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Conversion chemotherapy followed by hepatic
resection in colorectal cancer with initially
unresectable liver-limited metastases
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Abstract. The best management choice in colorectal cancer
patients with unresectable liver-only metastases should be
represented by conversion chemotherapy aiming to reduce
liver cancer deposits, thereby permitting curative surgery.
Forty-eight consecutive stage IV colorectal cancer patients
were treated with different chemotherapeutic regimens
including biological drugs. Objective responses to chemo-
therapy were seen in 27 patients (56.2%; 95% CI 42.1-70.2%).
Four patients (8.3%) showed complete response, 23 patients
(47.9%) partial and 13 patients (27.1%) stable response. Eight
patients (16.7%) progressed. The conversion rate was 35.4%
(95% CI 21.8-48.9%) with 17 patients suitable for liver resec-
tion. Four complete responder patients refused surgery. The
remaining 13 patients underwent curative hepatic resection
(resection rate 27.1%; 95% CI 14.5-39.6%). The likelihood of
a successful conversion chemotherapy appeared significantly
related to the best response and to the K-Ras status. Wild-type
K-Ras patients undergoing cetuximab therapy showed the
best conversion rate. The four-year survival rate was signifi-
cantly enhanced in converted compared to non-converted
patients (57.1 and 0%, respectively), and in resected compared
to non-resected patients (53.3 and 10.1%, respectively).
Synchronous metastases and no conversion were shown to be
the only covariates independently associated with a poorer
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long-term outcome. The possibility of curative liver surgery
significantly prolongs outcome for colorectal cancer patients
with unresectable liver-limited metastases. Prospective
randomized trials are required to define the conversion rates
with biological drugs.

Introduction

Colorectal cancer (CRC) is the third most prevalent cancer in
the world with more than 940,000 cases and nearly 500,000
deaths occurring annually worldwide (1). Almost 20-25% of
colorectal cancer patients present with distant metastases at
the time of diagnosis and the median overall survival (OS)
does not exceed 2 years (2). The liver is involved in 80-90% of
the cases and, in almost 50%, it is the only site of metastasis.
Integration of chemotherapy and surgery in the treatment of
hepatic metastases represents the best choice for improving
survival in this subset of patients (3). Notably, 10-30% of
newly diagnosed colorectal cancer patients with liver-only
deposits have their metastases resectable at presentation. In
such instances, the European Colorectal Metastases Treatment
Group strongly recommends pre-operative chemotherapy and
liver resection (4). However, an estimated 70-90% of these
patients have unresectable hepatic metastases at presenta-
tion (5). Until a few years ago, the limited clinical efficacy
of available anticancer drugs coupled with no substantial
improvements in liver surgery, which constituted a critical
procedure with high postoperative mortality and morbidity
rates, did not allow for a consistent chance of cure to these
patients. In the last decade, there has been a shift in this para-
digm mainly due to a more anatomic and surgical approach
since the successful introduction of liver resection, as well
as the clinical development of more effective drugs, such as
oxaliplatin and irinotecan, and more recently, of targeted
monoclonal antibodies. There is increasing evidence that the
best management choice in colorectal patients with unresect-
able liver-only metastases should be represented by integrated
treatments in which the critical aim of chemotherapy is to
reduce hepatic cancer deposits, thus permitting potentially
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curative liver surgery (known as conversion chemotherapy),
rather than to represent a palliative support program (6). In
particular, standard 5-fluorouracil plus irinotecan or oxalipl-
atin-based chemotherapy offers conversion rates ranging from
9 to 22% according to the GERCOR trial with a potentially
curative liver resection (known as RO resection) rate ranging
from 7 to 13% (7). However, although there is a strong correla-
tion between response rate and resection rate both in patients
selected for liver metastases only and in non-selected patients,
data on conversion rates with biological regimens are scarce and
conflicting, and no randomized trials focusing on a liver-limited
disease population are available (8). In addition, duration of
treatment, drug toxicity, particularly related to liver functions,
and optimal timing for liver surgery remain unclear (6).

In the present study, we report on treatment of 48 colorectal
cancer patients with unresectable metastases confined to
the liver, with conversion chemotherapy with or without
anti-epidermal growth factor receptor (EGFR-cetuximab) or
anti-vascular endothelial growth factor (VEGF-bevacizumab)
monoclonal antibody. The study end-points included
assessment of: (i) conversion and liver RO resection rates;
(ii) relationship between conversion rate and other prognostic
factors including different chemotherapeutic regimens and
(iii) OS rates in converted and non-converted patients.

Patients and methods

Clinical records from 48 consecutive patients with stage IV
colorectal cancer and unresectable liver-only metastases were
retrospectively selected from the database of our Department
in the period from December, 2006 to February, 2011. All
tumors were staged upon evaluation of findings of physical
examination, routine laboratory tests and diagnostic imaging
[complete colonoscopy with biopsy, abdominal ultrasound,
chest and abdomen CT-scan, scintigraphic bone scan, whole
body magnetic resonance imaging and F-18 fluorodeoxyglu-
cose positron emission tomography (FDG-PET) scan, and
contrast enhanced ultrasonography of the liver when appro-
priate].

All patients had hepatic metastases judged unresectable due
to invasion of major liver pedicles (metastatic disease adjacent
or involving all 3 hepatic veins, and/or the portal vein bifur-
cation, and/or the retrohepatic vena cava, and/or the vascular
structures of the opposite lobe) or intrahepatic dissemination
(bilobar disease) requiring a liver resection potentially capable
of jeopardizing postoperative liver function. The inoperability
was defined by a multidisciplinary team including two inde-
pendent skillful liver surgeons blinded each other. All cases
were independently reviewed by each surgeon; discrepancies
between investigators (<10% of the cases) required a third joint
observation with conclusive agreement.

Thirteen patients (27.1%) showed metachronous liver-
limited metastases following a potentially curative colorectal
cancer resection (means 20+8, range 13-42, median 17 months
from colorectal surgery). The remaining 35 patients presented
synchronous liver metastases; all but 2 underwent immediate
surgery of the primary colorectal cancer due to significant
tumor symptoms (20 patients), or according to our own policy
in asymptomatic patients (9). Overall, 46/48 patients (96%)
underwent resection of the primary colorectal cancer.
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Before the start of conversion chemotherapy, patients were
screened for K-Ras status; 24 (50%) harbored a wild-type and
21 (43.7%) a mutated protein. In 3 cases (6.3%), K-Ras status
was not evaluated. All 24 wild-type K-Ras cancer patients were
treated with irinotecan or oxaliplatin-based chemotherapy and
anti-EGFR antibody cetuximab. Sixteen patients received as
first-line treatment irinotecan or oxaliplatin and 5-fluorouracil
or capecitabine-based chemotherapy and anti-VEGF antibody
bevacizumab. Finally, 8 patients received chemotherapy
without biological drugs. Response to systemic therapy was
evaluated every two months according to RECIST guidelines;
metastases were restaged with regard to their resectability and,
when appropriate, patients were referred to liver surgery as
soon as possible, albeit not sooner than 4 weeks after the last
cycle of chemotherapy. A switch to second-line chemotherapy
was decided in cases of disease progression (PD). No patient
was lost to follow-up and it was completed by May 31, 2011.
All patients gave their informed consent and the study was
approved by the Department of Clinical and Experimental
Medicine and Surgery of the Second University of Naples.

Statistical analysis. Statistical analysis was carried out
using the SPSS statistical package (SPSS Inc., Chicago, IL,
USA) integrated by the MedCalc® software version 9.4.2.0
(Mariakerke, Belgium). In all analyses, the significance level
was specified as p<0.05. Logistic regression analysis was
performed to determine the relationship between conversion
rate and other potentially influential covariables. The following
prognostic factors were considered: age, gender, site and tumor
(T) and nodes (N) of the colorectal tumor, time of liver metas-
tasis appearance (synchronous or metachronous), K-Ras status,
type of conversion chemotherapy and best response. The OS
was calculated from the date of initiation of the conversion
chemotherapy to the date of mortality or the end of follow-
up, marking alive patients as censored. Univariate statistical
analysis was determined by long-rank test (Mantel-Cox).
Curves were plotted using the product-limit method (Kaplan-
Meier); p-values and hazard ratios (HR) with 95% confidence
interval (CI) were provided. The independent significance of
prognostic variables, showing a p-value <0.1 on univariate
analysis, was determined by multivariate analysis using the
Cox's proportional hazards model. The model was also tested
for possible interaction effects between covariates correlated
with each other, to determine if these variables could inde-
pendently influence survival. Finally, a stepwise multivariate
analysis was performed in order to generate a model of the
best linear combination of variables able to predict OS rate.

Results

Objective responses to conversion chemotherapy were seen in
27 patients (56.2%; 95% CI 42.1-70.2%). Four patients (8.3%)
achieved radiological complete response (CR) of liver metas-
tases. Twenty-three patients (47.9%) showed a radiological
partial response (PR). On the contrary, 13/48 patients (27.1%)
were considered stable (SD) and continued chemotherapy
until progression or unacceptable toxicity, and 8 patients
(16.7%) progressed during first-line treatment. Fig. 1 shows
the flow-chart of all eligible patients. Overall, 17 patients
showed a significant reduction in liver metastases so as to
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48 colorectal liver-limited disease
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Figure 1. Flow-chart of 48 eligible patients. CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease FOLFIRI, (day 1, irino-
tecan 180 mg/m?, folinic acid 400 mg/m?, fluorouracil 400 mg/m? i.v. bolus, then 2,400 mg/m? over 46 h continuous infusion, every 2 weeks); XELIRI, (day 1,
irinotecan 250 mg/m?, capecitabine 1,700 mg/m?/day bid os for 14 days followed by 7 days rest, every 3 weeks); FOLFOX, day 1, oxaliplatin 85 mg/m?, folinic
acid 400 mg/m?, fluorouracil 400 mg/m? i.v. bolus, then 2,400 mg/m? over 46 h continuous infusion, every 2 weeks); XELOX, (day 1, oxaliplatin 130 mg/m?,
capecitabine 1,700 mg/m?/day bid os for 14 days followed by 7 days rest, every 3 weeks); CETUXIMAB, initial dose of 400 mg/m? in 2 h i.v. infusion, and then
250 mg/m?in 1 h iv. infusion weekly; BEVACIZUMAB, 5 mg/kg i.v. infusion on day 1 every 2 weeks and stopped 4 weeks before surgery.

become amenable to resection (conversion rate 35.4%; 95% CI
21.8-48.9%). However, the 4 complete response patients
refused liver surgery (2 are alive without cancer at 8 and
21 months from the end of chemotherapy, and the remaining
2 patients relapsed in the liver at 12 and 13 months after
chemotherapy, and are currently awaiting liver resection). The
remaining 13 patients (all partial response patients) underwent
hepatic resection after shrinkage of initially unresectable liver
metastases (liver resection rate 27.1%; 95% CI 14.5-39.6%).
Liver operations, including 9 major hepatectomies (=3 liver
segments) and 4 bilateral and multiple metastasectomies, were
performed through an exclusive abdominal incision, with
lymphadenectomy of the hepatic pedicle followed by liver
transection performed by Kelly clamp crushing method or,
more recently, using a new fully automated radiofrequency
generator supplying a comb-shaped bipolar multi-electrode
device [SURTRON® SB, LED SpA, Aprilia (LT, Italy)] (10).
Inflow vascular occlusion was never necessary. All procedures
were judged potentially curative (RO resection), with removal
of all macroscopic tumoral mass(es), absence of microscopic
residual tumor, and histology-negative resection margins. No
postoperative hemorrhage, biliary leakage or abscess forma-
tion were observed. One patient suffered from slight liver
impairment function successfully treated with medical therapy.
All resected patients underwent postoperative chemotherapy
according to the previous regimen permitting liver surgery.

The median number of chemotherapy cycles was
8 (means 8.7+4.1; range 3-23). In converted patients, the
number of cycles of chemotherapy (means 7.0+3.2; range
3-13, median 6) was lower than in non-converted patients
(means 9.6+4.2; range 4-23, median 8). The difference was
statistically significant in logistic regression analysis, as shown
in Fig. 2 (r=0.3022, slope=-2.5541, p=0.0370).

The likelihood of a successful conversion chemotherapy
was not related to age, gender, site of the primary colorectal
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Figure 2. Linear correlation between number of cycles of chemotherapy and
conversion rate. Converted patients required a significantly lower number of
cycles of chemotherapy than non-converted patients.

tumor, T and N parameters, time of liver metastasis appear-
ance and type of chemotherapy. On the contrary, it appeared
significantly related to the best response [all complete and
13/23 partial response patients showed conversion (r=0.6467,
slope=-1.1708, p<0.0001)], and to the K-Ras status. Indeed,
12/24 wild-type K-Ras patients (50%) were suitable for liver
resection at the end of conversion chemotherapy, while only
5 (20.8%) of the remaining 24 patients (21 mutated and 3 not
evaluable K-Ras patients) had a successful response (r=0.3047,
slope=-0.3188, p=0.0350).

Analysis related to overall survival. The mean follow-up time
was 1710 months (range 3-54, median 13 months). During
this time period, 21 patients (43.7%) succumbed to the disease.
One to four-year OS rates were 78.8, 50.1, 29.2 and 19.5%,
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Table I. Characteristics of the series and univariate analysis related to survival rate.
48-month 95% CI*
Characteristics No. of pts Deceased survival (%) Hazard ratio Hazard ratio P-value
Age, (<69/>69 years)® 24/24 12/9 19/0 1.40 0.59-3.33 0.4346
(range, 37-82 years)
Gender (male/female) 27/21 14/7 13/34 0.85 0.32-2.19 0.7342
Site (right/left/rectum)® 18/23/7 3/14/4 63/12/0 - - 0.1667
Right vs. no right 18/30 3/18 63/8 0.32 0.16-1.02 0.0567
Synchronous/metachronous 35/13 16/5 19/51 043 0.08-1.20 0.0917
Tumor?
2 4 0 100 - - 0.2856
3 28 12 0
4 14 8 19
Nodes!
0 14 5 0 - - 0.1021
1 19 7 23
2 13 8 19
K-Ras status
Wild-type 24 6 48 - - <0.0001
Mutated 21 13 9
Not determined 3 2 0
WT vs.no WT 24/24 6/15 48/8 041 0.18-1.01 0.0554
Chemotherapy® 8 5 0 - - 0.1388
Chemo
Chemo + cetuximab 24 6 48
Chemo + bevacizumab 16 10 12
Best response to chemo
Complete 4 0 100 - - 0.0033
Partial 23 7 35
Stable disease 13 8 0
Progression disease 8 6 0
Conversion
Yes 17 2 57 0.09 0.06-0.37 <0.0001
No 31 19 0
Liver resection
Yes 13 2 53 0.16 0.09-0.63 0.0037
No 35 19 10

95% confidence interval (CI) of hazard ratio of cancer-related mortality; "median value; ‘right colon indicates cecum, ascending and proximal
transverse colon; left colon indicates distal, transverse colon, descending and sigmoid colon until the sigma-rectum junction; “46/48 primary
tumor resected patients; ‘chemo indicates irinotecan or oxaliplatin and S-fluorouracil or capecitabine-based chemotherapy, without use of

biologic drugs. Pts, patients.

respectively (means 27+3, median 24 months). In univariate
analysis, age, gender, stage of the primary colorctal cancer,
and type of chemotherapy were not significantly associ-
ated with OS. On the contrary, the right site of the primary
colorectal tumor, metachronous metastases, wild-type K-Ras,
and objective response to chemotherapy were demonstrated
to be significantly associated with an improved survival
rate (Table I). Liver metastasis shrinkage and a further chance

of potentially curative liver surgery as well as complete
response were significantly correlated with better survival
rates. One to four-year OS rates in 17 converted patients were
100, 85.7, 85.7 and 57.1%, which were significantly different
from the rates recorded in non-converted patients (67.4, 32.4
and 0% at 3 years, respectively). Although 4 converted patients
did not undergo liver resection and are living, the curves of
13 resected patients plotted against non-resected patients still



2996 ONCOLOGY REPORTS 30: 2992-2998, 2013

Table II. Multivariate analysis related to overall survival in 48 colon cancer patients treated with conversion chemotherapy for

liver metastases.

95% CI*
Variables Coefficient Standard error Hazard ratio Hazard ratio P-value
Left colon and rectum 09163 0.7514 249 0.57-10.82 0.2227
Synchronous metastases 1.9543 0.7649 7.05 1.58-31.37 0.0106
K-Ras mutated 0.6741 04931 1.96 0.75-5.13 0.1716
No response to chemo 0.0534 0.4102 1.05 0.47-2.34 0.8963
No conversion 2.7426 1.2724 15.5 1.29-185.6 0.0311
Conversion/K-Ras status® 0.4252 0.5088 231 0.54-9.95 0.4034
Conversion/response® 0.0106 0.4073 7.11 1.60-31.51 0.9792

Multivariate analysis was performed including variables with significant value on univariate analysis. *95% confidence interval (CI) of hazard
ratio of cancer-related mortality; *analysis with interaction. The interaction terms were not significant. This indicates that, regardless of K-Ras

status and response to chemotherapy, conversion is an independent variable.
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Figure 3. Overall survival rates in 13 (group 1) colorectal cancer patients
undergoing curative liver resection, and 35 (group 2) non-resected colorectal
cancer patients showing unresectable liver metastases after the conversion
chemotherapy (31 patients) or complete radiological response (4 patients
refused surgery.

showed a significant difference. One to four-year OS rates
were 71.6, 40.6, 10.1 and 10.1% in non-resected and 100, 80,
80 and 53.3% in resected patients, respectively. The HR for
OS was 0.16 (95% CI 0.09-0.63; p=0.0037), corresponding to
a 70% increase in the rate of survival at 28 months from 10.1%
(1.4-18.8%) to 80% (62.1-97.9%) with liver resection, and to an
increase in the median survival from 22 to 54 months (Fig. 3).
Of note, resected patients had an estimated 16% relative risk of
cancer mortality compared to non-resected patients.

In multivariate analysis, metachronous metastases and
conversion were shown to be the only covariates indepen-
dently associated with a longer survival rate (Table II). Since
conversion rate correlated with K-Ras status and response to
chemotherapy (see above), thus questioning the true significance
of this factor in statistical analyses, Cox's test was performed
with activation of an interaction term. Independently of K-Ras
status and response, possibility of conversion came out as an
independent variable for long-term outcome. After backward

elimination, stepwise regression selected again synchronous
metastases (HR=5.67, 95% CI 1.59-20.19, p=0.0077) and no
conversion (HR=35.29, 95% CI 4.22-295.08, p=0.0010) as
the best combination of variables capable of predicting poor
long-term OS.

Discussion

The standard of care for metastatic colorectal cancer consists
of a combination of 5-fluorouracil, leucovorin and oxaliplatin
or irinotecan-based chemotherapy; the different sequences of
drugs were equivalent in terms of efficacy in a phase III random-
ized trial (7). Furthermore, exposure to all cytotoxic agents
was shown to correlate with increase in survival (11). Recently,
combination of conventional chemotherapy with agents
targeting the vascular endothelial growth factor and epidermal
growth factor receptor in the wild-type K-Ras population
was also shown to add improvement in the chemotherapeutic
efficacy (12-15). However, hepatic resection remains the only
procedure to cure stage I'V colorectal cancer patients with liver-
limited metastases and, for immediately resectable disease,
preoperative and perioperative chemotherapy has been shown
to offer a longer progression-free and overall survival (4,16,17).

Management of unresectable metastases of colorectal cancer
is a significant challenge. Tumor response to chemotherapy has
been clearly demonstrated to correlate with resectability rate.
The efficacy of new regimens in this context may therefore
be primarily evaluated with regard to their ability to induce
tumor shrinkage, thus allowing surgery, rather than to long-
term control of disease (18). Standard chemotherapy regimens
offer conversion rates of between 9 and 22% with RO resec-
tion rates of 7-13%, and intensified chemotherapy with triplet
combination, known as FOLFOXIRI, has been associated with
overall response rates of 70% and 19% of RO hepatic surgery in
phase III randomized trials (19). Despite these relevant results,
this regimen has not entered clinical practice due to substantial
toxicity. Furthermore, several trials including an anti-EGFR
antibody resulted in an increased response rate and a higher
RO resection rate. In particular, in the phase II randomized
CELIM study, which combined cetuximab with FOLFIRI or
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FOLFOX, complete or partial responses in 62% of patients
with a 34% of RO resection were recorded (20). Furthermore,
recently published phase II trials reported notable data on
the ability of chemotherapy plus anti-VEGF antibody bevaci-
zumab to shrink inoperable liver metastases (21-24).

In our series, we registered a rate of major responses equal
to 56.2%, which was not very distant from response rates from
other trials in which chemotherapy and biologic drugs were
delivered in selected populations of colorectal cancer with
liver limited disease. However, best response was not an inde-
pendent prognostic variable correlated with overall survival.
This was not unexpected, since the main factor influencing
long-term outcome was not related to tumor response, but to
the likelihood to resect hepatic deposits. Among 27 responder
patients, substantial shrinkage of liver metastases was obtained
in 17 patients (35.4%), and 13 of them (27.1%) who under-
went potentially curative surgery showed the best long-term
outcome. Of note, 2 of 4 complete responder patients refusing
surgery had liver recurrence, suggesting that complete radio-
logical response was not able to predict complete tumoral
necrosis, thus confirming the need for an aggressive surgical
approach (25,26).

As per the policy of our treating institution, all patients with
unresectable metastases from colorectal cancer are treated with
chemotherapy and anti-EGFR antibody if harboring wild-type
K-Ras. Of note, although no different activity in terms of radio-
logical response was seen between the addition of cetuximab
(in wild-type K-Ras population) or bevacizumab (in mutated
patients), 9 (37.5%) of 24 patients treated with chemotherapy
plus cetuximab could be subjected to resection, as opposed to
only 12% in the chemotherapy plus bevacizumab population.

For patients with liver metastases that are resectable at
presentation, perioperative chemotherapy has become the
standard treatment in several institutions, with the recommen-
dation that surgery be performed after a maximum of 6 cycles
of systemic therapy (17). On the contrary, in the case of patients
with initially unresectable liver metastases, there is no general
agreement regarding the number of cycles of chemotherapy
to be delivered. Therefore, it is recommended that patients
be carefully monitored and surgery performed as soon as the
metastases become resectable (18). However, excessive dura-
tion of chemotherapy aimed at shrinking hepatic deposits may
produce substantial liver damage, as shown by several series
reporting on associations between irinotecan and steatohepa-
titis and between oxaliplatin and sinusoidal dilatation (27),
with significantly increased post-operative morbidity (28).
However, it was recently shown that liver surgery can be
safely performed in patients undergoing preoperative chemo-
therapy, and that addition of biologic drugs does not appear to
increase the morbidity rates of hepatic resection for colorectal
liver metastases (29). In our series, no significant increase
in postoperative complications was observed, with only
1 patient suffering from transient liver function impairment
and no postoperative deaths. However, it has to be emphasized
that, in this study, converted patients received a significantly
lower number of cycles of chemotherapy than non-converted
patients. Thus, conversion to surgery may be achieved after
relatively few cycles of chemotherapy, thus preventing liver
injury and severe post-operative complications.
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The prognostic significance of synchronous versus
metachronous disease remains controversial. Synchronous
presentation has been reported to negatively affect long-term
survival in some studies, whereas no differences in survival
were found between colorectal cancer patients with early or
delayed unresectable liver-only metastases in other inves-
tigations (30,31). In our series, the relative risk of cancer
mortality in metachronous metastases was 43% with respect
to synchronous metastases. In addition, along with no chance
of conversion, synchronous metastases were shown to be an
independent prognostic variable of poor long-term outcome,
as also confirmed by stepwise analysis.

In conclusion, our data support the role of anticancer treat-
ments to shrink unresectable liver metastases from colorectal
cancer. Surgery of liver metastases treated with conversion
chemotherapy is the only way to significantly prolong outcome
for this subset of patients. Prospective randomized trials are
required to define the precise contribution of new therapeutic
agents in these settings.
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