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Objective
To analyze the cost-effectiveness of resection for liver me-
tastases compared with standard nonsurgical cytotoxic
treatment.

Summary Background Data
The efficacy of hepatic resection for metastases from colorec-
tal cancer has been debated, despite reported 5-year survival
rates of 20% to 40%. Resection is confined to specialized
centers and is not widely available, perhaps because of lack
of appropriate expertise, resources, or awareness of its effi-
cacy. The cost-effectiveness of resection is important from
the perspective of managed care in the United States and for
the commissioning of health services in the United Kingdom.

Methods
A simple decision-based model was developed to evaluate
the marginal costs and health benefits of hepatic resection.
Estimates of resectability for liver metastases were taken from
UK-reported case series data. The results of 100 hepatic re-
sections conducted in Sheffield from 1997 to 1999 were used

for the cost calculation of liver resection. Survival data from
published series of resections were compiled to estimate the
incremental cost per life-year gained (LYG) because of the
short period of follow-up in the Sheffield series.

Results
Hepatic resection for colorectal liver metastases provides an
estimated marginal benefit of 1.6 life-years (undiscounted) at a
marginal cost of £6,742. If 17% of patients have only palliative
resections, the overall cost per LYG is approximately £5,236
(£5,985 with discounted benefits). If potential benefits are ex-
tended to include 20-year survival rates, these figures fall to
approximately £1,821 (£2,793 with discounted benefits). Fur-
ther univariate sensitivity analysis of key model parameters
showed the cost per LYG to be consistently less than
£15,000.

Conclusion
In this model, hepatic resection appears highly cost-effective
compared with nonsurgical treatments for colorectal-related
liver metastases.

Colorectal cancer is the second most common cancer in
the United Kingdom, with an annual incidence steadily
reported at approximately 57 per 100,000 population.1–4

Prevalence increases with age (almost 50% of cases occur in
patients older than 604) and is greater in men (approximate-

ly 60% of cases). Approximately 25% of patients with
colorectal cancer have detectable liver metastases at presen-
tation (synchronous metastases). A further 25% develop
metastases during the course of their disease (metachronous
metastases), usually within 2 years after initial surgical
treatment of their primary tumor.5 Metastatic disease of the
liver remains a major cause of cancer-related death.4 Over-
all survival is closely related to tumor burden: patients with
single or multiple metastases restricted to one lobe of the
liver (unilobar disease) have an expected median survival of
less than 24 months,6 and patients with bilobar disease have
a median survival of less than 18 months.7 If untreated,
most patients would not be expected to survive much be-
yond 9 to 12 months.8

Conventional treatments for colorectal liver metastases
are based on systemic chemotherapy, generally 5-fluorou-
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racil regimens or local control with hepatic arterial chemo-
therapy.4,9–12We reviewed series and randomized trials of
chemotherapy-based treatments for advanced colorectal
cancer, including newer hepatic arterial therapy approaches,
bolus versus continuous therapy, 5-fluorouracil plus modu-
lator combinations, and the results of best supportive care
only. Even in the most recent series, we found that there was
no significant survival beyond 3 years, and that the survival
benefits from chemotherapy remain small (Fig. 1). In con-
trast, today, surgical resection of colorectal metastases of-
fers the prospect of long-term disease-free survival and has
the potential for cure.5,13

Because of the high death and complication rates previ-
ously associated with liver surgery, surgical removal of liver
metastases has been restricted to less than 2% of patients in
the United Kingdom,4 generally those with a single, clearly
defined metastasis in one lobe. However, recent advances in
surgical techniques now allow safe resections in patients
with multiple metastases and bilobar disease. Specialist
surgical centers have reported that approximately 10% to
25% of patients with colorectal metastases undergo poten-
tially curative resections, with overall 5-year survival rates
of 20% to 45%. Gradual improvements in both surgical
ability and outcomes have been noted in the past 10 to 15
years.14

Most reports of liver resection case series come from the
United States and mainland Europe. Although some pa-
tients, especially those with single metastases, do have
access to specialist liver resection, there is a lack of pub-
lished survival and complications data in the United King-
dom. It is possible that more patients with potentially re-
sectable metastases remain undiagnosed or receive only
standard palliative care.15 This situation could indicate a
lack of awareness of recent technical advances that increase
the scope for curative resection, or the existence of resource
constraints in the commissioning of specialist surgical ser-
vices. Investment in these services requires consideration of

both clinical efficacy and cost-effectiveness. Radical liver
resections can leave patients requiring significant postsur-
gical care, often involving high-cost intensive care. The true
costs of liver resection and the longer-term benefits in terms
of extended life and avoided healthcare use remain uncer-
tain, however.

This study reports the use of a decision analysis model to
estimate the marginal direct costs and clinical benefits of
liver resection.16–18 It is part of a U.K. Development and
Evaluation Committee health technology appraisal process.
The model uses the outcomes of published case series data,
standard unit costs, and our clinical experience of resource
use in patients with liver metastases from colorectal primary
cancers. This study is a cost-effectiveness analysis consid-
ering only direct costs, reported from the perspective of a
healthcare provider.

METHODS

Literature Search

Randomized controlled trials, meta-analyses, literature
reviews, and case series related to the surgical treatment of
liver metastases from colorectal primaries were identified
by systematic search in electronic databases, including
MEDLINE, EmBASE, CANCERLIT, Cochrane Library,
HMIC (Department of Health/King’s Fund/HELMIS), CRD
(DARE/NEED), and other health technology assessment
databases. This was supplemented by information obtained
from Internet websites, personal contacts, and cancer-re-
lated literature databases. Search terms included combina-
tions of the following: colon cancer, rectum cancer, liver
metastasis, liver cancer, liver resection, colonic neoplasms,
rectal neoplasms, liver neoplasms, hepatectomy, and resec-
tion. Although initially restricting our search to the period
January 1990 to July 1998, we also included referenced case
series dating as far back as 1984.

Figure 1. Survival benefits of various chemotherapy
regimens in advanced colorectal cancer.
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Effectiveness Data

The initial search strategy identified 59 case series and 5
reviews, but no randomized controlled trials or meta-anal-
yses. We selected case series reporting survival data for
more than 100 patients, chosen as a hypothetical critical
volume of clinical experience for highly specialized tech-
niques in liver surgery. When the case series included
sequential updates on patient cohorts from individual cen-
ters, only the latest reports were selected. This filtering
yielded 19 independent case series representing distinct
patient cohorts, with sufficient outcome data to derive over-
all survival, surgical complication rates, and preoperative
prognostic factors (Table 1).14,19–36Overall 5-year survival
rates ranged from 21% to 44% and were generally higher in
case series from single-center studies.

Model Structure

We constructed a decision model (Fig. 2) representing
treatment pathways for patients judged as having liver me-
tastases potentially resectable with curative intent.37 Such
patients are typically colorectal cancer patients after resec-
tion of the primary tumor, followed up with ultrasound or
computed tomography scans and carcinoembryonic antigen
levels, and presenting with new abdominal symptoms. Two
basic clinical treatment decision options were considered:

● Option 1: Referral to a specialist liver surgeon for
further assessment of suitability for curative resection,
where indicated, at laparotomy after admission

● Option 2: Nonsurgical treatment with standard systemic
(or locoregional) 5-fluorouracil therapy or other pallia-
tive regimens depending on previous history of adju-
vant 5-fluorouracil treatment.

The model also took into account patients who were
referred for surgical assessment but did not undergo cura-

tive resection. Perioperative findings at laparotomy such as
the presence of previously undetected extrahepatic disease
or nodal spread mean that such patients have either noncu-
rative resections or that resection is not attempted. These
patients were assumed to incur the costs of surgery and
chemotherapy-based palliative treatments without gaining
the survival benefits of radical surgery. Any likely quality of
life gains from purely palliative resections were not taken
into account.

Referral patterns for patients undergoing laparotomy
were estimated from a case series considered to reflect most
closely the referral and resection criteria of a typical U.K.
specialist center.32 Of the patients undergoing laparotomy,
77% underwent curative resections, as confirmed by clear
resection margins at postsurgical assessment, 15% had non-
curative (palliative) resection, and 8% had no resection. In
contrast, most of the identified case series (see Table 1) had
outcome data only for patients who underwent resection
with curative intent. This implies 100% identification rates,
which are unlikely to be achievable in reality.

Although repeat resections were not analyzed separately,
the model included the survival data of patients who devel-
oped recurrence restricted to the liver only14 and underwent
reresection. We considered the potential costs of these re-
resections in the sensitivity analysis, because it is likely that
such procedures would be available in a surgical resection
service.

For patients having disease recurrence (estimated at 69%
at 5 years post resection), 41% (or 28% of all patients who
underwent initial resection) were expected to have involve-
ment of the liver only.32 However, the same series reported
that reresection of the liver was possible in only 11% of all
patients with recurrence—that is, 8% of all patients who
underwent initial resection.Therefore, most patients with
recurrence would be rechallenged with a second-line palliative

Figure 2. Decision model.
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chemotherapy regimen, depending on previous exposure to
adjuvant 5-fluorouracil-based treatment.

In the sensitivity analysis, we also explored the impact of
additional service costs related to increased numbers of
patients undergoing follow-up after resection of the primary
colorectal cancer. The value of this follow-up is under
debate in the United Kingdom,3,4 but the number of patients
with regular follow-up might increase if there were more
services offering potentially curative surgical resection of
metastases. These costs were added to the estimated cost of
the resection procedure.

The model structure was populated with data on expected
resource use, associated unit costs, and expected health
benefits, measured in the form of extended survival. Patients
who did not undergo resection or whose resections were
noncurative were assumed to have no additional survival
beyond that of patients with metastatic disease treated with
standard 5-fluorouracil regimens. Patients whose initial re-
section was potentially curative were assumed to have ex-
tended survival, corresponding to that in published case
series.

Selection of Survival Data

The 2-year follow-up period in our series was too short to
obtain meaningful survival data. In the absence of evidence
from randomized controlled trials or formal meta-analyses
of existing case series, we used patient outcome data taken
directly from separate published case series of patients
undergoing resection of hepatic colorectal metastases. We
did not pool the data because the case series were too
heterogeneous.38–40 The single-center case series reported
by Scheele et al14 was considered to be the best reflection of
typical specialist practice in the United Kingdom, taking
into account patient numbers (n5 463), the proportion of
patients treated curatively (84%), and the complexity of the

surgical procedures adopted. Full survival curve data were
available, with additional descriptive patient statistics in-
cluding patients older than 60 (46%), patients with synchro-
nous metastases (41%), patients with multiple metastases
(43%), patients with more than four metastases (9%), pa-
tients with bilobar disease (16%), patients with metastases
larger than 5 cm in diameter (33%), and patients with
extrahepatic disease (13%). Some 83% of resections were
noted as “anatomic” in nature. The results of this case series
have been mirrored by more recent findings from a smaller
U.K. cohort study by Rees at al.32 Further, in a simple
funnel plot of the 5-year survival data taken from the
identified key case series versus numbers of patients (Fig.
3), the results from Scheele et al14 lie in the midrange of a
nonskewed, apparently symmetric distribution, suggesting
no clear publication bias.

To create an historical control group for patients having
liver resections, survival of patients who did not undergo
resection was derived from a study of 252 such patients that
had excluded patients with extrahepatic spread and signifi-
cant comorbidities.6 Median survival for patients with sol-
itary and multiple unilobar lesions was 21 and 15 months,
respectively, and fewer than 2% survived for more than 5
years (Fig. 4). Although this series is now dated, it was
thought to provide the cleanest data on patients who did not
undergo resection but could have potentially done so. Sur-
vival data for similar patients have remained reasonably
constant in other studies during the past 20 years.7,8

Survival data were considered for two separate groups of
patients undergoing resection. The first group was defined
as patients having three or fewer metastases with no evi-
dence of extrahepatic disease, the second as those having
four or more metastases, or extrahepatic disease with any
number of metastases.14 These data were compared with
those of patients who did not undergo resection and were
defined as having either single or multiple unilobar disease
or widespread (bilobar) disease, respectively.6

Figure 3. Funnel plot of survival data (5-year survival
vs. cohort size).
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Assessment of Survival Benefits

Most of the identified case series used median 5-year
survival as their primary outcome measure. Although me-
dian survival estimates can be informative and allow com-
parisons between series, they do not reflect the overall
survival experience of the whole cohort, effectively ignor-
ing the possibility of long-term survival advantages,41 as
seen here with patients undergoing resection. We therefore
used mean overall survival as our primary outcome mea-
sure, calculated directly from the published survival curves
using area-under-the-curve techniques.42 Individual sur-
vival curves were recreated in Microsoft Excel 97 using
3-month data points (Fig. 5). The area under the curve was
then approximated by summation of the areas of the indi-
vidual trapeziums formed. Validation of this method was
performed by fitting exponential and Weibull curves to the
data points, estimating the area under the curve from nu-

meric integration. This confirmed our initial trapezoidal
estimates to be accurate to within 0.01 years.

Extrapolation of Clinical Benefits

Extrapolation of outcomes beyond the study data is a
recognized approach for determining the lifetime benefits of
treatment.43–45 Extrapolation of published 5-year survival
data up to 20 years was considered as part of the sensitivity
analysis, again using exponential and Weibull mathematical
curve forms (see Fig. 5), because the survival curves for
patients having liver resection suggest a much longer sur-
vival than that of patients who do not undergo resection.
Actuarial 20-year survival rates of more than 17% for
patients undergoing potentially curative resection have been
reported in case series.14

Figure 4. Overall survival of patients who did not
undergo resection. (From Wagner JS, Adson MA, van
Heerden JA, et al. The natural history of hepatic me-
tastases from colorectal cancer: a comparison with
resective treatment. Ann Surg 1984; 199:502–508.)

Figure 5. Comparison of survival
for patients with resected and non-
resected liver metastases.
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Economic Evaluation

Form of Analysis

A cost-effectiveness analysis was performed because no
reliable published quality of life data were available, pre-
cluding a formal cost-utility approach. Also, given the low
overall survival rates for patients who do not undergo re-
section, it was thought that the key clinical benefit was an
extension of life rather than a quality of life improvement.

Costs of Resection and Palliative
Chemotherapy

Costs were estimated from the perspective of the National
Health Service as a healthcare provider and included only
direct healthcare costs. To reflect the likely costs of liver
resection to the National Health Service, average unit costs
were applied to estimated healthcare resource use, based on
100 liver resections conducted at the hepatobiliary surgical
unit at the Royal Hallamshire Hospital, Sheffield, during the
period 1997 to 1999: 23 extended hepatectomies, 36 lobec-
tomies (hemihepatectomies), and 41 segmental resections.
Mean operating time was 3.5 hours. The majority (54%) of
patients required no intraoperative blood transfusion; 32%
required two to four units, and only 14% required more than
four units of blood. The mean hospital stay was 10.3
days—5 days in the ward after a 4- to 5-day period in the
high-dependency unit or, with 14% of patients, requiring
additional intensive care (the high-dependency unit is sig-
nificantly less expensive than the intensive care unit). Av-
erage unit cost for a resection was estimated at £6,742
($10,787), including preoperative assessment, surgical pro-
cedures and postsurgical care allocations, and postoperative
follow-up, based on regular outpatient attendance and fol-
low-up investigations (Table 2).

The average unit cost of palliative chemotherapy for 3 to
6 months was estimated at £6,669 ($10,670) to £13,338
($21,340), based on a previous U.K. study of the costs of
colorectal chemotherapy46 and substituting our local costs.

A conservative costing approach was adopted through-
out, biased in favor of conventional nonsurgical treatment.
We assumed that all patients who underwent resection
would eventually require additional chemotherapy, al-
though 10% to 20% of such patients will achieve long-term
survival with no need for further chemotherapy, or a re-
quirement only after several years. Although patients who
had received adjuvant 5-fluorouracil chemotherapy at the
time of their primary colorectal surgery would be more
likely to receive other chemotherapy regimens because of
tumor resistance, we assumed that same palliative treatment
would be used for patients with initially irresectable metas-
tases and with recurrence after initial hepatectomy. Accord-
ingly, we included no difference between patients who did
and did not undergo resection for the costs of later palliative
chemotherapy. In the sensitivity analyses, however, we did
not include chemotherapy treatment costs for patients with
long-term disease-free survival (estimated at 30% of pa-

tients at 5 years). Costs of the chemotherapy avoided were
estimated based on the standard De Gramont 5-fluorouracil
regimen.

Discounting

Discounting is commonly used in health economics to
place a present-day value on both future health gains and
costs—for instance, life-years gained (LYG), treatment
costs, and avoided healthcare expenditure. Because most of
the costs of liver resection occur within the first year of
treatment, we did not discount treatment costs in our base-
case analysis. However, in the sensitivity analyses, we used
the standard U.K. rate of 6% per annum to discount future
costs for both reresections and differences in palliative care,
because these typically take place 12 to 36 months after the
initial resection.47,48 Although it can be argued that the
benefits of resection are potentially long term and should be
discounted, either at the same or at a reduced rate, the
relative merits and justifications for discounting future
health benefits are the subject of debate.49,50 Accordingly,
we report benefits both without discount and fully dis-
counted at 6% per annum.47

RESULTS

Marginal Survival Benefits

Marginal (or incremental) survival benefits are the addi-
tional benefits expected from an intervention compared with
conventional or alternative treatment. Such benefits are
commonly expressed in terms of LYG in survival analyses.
Although for patients who do not undergo resection, sur-
vival beyond 5 years is unlikely, 10- and 20-year survival
rates of approximately 1% were assigned to obtain a con-
servative view. When 5-year survival data were considered,
patients who underwent resection had a marginal benefit of
1.6 to 1.8 LYG. There was no difference in marginal 5-year
survival between the two patient groups undergoing surgery
(Table 3). The marginal survival benefits in favor of resec-
tion were 3.0 to 3.1 LYG for 10-year survival and 3.9 to 4.8
LYG for 20-year survival. The extrapolation of benefits as
seen in trials increases the marginal survival benefits of
resection by more than 100% and improves the overall
cost-effectiveness.

Cost-effectiveness ratios (CERs) are derived by dividing
the additional costs of a treatment by the additional health
benefits and are a commonly used measure of a treatment’s
health-economic worth relative to an alternative. CERs
were not calculated separately for the two patient groups
undergoing resection because their health benefits remained
comparable, and we assumed that 80% of all patients un-
dergoing resection in a typical U.K. practice would have
three or fewer metastases with no evidence of extrahepatic
disease. This resulted in an average marginal survival esti-
mates of 1.6, 3.1, and 4.6 LYG at 5, 10, and 20 years,
respectively, versus palliative chemotherapy.

Vol. 232 ● No. 6 Economics of Hepatic Resection 769



Cost-Effectiveness Analysis

Figure 6 illustrates the incremental cost per LYG calcu-
lations. The base-case scenario is derived from the most
likely mix of resection and palliation and uses conservative
cost estimates, biased against resection. The base-case in-
cremental CER for liver resection for colorectal metastases
was estimated at £5,236 ($8,378) per LYG undiscounted, or
£5,985 ($9,576) when discounting benefits at 6%, at 5 years
after resection.

Two alternative patient profile scenarios are also pre-
sented. The worst-case scenario assumes that only 50% of

laparotomies proceed to resections with curative intent,
40% result in palliative resections, and 10% are “open-and-
close” procedures. The best-case scenario assumes that pre-
surgical assessment identifies all irresectable tumors and
effectively avoids unnecessary surgery. Corresponding in-
cremental CERs for these scenarios are £7,902 per LYG
(£9,030 discounted) and £4,214 per LYG (£4,816 discount-
ed), respectively, at 5 years.

When further extended benefits from 10- and 20-year
survival expectations were included, the base-case incre-
mental undiscounted CERs fell to £2,793 ($4,469) and

Table 2. AVERAGE TREATMENT COSTS PER PATIENT

Itemized
Costs

Total Costs*
(£, 1999)

Cost Conversion
($1.6 5 £1)

Average Cost of Resection
Initial workup

Outpatient clinic, new appointment £19.54
Liver function test, pathology £4.60
Carcinoembryonic antigen £6.45
Magnetic resonance imaging £270.00
Pathology administration costs £20.00
Outpatient clinic, follow-up £14.698

£335 $536
Surgery

Preoperative admission £550.00
Surgical consultant £261.50
Operating room list costs £277.80
Consumables £440.18
High-dependency unit care £2,000.00
(14% patients also require initial intensive

care)
£910.00

Ward stay, 5 nights £1,375.00
Pharmacy, drugs and intravenous fluids £322.00

£6,137 $9,819
Follow-up cost

Clinical attendance, review £14.70
Clinical attendance, follow-up (four visits) £58.78
Follow-up investigations £196.48

£270 $432

Total Cost £6,742 $10,787
Average Cost of Chemotherapy

4 days inpatient stay @ £275 per day £1,100.00
Tests £195.03
Consumables £25.92
Fluids £22.97
Folinic acid (200 mg/m2) 2 hours £363.92
5-fluorouracil (400 mg/m2) 24 hours for 2-day

period
£39.84

Concomitant drugs £71.27

Average cost per month (two cycles) £2,223
Average cost for 6 months £6,669

* Rounded to nearest £1.
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£1,821 ($2,914), respectively. Even in the worst-case sce-
nario, the discounted cost per LYG fell to less than £5,497
($8,640) when 10-year survival data were considered.

Sensitivity Analyses

Several one-way (univariate) sensitivity analyses were
conducted to examine the influence of individual parameters
on cost-effectiveness results to compensate for the uncer-
tainty of the parameters in the model.51,52 Multivariate
analyses were made on combinations of parameters to give
best-case and worst-case scenarios. Table 4 lists the as-
sumptions tested.

Health Benefits

The lack of directly comparable data on clinical effec-
tiveness, differences between patient groups, and other hid-
den biases in case series could have affected our estimates

of marginal benefits. Consequently, we modified the base-
case analysis to bias it further against resection by assuming
that all patients who did not undergo resection had a better
prognosis because they had only solitary metastases and no
evidence of extrahepatic disease. This reduced the marginal
health benefits at 5, 10, and 20 years to 0.8, 2.2, and 3.7
LYG, respectively (an approximate decrease of 1 LYG for
each time period). The undiscounted CER almost doubled
to £10,326 ($16,521) but remained within the boundaries of
what would be considered as a cost-effective treatment.53

Costs

We explored the effect of additional costs that could be
incurred as part of the treatment, including the following:

● Reresections:Additional treatment costs were consid-
ered for the 8% of patients undergoing resection who
could be expected to have repeat surgery for recurrence

Table 3. SURVIVAL BENEFITS

Survival
Period

Undiscounted Survival Benefits (LYG) Discounted Survival Benefits (6%) (LYG)

Resected Nonresected
Marginal

Difference Resected Nonresected
Marginal

Difference

Patients with 4 or more metastases and/or EHD
5 years 2.9 1.1 1.8 2.7 1.1 1.6
10 years 4.1 1.1 3.0 3.4 1.1 2.3
20 years 5.0 1.1 3.9 3.8 1.1 2.8

Patients with fewer than 4 metastases and no EHD
5 years 3.2 1.6 1.6 2.9 1.6 1.4
10 years 4.7 1.6 3.1 3.9 1.6 2.3
20 years 6.4 1.6 4.8 4.6 1.6 3.1

EHD, extrahepatic disease; LYG, life-year gained.

Figure 6. Incremental cost-effec-
tiveness of liver resection.

Vol. 232 ● No. 6 Economics of Hepatic Resection 771



localized to the liver. The costs for repeat resection
were the same as for the original procedure. The revised
average treatment cost per patient with curative resec-
tion was £7,281 ($11,650) and the CER was £5,574
($8,918) using undiscounted costs and benefits. In-
creasing repeat resections to 20% of cases caused the
average patient cost and incremental cost-effectiveness
to rise in proportion.

● Regional variation in cost of liver resection:To allow
for regional or national variation in costs of resection
and provide a theoretical margin for future equipment
and increasing sophistication in procedures, we dou-
bled the cost of baseline values. The corresponding
CER was £10,473 ($16,757).

● Salvage chemotherapy:The possibility that later pal-
liative chemotherapy costs could be higher for patients
who underwent surgery than for those who did not was
also considered by doubling the cost of salvage chemo-
therapy for patients who underwent resection. The CER
increased to £13,573 ($21,717).

● Additional cost of follow-up after resection of pri-
mary tumors: All patients undergoing hepatic resec-

tion for colorectal metastases were assumed to have
undergone twice-yearly outpatient assessment with
liver ultrasound and carcinoembryonic antigen levels,
at an estimated 2-year cost of £320 ($512). We used the
worst-case patient profile scenario from Table 4 to
assume that 10% of patients would be potentially suit-
able for resection, of whom only 50% would have
potentially curative resection. The entire cost of fol-
low-up was added to the total cost of curative treatment
of liver metastases, which increased the CER to
£11,902 ($19,043).

Avoidance of Chemotherapy

The cost of chemotherapy was subtracted from the treat-
ment costs of 10% of patients undergoing curative resection,
instead of the 20% to 30% in the base-case scenario. As-
suming a typical palliative De Gramont regimen for 6
months, the estimated reduction in average treatment cost
was £1,333 ($2,132) per patient undergoing resection.46

Table 4. SENSITIVITY ANALYSIS RESULTS (COST PER LYG)

Undiscounted
Benefits

Discounted
Benefits Only

(6% per annum)

Discounted
Costs Only

(6% per annum)

Discounted
Benefits and Costs

(6% per annum)

Base-case scenario (assumes 5-year survival
data, 83% of patients curatively resected and
no difference in palliative chemotherapy costs) £5,236 £5,985 – –

Sensitivity parameter tests (assuming all other
base-case scenario parameters hold [i.e., 5-year
survival data])

1. Assume all nonresected patients had solitary
metastases

£10,326 £12,580 – –

2. Include the costs of reresection for 8% of all
patients

£5,574 £6,370 £5,520 £6,308

3. Include the costs of reresection for 20% of all
patients

£6,079 £6,948 £5,944 £6,793

4. Increase the cost of resection by 100% £10,473 £11,969 – –
5. Assume costs of palliative chemotherapy were

higher by 50% for resected patients
£9,405 £10,748 £8,736 £9,984

6. Assume costs of palliative chemotherapy were
higher by 100% for resected patients

£13,573 £15,512 £12,236 £13,984

7. Assume all colorectal follow-up costs were
attributed to resection

£11,902 £8,953 – –

8. Include savings from avoided chemotherapy for
10% long-term tumor-free survival

£4,402 £5,032 £4,537 £5,185

Best-case scenario (optimistic view of curative
resection % achieved; with sensitivity parameter
test 8 with extended survival noted to 20 years
postresection with undiscounted benefits)

£1,176 £1,803 £1,222 £1,874

Worst-case scenario (pessimistic view of
curative resection % achieved; with sensitivity
parameter tests 1, 3, 4, 6, and 7, limited to
5-year survival data)

£58,914 £71,653 £55,653 £67,792

LYG, life-year gained.
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Extreme Scenario Analysis

Finally, multivariate sensitivity analyses were used to
combine the individual model parameters to extend the
scope of the worst-case and best-case scenarios to extremes
with very low likelihoods. The results are shown in Table 4.

DISCUSSION

Although many retrospective case series analyses and
general reviews report on the clinical effectiveness of liver
resection of colorectal-related liver metastases, we are not
aware of another study that has focused explicitly on the
cost-effectiveness of resection. We used a simple decision-
analysis model populated with published and locally de-
rived data to conduct a cost-effectiveness analysis covering
the direct health-service–borne costs and expected overall
survival of patients with resectable disease.

The main cost-effectiveness analysis suggests that surgi-
cal resection of the liver for colorectal metastases is highly
cost-effective compared with nonsurgical treatments, with a
cost per LYG of £1,466 to £9,030 ($2,346 to $14,448). The
exact figure depends on the period of survival considered (5
to 20 years) and whether the inclusion future health benefits
are discounted.

Although controversy surrounds the use of league tables
of cost-effectiveness, there are guidelines as to figures that
can be considered reasonable.54,55 A commonly adopted
threshold for the general cost-effectiveness of new health-
care technologies in the United Kingdom is approximately
£20,000 ($32,000) per LYG.53 Above this amount, inter-
ventions are generally deemed as being high in cost; further
evidence may be required before they are recommended for
general commissioning.

In this study, even the worst-case scenario, with dis-
counted 5-year data alone, provides a CER of much less
than £10,000 ($16,000) per LYG, comparing favorably with
many other healthcare interventions provided by the Na-
tional Health Service. Taking into account the extended
survival benefits beyond 5 years, the overall cost-effective-
ness of resection is even greater, as shown in Figure 6.

Our univariate sensitivity analyses explored more ex-
treme values of model parameters without forcing the CERs
to prohibitive levels. The inclusion of reresection costs did
not radically alter the cost-effectiveness of resection. Even
the assumption that patients who did not undergo resection
had the survival rates associated with solitary metastases did
not take the CER beyond the limit of acceptability. By far
the largest variation came from potential differences in the
costs of palliative care between patients who did and did not
undergo resection, at either progression or eventual recur-
rence. Doubling the costs of palliative care increased the
CER to £13,573 ($21,717), still within the CER threshold
for National Health Service treatments.

Even when the additional costs of primary surgery fol-
low-up were included in the overall treatment costs of the

patients with curative resection, the CER remained favor-
able. However, including the cost of follow-up after resec-
tion of the primary colorectal cancer in this way can be
questioned, because this follow-up can also contribute
health benefits to patients who did not undergo resection.56

The multivariate worst-case extreme scenario was in-
tended to indicate the level of widespread variation from
baseline in model parameters and assumptions that would
be required before the cost-effectiveness ratios became pro-
hibitive to commissioning services, rather than representing
a realistic view of likely treatment costs and benefits. In
light of the scale of combined variance in individual mod-
eled parameters involved, we leave the significance of this
scenario open to interpretation.

As with all modeled economic evaluations, a number of
limitations and caveats must be recognized.37,57 Clinical
benefits were based on distinct case series published 10
years apart because of the lack of comparative data on
patients with potentially resectable disease who had nonsur-
gical treatment. However, we believe it is unlikely that
future studies will provide any improvement on these data.
The outcomes for patients who do not undergo resection
that are used to estimate marginal benefits are generally
better than those observed in other series, particularly for
patients with single metastases, which suggests a conserva-
tive view of the benefits of resection.

Although we concentrated primarily on 5-year survival
rates, there is a strong likelihood of much longer-term
disease-free survival in some patients, with reports of 17%
actuarial 20-year survival.14 Extensions of health benefits to
20 years therefore seem clinically valid and can provide a
fairer estimate of the lifetime benefits of liver resection.
Limiting data to 10-year survival can reduce CERs to ap-
proximately 50% of those calculated under our base-case
analysis.

The calculations of the resource use and unit costs for
resection were based on our local clinical setting in a
university teaching hospital. In principle, this introduces
potential difficulties in extrapolation to other centers. How-
ever, the sensitivity analysis of increased resection costs
demonstrates that resection can remain relatively cost-effec-
tive even at much higher associated costs.

This study does not take account of the set-up costs of a
specialist service undertaking liver resections, and we as-
sume that both human and surgical resources are readily
available. Such costs would be entirely dependent on exist-
ing local services and circumstances. Experience in Shef-
field has demonstrated that once the basic equipment is in
place, additional costs are essentially those of complications
from surgery; this is directly dependent on the quality of
available surgical expertise. Our experience is that compli-
cation levels remain low.

We ignored any differences between the two groups
undergoing resection in terms of improved quality of life. In
effect, this assumes that all life-years are lived to full
quality, which is unlikely after surgery, during aggressive
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chemotherapy, and in end-stage disease treatment. Further
research on the comparative quality of life of patients with
metastases and estimates of patient utility values would
provide valuable information for the debate on the place of
liver resection.

The criteria for defining suitable patients for liver resec-
tion remain uncertain. Many of the prognostic factors sug-
gested in the literature are postoperative or rely on intraop-
erative scanning. The evidence suggests that patients most
suited to resection are likely to have single metastasis or
multiple metastases (restricted to asingle lobe) with no
evidence of extrahepatic disease—in other words, ap-
proximately 10% to 15% ofthose with liver metastases.
Survival will be strongly influenced by the surgeon’s ability
to remove the tumor with no involvement of the resection
margins.

In the publicly funded National Health Service in the
United Kingdom, resource use is prioritized by rational
decisions based on evidence of cost and benefit. Without
randomized controlled data on the effectiveness of liver
resection in the treatment of colorectal metastases, commis-
sioners of surgical services are faced with the task of con-
sidering the relative economic merits of resection on mod-
eled case series data alone, such as those presented here. It
is unlikely that randomized controlled trials of liver resec-
tion for colorectal metastases would ever be conducted
because of ethical considerations, given that conventional
nonsurgical treatment shows only modest survival benefits
for these patients. A detailedprospective follow-up of
patients undergoing resection is urgently needed to allow
the real benefits and costs of resection to be judged. In the
absence of such data, this modeled analysis appears to
provide some evidence concerning the clinical and eco-
nomic arguments for resection and supports the develop-
ment of liver resection services in specialist surgical
centers.
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Discussion

PROF. H. BISMUTH (Villejuif, France): Mr. Majeed, your presen-
tation was much appreciated, but it raises a considerable number
of questions. The seriousness of the work and the selection of
the statistical methods are not in doubt. What is of concern is the
notion that when there is only one treatment that can cure the
patient, we have to prove that it is less expensive than palliation.
Indeed, you even add another factor in this evaluation, namely the
threshold of £20,000 as the value of adding a year of life. My first
question is, how did you derive this figure? Next, is it fixed for any
age, or does it vary with other factors? Lastly, how do you intend
the calculation to be used, and by whom? Fortunately, your con-
clusion was that liver resection is valuable. If it had not been,
would this have meant that there would be no more liver resection
in the U.K. for colorectal liver metastases?

MR. A. MAJEED (Sheffield, United Kingdom): These are very
important questions, and this is really one of the reasons why the
study was done. In fact, my reason for conducting this study was
a personal one. When I started doing this work in Sheffield, our
health authority, which determines purchasing of health services in
my region, did not fund it. They said that this therapy is unproven.
I had to provide my own results and also provide an economic case
for the cost-effectiveness of this treatment.

Certainly, in my country, there are not very many centers that do
big liver resections, and we need to do a lot more. This is the sort
of economic proof that is needed to persuade health purchasers to
fund this treatment, and it is very relevant in managed healthcare.
Rationing in healthcare is a reality, and managers will increasingly
question expensive treatments with unproven benefit. For example,
I am told treating that multiple sclerosis with interferon costs £1
million per life-year gained. Convention has is that in the U.K.,
health economists use the value of £20,000 as a theoretical guide-
line for cost-effective interventions. I think this figure is arbitrary,
but it has become accepted along the years. It is a figure on a scale
that one uses to identify cost-benefit and varies between coun-
tries—for example, it is higher in the U.S.A., where it is $50,000.
I quite agree that from a surgeon’s perspective, we know that this
is the only treatment that works, but one has to prove it to those
that hold the purse strings.

PROF. C. BROELSCH(Essen, Germany): Mr. Majeed, I would like
to congratulate you on two things—first on your excellent results,
and second on introducing a new methodology to us, because, as
Prof. Bismuth already pointed out, as practicing surgeons, we are
not aware that you can restrict healthcare therapy to a certain group
of patients, knowing that a certain treatment, for example partial
hepatectomy, is better than alternative treatments.

We have to be aware that there is a political implication, by
which healthcare purchasers will offer you a £20,000 line, which
will include certain benefits or reimbursements for liver resections.
Apparently, there has to be constant monitoring of cost-effective-
ness for certain treatments. I have a couple of questions. You
mentioned the 1984 study by Wagner, and the early modalities of
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chemotherapy as a cost baseline. Indeed, many times we have to be
in consensus with the referring chemotherapists or oncologists, but
in many cases that you mentioned, we have to convince them
straightaway that hepatic resection is a much better treatment,
although more expensive. Would this assumption change if che-
motherapy becomes more complex and expensive, because they
have the same cost pressure as we have for partial hepatectomy? In
the second arm of your study, there is an option of having no
resection. Who is to select these patients, who are potentially
resectable but who undergo palliative chemotherapy instead? I
think it is an important question, because for ethical reasons we
will never have a randomized prospective trial on resection versus
chemotherapy in resectable cases, since everybody would ask for
resection as the treatment of choice.

My second question relates to whether there is an estimate of the
indirect costs, like loss of salary or unemployment costs. Finally,
in a more European context, I do not think your study is really
comparable with other healthcare systems, such as in Germany or
in the United States. There we have a mixed system for reimburse-
ment, from both the private sector and from the social healthcare
provider. While you all are working on a salary basis, your costs
are considerably lower than they are in the United States, or even
in Germany, where there is a larger benefit for both the patients as
well as their physicians.

MR. MAJEED: Taking the last point first, we have shown that if
we double the costs of treatment in our sensitivity analysis for liver
resection, it is still very cost-effective. We have only examined

survival in our analysis and have not considered quality of life. I
am sure that “indirect” gains in terms of salary and employment
from the patient’s perspective would be very important. As for
Wagner’s paper on chemotherapy, we acknowledge that perhaps it
is dated, but it was a very difficult task to find a cohort of patients
in the literature who would have been suitable for resection but did
not undergo it. Wagner’s group came closest to this. The criticism
of a matched case-control group is that these were people who
were going to die because of advanced disease, and they were a
bad-prognosis group. Wagner specifically excluded patients with
conditions that would put them at a disadvantage, or put them at a
bad prognosis. So these patients would have been ideal surgical
candidates who were not operated upon. That is the only reason we
chose it; there are other papers in the literature, but he had the
cleanest data. As for newer forms of chemotherapy, I showed a
graph of various chemotherapy regimens, and the survival benefit
from them is very modest. I do not see a revolutionary chemo-
therapy regimen on the horizon that would radically alter our
conclusions.

PROF. A. JOHNSON (Sheffied, United Kingdom): The issue of
cost-effectiveness is very important and is relevant to all health
systems, even though the U.K. National Health Service may have
had to focus on it first. If there is a cash limitation for certain
treatments, then it is important to know which patient will benefit
most as a guide to determining priorities. It is often assumed that
operations are always more expensive than drug treatments, but
this paper has clearly shown that this is not so.
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