovarian
Brown et al*® Colorectal Medicare/SEER 64,507 Medicare payments/ 25 years post Dx
(1983-1993) copayments by phase (1994)
(1990-1994)
Penson et al'¢ Prostate Disease-specific 235 Service use (times) <1 year post Dx
CaPSURE database Medicare values (1996)
(1990-1997) (1994-1996)
MULTIVARIATE
Hillner et al*” Lung Private insurance/ 336 Blue Cross/Blue Shield <2 years post Dx
State registry/age <65 payments and copayments (1992)
(1989-1991) (1989-1993)
Penberthy et al'® Lung Medicare/ 11,025 Medicare payments <1 year post Dx
Prostate State registry (1985-1988) (1997)
Colorectal (1985-1988)
Breast
Du et al*® Pancreas Hospital series 103 Hospital expenditures 6 & 12 months and
(1992-1995) (1992-1998) lifetime post Dx
(1998)
Chirikos et al® Breast Hospital series 1,860 Hospital charges <4 years post Dx
Lung (1995-1998) (1995-1999) (1997)
Ovarian
Lymphoma

Dx = diagnosis

CaPSURE = Cancer of the Prostate Strategic Urologic Research Endeavor
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suggests that cost variations should
be investigated in a multivariate sta-
tistical framework.

What Do We Currently
Know About Cancer
Treatment Costs?

As a way of answering this
question, a MEDLINE search of the
recent cancer literature was con-
ducted to identify attributable cost
studies. Because costs can be influ-
enced by the way health care is
financed, the search was restricted
to the United States. It was further
restricted to studies that appeared
on an initial reading to encompass
full patient populations, not just
subsets undergoing particular thera-
pies or procedures as would nomi-
nally be the case in comparative
cost studies. To illustrate, more nar-
rowly focused cost studies of alter-
native cancer drugs’ or biopsy tech-
niques,® to name just two, were
excluded from consideration in this
review. This winnowing ultimately
yielded 15 studies®?® published
between 1995 and early 2001 that
generally met the inclusion criteria,
12 unambiguously so.%2°

The Table summarizes selected
characteristics of these 12 analyses
relating to their study populations
and costing methodologies. The
Table also divides these studies
somewhat arbitrarily into two cate-
gories: (1) descriptive accounts of
attributable treatment costs for
common site-specific cancers and
(2) studies using multivariate mod-
eling techniques to account for cost
variations in such cancer popula-
tions. Although a detailed descrip-
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tion of the methods and findings of
each of these papers is beyond the
scope of this essay, the following
subsections review the main fea-
tures and highlights of each of the
two categories of studies.

Descriptive Analyses

The studies set out in chrono-
logical order in the top panel of the
Table are quite diverse, but they do
share several common features. To
begin with, each examines the costs
of one or more site-specific malig-
nancies. This fact suggests that
investigators share the tacit assump-
tion that costs vary across sites and,
correspondingly, that cost analysis
must begin at the level of site-spe-
cific strata. This group of studies
also generally shares a common
methodological approach. They
link registry information on a
defined population of incident can-
cer cases to longitudinal administra-
tive records that provide a basis for
tracking patients and thereby esti-
mating treatment costs.?#?> A num-
ber of the studies draw on the
National Cancer Institute’s (NCI)
Surveillance, Epidemiology and End
Results (SEER) Cancer Registry
data, either for the entire set of nine
tumor registries based on geograph-
ical area and population that com-
prise the full SEER program or to
just a single geographical area with-
in the overall program, to identify
site-specific incident cases. In turn,
SEER cases are linked either to
claims files of Medicare beneficia-
ries (=65 years of age) or to the
cost/administrative data bases of
specific health maintenance organi-
zations (HMOs) in order to track
the utilization of services over time.

These data linkages are both a
major strength and potential weak-
ness of attributable cost studies. A
major strength is that fairly large
numbers of site-specific cancer
cases can be identified and then fol-
lowed from the point of initial diag-
nosis onward in time. For example,
Riley et al® identified more than
287,000 cases diagnosed with any
one of five different types of cancer
and then matched these incident
cases at the person-level to
Medicare files to track medical care
use and costs. A potential weak-
ness is that SEER registrants are not
necessarily representative of the
overall population of cancer cases
in the United States. Moreover, the
characteristics of Medicare and
HMO enrollees differ from those of
the general population, and the ser-
vice/benefit packages of each kind
of plan are not altogether represen-
tative of those around the country.
A more serious weakness is that
these linked sets have gaps arising
from death and/or insurance plan
disenrollment, and they encompass
not only relatively short periods of
time, but often periods that do not
correspond fully to the survival
experiences of the incident cohort.
Riley et al® match cases diagnosed
in the period 1973-1989 (“Dx
Date”in the Table) to Medicare files
covering just the period 1984-1990
(“Observation Period” in the Table).
The matched set is thus a combina-
tion of incident and prevalent cases
diagnosed and treated at various
times under different technologic
regimes.

The absence of complete or
lengthy follow-up data on a single
incident population in these stud-

January/February 2002, Vol.9, No.1



ies has given rise to the convention
of delineating “phases” of care, typi-
cally subdivided into “initial,”“con-
tinuing” and “terminal” care. The
first and last of these phases gener-
ally encompass time blocks of 6-18
months, the initial period being the
first 6-18 months following diagno-
sis and the final period being the 6-
18 months prior to death. Thus,
patients who die within the first
year of diagnosis typically only
have a terminal phase, whereas
those who survive 3 years or less
typically have just initial and termi-
nal year values. Several studies
restrict their focus to just the initial
or terminal phases, in some
instances because of the lack of
data. As might be expected, studies
encompassing all three phases do
not necessarily have the same num-
ber of sample observations in each
phase. The classification scheme
permits mixed data on incident
and prevalent cases to be exploited
as fully as possible. This is especial-
ly true for data on “continuing
cost,” which are adjusted to a “per-
son-year” basis and then linked to
conditional survival probabilities
for each year in the period
between the end of the initial
phase and the beginning of the ter-
minal phase. Thus, investigators
such as Riley et al° are able to esti-
mate the cumulative costs of can-
cer cases for upwards of 35 years
postdiagnosis by summing the
costs in each of the three phases,
suitably adjusted for the probabili-
ties that cases survive each year of
the hypothetical 35-year follow-up
period. It is worth noting that
these cumulative sums are typically
adjusted to constant dollars corre-
sponding to a given calendar year

January/February 2002, Vol.9, No.1

(labeled “Reference Year” in the
Table); in some studies, moreover,
these cost streams are discounted
back to present value sums in the
reference year.

Finally, many cost analyses net
out attributable costs of the site-
specific cancer by matching the
case with a “control” subject with-
out cancer. (Note that the sample
sizes presented in the Table do not
count these control subjects.) Cost
histories for data pairs are then
constructed, and the control
amounts are subtracted from the
case amounts to compute net costs
attributable to the cancer. Studies
using Medicare payment data, for
instance, identify age/sex-matched
beneficiaries and tally monthly pay-
ment amounts over the time period
corresponding to the use of ser-
vices by the case. The net differ-
ence between the case and control
cost profiles is attributed to the
cancer in question. These net
cumulative cost amounts are then
the primary focus of the empirical
analyses carried out in these stud-
ies. In descriptive studies, the
empirical work is limited to cross-
classifications and simple univari-
ate tests of differences in costs by
age and stage at diagnosis.

The study of long-term attrib-
utable costs of colorectal cancer
conducted by a team of investiga-
tors at the NCI's Applied Research
Branch?®® illustrates such findings.
Using SEER-Medicare linked data,
these investigators gauge costs by
Medicare payments (allowed
charges plus patient cost-sharing
amounts) for covered services,
adjusted for inflationary trends and

geographical SEER area resource
price differentials, among others.
They find that cost streams extend
over substantial periods of time
and that most costs are incurred
after the initial phase of treatment
has been completed. They esti-
mate, for example, that the average
cost of the initial (6-month) phase
of all colorectal cases is $18,100 (in
1994 constant dollars), $1,500 per
year for each year of the continuing
phase, and $15,200 for the terminal
phase of treatment. Coupled to sur-
vival data, total costs are estimated
at a 3% discount rate to be $31,300
on average for colon cancer and
$36,500 for cancer of the rectum.
As anticipated, these costs vary by
stage at diagnosis. Phase-specific
costs generally increase from
below-average amounts for in situ
and stage | disease to significantly
higher amounts for more advanced
disease. However, the stage distrib-
ution of total costs is “N” shaped,
with stage | and stage Il costs
below or just equal to the overall
average, stage Il costs significantly
above that average, but stage IV
costs not only below mean costs
but less than stage | costs.

Even though costs differ by
stage, a noteworthy aspect of the
data in the colorectal study (and
other studies in the descriptive cat-
egory of studies) is that dispersion
of cost values about the mean is
great and persists even after stage is
taken into account. More particu-
larly, coefficients of variation (CV),
standard deviations as a percentage
of their respective means, calculat-
ed from data presented in the col-
orectal analysis tend to be high and
about the same for phase-specific
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costs at all stages, even though
costs differ by stage. Continuing
monthly costs, for example, average
$363, $443, and $692 for stage II,
stage Ill, and stage IV subjects,
respectively; the corresponding
CVs were 220%, 256%, and 179%.
This may be interpreted as suggest-
ing that stage-stratified cost distrib-
utions have long (right-hand) tails
and that the distributional tails over
all stages are quite “thick” Much
more than stage, in other words,
must account for the variance over
these distributions. The colorectal
analysis shows that costs vary over
age strata as well, but they do not
examine other factors that might
shape the cost distributions, espe-
cially type of therapy. Despite the
close association between stage at
diagnosis and choice of therapy;, it
is likely that treatment differences
within stage strata will account for
some additional amount of the
observed variance of costs across
the study population.

Findings in some other studies
in this group hint at the possibility
of substantially more complex rela-
tionships bearing on observed vari-
ations in costs. For instance, Taplin
and colleagues'® fail to find statisti-
cally significant stage effects for the
cumulative costs of prostate cancer
cases. In contrast, Penson and col-
leagues®® in an analysis of covari-
ance of the effects of stage and ini-
tial choice of therapy in a cohort of
early stage (T1lc and T2c) prostate
carcinoma find significant stage
effects when the data are stratified
by type of treatment. Similarly,
Legorreta and colleagues®! as well
as Taplin et al*° find “N” shaped pro-
files of costs with respect to stage
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in their studies of the cumulative
costs of breast cancer. Neither
study assesses the effect of treat-
ment on costs. While not necessar-
ily disputing these findings, a more
focused cost study by Barlow and
colleagues® find treatment-related
cost differences within early stage
breast cancer strata (stage I, lIA
and 1IB), especially at the 5-year
benchmark postdiagnosis. Interest-
ingly, women undergoing breast-
conserving surgery are less costly
than counterparts undergoing mas-
tectomy, controlling for age, stage,
time since diagnosis, and several
interaction terms. This result is
attributed partially to differences
between groups in the extent of
adjuvant therapy, which in turn is
influenced by age. These finding, in
other words, strongly suggest the
need to model cost streams in
more explicit multivariate terms in
order to appraise the independent
or net effects of a variety of factors
(in addition to disease stage) that
bear on cumulative costs.

Multivariate Modeling

The studies in the lower panel
of the Table use explicit multivari-
ate modeling to sort out cost dri-
vers.'20  The study by Penberthy
and colleagues'® is representative.
They attempt to predict Medicare
costs for beneficiaries with breast,
colorectal, lung, and prostate can-
cer. The study links Medicare claims
data to the Virginia Cancer Registry
to account for observed variations
in cancer costs over the initial year
of treatment. They specify a more
complex regression model (instru-
mental variables) to estimate the
effects of various “demand-related”

and “supply-related” factors on
costs. In their specification, costs
are the dependent variable, and the
set of independent or regressor
variables includes age, race, gender,
marital status, income, education,
predicted number of oncology-
related medical specialists in the
local market, stage, comorbidity
index, type of treatment, length of
stay (LOS), and LOS * comorbidity
interaction terms. Not unexpected-
ly, the analysts find substantial inter-
and intra-cancer variation in cancer
costs, with mixed results on age and
stage. In the latter case, they detect
significant treatment effects that
may confound the stage predictors.
They also find that comorbidities
and socioeconomic characteristics
of patients, especially income class,
are significant predictors. The
analysis, in other words, suggests
some part of the variation in costs
must be attributable to practice pat-
terns and provider/patient prefer-
ences, matters that might be target-
ed by cost containment efforts and
stricter adherence to clinical path-
ways, among others. Nonetheless,
the study examined only initial
treatment in the first year following
diagnosis and, despite the large
number of regressors, it had rather
poor data fits as evidenced by co-
efficients of determination (R-
squares) of only between 0.4 and
0.5. The authors make a strong case
for future work that will account
for more of the unexplained vari-
ance in their models.

Similar results were obtained
in other studies in this category.
On the one hand, treatment effects
controlling for stage as well as
socioeconomic characteristics of
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patients and providers tend to be
strong predictors of cost variations.
A study of costs of treating
non-small-cell lung cancer cases,’
for example, finds highly significant
regression coefficients on treat-
ment variables, controlling for stage
differences, which are not them-
selves statistically significant. A
study of pancreatic cancer costs®®
finds, among other things, that type
of insurance coverage, particularly
Medicare plus private “wrap-
around” coverage, significantly rais-
es the costs of care. On the other
hand, most of these studies fail to
explain much of the variance in
costs across patients. Coefficients
of determination are generally less
than 0.5, ie, the analyses explained
less than half of the variance in the
cumulative costs of the patient
populations being studied.

Discussion

Three general inferences may
be drawn from this brief review.

First, we still do not know a
great deal about the levels and dis-
tributions of costs of treating vari-
ous cancers, though the knowl-
edge base has grown in recent
years. Not surprisingly, we know
most about the four or five most
common cancers, but these dis-
eases account for only approxi-
mately 50%-60% of the cases,
deaths, and total direct costs of the
top 15 malignancies at present.?®
Consequently, we must learn more
about the cost consequences of
the other major cancer sites. Simi-
larly, available studies focused on
selected patient populations, par-
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ticularly SEER registrants linked to
Medicare and large HMO claims
files. Since age is an important
covariate and HMO enrollees and
providers are highly selected, this
focus results in data gaps. These
gaps are further exacerbated by
the fact that Medicare and HMO
costs do not encompass all rele-
vant services, especially the costs
of nursing home care and the non-
medical expenses of the house-
hold attributable to cancer.?” For
these reasons, new patient popula-
tions as well as new arrangements
for accessing cancer data must be
accorded high priority on the
applied research agenda.®

Second, the research complet-
ed thus far confirms the general
suppositions that cancer treatment
costs vary substantially over
patient populations and that com-
monplace covariates do not
account for much of this variation.
Indeed, even such obvious cost
determinants as stage at diagnosis
are not always detected statistically
and, even when they are, they
account for only a small percent-
age of the variance in statistical
terms.  Thus, analytic studies
designed to account for factors
that explain more of the variance
in statistical terms are needed. Sta-
tistical modeling should explore in
more detail covariates in each can-
cer that raise the proportion of
“explained variance,” giving due
consideration to statistical issues
that arise in empirical cost investi-
gations. It is worth noting in this
regard that there is a large econo-
metric literature on the cost struc-
ture of health care organizations,
particularly hospitals, that can pro-

vide a template for methodological
guidance in this work.?® This
means that the research agenda
can move forward quickly if, and
when, suitable priority is accorded
work on patient-level variations in
cancer treatment costs.

Finally, outcome measures
must be built more explicitly into
attributable cost analyses. A major
reason for wide variations in cost
profiles in the first place is the con-
tinuing uncertainty about the value
of cancer treatment itself. In many
cases, there is no single, dominant
therapy of proven efficacy, so
patients are treated by a variety of
alternative means, each with its
own cost structure. Costs should
be scaled by outcomes to assess
whether marginal differences in
cost effectiveness can be detected
and thus provide a basis for judging
the relative costs of various thera-
peutic strategies. The claims and
Registry data linkages exploited in
recent research permit survivor-
ship to be used as an outcome mea-
sure, though few studies have done
so in explicit fashion. Were attrib-
utable cost studies extended along
these lines, they would comple-
ment current CBA-, CEA-, CUA-relat-
ed research and thereby pave the
way for identifying truly cost-effi-
cient cancer care.
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