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Background: The role of neo-adjuvant chemotherapy prior to hepatectomy in patients with

resectable colorectal liver metastases is currently a matter of debate. The aim of the pres-

ent study was to analyse life-expectancy, quality adjusted life-expectancy and cost-effec-

tiveness of the two chemotherapeutic strategies.

Methods: A Markov decision model was developed, on the basis of parameters derived from

an extensive literature search of the last ten years, to compare outcomes of peri-operative

versus post-operative chemotherapy.

Results: Life-expectancy observed for peri-operative chemotherapy was 54.56 months and

52.62 months with post-operative chemotherapy only; the quality-adjusted life-expectancy

with peri-operative chemotherapy was 39.33 quality-adjusted life-months (QALMs) and

37.84 QALMs with post-operative chemotherapy. Peri-operative chemotherapy results in

an increase in total costs of 1180 € over ten years and in an incremental cost-effectiveness

ratio (ICER) of 791.9 €/QALM. The model was more sensitive to the expected 3-year recur-

rence-free survival (RFS) and cost of hepatic resection: with respect to an expected 3-year

RFS 6 25% the peri-operative approach was more cost-effective than post-operative strat-

egy but differences in average cost-effectiveness were small. The relationship between

ICER and cost of hepatic resection was inverse because the higher the cost of hepatic resec-

tion, the higher the cost saving due to patients becoming unresectable during neo-adjuvant

therapy.

Conclusions: In the treatment of resectable colorectal liver metastases, the addition of neo-

adjuvant chemotherapy could be cost-effective because it makes it possible to avoid hepa-

tic resection in patients who do not respond to the neo-adjuvant approach; however, the

life-expectancy of the two strategies is very similar.
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1. Introduction

The liver is the most common site of colorectal metastases. At

diagnosis, 15–20% of patients will have synchronous liver

metastases and among those who develop metachronous

metastases (more than 50% of stage III cases) would develop

these within 3 years after primary colon surgery.1,2 Surgical

resection of liver metastases offers the hope of cure and is

currently recognised as the only treatment that offers the

chance of long-term survival. The use of neo-adjuvant che-

motherapy was first indicated for patients with initially unre-

sectable metastases, with the aim of downstaging the tumour

spread and making surgical removal technically feasible.3 In

recent years, administering neo-adjuvant chemotherapy, fol-

lowed by post-operative treatment, has been increasingly

adopted also in patients with resectable colorectal liver

metastases; however, there is no universal agreement about

the oncologic benefits of such approach and some perplexi-

ties were raised regarding the parenchymal injury that can

be caused by preoperative chemotherapy which may increase

morbidity after surgery.4 At present, studies both on neo-

adjuvant chemotherapy and adjuvant chemotherapy only in-

clude patients undergoing surgery alone as their control arm

and, to the best of our knowledge, there are no studies regard-

ing the comparison of the two approaches. A randomised

controlled trial comparing neo-adjuvant chemotherapy with

adjuvant therapy after liver resection is advocated to defini-

tively elucidate the relative risk–benefit ratios of these ap-

proaches.4 The first aim of the present study was to develop

a Markov decision model, built on the basis of the available

literature data, in order to compare the effectiveness of these

two treatment strategies and to investigate which clinical and

tumoural variables would be able to define the best strategy to

adopt. Neo-adjuvant chemotherapy introduces a new drug

schedule in the treatment strategy of resectable colorectal li-

ver metastases: cost-effectiveness analysis is thus mandatory

to assess the efficacy of such an approach.5 The second aim of

the present study was to analyse the cost-effectiveness of

peri-operative chemotherapy and adjuvant therapy after liver

resection.
2. Methods

2.1. Structure of the model

We developed a Markov decision model using TreeAge Pro

2008 (TreeAge Software Inc., Williamstown, MA, USA) that fol-

lows a hypothetical cohort of adult patients with resectable

colorectal liver metastases over 10 years as they move

between different states of health, before and after hepatic

resection, until death. In the model, patients were divided into

two groups: patients receiving chemotherapy prior to and

after hepatectomy (peri-operative chemotherapy group) and

patients receiving the same regimen only after hepatectomy

(post-operative chemotherapy group). The chemotherapy

employed in the present model consists of a FOLFOX4-based

regimen.4 A schematic representation of the present Markov

model is depicted in Fig. 1.
2.2. Literature search strategy and selection criteria

Model probability parameters were derived from the literature:

a systematic search of MEDLINE and EMBASE databases was

independently conducted by two investigators (M.C. and

G.E.), and was narrowed to English-language publications from

the last ten years. The following Medical Subject Headings

(MeSH) terms were used for the bibliographic search: ‘colorec-

tal cancer’, ‘liver metastases’, ‘hepatic resection’, ‘neo-adju-

vant’, ‘adjuvant’, ‘drug therapy’, ‘hepatectomy’. Inclusion or

exclusion of studies was performed hierarchically based on

the title of the report first, followed by the abstract, and then

by the full text. If the initial study was followed by a more com-

plete study or studies that included the original dataset, the

most recent and complete report was chosen. Such linked

studies were identified on the grounds of authorship, institu-

tions, design, length of follow-up, and study populations. We fi-

nally reviewed the reference lists of all selected studies for

additional citations; disagreement on study selection was re-

solved by consulting a third investigator (A.C.). Publications

where systemic chemotherapy was used in patients with

resectable liver metastases prior to and/or after hepatectomy

were identified for inclusion: this included the use of chemo-

therapy drugs comprising 5-FU, leucovorin, oxaliplatin or iri-

notecan; studies that included the use of bevacizumab or

cetuximab prior to hepatectomy were excluded since they rep-

resented a small proportion of all studies examined and the

question as to whether their use prior to hepatectomy can re-

duce hepatic regeneration and thus increase post-operative

mortality is still under investigation.4,6–8 Studies were selected

for evaluation on the basis of their level of evidence as de-

scribed by the US Preventive Services Task force. Probabilities

were directly derived from the literature or calculated follow-

ing the DEALE method.9 according to the formula (ln S)/t where

t is the time at which the survival S is measured; the summary

of probabilities was reported in pooled estimates obtained by

combining information from independent samples taken from

populations believed to have the same distribution; plausible

ranges were extracted from the literature or calculated assum-

ing a beta-distribution (95% confidence interval).

2.3. Model probabilities and utilities used in the model

Probabilities and ranges extracted and used in the present Mar-

kov model are reported in Table 1. The median number of cy-

cles of neo-adjuvant chemotherapy administered was 6,

ranging from 3 to 11; tumour progression was calculated to

be 15.5% but only 31.9% of these patients became unresec-

table10–25; the time interval assumed in the present model be-

tween end of neo-adjuvant chemotherapy and surgery was

5 weeks. Post-operative mortality and morbidity after neo-

adjuvant chemotherapy were calculated to be 1.5% and

29.1%, respectively, resulting in a median in-hospital stay of

10 days. The 3-year recurrence-free survival (RFS) of patients

undergoing peri-operative chemotherapy was calculated to

be 34.1% and the patient survival 62.1%.10–25,8,7 The impact of

response to neo-adjuvant chemotherapy in determining 3-

year RFS after hepatectomy was also considered: taking the

available studies together, a hazard ratio of 2.13 was calculated



Fig. 1 – Schematic representation of the Markov model built

in the present analysis. All health states included quality-

of-life utilities and can proceed directly to death, arrows are

omitted for simplicity.
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and applied for 3-year RFS after hepatectomy in patients who

experienced tumour progression during neo-adjuvant chemo-

therapy and a hazard ratio of 0.90 in patients who remained

stable or showed a clinical response.11,14,15,19 Regarding data

about post-operative chemotherapy only, mortality and mor-

bidity were calculated to be 1.7% and 24.3%, respectively,

resulting in a median in-hospital stay of 8.5 days; the pooled
Table 1 – Variables calculated from the literature and used in th

Variable Base c

Patients receiving neo-adjuvant therapy
No. of cycles of neo-adjuvant CHT 6
Tumour progression after neo-adjuvant 15
Tumour progression – unresectable 31
Post-operative mortality (within 30 days) 1.
Post-operative morbidity 29
Median in-hospital stay (days) 10
3-Year recurrence free survival (RFS) 34
RFS Odds Ratio for tumour progression 2.
RFS Odds Ratio for tumour response/stability 0.
3-Year patient survival 62
HR for progression free for surgery alone 1.

Patients not receiving neo-adjuvant therapy
Post-operative mortality (within 30 days) 1.
Post-operative morbidity 24
Median in-hospital stay (days) 8.
3-Year recurrence free survival (RFS) 33
3-Year patient survival 60
Tumour recurrence
Recurrence confined to the liver only 44
Re-resection of liver metastases 59
Post-operative mortality (within 30 days) 1.
3-Year patient survival 58
Median survival of palliative (months) 20

Side-effects during chemotherapy
Grade 3–4 neutropenia 1.
Febrile neutropenia requiring hospitalisation 1.
Grade 3–4 diarrhoea 0.

HR = hazard ratio.
3-year RFS was 33.4% and the patient survival was 60.5%.26–35

For both groups, tumour recurrence was assumed to be con-

fined to the liver in 44.8% of cases; of these, 59.6% were submit-

ted to a second hepatectomy. The mortality rate calculated for

the second resection was 1.0% and the 3-year patient survival

58.2%.36–48 Complications after surgery were estimated to add

3 days of hospitalisation, as already reported in previous simu-

lation models.49,50 The median survival following tumour not

suitable for curative treatments assumed in the present model

was 20 months, ranging from 10 to 30 months.49–51

Utilities were scaled from 0 (dead) to 1 (perfect health).

Quality-adjusted life-expectancy is the measure that com-

bines an estimate of the life years gained from an interven-

tion with a judgment on the quality of these life years.

Utilities extracted from the literature regard both quality of

life during chemotherapy and their related adverse events

and post-operative outcome, and are detailed in Table 2;

ranges were assumed to be within 20% of the base-case value.

2.4. Costs

Base-case estimates for all costs are summarised in Table 2.

Costs were estimated from a social perspective. Estimates of

annual direct costs for each health state included the fre-

quency and costs for inpatient and outpatient visits, diagnostic

and laboratory testing, medications, and procedures. Costs

were extracted from the data on current payments within the

Italian public health care system, converted to 2010 Euro (€),
e present Markov model.

ase value Plausible range References

3–11 Table 1S
.5% 12.9–18.2% Table 1S
.9% 22.3–41.4% Table 1S
5% 0.8–2.0% Table 2S
.1% 26.8–31.4% Table 2S

8–13 Table 2S
.1% 31.5–36.8% Table 2S
13 1.00–6.83 11,14,15,19

90 0.31–1.00 11,14,15,19

.1% 59.4–64.8% Table 2S
37 1.03–1.81 13

7% 1.3–2.2% Table 3S
.3% 22.7–25.9% Table 3S
5 7–10 Table 3S
.4% 30.7–36.1% Table 3S
.5% 59.0–62.0% Table 3S

.8% 42.4–47.2% Table 4S

.6% 56.1–63.1% Table 4S
0% 0.3–1.5% Table 4S
.2% 55.1–61.3% Table 4S

10–30 51–53

3% 1.0–4.0% 51–53

0% 0.1–2.0% 51–53

7% 0.1–2.0% 51–53



Fig. 2 – Survival curves of peri-operative and post-operative

chemotherapy strategies since intention-to-treat.

Table 2 – Utilities and costs assumed in the present Markov model.

Variable Base case value Plausible range References

Utilities
During chemotherapy 0.68 0.54–0.82 51–53

Post-resection without morbidity (first month) 0.69 0.55–0.83 51–53

Post-resection with morbidity (first month) 0.65 0.52–0.78 51–53

End of chemotherapy recurrence-free 0.78 0.62–0.94 51–53

Neutropenic fever 0.47 0.38–0.56 51–53

Grade 3–4 diarrhoea 0.32 0.26–0.38 51–53

Palliative treatments 0.63 0.50–0.76 51–53

Costs (€ 2010)
Central venous system costs 250 200–300 NHS; 54

Pump costs (pump) 40 32–48 NHS; 54

Antiemetic prophylactic therapy 200 160–240 NHS; 54

Cost of chemotherapy per cycle 250 200–300 NHS; 54

Cost of staging (CT scan or RMN) 350 280–420 NHS; 54

Hepatic resection 15,000 10,000–20,000 NHS; 54

Daily cost after hepatectomy 150 120–180 NHS; 54

Therapy of grade 3–4 diarrhoea 150 120–180 NHS; 54

Therapy of grade 3–4 neutropenia (CSF) 240 192–288 NHS; 54

Cost of febrile neutropenia 3500 2800–4200 NHS; 54

Daily cost of palliative therapy 250 200–300 NHS; 54

NHS = national healthcare system.
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and compared with the previous cost-effectiveness reports in

order to validate cost assumption; ranges were assumed to be

within 20% of the base-case value. As is recommended for

pharmaco-economic analysis,53 drug costswere based on aver-

age wholesale costs, in particular: 5-FU, 5 g/100 ml fl. = 12.70 €;

oxaliplatin, 200 mg fl. = 380 €; leucovorin, 100 mg fl. = 10.28 €.

All costs included in the present analysis were discounted at

a real annual rate of 3% to adjust for the relative value of the

Euro at present. The willingness-to-pay (WTP) is defined as

the maximum amount of money that may be contributed by

an individual to equalise a utility change; in other words,

how much you would pay for a specific increase in time-span:

the WTP threshold was set at 3000 €/QALM that corresponds to

about 50,000 $ per quality-adjusted life-year (QALY) reported in

the literature54; for sensitivity analysis, WTP was ranged

between 2500 and 3500 €/QALM.

3. Results

In the intention-to-treat analysis, the 10-year life-expectancy

that could be obtained with peri-operative chemotherapy in

the base-case scenario was 54.56 months, slightly higher than

the life-expectancy that could be obtained with post-opera-

tive chemotherapy of 52.62 months (incremental life-expec-

tancy = +1.94 months). The corresponding 1, 3 and 5-year

survival rates were 91%, 62% and 38% for peri-operative che-

motherapy patients, and 88%, 59% and 36% for post-operative

chemotherapy patients (Fig. 2). These results were consistent

with the data reported in the literature and the model thus

appears to be well calibrated. Considering utilities, the qual-

ity-adjusted life-expectancy with peri-operative chemother-

apy was 39.33 quality-adjusted life-months (QALMs)

whereas the quality-adjusted life-expectancy with post-oper-

ative chemotherapy was 37.84 QALMs (incremental = 1.49

QALMs). The total costs for patients submitted to peri-opera-

tive chemotherapy was 27,054 €, whereas the total costs for
patients submitted to post-operative chemotherapy was

25,874 €; thus, peri-operative chemotherapy resulted in an

overall increase of the total costs of only 1180 € over ten years.

The cost per life-month saved was 495.9 €/month for peri-

operative chemotherapy and 491.7 €/month for postoperative

chemotherapy only. The cost-effectiveness was 687.9 €/QALM

for peri-operative chemotherapy and 683.8 €/QALM for post-

operative chemotherapy; thus, the incremental cost-effec-

tiveness ratio (ICER) was 791.9 €/QALM, quite lower than the

threshold for the willingness-to-pay of 3000 €/QALM assumed

in the present model. Surgery alone led to a 5-year life-expec-

tancy of 46.36 months corresponding to 1-, 3- and 5-year sur-

vival rates of 84%, 51% and 29%, respectively, and a quality-

adjusted life-expectancy of 33.26 QALMs. The total cost for

patients submitted to surgery alone was 24,809 €, thus, the

cost-effectiveness was 745.9 €/QALM higher than both peri-

operative and post-operative strategies.

3.1. Sensitivity analysis on life-expectancy

Univariate sensitivity analysis on the crude life-expectancy is

depicted in Fig. 3. This graph reports changes in the incre-
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mental life-expectancy observed for peri-operative chemo-

therapy on variation of the variables considered in the present

model (base case = +1.94 months). It should be noted that 3-

year recurrence-free survival was the main determinant of

life-expectancy, whereas tumour progression under neo-

adjuvant therapy, un-resectability of tumour progression

and post-operative mortality play minor roles; the remaining

variables have a minimal impact on the overall results of the

present model. Two-way sensitivity analysis was performed

on simultaneous variation of the expected 3-year RFS of both

chemotherapy approaches: in a range of 3-year RFS between

20% and 40%, the incremental life-expectancy of peri-opera-

tive approach remains stable at 1.94 months over ten years

following intention-to-treat.

3.2. Sensitivity analysis on cost-effectiveness

Univariate sensitivity analysis showed that the expected

3-year recurrence-free survival and costs of hepatic resection

were the main determinants of the cost-effectiveness of the

two strategies. Regarding the 3-year recurrence-free survival

expected from the peri-operative chemotherapy approach,

the ICER ranged from 448.1 €/QALM when 3-year RFS was

36.8% up to 8075 €/QALM when 3-year RFS was 31.5%; the

ICER was higher than the assumed WTP of 3000 €/QALM when

the 3-year RFS was lower than 32.0%. The expected 3-year RFS

after post-operative chemotherapy strategy also had a strong

impact on the cost-effectiveness of the peri-operative ap-

proach: in fact, the ICER of peri-operative chemotherapy

was 661.9 €/QALM when 3-year RFS was 30.1%, it was higher

than the assumed WTP when the 3-year RFS was above

35.0%, and when the 3-year RFS was higher than 36.0%,

post-operative chemotherapy alone was the best strategy to

adopt, because of lower costs and higher survivals in compar-

ison to peri-operative chemotherapy (dominated). The 3-year

RFS rates after peri-operative and post-operative chemother-

apy strategies are summarised in the two-way sensitivity

analysis of Table 3. With respect to an expected 3-year

RFS 6 25% the neo-adjuvant strategy should be considered

as cost-effective; whereas by increasing the 3-year RFS the

neo-adjuvant approach resulted in an incremental average

cost-effectiveness.
Fig. 3 – Univariate sensitivity analysis that shows how the incr

chemotherapy in the base case scenario, changes in relationsh

model.
The cost variable that most affected the ICER was the cost

of hepatic resection; however, the relationship was inverse

and with respect to a cost of hepatic resection of 10,000 €,

the ICER of peri-operative chemotherapy was 1099 €/QALM

whereas with respect to a cost of 20,000 €, the ICER fell to

487.3 €/QALM. This is because the higher the cost of hepatic

resection, the higher the saving due to patients becoming

unresectable during neo-adjuvant therapy. The impact of

the remaining costs considered in the present analysis was

minimal (data not reported).
4. Discussion

Current recommendations from a European expert panel of

hepatobiliary surgeons and medical oncologists suggest that

the majority of patientswith colorectal liver metastases should

be treated upfront with systemic chemotherapy, irrespective of

the resectability status of their metastases based on the results

of the Nordlinger trial.4,13 The control arm of this trial was rep-

resented by patients submitted to surgery alone and compara-

tive data between peri-operative and post-operative chemo

therapy strategies are currently lacking in the literature.13 In

addition, neo-adjuvant chemotherapy introduces a new drug

schedule in the treatment strategy of resectable colorectal liver

metastases and cost-effectiveness analysis is, therefore, nec-

essary to assess the efficacy of such an approach before becom-

ing routine. Results from the present model showed that peri-

operative chemotherapy could lead to avery modest incremen-

tal life-expectancy in comparison to post-operative strategy.

This is probably the consequence of the small differences ob-

served in the recurrence rate and in patient survival reported

in the literature but can also be the result of the exclusion from

resection of patients who experienced tumour progression

leading to un-resectability of metastases. Consequently, sur-

vival after hepatectomy was affected by the selection of pa-

tients who responded to the neo-adjuvant approach. Even if

the incremental life-expectancy was quite small, the addi-

tional costs related to the neo-adjuvant chemotherapy, in com-

parison to immediate surgery, were also small and the

incremental cost-effectiveness ratio was below the willing-

ness-to-pay suggested by the literature54; thus, the peri-opera-
emental life-expectancy, observed with peri-operative

ip with changing of the variables assumed in the present



Table 3 – Two-way sensitivity analysis at simultaneous variation of 3-year RFS of both strategies. Based on an expected 3-
year RFS 6 25%, the average cost-effectiveness value of peri-operative strategy was lower than that of post-operative strategy.
Ranges were enlarged to cover different clinical scenarios.

Expected 3-year RFS (%) Cost-effectiveness (€/QALM) Delta

Peri-operative (95% CI) Post-operative (95% CI)

20 796.3 (816.3–776.1) 803.1 (826.8–779.3) )6.8
25 758.7 (779.1–737.9) 759.0 (782.9–734.9) )0.3
30 720.2 (741.1–699.0) 714.4 (738.5–690.1) +5.8
35 680.8 (702.2–659.2) 669.3 (693.7–644.9) +11.5
40 640.7 (662.4–618.8) 624.1 (648.5–599.6) +16.6
45 600.0 (622.0–577.9) 578.8 (603.2–554.4) +21.2
50 559.1 (581.2–536.9) 533.8 (558.0–509.8) +25.3
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tive approach could be considered cost-effective, and the pres-

ent study explains the reason for this result.

The increase in costs of the peri-operative strategy is the

result of two main features: the additional costs of neo-adju-

vant chemotherapy by itself and the costs related to the high-

er morbidity and prolonged in-hospital stay of these patients;

on the contrary, patients becoming unresectable during neo-

adjuvant therapy will lead to cost saving. It should be noted,

in fact, that the costs of neo-adjuvant chemotherapy were rel-

atively lower in comparison to the cost of hepatic resection,

the exclusion from surgery of those patients who became

unresectable during neo-adjuvant chemotherapy will conse-

quently be cost-saving. Most concerns about the safety and

feasibility of neo-adjuvant chemotherapy regard the reported

increase in post-operative adverse events. Pooled literature

estimates of morbidity confirmed post-operative complica-

tions to be more frequent after neo-adjuvant chemotherapy.

Morbidity occurrence and post-operative in-hospital stay

were included in the present model; thus, part of the in-

creased costs of neo-adjuvant chemotherapy were repre-

sented by increased costs of hospitalisation. Similarly, the

decreased utilities related to neo-adjuvant chemotherapy

and post-operative morbidity can explain the difference ob-

served in the quality-adjusted life-expectancy and in the

ICER. To give an estimation of the impact of neo-adjuvant

strategy on the national healthcare system, about 40,000 pa-

tients/year were diagnosed with colorectal tumour in Italy

in the last decade55 and approximately 4500 patients would

be potential candidates for hepatic resection each year.56 If

all physicians selected the neo-adjuvant approach, it would

result in an increase in costs, for the Italian national health-

care system, of 531,000 € each year.

The main determinant of the best strategy to adopt was

the expected 3-year recurrence-free survival with or without

neo-adjuvant chemotherapy. The results of the present model

show that the gain in life-expectancy that could be obtained

with neo-adjuvant chemotherapy remains stable on variation

of RFS, but the cost-effectiveness changes. In patients with

favourable tumour features, where the expected 3-year RFS

is high, neo-adjuvant chemotherapy should be avoided be-

cause of the limited gain in survival that could be obtained

with respect to higher costs in comparison to post-operative

chemotherapy alone; conversely, the cost-effectiveness of

peri-operative chemotherapy was more clear with respect to

low expected 3-year RFS. Thus, the main suggestion that

could be extrapolated from the present analysis is that the
indication for neo-adjuvant chemotherapy should be guided

by the predicted risk of recurrence after hepatic resection in

order to be cost-effective. On the basis of the Memorial Slo-

an-Kettering Cancer Center (MSKCC) clinical risk score

(CRS),57 patients should be grouped into 2 categories: low

CRS and high CRS. It has been reported that in patients with

a low CRS, a 3-year RFS above 40% should be expected

whereas in patients with a high CRS, the 3-year RFS drops be-

low 20%.58 Consequently, it seems reasonable to offer imme-

diate surgery and post-operative chemotherapy to those

patients with a low CRS and, on the contrary, to offer neo-

adjuvant chemotherapy to patients with a high CRS. This

approach could lead to both the cost-effectiveness of peri-

operative chemotherapy and the possibility of observing the

clinical response prior to hepatectomy in order to better de-

fine prognosis and the subsequent therapeutic schedule.

The idea to treat only those patients with unfavourable tu-

mour characteristics with neo-adjuvant chemo therapy is

well in keeping with the suggested benefit of such an ap-

proach by excluding patients who do not respond to treat-

ment, in whom surgery would be inappropriate.4,59

However, the question remains whether the response to che-

motherapy simply identifies patients who have a predeter-

mined prognosis or whether the response is able to modify

the course of the disease.

The present model has at least two limitations that could

be taken into consideration. The first limitation is that, as

with any modelling study, our findings are limited by the

quality of the available literature, and the second regards

costs considered for the cost-effectiveness analysis that can

vary on the basis of geographical area, clinical management

and cost definitions. Regarding this last issue it should be

noted, however, that since the same costs were considered

for peri-operative and post-operative patients, the ICER was

substantially unaffected. The present model is not aimed at

replacing randomised controlled trials; on the contrary, we

believe that it could be helpful in constructing protocols for

further RCTs aimed at assessing the benefit of neo-adjuvant

chemotherapy for resectable colorectal liver metastases. The

possibility of estimating the effect of several covariates could

be of great help in selecting the population for an RCT. In

addition, the cost analysis could be used to estimate the total

cost of an RCT that remains the best technique for clinical

research.

In conclusion, the addition of neo-adjuvant chemotherapy

to the treatment of resectable colorectal liver metastases
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could be cost-effective because it can save patients who do

not respond to neo-adjuvant approach from hepatic resec-

tion, although the life-expectancy of the two strategies is very

similar. The strategy of the neo-adjuvant approach could be

more cost-effective in those patients with unfavourable tu-

mour features by excluding patients who do not respond to

treatment, in whom surgery would be inappropriate. Con-

versely, for patients with favourable tumour characteristics

the utility of adding neo-adjuvant chemotherapy to the treat-

ment schedule remains to be established.
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