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The direct costs of medical care for cancer
are examined at Kaiser Permanente (KP)
tn Northern California. Use data from July
1987 through June 1991 were obtained from
KP automated files for all 21,977 KP pa-
tients in the Bay Area SEER registry with
cancer at one of seven cancer sites. Medical
charts were reviewed for a stratified sample
of 886 patients. Costs were estimated for ini-

tial, continuing, and ternunal care, and for.

all person time within 15 years of diagnosis,
by stage at diagnosis. From diagnosis until
death or 15 years, long-term costs attribut-
able to cancer were as follows: breast,
$35,000; colon, $42,000; rectum, $51,000;
lung, $33,000; ovarian, $64,000; prostate,
829,000; and Nom-Hodgkin's Lymphoma
(NHL), $48,000. The utilization and cost
results reported here may be useful in assess-
tng the cost-effectiveness of cancer preven-
tion and control programs, in adjusting
capitation rates and budgets, and in esti-
mating the aggregate medical care costs at-
tributable to cancer.

INTRODUCTION

The estimation of direct medical costs
for specific diseases is, increasingly, an im-
portant area of health services research.
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Policymakers need cost estimates to ratio-
nally allocate health care resources at a
time when the main objectives in U.S.
health care policy are to contain costs as
well as to improve quality and expand ac-
cess. The rigorous estimation of direct
medical costs can inform consideration of
the cost effectiveness of alternative policies
and interventions.

Until fairly recently, most estimates of
direct medical costs fell within the genre of
“cost-of-illness” studies, which aggregate
expenditures (of health-care resources or
dollars) per annum per disease category.
There has been an increasing demand for
more detailed disease-specific estimates of
direct medical costs derived from patient-
level longitudinal expenditures that occur
over the entire course of disease. Such data
can be used to construct several policy-rel-
evant measures—including the long-term
cost from diagnosis until death, the cost
per person year lived with cancer, and the
costs for the initial, continuing (.e., the
phase beginning after initial and continu-
ing until terminal phase} and terminal
phases of cancer care. These phase-spe-
cific costs can be used to assess the effi-
ciency and cost-effectiveness of alternative
treatments and disease management pro-
grams. Long-term costs are useful in as-
sessing the cost effectiveness of preventive
services. Costs per person-year can be
used to risk-adjust capitation rates, insur-
ance premiums, and budgets and also to
assess the “burden” of a disease when set-
ting broad priorities for research and pub-
lic health programs.
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In this article, we report cost estimates
based on data from the KP Medical Care
Program, Northern California Region, for
cancers of the breast, colon, rectum, lung,
ovary, prostate and for NHL for the years
1987-91. Measures are presented of the use
of health care services, the costs of health
care services attributable to cancer diagno-
sis and treatment, and the total costs of all
health care services received.

METHODS
Case Selection

KP is a not-for-profit health maintenance
organization (HMOQO) that currently pro-
vides medical and hospital services to 8.5
million members nationwide and 2.5 mil-
lion members in Northern California. By
the end of the study period (1991) it served
approximately 1.6 million members in six
Bay Area counties covered by the SEER
registry.!! Across these counties, KP’s
share of the population ranged from 23 per-
cent to 35 percent. The racial and demo-
graphic composition of the KP member-
ship is generally similar to that of the rest
of the population in Northern California
(Krieger, 1992). Medicare patients diag-
nosed with cancer at KP have been shown
to have a more favorable stage-at-diagnosis
for screen-detectable cancers compared
with non-HMO patients in the San Fran-
cisco SEER area (Riley, 1994). Among pa-
tients with cancer, disenrollment from
HMOs is very low (Riley, 1996).

KP provides comprehensive outpatient
and inpatient services, covering the first
100 days per calendar year of care at
skilled nursing facilities (SNFs). Custodial
nursing home care is not covered. Outpa-
tient drugs and medications are covered

1SEER is a set of geographically-defined, population-based, cen-
tral tumor registries in the United States, operated by local non-
profit organizations under contract to the NCL

for most patients with some cost sharing.
Hospice and home health visits are cov-
ered, including  medications and
injectables administered during house
calls. All members who have Medicare
Part B are covered for durable medical
equipment for everything on the Durable
Medical Equipment Screening List. Radia-
tion oncology and bone marrow trans-
plants are done by outside providers on a
contractual basis. Data on utilization and
charges of these services are available in
KP data bases.

Study Population, Study Period, and
Data Sources

From the San Francisco Bay Area SEER
registry, we selected all 21,977 patients di-
agnosed at KP since 1973, and prevalent at
KP for any of the period from June 1987
through June 1991, with cancer of the fol-
lowing sites: breast, colon, rectum, pros-
tate, lung, ovary and non-Hodgkin’s lym-
phoma. These KP-SEER cases were linked,
by their unique medical record numbers,
to automated KP utilization files. The age,
sex, and race distributions of the study
population, by cancer site and stage, are
shown in Table 1. Mortality, all-cause as
well as cancer- specific, was ascertained
from SEER data.

The KP automated utilization data bases
available for the study period included: (1)
inpatient discharges, diagnoses and proce-
dures (including inpatient hospice), (2} in-
patient length of stay, including length of
stay in intensive care and intermediate
care, (3) minutes in the operating room for
inpatient and ambulatory surgery, (4) out-
patient visits to physicians and non-physi-
cian providers, by department, (including
outpatient hospice and home health), (5)
outside referrals and claims including ra-
diation oncology, stays at SNFs, and some
durable medical equipment.
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The Chart Review Sample

For more complete ascertainment of the
use of outpatient chemotherapy, home
health services, durable medical equip-
ment and clinical lab tests than was permit-
ted by automated files, medical charts
were abstracted for a stratified random
sample of 886 patients. Utilization ab-
stracted from charts was combined with
unit costs described below and analyzed in
relation to cost estimates derived from au-
tomated data. The purpose of the chart re-
view sample is to obtain an algorithm—
from a regression of chart-based data on
automated data—to adjust the computer-
based estimates for the use of medical
services not captured by KP’s automated
data bases. Because cancer care is gener-
ally most intensive during the months near
diagnosis or death, incident and terminal
cases were oversampled so that af least 50
percent of patients chart reviewed at each
site were incident during the study period
and at least 25 percent were fatal during
the study period.

For each phase of care, regression
(weighted least squares—weighted ac-
cording to the sampling fractions} was
used to examine patients’ chart-based costs
in relation to data available in automated
files. The resulting regression coefficients
were used to obtain predicted costs for
each patient in the entire study population.
The variance in the chart based costs that
is “explained” with the fitted models is very
high, (r-squared >0.95) for all three phases
of care. Stage and demographic effects are
not very significant beyond what is ex
plained by automated costs, indicating that
ancillary costs within phase of care are un-
derestimated, more or less similarly,
across stage and demographic categories.
Cost estimates are obfained using the re-
sults of the same phase-specific models fit
to each cancer site separately. Because

clinic visits by cancer patients, as com-
pared with average patients, were associ-
ated with more intensive use of services
unmeasured by our automated data bases,
chart review yielded estimates of cancer at-
tributable costs that were higher than
would have been permitted by the auto-
mated data alone: by 7 percent for prostate
cancer, 7 percent for NHL, 8 percent for
lung, 9 percent for colon, 11 percent for
rectum, 15 percent for breast, and 25 per-
cent for cancer of the ovary.

Unit Costs

For services provided by KP, cost of care
estimates are obtained by multiplying
amounts of utilization (e.g., visits, inpatient
bed days, minutes in the operating room)
by unit costs. Costs are given in 1992 dol-
lars. This was done not by inflating earlier
costs according to any index, buf rather by
using 1992 unit costs. For example, a visit
to an oncologist in 1990 contributed to our
cost estimates an amount based on KP
clinic costs during 1992, the most recent
year available when the data were col-
lected. Unit costs were derived by “step-
down” accounting methods from cost data
available in KP’s general ledger and in cost
reports obtained from its department of
governmental reimbursement, They are
“fully loaded” to include all building and
administrative overhead as well as costs of
all utilization not explicitly measured. In
other words, the costs of administration,
building maintenance and unmeasured uti-
lization are included in the costs of meas-
ured utilization. We used the fully loaded
costs (to the provider) of providing the
service, regardless of whether any costs
were offset by Medicare or by copayments.
We used average unit costs across KP's
Northern California region rather than
unit costs specific to the clinic or hospital
delivering the service. For the costs of the
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services that were paid for—but not pro-
vided by—KP, we used the charges (often
negotiated rates) of the non-Kaiser provid-
ers.

Utilization and Cost Statistics for
Treatment Phases

Utilization and costs for each patient dur-
ing the study period) were cumulated dur-
ing four phases, defined as:

Pre-diagnosis: 30 days prior to the diag-
nosis date.

Initial care: 6 months following the diag-
nosis date,

Terminal care: 6 months prior to the
date of a death due to cancer.

Continuing care: all time following initial
care that is not within 6 months of a death
due to cancer.

For patients who died within a year of di-
agnosis, their follow-up was divided in half
between initial and terminal care; for a pa-
tient who died 6 months after diagnosis,
the initial phase included the first 3
months, the terminal phase included the
last three months and there was no con-
tinuing care. If a hospital stay overlapped
two phases, costs were prorated by days.

Costs for the continuing care phase are
summarized, by site and stage, as costs per
person year. The numerator is the sum of
the costs of patients in the stratum; the de-
nominator is the sum of their follow-up
time. Patients contributed to the numera-
tors and denominators of these cost rates
only when they were alive and in the health
plan. For the initial and terminal phases,
however, we present mean costs for the 6
month phase, regardless of length of fol-
low-up during the phase, rather than cost
rates. This is appropriate because mem-
bers rarely drop out of the health plan dur-
ing Initial or terminal care, and phases
shorter than 6 months are unusual and due

to short lifetimes rather than incomplete
data.

The costs per person-year (of all phases)
are summarized as cost rates. Shown in the
third columns of Tables 4 and 5, they
amount to the total costs of all care—for all
patients with cancer of the given site—di-
vided by the total person-years of follow-up.

Long-term (15 year) costs were calcu-
lated for site and for site-stage strata using
the distribution of survival times estimated
for the Bay Area SEER region together
with the KP utilization and costs summa-
rized in the phases described earlier. We
begin with the cost of the pre-diagnosis
month and the cost of initial care received
by all incident cases. Then, we assembled
costs for five time intervals following diag-
nosis: the year following diagnosis, the 2nd
and 3rd years following diagnosis, the 4th
and 5th years, years 6-10, and years 11-15.
The cost for each interval is the likelihood
of surviving to the beginning of the interval
times the cost expected during the inter-
val. The latter has two components: (a) the
likelihood of dying in the interval times ter-
minal costs, and (b) the likelihood of sur-
viving the interval times continuing costs.

This approach is elaborated to account
for the length of continuing care expected
during each interval, as follows:

15 yr cost =
CP+CI+ZS [q, (CT+C
pmth, +(1 -qg, ) (Cmth._) ],

where:

¢? = mean cost of pre-diagnosis care;

¢! = mean cost of initial care;

cT = mean cost of terminal care;

C¢ = mean cost of continuing care;

s = likelihood of survival until t;

g, = likelihood of death during t;

t = time periods after diagnosis, as follows:
1 = 1 year following diagnosis
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2 = the 2nd and 3rd year following diag-
nosis

3 = the 4th and 5th year following diag-
nosis

4 = the 6th through 10th year following
diagnosis

5 = the 11th through 15th year following
diagnosis

pmth = the number of preterminal
months in interval t

mth, = number of months in interval t

Standard errors were obtained for such
15-year cost estimates, given that each is a
linear function of the initial, continuing,
and terminal cost estimates, and that the
variance of a linear combination of random
variables is equal to the sum of the associ-
ated variances and covariances. We treat
the survival distribution estimates as con-
stants, and, therefore, our estimates of vari-
ance are conditional on the survival esti-
mates (not unreasonable given our focus
on cost rather than survival and our use of
rather stable survival estimates from the
entire Bay Area SEER population). Stan-
dard errors for the continuing care cost
rate, and for the overall cost rate per per-
son year, are estimated using a Taylor se-
ries linearization approach (see Riley and
Lubitz, 1989). Standard errors for the
mean costs of initial and terminal care are
the usual estimates associated with a
sample mean.

Long-term costs are not considered be-
yond 15 years for two reasons: (1) we lack
SEER data on patients who survived more
than 15 years after diagnosis because the
registry only includes cases diagnosed
since 1973, and (2) there is unlikely to be
much medical care attributable to cancer
more than 15 years after diagnosis.

Initial, continuing and terminal costs
were examined in relation to site, stage at
diagnosis, age, sex, race, and interactions
of site, stage and demographics, using or-

dinary least squares regression. Separate
models were fit to each cancer site and ag-
gregate models were fit to data from all
sites combined.

Fifteen-year costs were discounted at a
constant proportional rate of 3 percent per
year for the length of time from when the
cost was incurred back to the diagnosis
date. Discounting was done by dividing the
costs for each of the five intervals in equa-
tion 1 by 1.03, where y is the number of
years from diagnosis until the midpoint of
the given interval. Discounting is done to
take into account opportunity costs and
“time preferences” (Gold, 1996). Visits and
hospital days are discounted similarly and
for the same reason; there are opportunity
costs and time preferences for the re-
sources they consume. We also conducted
sensitivity analysis on the discount rate by
discounting summary results at 5 percent
as recommended by Gold (1996).

Use of “Controls” to Ascertain
Utilization and Costs Attributable to
Cancer

Cancer patients receive some care for
diseases and conditions unrelated to their
cancer. We assumed that were it not for
their cancer, patients would be receiving
the same amount of medical care as aver-
age health plan members of the same age
and gender. Therefore, we obtained “attrib-
utable” costs by subtracting from each can-
cer patient’s costs for a given interval, the
cost rate among health plan members of
the same age (in 5-year intervals) and sex,
multiplied by the number of months in the
given interval. These age specific cost
rates were obtained by multiplying unit
costs by age-sex specific utilization rates
available from KP automated files.

Although charts were not reviewed for
any controls, the costs of all ancillary serv-
ices (and overhead) were included in the
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unit costs of clinic visits and hospital days
so that the total costs of for all health plan
members amounted to the total expendi-
tures of the health plan, excluding only
costs for marketing and for other functions
related to providing insurance rather than
medical care. (Therefore, unit costs for vis-
its and hospital days were somewhat
higher for controls than for chart-reviewed
cases, for whom the costs of most ancillary
services were assessed separately rather
than stepped into visits and hospital days.)
The costs of cancer care at the seven can-
cer sites were not removed from these
“control” costs—to do so appropriately
would have required separate controls for
each cancer site and the costs for cancer at
any single site comprise only a small por-
tion the controls’ costs for the site.

To estimate a cancer patient’s long-term
costs attributable to cancer, we subtracted
from the estimate obtained by equation
number 1 the cost of care that an average
patient (of the same age and sex) would re-
ceive during the lifetime (up to 15 years) of
the cancer patient. This was done as in
equation number 1 above—by combining
survival likelihoods with cost rates for in-
tervals following diagnosis—after subtract-
ing controls’ costs from the cases’ costs,
using cost rates for controls that increase
with age during the time intervals follow-
ing diagnosis.

RESULTS

First, we present data on hospital days
and outpatient visits (Tables 2 and 3).
Then, we present data on inpatient costs
(Table 4), the cost component that has
been most widely considered in other re-
ports. Finally, we present data on total
costs (Table 5).

Tables 2 through 5 are formatted simi-
larly. Results are shown by stage-at-diagno-
sis, for each cancer organ site. Each entry

in the table gives a mean value and stan-
dard error. The third column of the table
gives average annual costs or resource use
for cancer patients averaged across all
treatment phases. The fourth column gives
the comparable value for control (non-can-
cer) patients. The next four columns show
mean resource use or cost for the pre-diag-
nosis, initial, continuing and terminal
phases, respectively. The final three col-
umns show, respectively, long-term re-
source use or cost for cancer patients, long-
term resource use or cost attributable to
cancer, and discounted attributable long-
term resource use or cost.

Inpatient Days and Qutpatient Visits

A large proportion of total medical re-
source use for cancer treatment is ac-
counted for by inpatient hospital days and
outpatient visits. Data on these “cost driv-
ers” is given in Tables 2 and 3. Cancer pa-
tients differ from their controls by much
more for hospital days than for visits. Site
and stage effects are also more apparent
for hospital days than for visits during all
intervals. Site and stage effects for hospital
days are greatest during initial care, less
during terminal care. Long-term attribut-
able hospital days are highest for ovarian
cancer (32 days) and cancer of the rectum
and colon (26 and 24 days), lower for
breast cancer (12 days). Overall, there are
about 12-13 visits per person year among
prevalent cancer cases—all stages com-
bined—at six of the seven sites, and 15.6
visits per person-year for NHL. Mean visits
for controls were six to eight per person-
year. Visits were most frequent during ini-
tial care for breast cancer, less frequent for
NHL and cancer of the colon and rectum,
and even less frequent for the other three
cancers. Subtraction of control visits from
case visits cut “attributable” long-term vis-
its to half or less of the level of all long-term
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visits at each siie (all stages combined).
Long-term attributable visits are highest
(relative to the other cancer sites) for
breast cancer (52 visits) and NHL (54 vis-
its). They are lowest for lung cancer (21
Visits).

Cost of Care

The estimated costs of care incurred
during inpatient stays, including physician
services during inpatient stays, are shown
in Table 4. For all seven of the cancer sites
inpatient costs comprise more than 74 per-
cent of terminal costs and more than 50
percent of initial costs. Inpatient cost as a
proportion of total adjusted long-term cost
(attributable to cancer after discounting) is
0.44 for breast, 0.57 for prostate, 0.69 for
rectum, 0.71 for NHIL, 0.72 for lung, and
0.75 for colon.

Table 5 gives estimates of costs from all
sources, including adjustments made from
chart data to account for underestimation
of chemotherapy, home health and ancil-
lary costs in the automated data base.
Costs per person-year are highest for ova-
rian and lung cancer. The estimated cost
for all ovarian cancer stages combined is
$15,390 per year; for lung cancer it is
815,127. For lung this high cost rate is not
surprising given that the percent of person
time that is in the initial or terminal phase
is highest for lung cancer and given that
relatively few lung cancer patients are in
remission while they are in the continuing
phase. At none of the other six cancer sites
is more than 5 percent of follow-up time in
the terminal phase (as compared with 14
percent for lung cancer). For cancer of the
ovary the high costs are explained by the
relatively high mean hospital days for ova-
rian cancer patients during all treatment
phases as shown in Table 2. Breast cancer
costs are the lowest per person year
(87,196) of the seven sites—not surprising

since breast cancer had the highest propor-
tion of foliow-up in the continuing phase—
nevertheless breast cancer costs per per-
son year are 2.9 times higher than the
“controls”. The difference in cost per per-
son year between cases and controls is
relatively high for lung and ovarian cancer
and low for breast cancer and prostate can-
Cer.

Initial care was the most costly for can-
cers of the colon, rectum, and ovary, rang-
ing from $24,000-$30,000. Initial care at
these sites generally involves rather long
surgery followed by more than a few days
in the hospital. Although initial care for in-
vasive breast cancer almost always in-
volves surgery, breast cancer surgery
takes less time in the operating room and is
followed by shorter inpatient stays.

Costs varied less across sites for termi-
nal care than for initial care. Terminal costs
were highest for ovarian cancer and
NHL—over $20,000—associated in part
with relatively young ages at death. The
costs of terminal care were higher than the
costs of initial care for cancer of the breast,
prostate and NHIL.

The three columns on the right of Table
5 show all long-term costs, then costs at-
tributable to cancer (after subtracting
costs for “controls”), and finally, dis-
counted costs attributable to cancer. The
most costly sites in the final column of
Table 5—long-term costs after subtracting
controls and discounting by 3 percent per
year—are cancer of the ovary (S64,000),
rectum (851,000), NHL (§48,000), and co-
lon ($42,000). Least costly are cancer of the
prostate ($29,000), lung ($33,000), and
breast ($35,000). Subtracting the cost of
controls and discounting reduces long-
term costs by 46 percent for breast and 54
percent for prostate, sites for which mortal-
ity is relatively low. For lung cancer, on the
other hand, the discounted attributable
cost is 79 percent of all long-term costs.
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Costs of Care in Relation to Stage at
Diagnosis

Care is substantially less expensive for
cases diagnosed in situ (not shown in the
tables) than for the invasive cases. About
12 percent of incident cases of breast can-
cer, 7 percent of rectal cancer and 3 per-
cent of colon cancer were diagnosed in situ
(at the remaining four sites the numbers of
non-invasive cancers were less than 1 per-
cent). Initial care for in situ breast cancer
averaged about $11,000, 77 percent as
costly as initial care for local breast cancer.
For cancer of the colon initial care of in situ
disease averaged about $13,000, and about
$5700 for rectum, 57 percent and 25 per-
cent of the costs of initial care for local
cases at these two sites, respectively.

Initial care is less expensive for cases di-
agnosed at the local stage than the regional
stage at six of the seven cancer sites shown
in Table 5—all except lung where initial
surgery is done most for local cases. Initial
care for remote cases is less costly than for
regional cases for all sites with the excep-
tions of colon cancer and NHL. Continuing
care is markedly stage related because less
favorably staged cases are less likely to be
in remission, If cases known to be fatal are
omitted, the impact of stage on continuing
care is attenuated but still significant. Ter-
minal costs are not significantly related to
stage at diagnosis; but note that stage spe-
cific cost estimates for the terminal phase
are relatively unstable, especially for the lo-
cal cases that are not often terminal. After
subtracting the costs of “controls” and dis-
counting, long-term costs of locally staged
invasive cancers of the ovary, colon, and
rectum are substantially less than long-
term costs for unfavorably staged cases.
For breast cancer, local cases were signifi-
cantly less expensive but the stage effect
was smaller. For lung cancer the stage ef-

fect was in the opposite direction—long-
term costs were higher for more favorably
staged cases. Stage effects on long-term
costs were modest and insignificant for
cancer of the prostate and NHL.

Costs of Care in Relation to
Demographic Variables

The associations of age, race, and sex
with initial, continuing and terminal costs
are shown in Table 6. Also shown are race
and sex effects. These effects are adjusted.
Initial costs were age related for cancer of
the lung and breast such that younger pa-
tients cost more and older patients cost less
than middle-aged patients. Also, for NHL
initial care is more costly among younger
patients, and for prostate cancer initial care
is less costly among older patients. For can-
cer of the rectum and colon, on the other
hand, initial costs were higher among pa-
tients aged 75 and over, associated with ini-
tial hospitalizations that were more lengthy
and complicated. For all cancer sites termi-
nal costs were higher for patients younger
than 50, significantly so for all sites but rec-
tum and NHL. For all sites but NHL, termi-
nal costs were relatively low among patients
aged 75 and over. Costs for the continuing
phase were less age-related than were costs
for the initial or terminal phase, though con-
tinuing care for NHL was notably higher
among younger patients.

Sex effects were rather small, for the four
cancer sites which include both genders. For
five of the seven cancer sites, cancer care for
African Americans appears less costly during
the initial phase and more costly during the
terminal phase, though these effects could
be due to chance alone. Other non-whites,
primarily patients of Asian and Hispanic ori-
gins, appear to incur fewer costs, significantly
fewer for all phases of breast cancer.
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Discounting

Table 7 shows the sensitivity of adjusted
estimates of long-term costs for each of the
seven sites (all stages combined) to dis-
count rates of 4 percent and 5 percent com-
pared with the 3 percent shown in Table 5:
The impact of the choice of discount rate—
3, 4 or 5 percent—appears to be neither
trivial nor large. Discounting makes more
of a difference to breast cancer than lung
cancer because survival is longer. Long-
term costs are truncated here at 15 years—
discounting would have a larger impact if
the costs of continuing care, such as for
tamoxifen, continue for longer than 15
years.

DISCUSSION
Comparison with Other Studies

Rice, Hodgson, and Capell (1989) re-
ported that direct costs of medical care for
cancer (all cancer sites) in California and
nationwide amounted to about 5 percent of
total spending for medical care. Brown
(1990) estimated that direct medical care
costs for cancer were about $35 billion—
about 4.8 percent of the S717 billion in na-
tional health care spending. The 21,977
KP-SEER patients with cancer of the seven
sites under consideration contributed only
1.3 percent of the person-time yet con-
sumed 7.4 percent of the medical costs in-
curred by the KP population. After sub-
tracting non-cancer costs, cancer care for
these seven cancer sites comprises 4.9 per-
cent of all KP costs. The burden of cancer
care at KP appears to be similar to what
has been estimated for California and the
United States.

Scotto and Chiazze (1976), studying pa-
tients diagnosed in 1969-70, found the fol-
lowing average length of stay (LOS) for the
first hospital admission of incident cancer

cases; breast—13 days, colon—23 days,
rectum—23.5 days, lung—19.6 days, pros-
tate—16.4 days. This is same rank order as
found for hospital LOS for initial care in
this study. However, current lengths-of-
stay are, overall, drastically shorter in the
current study compared with those re-
ported by Scotto and Chiazze, ranging
from 3.4 - 11.4 days as compared with 13 -
23.5 days. Whereas average LOS in this
study are approximately half those re-
ported by Scotto and Chiazze., for colon,
rectum, and lung cancer, for breast and
prostate cancer LOS are only about a quar-
ter of those reported for the 1969-70 cases.
Reductions in average LOS during the
1980s have been reported for cancer by
Scheffler and Phillips (1989). They also re-
ported the same rank order of LOS for
breast, lung, prostate and colon cancer as
reported here. In 1986 the average LOS re-
ported by Scheffler and Phillips ranges
from 6.75 days for breast cancer to 14.44
days for colon cancer.

Recently Riley et al. (1995), extending
earlier work by Baker et al. (1991) and
Baker, Kessler, and Smucker (1989) have
examined cancer care costs in the Medi-
care population, using Medicare data
linked to SEER for cancer of the breast,
colorectal, lung and prostate for the years
1984-90. Compared with our SEER-KP
long-term totals as reported in column nine
of Table 5, the SEER-Medicare long-term
totals in 1992 dollars (adjusted from 1990
dollars using the medical care component
of the Consumer Price Index) are some-
what lower; by 10 percent for breast, 9 per-
cent for prostate, 14 percent for colorectal
(compared with combined results for colon
and rectum above), and 19 percent for
lung. Furthermore, Riley et al. found that
cancer diagnosed at the local stage in-
volves higher long-term costs than unfavor-
ably staged cases for breast and colorectal
cancer, while we find costs to be highest at
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the regional stage at these sites. Qur re-
sults agree with the SEER-Medicare re-
sults that for prostate cancer the regional
stage has the highest long-term costs and
for lung cancer the local stage is the most
costly. The U-shaped pattern across phases
of care was generally similar to that re-
ported here with initial care more expen-
sive than terminal care for colorectal and
lung, and initial care relatively less expen-
sive for cancers of the breast and prostate.
Continuing costs were substantially lower
than reported here, due in part to their use
of a “pre-final” phase while we included
“pre-final” costs with continuing care.

Etzioni, Urban, and Baker (1996) esti-
mate long-term costs for ovarian cancer
among SEER-Medicare patients, 1984-
1990, to be $69,172 in 1990 dollars amount-
ing to $80,771 in 1992 dollars. The latter
figure is close to the 882,344 among SEER-
KP patients reported here. The estimated
long-term attributable costs among SEER-
Medicare patients were S$64,899 as com-
pared with $63,696 for our SEER-KP pa-
tients. Costs for “controls” were somewhat
higher in the KP population than in the
Medicare population, but not enough to ac-
count for all of this difference.

The SEER-Medicare estimates are based
on Medicare reimbursements while our
SEER-KP estimates are based on KP ac-
counting cosis; the SEER-Medicare esti-
mates are for cancer patients over the age
of 64 while the SEER-KP estimates cover
all age groups; the SEER-Medicare esti-
mates exclude certain costs that are cov-
ered by KP Given these differences the
general level of agreement between the
two types of estimates is quite close.

Taplin et al. (1995) used a very similar
methodology as in this study to produce es-
timates of cancer costs for patients at
Group Health Cooperative (GHC) of Puget
Sound. For continuing care, the GHC esti-
mates are similar to those reported here.

For prostate cancer the estimates are also
roughly similar for initial care cost but the
GHC estimates are lower for regional and
distant prostate cancer, For breast cancer,
GHC terminal costs estimates are similar
but the initial care cost estimates are lower
than reported here. For colon cancer the
GHC estimates of both initial and terminal
costs are markedly lower than reported
here. There are a number of possible
sources of the differences between these
estimates. Two such sources are differ-
ences in underlying resource use and dif-
ferences in unit costs assigned to re-
sources. An evaluation of the differences
between these two studies is beyond the
scope of this article, but it is clear that,
when cost estimates from different institu-
tional settings are compared it is important
to examine both patterns of resource use
and unit costs as well as the determinants
of each of these variables such as patterns
of care and relevant characteristics of the
served population.

Relevance of Data from Kaiser
Permanente

These results from KP in Northern Cali-
fornia from 198791 are relevant to other
settings for several reasons. First, as cost
issues become increasingly important in
health policy and management, large ma-
ture HMOs are one among the few candi-
date sources for data which may approxi-
mate efficient costs, not contaminated by
cross-subsidies or monopoly rents. Sec-
ond, the HMO market share of U.S. heaith
care ‘has increased considerably in recent
years, According to the National Center for
Health Statistics (NCHS), 52.5 million indi-
viduals, 19.9 percent of the U.S. population,
were enrolled in traditional prepaid forms
of HMOs in 1996 compared with 13 per-
cent in 1989. An additional 6 million people
were enrolled in “open-ended” plans in
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1996 (National Center for Health Statistics.
1997).

Limitations of Data for Current Analysis

Data on resource use for this study dates
from 1987-91 and unit costs were for 1992.
In the intervening period there has been
inflation in medical care costs and patterns
of cancer care have also changed to some
extent. For cancer care, as for medical care
in general, hospitalizations have become
shorter. However, the shift of much onco-
logic care from the inpatient to the outpa-
tient setting was already well underway at
KP during the study period. More recently
there has been some increase in the use of
certain cancer-related procedures and
services, such as adjuvant therapy for
breast and colorectal cancers. The data re-
ported here can be adjusted for inflation by
using a price index such as the Medical
Care component of the Consumer Price In-
dex which increased by 23.8 percent 1992-
97. More recent utilization and cost data
would be more useful. An effort is cur-
rently underway at KP to annually update
estimates of cancer care costs, linking can-
cer registry and automated resource utili-
zation data, by the methods used here.

Uses of Cost of Care Data

Long-term cost statistics can be used in
studies of the cost effectiveness of screen-
ing programs, It is sometimes suggested—
with only anecdotal evidence—that screen-
ing programs would “more than pay for
themselves” by saving the costs of care for
patients whose cancer would otherwise
have been detected when it was at a more
advanced stage (Brown and Fintor,1993).
For five of the six sites for which screening
tests are available—all except lung—attrib-
utable long-term costs (after discounting)
were lower for cases diagnosed at the local

stage than for cases diagnosed at the re-
gional stage or distant stage. These stage
effects amounted to about $3,600 per case
for prostate, $9,400 for breast, $11,300 for
colon, $21,900 for rectum, and $41,700 for
ovary. For breast, colon and rectum—the
only sites with appreciable numbers of non-
invasive cancers—in situ cases were less
expensive for initial care than local invasive
cases by amounts of $2893, $8121, and
$14,656 respectively, and continuing care
was less for in situ cases by amounts of
§237, $144, and $754 per year, respectively.
These effects of stage at diagnosis are sub-
stantial enough to be worth considering in
studies of the cost effectiveness of screen-
ing but they would not be dominant fac-

tors. In order to achieve costs savings in

screening costs for favorably staged can-
cers must be approximately $100,000 less
than for unfavorably staged cancers.
(Brown, 1992) The modest stage effects
shown in Table 5 suggest that the argu-
ment for the cost effectiveness of cancer
screening must be framed in terms of the
costs to society per life year saved—not pri-
marily in terms of savings from future
treatments averted with the possible ex-
ception of screening for colorectal cancer
where invasive disease and the entire cost
associated with invasive disease may be
prevented.

In this illustration using discounted at-
tributable costs from Table 5, the conse-
quences of screening for future unrelated
costs have not been considered. That is, we
have not counted the medical care costs
unrelated to cancer but associated with the
longer life enjoyed as a result of early can-
cer detection. Whether or not to include fu-
ture unrelated cost is an issue of
longstanding controversy. For example,
Russell has argued that such costs should
not be counted because they are akin to
any other type of unrelated cost or benefit
associated with longer life span (e.g., more
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economic productivity; more consumption
of Social Security benefits). Unrelated
costs and benefits can be counted in a cost-
benefit analysis but are beyond the bound-
aries of a cost-effectiveness analysis. On
the other hand, Garber and Phelps have ar-
gued that counting future unrelated costs
is optional, but only if this practice is con-
sistent when cost effectiveness analyses of
different programs are compared and only
if annual future unrelated costs are unre-
lated to age. (Gold et al.,1996).

In the screening illustration above, fu-
ture unrelated costs can be taken into ac-
count by comparing total costs, rather than
attributable costs, for favorable compared
with unfavorable stages. The general effect
of doing this is to further reduce treatment
costs savings attributable to more favor-
able stages. For example, for breast cancer
the undiscounted long-term savings in
costs attributable to cancer treatment is
over $10,000 for local compared with re-
gional stage breast cancer, (column 10,
Table 5) but the undiscounted long-term
cost savings is only about $2,000 (column
nine, Table 5).

The attributable long-term costs shown
in Table 5 also give some idea of the re-
sources saved by health care interventions
which prevent the occurrence of cancer,
such as the prevention of tobacco use for
lung cancer. The average cost avoided per
lung cancer case is $33,000 (the dis-
counted attributable long-term cost for
lung cancer, all stages combined, Table 5).
This tells health policymakers that any to-
bacco preventive program costing less
than $33,000 per lung cancer case avoided
will save money, for society, perhaps up to
$100,000 per lung cancer case avoided.
More expensive programs could be more
cost-effective than alternative uses of avail-
able resources.

Again, it could be argued that future un-
related costs should be taken into account

by subtracting them from the long-term at-
tributable costs of lung cancer. In this ex-
ample, future unrelated costs could be esti-
mated by the expected annual health care
costs of non-cancer patients times the in-
creased life expectancy. For example, if
smoking cessation postpones a person’s
death by 5 years, then the additional unre-
lated future cost would be approximately
$2,852 per year (Table 5, column 4) times 5
years.

The phase-specific costs in Tables 4 and
5 can be useful in assessing an intervention
which advances or delays diagnosis and
medical care without affecting survival.
Such an intervention, arguably, would af-
fect the length of continuing care and the
amounts by which all phases of care should
be discounted. Yearly discounted costs at-
tributable to cancer for the continuing
phase, for example, can be roughly esti-
mated from Table 5 with (or without) the
intervention by subtracting controls’ yearly
costs for the relevant time period from
twice the cases’ 6-month costs (note that
the tables give yearly costs for controls and
6-month costs for each of the phases), ad-
justing (or not adjusting) for the changed
length of the continuing phase, and then
discounting back to the time of the inter-
vention. This rough estimate could be im-
proved slightly by using the formula given
in the notes to Table 5 to adjust controls’
costs—which are given in Table 5 for the
cases age distribution at diagnosis—for ag-
ing during any number of years following
diagnosis.

The third column of Table 5 shows the
costs per person-year for prevalent cases in
any phase of care. These results could be
helpful in the risk adjustment of budgets
(within an HMO) or capitation payments
(to an HMO). They could help to deter-
mine appropriate levels of prospective per
capita payments to providers for patients
with cancer. For example, the mean cost
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rate for colon cancer (all stages combined)
is $10,434 per year (column 1, Table 5). A
payor could use such an estimate, in addi-
tion to demographic and other predictors
of cost, to determine an appropriate
amount to pay annually for patients with co-
lon cancer. Currently, HCFA risk adjusts
capitation payments to HMOs according to
age, sex, and geographic region; it could
also risk adjust according to whether or not
a patient has a serious chronic disease
such as colon cancer. The purpose of such
risk adjustment is to eliminate perverse in-
centives to avoid enrollment of sick pa-
tients. (Jones, 1996).

CONCLUSION

This article presents estimates of the
cost of medical care for seven major types
of cancer. Long-term cost, costs for initial,
continuing and terminal care, and cost per
person year lived after cancer diagnosis,
have been estimated by cancer site and
stage-at-diagnosis, Possible uses of these
various cost estimates have been illus-
trated. This is one of several ongoing ef-
forts to obtain more current and detailed
data on costs of cancer care than has been
possible in the past. As data systems and
analytical methods mature it should be-
come possible to periodically update and
cross-validate these cost estimates.
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TECHNNICAL NOTE

The following technical notes apply to

Tables 2-5:

e All Costs are in 1992 dollars and are for
medical services utilized from July 1987
through November 1990.

* The “all stages” row for each site in-
cludes cases that were in situ and
unstaged at diagnosis in addition fo
those shown separately that were local,
regional and remote.

¢ The “all phases” colurnn shows costs or
utilization per person year, including all
initial, continuing and terminal care after
diagnosis, but not including the month
before diagnosis.

* The “controls” column shows the cost or
utilization rates per person year that
would be expected for cancer patients—
with cancer of the given site and stage—
if they utilized at the rate of all Kaiser

Permanente members during the study
period who were the same sex and age
as the cases were at diagnosis. To per-
mit estimation of how controls’ costs in-
crease with age, control cost rates above
age 35 were regressed on age and age-
squared, yielding for women: 5400 -
180*age + 56*age-squared,and for men:
5048 - 200*age + 68*age-squared.

e The “pre-dx” column includes the 30
days preceding the date of diagnosis.

¢ The “initial care” column includes the 6
months following diagnosis of half of the
time from diagnosis until death—which
ever is the lesser amount of time.

¢ The “terminal care” column includes the
6 months prior to death due to the given
cancer or half of the time from diagnosis
until death—whichever is the lesser
amount of time,

¢ The “continuing care” column shows
cost rates per 6 months of follow-up.

¢ The “all longterm” column estimates
costs or utilization from the prediagnosis
month until death or 15 years following
diagnosis.

¢ The “attributable long-term” column es-
timates costs or utilization due to cancer
by subtracting the costs or utilization of
“controls” during the lifetime of the can-
cer patient. Not considered are the costs
or utilization associated with controls’
longer life expectancy.

¢ The “attributable long-term discounted”
column shows the net present value of
the attributable costs at the time of diag-
nosis after discounting all future cost at
the rate of 4 percent.
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Table 6

Effects of Age, Race and Sex on Costs in 1992 Dollars for

initial, Continuing and Terminal Care, by Site: Regression Coefficients

(* if p<.05) Adjusted for Date_and Stage at Diagnosis

Organ Site
Variable Initial Cost Continuing Cost Terminal Cost
Breast
Under 50 Years $a02" $204 $4,582*
75 Years or Over -2,207 1,058 -9,328"
Black 49 58 -2,228
Other Non-Whits -1,148* -846" -6,205*
Colon
Under 50 Years 383 -397 8,229"
75 Years or Over 4,980" -1,137 -962
Black 736 944 2,522
Other Non-White -119 -860 4,999
Male 1,870" -464 1,788
Rectum
Under 50 Years -296 707 3,898
75 Years or Over 1,689 1,180 -6,371
Black -3,512 -1,124 1,206
Other Non-White -4,606" 2,450 861
Male 1,942 -436 2,256
Lung
Under 50 Years 3.805" 65 4,335"
75 Years or Over -3,030* -1.661 -3,354*
Black -2,036 -1,731 2,029
Other Non-While 198 -1,201 2,765
Male 717 459 -1,496"
Ovary
Under 50 Years 1,904 137 11,657*
75 Years or Over -1,069 -151 339
Black -3,069 -1,763 8,870
Other Non-White 1,466 287 -7.979
Prostate
Under 50 Years 2,572 =191 19,875
75 Years or Over -3,768* 102 -6,687"
Black -828 989 1,087
Other Non-White 2 -1,008 -4,526
Non-Hodgkin's Lymphoma
Under 50 Yoars 5.202° 4,986" 11,219*
75 Years or Over =730 -626 -9,115*
Black -4,067 365 -3,932
Other Non-White -1,408 -1,085 2,618
Male 1,263 403 -891
SOURCE: Kaiser Permanante, Northern Californa Region, and Norlhem California Cancer Center
-~ SEER Registry, 1993.
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