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Cost-effectiveness of Hepatic
Arterial Chemoembolization
for Colorectal Liver Metastases
Refractory to Systemic
Chemotherapy1

PURPOSE: To calculate the cost-effectiveness of hepatic arterial chemoembolization
(HACE) for the treatment of colorectal liver metastases (CLM) over a range of
survival benefits and to determine the survival benefit that HACE must confer to
meet three thresholds of cost-effectiveness.

MATERIALS AND METHODS: A spreadsheet model was used to estimate the
marginal direct cost of HACE compared with palliative care from a payer’s perspec-
tive. Medicare reimbursement amounts represented costs, while probabilities of
reembolization and complications were obtained from records of patients who
underwent HACE. Marginal cost-effectiveness was calculated from marginal direct
cost by varying the survival benefit of HACE compared with palliative care from 0 to
24 months. Break-even analyses were conducted to determine the survival benefit at
which the cost-effectiveness of HACE would decrease below three threshold values
derived from a literature review.

RESULTS: The marginal cost-effectiveness of HACE compared with palliative care,
given survival benefits of 3, 6, and 12 months, was $82,385, $41,193, and $21,045
per life-year (LY) gained, respectively. Cost-effectiveness thresholds of $20,000
(strict), $50,000 (moderate), and $100,000 (generous) per LY gained required
survival benefits of 12.63, 4.94, and 2.47 months, respectively, more than the
expected baseline.

CONCLUSION: The cost-effectiveness of HACE for the treatment of CLM varies
considerably according to the anticipated survival benefit. Results of future
randomized controlled trials must demonstrate a survival benefit of nearly 5
months for HACE to meet the moderate cost-effectiveness standard of $50,000
per LY gained.

Hepatic arterial chemoembolization (HACE) has emerged as a therapeutic and palliative
option for a variety of hepatic lesions, including primary hepatocellular carcinoma (1–10),
metastases from neuroendocrine tumors (11–14), and metastases from colorectal tumors
(15–20). The technique, which involves selective cannulation of the hepatic artery and
delivery of a chemotherapeutic agent in an embolic slurry, was developed from the
observation that hepatic neoplasms derive their blood supply from the hepatic artery,
whereas normal hepatic parenchyma derives its blood supply from the portal vein (21).
Although phase 2 trials have generated copious data on the safety and effectiveness of
HACE, to our knowledge, published studies of cost-effectiveness do not exist, in part
because few randomized controlled trials have produced data on the survival benefit, as
compared with palliative care (22). Information on cost-effectiveness will become more
important as practitioners and payers seek to assess the future role of this technology in
patient care.

The purpose of our study was to generate data on the cost-effectiveness of HACE for
the treatment of colorectal liver metastases (CLM) that are refractory to systemic
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chemotherapy. To overcome the obsta-
cle presented by the lack of substantive
data on the survival benefit, we chose
to calculate cost-effectiveness over a
range of potential survival benefits. We
also performed a break-even analysis to
determine the survival benefit at which
HACE would be considered to be cost-
effective according to benchmarks in
the literature.

MATERIALS AND METHODS

Literature Review

A literature review (MEDLINE available at
http://www.nlm.nih.gov/databases/freemedl
.html) was performed to collect data on
(a) studies of the cost-effectiveness of
HACE, (b) the survival benefit of HACE
compared with palliative care, and (c) the
cost-effectiveness benchmarks for other
medical technologies.

Patient Series

We compiled clinical data from a series
of 21 patients who underwent HACE at
our institution from April 1996 through
December 1998. All patients had a diag-
nosis of colorectal carcinoma that was
metastatic to the liver, as confirmed at
surgery and/or biopsy, and that had been
deemed to be unresponsive to systemic
chemotherapy. After risks and benefits
were explained and informed consent
was obtained, each patient underwent
HACE with 5–fluorouracil, mitomycin,
and ethiodized oil followed by emboliza-
tion with use of absorbable gelatin
sponge (Gelfoam; Pharmacia & Upjohn,
Peapack, NJ) (19). Complications were
noted and treated appropriately. Patients
were eligible for reembolization if the
treated hepatic lesions grew and/or if
new lesions developed.

For patients with metastatic lesions
confined to one hepatic lobe, a single
embolization procedure was planned.
All patients were eligible for reemboli-
zation if the original lesion or lesions
grew or if new lesions developed. The
only contraindication for reemboliza-
tion was portal venous thrombosis. In
patients with metastatic lesions in both
the right and left hepatic lobes, the lobe
with the greatest metastatic burden was
embolized first. If the portal vein re-
mained patent, lesions in the alternate
lobe were embolized during a second
session. Specific lesions were consid-
ered for reembolization only if they
failed to respond to the initial treat-
ment. Survival times were noted from
the date of first chemoembolization.

Calculation of Direct Costs

Overview of the model.—A computer
spreadsheet (EXCEL 97; Microsoft, Seat-
tle, Wash) was constructed to calculate
the marginal direct cost of HACE com-
pared with palliative care. Marginal di-
rect cost was modeled as the total direct
costs of HACE minus the total direct
costs of palliative care (Fig 1). We con-
sidered only direct costs to the payer.
Direct costs to the patient and indirect
costs to society (eg, cost of lost labor)
were excluded.

Total direct costs of HACE included
costs associated with the initial clinical
evaluation, chemoembolization proce-
dures, follow-up evaluation, and symp-
tom control. The initial evaluation was
modeled to include a physician office
visit, a nonenhanced CT examination of
the abdomen, and a laboratory measure-
ment of serum carcinoembryonic anti-
gen (CEA) level. The chemoembolization
procedure itself was modeled to include
both an inpatient hospitalization com-
ponent and a practitioner procedural
component. The inpatient hospitaliza-
tion component incorporated all labora-
tory work performed at admission (eg,
complete blood count, coagulation stud-
ies, measurement of creatinine level, and
liver function tests) and postprocedural
inpatient medications (eg, antiemetics
and antibiotics). The cost of either inpa-
tient hospitalization or the practitioner
procedural component could increase
due to complications (see later). Fol-
low-up evaluation was modeled to in-
clude a physician office visit, nonen-
hanced abdominal CT examination, and
measurement of CEA level; all of these
occurred at programmed intervals. Symp-
tom control was modeled to include sep-
arate components for iatrogenic (ie,
postchemoembolization) and disease-re-
lated symptom relief. Our model included
the simplifying assumption that patients
who live longer due to HACE incur no
additional costs for other diseases that
might arise (or for coexistent morbid

conditions that might continue) during
the period of increased survival.

Total direct costs of palliative care in-
cluded costs associated with the initial
evaluation, follow-up evaluation, and
symptom control. As with HACE, the ini-
tial evaluation was modeled to include a
physician office visit, nonenhanced ab-
dominal CT examination, and measure-
ment of CEA level. Follow-up evaluation
was modeled to include the same items at
programmed intervals. Symptom control
was modeled to include only disease-re-
lated symptom relief.

Data sources.—As detailed in Table 1, all
input parameters derived from one of the
following three sources: our internal data
series, abstraction from referenced sources,
or reasonable assumption. Direct costs to
the payer were calculated by using 1998
Medicare reimbursement (24) as a proxy
for inpatient hospitalization, procedural,
and outpatient visit costs. Health Care Fi-
nancing Administration (HCFA) Federal
Upper Limit prices in 1998 (25) were used
for outpatient drug costs; if HCFA prices
were unavailable, average wholesale prices
(25) for generic equivalents were substi-
tuted. Probabilities of reembolization were
estimated by using the mean from our pa-
tient series. Schedules for follow-up visits
and dosing regimens for analgesic medica-
tions were both modeled on assumption.

Baseline survival expectation.—Our model
required an estimate of baseline survival
expectation (ie, survival for patients receiv-
ing only palliative care) because survival
time affected the number of follow-up vis-
its, which, in turn, affected total costs. We
incorporated a baseline survival expecta-
tion of 12 months, which was based on
Stangl et al’s (23) observation that patients
with CLM who are treated with chemo-
therapy have a median survival time of
11.1 months. Since this figure overstates
the survival time of patients who have al-
ready failed systemic chemotherapy, we
also conducted sensitivity analyses with
baseline survival expectations of 6 and 3
months (see later).

Figure 1. Diagram illustrates the equation used to calculate the
marginal direct cost of HACE compared with palliative care.
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Treatment of complications.—Complica-
tions could increase the costs of chemo-
embolization in the following two ways:
by changing the primary inpatient hos-

pitalization diagnosis to a diagnosis-re-
lated group with higher weight and by
adding practitioner procedural costs. In
the calculation of inpatient hospitaliza-

tion costs, the model included only
major complications, as minor complica-
tions did not alter the inpatient hospital-
ization diagnosis-related groups. In the
calculation of practitioner procedural
costs, the model included extra proce-
dures (eg, esophagogastroduodenoscopy)
as warranted. Probabilities of all compli-
cations and additional procedures were
estimated by using the mean from our
patient series.

Calculation of Cost-effectiveness

The marginal cost-effectiveness of
HACE was modeled as the marginal di-
rect cost of HACE divided by the survival
benefit of HACE. (Survival benefit was
defined as additional survival beyond the
expected baseline survival for patients re-
ceiving only palliative care.) To calculate
cost-effectiveness over a range of poten-
tial survival benefits, the denominator
was maintained as an independent vari-
able and varied from 0 to 24 months.
Discounting was not performed due to
the short time horizon.

Break-even Analysis

A break-even analysis was performed
to determine the survival benefit at
which HACE would be considered to be
cost-effective according to benchmarks
obtained from our literature review.

Sensitivity Analyses

Sensitivity analyses were conducted to
test the robustness of the model to vari-
ation in all key input parameters, includ-
ing the cost of nonenhanced CT exami-
nation, cost of measuring the CEA level,
cost of chemoembolization (both inpa-
tient hospitalization and practitioner
procedural components), complication
rates, mean number of reembolization
procedures per patient, cost of postche-
moembolization symptom-control regi-
men, and baseline survival expectation.

RESULTS

Literature Review

Studies on the cost-effectiveness of HACE.—
Our literature review yielded no studies on
the cost-effectiveness of HACE.

Data on the survival benefit of HACE com-
pared with palliative care.—We found no
randomized controlled trial of HACE for
the treatment of CLM. (We did, however,
find three randomized controlled trials of
HACE for the treatment of unresectable
hepatocellular carcinoma [4,8,9]; all three
studies revealed no statistically significant

TABLE 1
Parameters for Calculation of Marginal Direct Cost of HACE
versus Palliative Care

Direct Costs
Value
($) 1998 Medicare Reimbursement Code

HACE
Initial evaluation

Physician office visit 150.21 CPT 99205
Nonenhanced abdominal CT

examination
315.09 CPT 74150

Measurement of serum CEA level 27.00 CPT 82378
Chemoembolization procedure

Hospital costs
Without complications 5,555.12 DRG 203 (malignancy of hepatobiliary

system or pancreas)
Complicated by pulmonary

embolism*
5,982.44 DRG 078 (pulmonary embolism)

Complicated by sepsis and/or
pneumonia†

6,969.11 DRG 079 (respiratory infections and
inflammation)

Complications requiring
laparotomy‡

8,292.51 DRG 152 (small and large bowel
surgery with complications)

Practitioner procedural costs
Chemoembolization without

complications§
1,653.43 Primary CPT, 37204; secondary CPTs,

36247, 75726, 75894, 75898
Ventilation-perfusion scan\ 205.00 CPT 78588
Percutaneous drainage# 299.00 CPT 47011
Laparotomy** 679.00 CPT 49002
Esophagogastroduodenoscopy†† 349.00 CPT 43255

Follow-up after chemoembolization
Office visit (assumed at 1, 3, 6, 9,

and 12 mo)
106.65 CPT 99215

Nonenhanced abdominal CT
examination

315.09 CPT 74150

Measurement of serum CEA level 27.00 CPT 82378
Iatrogenic (postchemoembolization)

symptom control‡‡,§§

Non-narcotic analgesia, cost per
tablet

0.04 ***

Narcotic analgesia, cost per tablet 0.37 †††

Palliative care
Initial evaluation

Physician office visit 150.21 CPT 99205
Nonenhanced abdominal CT

examination
315.09 CPT 74150

Measurement of serum CEA level 27.00 CPT 82378
Follow-up office visit (assumed at

every 6 mo)
106.65 CPT 99215

Symptom control§§

Note.—Baseline survival expectation after failure of chemotherapy was 12 mo (23). Medicare
reimbursement data were obtained from reference 24. CPT 5 Current Procedural Terminology,
DRG 5 diagnosis-related groups.

* Probability of pulmonary embolism, 0 (from internal patient series).
† Probability of sepsis and/or pneumonia, 0 (from internal patient series).
‡ Probability of complication requiring laparotomy, 0 (from internal patient series).
§ Mean no. of reembolization procedures per patient, 1.57 (from internal patient series).
\ Probability of complication requiring ventilation-perfusion scan, 0 (from internal patient series).
# Probability of complication requiring percutaneous drainage, 0.02 (from internal patient

series).
** Probability of complication requiring laparotomy, 0 (from internal patient series).
†† Probability of complication requiring esophagogastroduodenoscopy, 0 (from internal patient

series).
‡‡ Assumed fraction of patients with third-party drug insurance, 0.5.
§§ Dummy variable x represented the costs of disease-related symptom control because these

costs were nearly equal for HACE and palliative care; costs were, therefore, assumed to cancel out
in the calculation of marginal cost.

*** Ibuprofen 600 mg, 100 tablets, two tablets per day for 10 d assumed (25).
††† Hydromorphone hydrochloride 2 mg, 100 tablets, four tablets per day for 4.5 d assumed (25).

Volume 216 z Number 2 Hepatic Arterial Chemoembolization for Refractory Colorectal Liver Metastases: Cost-effectiveness z 487



difference in survival between patients
who underwent HACE and patients who
received only palliative care.)

Cost-effectiveness benchmarks.—Our
search for cost-effectiveness benchmarks
yielded an array of cost-effectiveness es-
timates for other medical interventions,
including cancer treatments (Table 2)
(26,27). These estimates were derived
from findings of studies with nonuni-
form analytic approaches (quality-adjust-
ed versus non–quality-adjusted, perspec-
tive of the payer versus perspective of
society, etc). On the basis of these bench-
marks and other recommendations (28),
we selected $20,000, $50,000, and
$100,000 per life-year (LY) gained as
strict, moderate, and generous thresh-
olds, respectively, for cost-effective care.

Patient Series

Of the 21 patients in our series, seven
died, and 14 were still alive as of March
1999. The seven patients who died each
underwent a mean of 1.57 additional re-
embolization procedure. Survival times
from the first chemoembolization proce-
dure ranged from 83 to 1,097 days (2.8–
36.6 months; mean, 17.4 months; me-
dian, 21.1 months).

Calculation of Direct Costs

As shown in Table 3, our computer
model calculated a marginal direct cost
of HACE compared with palliative care of
$20,596–$21,494, depending on the sur-
vival benefit. Total direct costs of HACE
increased slightly with increased survival
benefit because of more follow-up visits.

Calculation of Cost-effectiveness

Table 3 demonstrates that as survival
benefit varied from 0 to 24 months, the
marginal cost-effectiveness of HACE de-
creased hyperbolically. For survival ben-
efits of 3, 6, and 12 months, the marginal
cost-effectiveness of HACE was $82,385,
$41,193, and $21,045 per LY gained, re-
spectively. Figure 2 depicts the relation-
ship between marginal cost-effectiveness
and survival benefit.

Break-even Analysis

According to our model, a strict cost-
effectiveness threshold of $20,000 per LY
gained required a survival benefit of
12.63 months more than the expected
baseline survival. A moderate threshold
of $50,000 per LY gained required a sur-
vival benefit of 4.94 months. A generous
threshold of $100,000 per LY gained re-

quired a survival benefit of 2.47 months.
Arrows in Figure 2 indicate these values.

Sensitivity Analyses

Table 4 demonstrates the robustness of
our model to variation in key input pa-
rameters. The results of the model did
not change substantially with 25% in-
creases or decreases in the cost of nonen-
hanced CT examination and the cost of
measuring the CEA level. The model was
similarly robust to the substitution of
complication rates derived from Berger et
al’s (29) and Chung et al’s (30) reviews of
chemoembolization complications. (The
substitutions for probability were as fol-
lows: pulmonary embolism, .006; sepsis
and/or pneumonia, .01; complication re-
quiring laparotomy, 0; complication
requiring a ventilation-perfusion scan,
.006; complication requiring percutane-
ous drainage, .02; complication requiring
laparotomy, 0; and complication requir-
ing esophagogastroduodenoscopy, .01).
Neither an increase or decrease in the
postchemoembolization medication reg-
imen nor a decrease the baseline survival
expectation (ie, survival for patients re-
ceiving palliative care only) to 6 and 3
months substantially alter the results of
the model.

The results of the model were some-
what influenced by changes in the cost of
chemoembolization, the mean number
of reembolization procedures per patient,

and the schedule of follow-up visits after
HACE. A decrease in the marginal cost of
HACE compared with palliative care
(with an associated decrease in the sur-
vival benefit required to meet all three
cost-effectiveness thresholds) was ob-
served after decreases were made in the
cost of chemoembolization (the decrease
in hospital component was more than
the decrease in the practitioner proce-
dural component), the mean number of
reembolization procedures per patient,
and the frequency of follow-up visits af-
ter HACE. An increase in the marginal
cost of HACE compared with palliative
care (with an associated increase in the
survival benefit required to meet all cost-

TABLE 2
Selected Cost-effectiveness Benchmarks for Other Medical Interventions

Intervention
Cost-effectiveness

($/LY gained)*

Chemotherapy for teratoma 275
Tamoxifen citrate for advanced breast cancer 810
Smoking cessation for men 1,300
Adjuvant chemotherapy for Dukes C colon cancer 2,100
Coronary arterial bypass for left main coronary arterial disease

with angina 17,400
Hydrochlorothiazide for essential hypertension 23,500
Autologous bone marrow transplantation for Hodgkin

disease, second relapse only 26,200
Chemotherapy for bladder cancer 34,000
First-line chemotherapy for non–small cell lung cancer 38,300
Screening mammography for women over age 50 y 20,000–50,000
Renal dialysis for men (in-center benefit) 42,000–60,300
Chemotherapy for metastatic gastric cancer 60,000–80,000
Captopril for hypertension 82,600
Autologous bone marrow transplantation for limited

metastatic breast cancer 115,800
Nonionic contrast media, routine use 72,000–243,000
Cholestyramine for hypercholesterolemia 178,000
Autologous bone marrow transplantation for Hodgkin

disease, all relapses 421,000

Note.—Data from references 26 and 27.
* In 1992 U.S. dollars.

TABLE 3
Marginal Cost and Cost-effectiveness
of HACE versus Palliative Care as a
Function of Survival Benefit

Survival
Benefit
(mo)

Marginal
Cost to
Payer
($)

Marginal Cost-
effectiveness
($/LY gained)

0 20,596 Undefined
3 20,596 82,385
6 20,596 41,193
9 20,596 27,462

12 21,045 21,045
15 21,045 16,836
18 21,045 14,030
21 21,045 12,026
24 21,494 10,747

488 z Radiology z August 2000 Abramson et al



effectiveness thresholds) was observed af-
ter increases were made in the cost of
chemoembolization (the increase in the
hospital component was more than the
increase in the practitioner procedural
component), the mean number of reem-
bolization procedures per patient, and
the frequency of follow-up visits after
HACE.

DISCUSSION

Our objective was to generate data on
the cost-effectiveness of HACE for the
treatment of CLM that is refractory to
systemic chemotherapy. Since there are
no substantive data on the survival
benefit of HACE compared with pallia-
tive care, we calculated its cost-effec-
tiveness across a range of potential sur-
vival benefits. Note that although we
report the survival data of the patients
in our series, these data were not used
in our cost-effectiveness model, which
was designed to vary the survival bene-
fit as an independent variable from zero
to 24 months.

An alternative approach would have
been to estimate the survival benefit of
HACE by comparing data from phase 2
trials of HACE with the data of observa-
tional studies on untreated CLM (ie, pal-
liative care). We rejected this approach
primarily because it would have left our
intervention and control groups un-
matched for the criteria that affect sur-
vival, including severity and progression

of illness. Survival after the diagnosis of
CLM varies considerably rate from a
mean of 7 months to a maximum of 3–5
years (23,31) according to tumor growth,
so an estimate of the survival benefit of
HACE that is based on different patients
from different studies would have been
virtually meaningless.

Aside from this important theoretic
concern, practical limitations to this ap-
proach included the lack of observational
studies of patients with CLM refractory
to systemic chemotherapy, as well as the
fact that observational studies and phase
2 trials tend to begin their survival clocks
at different times; observational studies
begin from the initial diagnosis of he-
patic metastases, and phase 2 trials begin
from the date of first chemoemboliza-
tion. In short, we agree with other ob-
servers (22) that randomized controlled
trials must be performed to obtain useful
survival data, and, in the absence of such
studies, we believe that our approach was
the most methodologically sound ap-
proach.

Our results demonstrate that the cost-
effectiveness of HACE varies considerably
with expected survival benefit (Table 3, Fig
2). For survival benefits of 3, 6, and 12
months, the marginal cost-effectiveness of
HACE compared with palliative care was
$82,385, $41,193, and $21,045 per LY, re-
spectively. Cost-effectiveness thresholds of
$20,000 (strict), $50,000 (moderate), and
$100,000 (generous) per LY require sur-
vival benefits of 12.63, 4.94, and 2.47

months, respectively, more than the ex-
pected baseline survival. These data were
based on direct costs to the payer only. It is
unlikely, however, that our results would
have changed substantially had our analy-
sis been repeated from the perspective of
society, since both direct costs to the pa-
tient and indirect costs to society would
have been minimal in this population of
nonworking patients with short life ex-
pectancies.

Our results contribute directly to the
technologic assessment of HACE by pro-
viding cost-effectiveness data to supple-
ment existing information on the safety
and effectiveness of HACE. Once future
randomized controlled trials yield more
definitive data on the survival benefit of
HACE, the true cost-effectiveness of
HACE will emerge readily from the data
in Table 3. Meanwhile, practitioners and
payers can generate preliminary cost-ef-
fectiveness estimates by using their own
empirical assessments of the survival
benefit of HACE. This exercise will be
important in the setting of variation be-
tween local institutions in HACE out-
comes due to either differences in the
severity of patients’ disease or to different
levels of provider training, experience,
and skill. Our data may be used to craft
arguments for regional centers of excel-
lence that would perform HACE, with
higher survival benefits and cost-effec-
tiveness.

An important implication follows from
the observation that a moderate cost-ef-
fectiveness standard of $50,000 per LY
gained requires a survival benefit of
nearly 5 months more than the baseline.
If future randomized controlled trials fail
to demonstrate a survival benefit of this
magnitude, our results would cast doubt
on the use of HACE for the treatment of
CLM refractory to systemic chemother-
apy, especially in light of recent ques-
tions regarding the safety and effective-
ness of HACE (22).

Any such conclusions must be drawn
with an understanding of our study limita-
tions, the most important of which is the
fact that our cost-effectiveness data were
not adjusted for quality of life. It is possible
to argue, then, that even if the true survival
benefit of HACE is low, the benefit of the
procedure to the patient remains high be-
cause of its effect on the palliation of symp-
toms. While we lack the quantitative data
with which to dispute this claim, we note
the concerns of other clinicians who have
suggested that HACE, by virtue of its asso-
ciated morbidity and potential complica-
tions (29,30,32), may not improve quality
of life and may, in fact, harm it (22). Our

Figure 2. Line graph depicts the marginal cost-effectiveness of HACE compared with palliative
care as a function of survival benefit.
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present study findings lay the groundwork
for future investigations of the quality-ad-
justed cost-effectiveness of HACE. Such
studies might include the use of a Markov
chain approach to model transitions of pa-
tients between different quality-adjusted
health states.

Additional limitations are derived
from our data sources and model design.
Although our use of Medicare reimburse-
ment data is an accepted substitute for
detailed resource-based cost accounting
(33), our estimate of direct costs would
have been more accurate had we used the
latter method (34). Our simplifying as-
sumption that patients who undergo
HACE incur no additional costs due to
other diseases during their period of in-
creased survival implies a minor underes-
timation of the marginal direct costs of
HACE. We did not apply a discount rate
(to adjust for the effect of price inflation
on future costs) because of the short time
horizon (35); if we had, the net present
value of all cost calculations would have
decreased slightly.

Finally, sensitivity analyses demon-
strated that our model was robust to
changes in the cost of nonenhanced CT
examination, cost of measuring the CEA
level, complication rates, and baseline
survival assumption, but it demonstrated
that the model was less robust to changes
in the cost of chemoembolization, reem-
bolization rate, and follow-up regimen
after HACE. Our results, therefore, be-
come less applicable in settings in which
costs differ greatly from our Medicare-
derived estimates, in which reemboliza-
tion rates are substantially higher or
lower, and in which follow-up visit
schedules are markedly different. It
should be reiterated that our chemoem-
bolization protocol is only one of several
protocols currently in use (22).

A final note concerns the technical and
theoretic issues surrounding the applica-
tion of cost-effectiveness data in general.
From a technical standpoint, cost-effec-
tiveness data on a particular medical
technology may be compared with either
benchmarks from other interventions or
absolute cost-effectiveness standards.
The dangers of weighing cost-effective-
ness estimates for different interventions
have been well documented (36); mean-
ingful comparison requires homogeneity
among the various source studies with
regard to the scope of analysis, time ho-
rizon, assignment of utility values, and
various statistical adjustments (eg, infla-
tion, future discounting, international
currencies). Meanwhile, the use of abso-
lute standards suffers from the lack of

consistent thresholds for cost-effective-
ness. Despite our attempt to cull reason-
able cost-effectiveness thresholds from
the literature, our choices of $20,000,
$50,000, and $100,000 per LY gained
were still somewhat arbitrary, since many
of the benchmarks listed in Table 2 were
derived from analyses that were adjusted
for quality of life or that were conducted
from the perspective of society. We
would caution the reader against over-
zealous comparison of our data with cost-
effectiveness benchmarks from method-
ologically noncompatible studies.

From a theoretic perspective, cost-ef-
fectiveness analysis is most useful when
there is a consensus regarding its under-
lying premise, that is, a consensus that
finite health care resources should be al-
located to maximize the benefit per unit
cost. Uncertainty regarding this funda-

mental paradigm arises at both the pop-
ulation and doctor-patient levels. At the
population level, resource allocation by
means of cost-benefit analysis is better
accepted in a public program or in an
individual health plan (in which the
payer is directly accountable to beneficia-
ries for the provision of fair access to
care) than among members of the gen-
eral public of whom many individuals
still accept the ability to pay as a legiti-
mate determinant of access to resources
above a certain minimal benefits stan-
dard (37). At the doctor-patient level,
cognitive dissonance stems from con-
flicting goals and competing notions of
fairness. Patients express dissatisfaction
with health care costs, yet they reject ar-
guments that resources should be with-
held because the resources might provide
greater benefit elsewhere. Practitioners,

TABLE 4
Sensitivity Analyses

Scenario

Marginal Cost of
HACE versus

Palliative Care
($)

Survival Benefit (mo) for Cost-
Effectiveness

$20,000/LY
gained

$50,000/LY
gained

$100,000/LY
gained

Original cost 20,596–21,494 12.63 4.94 2.47
25% increase in cost

Nonenhanced CT examination 20,990–22,045 12.91 5.04 2.52
Measurement of serum CEA

level 20,630–21,541 12.65 4.95 2.48
Chemoembolization procedure

(hospital component) 24,165–25,063 14.77 5.80 2.90
Chemoembolization procedure

(practitioner component) 21,659–22,556 13.26 5.20 2.60
25% decrease in cost

Nonenhanced CT examination 20,202–20,943 12.34 4.85 2.42
Measurement of serum CEA

level 20,562–21,447 12.60 4.93 2.47
Chemoembolization procedure

(hospital component) 17,027–17,925 10.22 4.09 2.04
Chemoembolization procedure

(practitioner component) 19,534–20,432 11.72 4.69 2.34
Increase

No. of reembolization
procedures to 2.0 23,702–24,600 14.49 5.69 2.84

HACE follow-up to every 2 mo 21,045–26,431 14.59 5.34 2.60
Postchemoembolization

medications* 20,599–21,497 12.63 4.94 2.47
Decrease

No. of reembolization
procedures to 1.0 16,479–17,377 9.89 3.96 1.98

HACE follow-up to every 6 mo 19,250–21,045 12.09 4.70 2.33
Postchemoembolization

medications† 20,595–21,493 12.63 4.94 2.47
Baseline survival expectation to

6 mo 19,805–21,152 12.42 4.86 2.38
Baseline survival expectation to

3 mo 19,463–21,258 12.49 4.78 2.34
Substitute complication rates‡ 20,630–21,528 12.65 4.95 2.48

* To ibuprofen 600 mg two times daily for 21 d and hydromorphone hydrochloride 2 mg four
times daily for 7 d.

† To ibuprofen 600 mg two times daily for 4 d and hydromorphone hydrochloride 2 mg four
times daily for 2 d.

‡ From references 29 and 30.
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meanwhile, are bound by the Hippo-
cratic oath to do everything to preserve
and enhance life, yet they seek a ratio-
nal basis for the allocation of care when
they assume the financial risk for pa-
tients. Progress on this issue will require
a continual dialogue about how to best
use the results from cost-effectiveness
studies.

In conclusion, we envision that these
study findings will encourage future work
along at least three different fronts. First,
the technologic assessment effort would
benefit considerably from randomized
controlled trials of HACE for the treatment
of CLM. Second, our analysis sets the stage
for investigations of the quality-adjusted
cost-effectiveness of HACE. Third, we ea-
gerly await further dialogue regarding the
underlying assumptions, proper venues,
and appropriate applications of cost-effec-
tiveness analysis.
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nome Hépatocellulaire. A comparison of
lipiodol chemoembolization and conser-
vative treatment for unresectable hepato-
cellular carcinoma. N Engl J Med 1995;
332:1256–1261.

10. Solomon B, Soulen MC, Baum RA, Haskal
ZJ, Shlansky-Goldberg RD, Cope C. Che-
moembolization of hepatocellular carci-
noma with cisplatin, doxorubicin, mito-
mycin-C, ethiodol, and polyvinyl alco-
hol: prospective evaluation of response
and survival in a U.S. population. J Vasc
Interv Radiol 1999; 10:793–798.

11. Hajarizadeh H, Ivancev K, Mueller CR,
Fletcher WS, Woltering EA. Effective pal-
liative treatment of metastatic carcinoid
tumors with intra-arterial chemotherapy/
chemoembolization combined with oct-
reotide acetate. Am J Surg 1992; 163:479–
483.

12. Therasse E, Breittmayer F, Roche A, et al.
Transcatheter chemoembolization of
progressive carcinoid liver metastasis. Ra-
diology 1993; 189:541–547.

13. Ruszniewski P, Rougier P, Roche A, et al.
Hepatic arterial chemoembolization in
patients with liver metastases of endo-
crine tumors: a prospective phase II study
in 24 patients. Cancer 1993; 71:
2624–2630.

14. Drougas JG, Anthony LB, Blair TK, et al.
Hepatic artery chemoembolization for
management of patients with advanced
metastatic carcinoid tumors. Am J Surg
1998; 175:408–412.

15. Taniguchi H, Takahashi T, Yamaguchi T,
Sawai K. Intraarterial infusion chemo-
therapy for metastatic liver tumors using
multiple anti-cancer agents suspended in
a lipid contrast medium. Cancer 1989;
64:2001–2006.

16. Lang EK, Brown CL. Colorectal metasta-
ses to the liver: selective chemoemboliza-
tion. Radiology 1993; 189:417–422.

17. Kameyama M, Imaoka S, Fukuda I, et al.
Delayed washout of intratumor blood
flow is associated with good response to
intraarterial chemoembolization for liver
metastasis of colorectal cancer. Surgery
1993; 114:97–101.

18. Martinelli DJ, Wadler S, Bakal CW, et al.
Utility of embolization or chemoemboli-
zation as second-line treatment in pa-
tients with advanced or recurrent colo-
rectal carcinoma. Cancer 1994; 74:1706–
1712.

19. Sanz-Altamira PM, Spence LD, Huberman
MS, et al. Selective chemoembolization in
the management of hepatic metastases in
refractory colorectal carcinoma: a phase II
trial. Dis Colon Rectum 1997; 40:770–775.

20. Tellez C, Benson AB III, Lyster MT, et al.
Phase II trial of chemoembolization for
the treatment of metastatic colorectal
carcinoma to the liver and review of the
literature. Cancer 1998; 82:1250–1259.

21. Breedis C, Young G. The blood supply of
neoplasms in the liver. Am J Pathol 1954;
30:969–985.

22. Miller DL. First, do no harm. Radiology
1996; 198:10–12.

23. Stangl R, Altendorf-Hofmann A, Charn-
ley RM, Scheele J. Factors influencing the
natural history of colorectal liver metas-
tases. Lancet 1994; 343:1405–1410.

24. National Heritage Insurance Company.
Medicare B bulletin. Health Care Financ-
ing Administration Web site. Available
at: http://www.hcfa.gov. Accessed March
1999.

25. 1998 Drug Topics Red Book. Montvale,
NJ: Medical Economics; 1998.

26. Smith TJ, Hillner BE, Desch CE. Efficacy
and cost-effectiveness of cancer treat-
ment: rational allocation of resources
based on decision analysis. J Natl Cancer
Inst 1993; 85:1460–1474.

27. Smith TJ, Hillner BE. Decision analysis: a
practical example. Oncology (Huntingt)
1995; 9(suppl 11):37–45.

28. Laupacis A, Feeny D, Detsky AS, Tugwell
PX. How attractive does a new technol-
ogy have to be to warrant adoption and
utilization? Tentative guidelines for using
clinical and economic evaluations. Can
Med Assoc J 1992; 146:473–481.

29. Berger DH, Carrasco CH, Hohn DC,
Curley SA. Hepatic artery chemoemboli-
zation or embolization for primary and
metastatic liver tumors: post-treatment
management and complications. J Surg
Oncol 1995; 60:116–121.

30. Chung JW, Park JH, Han JK, et al. Hepatic
tumors: predisposing factors for compli-
cations of transcatheter oily chemoembo-
lization. Radiology 1996; 198:33–40.

31. Burke D, Allen-Mersh TG. Colorectal liver
metastases. Postgrad Med J 1996; 72:464–
469.

32. Borner M, Castiglione M, Triller J, et al.
Considerable side effects of chemoembo-
lization for colorectal carcinoma meta-
static to the liver. Ann Oncol 1992;
3:113–115.

33. Neuman ML, Murphy BD, Rosen MP.
Bedside placement of peripherally in-
serted central catheters: a cost-effective-
ness analysis. Radiology 1998; 206:423–
428.

34. Picus D. Comparing competing medical
procedures: costs or charges—what
should it matter? Radiology 1996; 199:
623–625.

35. Udvarhelyi IS, Colditz GA, Rai A, Epstein
AM. Cost-effectiveness and cost-benefit
analysis in the medical literature: are the
methods being used correctly? Ann In-
tern Med 1992; 116:238–244.

36. Mason J, Drummond M, Torrance G.
Some guidelines on the use of cost effec-
tiveness league tables. BMJ 1993; 306:
570–572.

37. Blendon RJ, Brodie M, Hyams TS, Benson
JM. The American public and the critical
choices for health system reform. JAMA
1994; 271:1539–1544.

Volume 216 z Number 2 Hepatic Arterial Chemoembolization for Refractory Colorectal Liver Metastases: Cost-effectiveness z 491


