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intrahepatic cholangiocellular carcinoma based on pathol-
ogy were excluded from the analysis. More than half of the 
patients (57 %) had solitary liver metastasis. The comple-
tion rate of preoperative chemotherapy was 64.3  % and 
the response rate was 53.6  %. Two patients were unable 
to proceed to liver resections due to disease progression 
and severe postoperative complications following pri-
mary tumor resection. Macroscopic curative resection was 
obtained in 89.3 % of eligible patients. Postoperative mor-
tality and severe complication (≥Gr. 3) rates were 0 and 
11 %, respectively. The 3-year overall and progression-free 
survival rates were 81.9 and 47.4 %, respectively.
Conclusion  Our phase II study demonstrated the feasibility 
of liver resection combined with preoperative mFOLFOX6 
therapy in patients with initially resectable CRLM. Further 
study is warranted to address the oncological effects of pre-
operative chemotherapy.

Abstract 
Background  Although liver resection combined with pre-
operative chemotherapy is expected to improve outcomes 
of patients with resectable colorectal liver metastasis 
(CRLM), there is as yet insufficient clinical evidence sup-
porting the efficacy of preoperative systemic chemotherapy. 
The aim of this phase II study was to assess the feasibility 
and efficacy of preoperative FOLFOX systemic chemother-
apy for patients with initially resectable CRLM.
Methods  A prospective multi-institutional phase II study 
was conducted to evaluate the feasibility and efficacy of 
preoperative chemotherapy for resectable CRLM (Clini-
calTrials.gov identifier number NCT00594529). Patients 
were scheduled to receive 6 cycles of mFOLFOX6 therapy 
before liver surgery. The primary endpoint was the macro-
scopic curative resection rate.
Results  A total of 30 patients were included in this study. 
Two patients who were diagnosed with hepatocellular and 
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Introduction

Approximately 40  % of patients with colorectal cancer 
(CRC) either already have liver metastases when the pri-
mary tumor is diagnosed (20 %) or they will develop colo-
rectal liver metastases (CRLM) during follow-up (20  %) 
[1–3]. Surgical resection is regarded as the standard of care 
for CRLM patients and yields 5-year overall survival (OS) 
rates of 30–40 % [4–7]. However, up to 60 % of patients 
will relapse after surgery, despite the administration of 
adjuvant chemotherapy [8–11], and these recurrences are 
confined to the liver in half of the cases [12, 13].

One of the most promising treatment options to pro-
long the disease-free survival period is to eradicate micro-
metastases in the liver and other organs by liver resection 
combined with perioperative chemotherapy [9, 11, 14]. 
However, the optimal timing of the chemotherapy remains 
to be resolved. Preoperative chemotherapy for resectable 
CRLM has several advantages, including an assessment of 
the in  vivo treatment response, downsizing of the metas-
tases, and upfront treatment for micrometastatic disease. 
However, despite these potential advantages, several stud-
ies have indicated that systemic preoperative chemotherapy 
is associated with liver-specific toxicity characterized by 
pathological changes, such as steatosis, steatohepatitis and 
sinusoidal dilatation, and increased perioperative morbid-
ity, and that it can even preclude resection [15–23]. To date, 
several reports evaluating the feasibility and efficacy of 
preoperative chemotherapy for resectable CRLM have been 
published, but the majority of these are retrospective stud-
ies, and there is a lack of evidence to draw any conclusion 
[24–28].

The aim of the prospective phase II study reported here 
was to assess the feasibility of liver resection, including a 
major hepatectomy, after preoperative FOLFOX systemic 
chemotherapy for patients with initially resectable CRLM.

Methods

Patients

Thirty patients were recruited from 12 affiliated hospitals 
between December 2007 and June 2010. To be eligible for 
enrolment, patients had to be between 20 and 80 years of 
age with an Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 or 1, histologically proven colorec-
tal adenocarcinoma, previously untreated liver metastases 
of any size and any number that were potentially resectable, 

and no detectable extrahepatic tumors (except potentially 
resectable lung metastases). Liver metastases were regarded 
as unresectable in patients who were unlikely to tolerate 
a hepatectomy due to insufficient residual liver volume, 
require extended liver resection larger than a trisegmentec-
tomy or hepatectomy with vascular reconstruction, or have 
overt hepatic hilar lymph node metastases. The primary 
tumor had to have been either already resected in a curative 
intent (pathological R0 resection) or judged to be curatively 
resectable (in the case of synchronous liver metastases) 
by each multi-disciplinary team at the treating hospital. 
Patients who had already undergone chemotherapy with 
oxaliplatin were excluded. We also excluded those patients 
with other cancerous lesions to be cured (with the excep-
tion of non-melanoma skin carcinoma or in  situ cervical 
cancer), major hepatic insufficiency, an absolute neutrophil 
count of <1.5 ×  109/L, platelet counts of <100 ×  109/L, 
serum creatinine of >1.5 mg/dL, a grade of common tox-
icity criteria of >1 for peripheral neuropathy, uncontrolled 
congestive heart failure, angina pectoris, hypertension, 
arrhythmia, a history of significant neurological or psychi-
atric disorders, or active infection. Pregnant or breastfeed-
ing women were also excluded. A clinical examination, 
chest radiography, spiral whole-body computed tomogra-
phy (CT) scan with contrast medium, liver magnetic reso-
nance imaging (MRI) examination, electrocardiogram, 
and standard laboratory work-up were performed prior to 
study entry. The trial was approved by the medical ethics 
committees of all participating centers. Written informed 
consent was obtained from all patients before study entry. 
This trial was registered with ClinicalTrials.gov, number 
NCT00594529.

Procedures

The decision-making flowchart of this study is shown in 
Fig. 1. In cases of synchronous CRLM, laparoscopic cura-
tive resection of the primary CRC was performed after 
study enrollment. Within about 2 weeks after the first-stage 
operation, preoperative chemotherapy using mFOLFOX6 
for CRLM was initiated as previously described [29]. In 
cases of metachronous CRLM, mFOLFOX6 chemotherapy 
was commenced within 2  weeks after study entry. At the 
completion of 3 cycles of mFOLFOX6, the tumor response 
in the liver was assessed by contrast CT scan or MRI and 
was scored according to RECIST, version 3.0 (Response 
EvaluationCriteria in Solid Tumors), by the physicians in 
each institution [30]. When tumor response was assessed 
as complete response (CR), partial response (PR) or sta-
ble disease (SD), an additional 3 cycles were administered, 
adding up to a total of 6 cycles of mFOLFOX6. Within 
2–4 weeks after the completion of the preoperative chem-
otherapy, the response of the CRLM was reassessed, and 
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the patients whose CRLM were ultimately regarded as 
resectable proceeded to liver resection within 3–6  weeks 
after the last administration of preoperative chemother-
apy or whenever they had completely recovered from the 
adverse effects of the chemotherapy and regained adequate 
liver function. If the CRLM were deemed as unresect-
able, subsequent treatment depended on the discretion of 
the treating medical oncologists. When a clinical CR was 
achieved by the preoperative chemotherapy, the intraopera-
tive contrast-enhanced liver ultrasonography results were 
analyzed by physicians with knowledge of the pre-treated 
helical CT and MRI results, and all sites at which the liver 
tumors were considered to have disappeared were resected. 
CRLM were considered to have definitively disappeared 
when no lesions or abnormalities, such as calcification or 
heteroechogeneity, were observed at the site of the previ-
ous liver tumors, and the disappeared tumors were left 
in the remnant liver. In cases of progressive disease (PD) 
after 3 cycles of mFOLFOX6, the patients proceeded to 
liver resection when the liver lesions were still considered 
to be resectable; when the lesions were considered to be 
unresectable, the patients were treated at the physician’s 
discretion. When mFOLFOX6 therapy was discontinued 
due to adverse effects, a liver resection was planned within 
3–6 weeks after the cessation of the preoperative treatment 
if the CRLM were regarded as resectable. After the curative 

liver resection for CRLM, the patients received 5-fluoro-
uracil (5FU)-based adjuvant systemic chemotherapy.

Surgical exploration consisted of inspection of the peri-
toneal cavity to exclude extrahepatic involvement and the 
histological examination of frozen sections of any suspi-
cious lesion. The liver was then mobilized and explored by 
contrast-enhanced ultrasonography to detect and localize 
all CRLM. The type and extent of the curative liver resec-
tion (wedge resection, or monosegmentectomy or pluriseg-
mentectomy) were decided upon by the surgeon of each 
multidisciplinary team at the treating hospital but were 
modified if previously undetected deposits were discovered 
perioperatively or if the tumor was larger than expected. 
Surgical R0 and R1 resections (sR0 and sR1) were defined 
as the absence or presence of tumor exposure on the surgi-
cal margin, respectively, and surgical R2 resections (sR2) 
as the presence of macroscopic residual tumors. A liver 
resection combined with even a single radiofrequency abla-
tion (RFA) was regarded as non-curative and expressed as 
sRX in this study. Pathological response to chemotherapy 
was evaluated by the pathologists in each institution as fol-
lows: grade 0, no definite response identified; grade 1a, 
less than one-third of cancer cells were degenerated and 
necrotic; grade 1b, less than two-thirds and more than one-
third of cancer cells were degenerated and necrotic; grade 
2, more than two-thirds of cancer cells were degenerated 
and necrotic; grade 3, no viable cancer cells were observed 
(CR). The grades of the postoperative complications asso-
ciated with liver resection were evaluated according to the 
Clavien–Dindo classification [31].

The primary trial endpoint was the rates of macro-
scopically curative resection (sR0 and sR1), which were 
assessed intraoperatively as a complete resection without 
any macroscopic residual tumors. The secondary endpoints 
included the completion rates of preoperative chemo-
therapy, the response rates to preoperative chemotherapy, 
treatment-related adverse effects, the perioperative morbid-
ity and mortality rates associated with liver resections, and 
patient survival [progression-free survival (PFS) and OS].

Sample size and statistical analysis

The sample size was determined by defining a thresh-
old and expected curative resection rates as 70 and 90 %, 
respectively, and by setting both alpha and beta errors at 
0.10, thus requiring 25 patients for proper statistical anal-
ysis. Taking into consideration that some patients might 
be excluded from the analysis, we enrolled 30 patients to 
fulfill the target requirement of 25 patients. The PFS rates 
were estimated by the Kaplan–Meier method using SPSS 
software, version 17.0 (IBM Corp., Armonk, NY).

Curative resection Unresectable

Resectable (2)

Additional treatment (Undefined)

Recurrences

resectable

Liver resection (26)

Synchronous (21) Metachronous (7)

CR, PR, SD (24) PD, NE (3)

Oncologist’s 
discretion

Preop. mFOLFOX6 therapy (27)
3 cycles + 3 cycles

Primary tumor resection 
(Laparoscopic) 

Adjuvant systemic chemotherapy
(5Fu-based regimen)

Enrollment (Resectable CRLM) (28)

Non-curative
resection

Fig. 1   Flowchart of study design. CRLM Colorectal liver metastases, 
CR complete response, PR partial response, SD stable disease, PD 
progressive disease, NE non-evaluable, 5FU 5-fluorouracil
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Results

Patient characteristics

Of the 30 patients initially recruited to the study, 28 were 
eligible for enrolment since two patients were ultimately 
diagnosed with hepatocellular carcinoma (HCC) and intra-
hepatic cholangiocellular carcinoma (ICC), respectively, 
based on pathological examination of resected liver lesions 
(Table 1). There were 21 synchronous and seven metachro-
nous liver metastases, which were detected in at stage II in 
four patients and at stage III in three patients (TNM clas-
sification of malignant tumours, 7th edn). Among these, 
57 % patients had a solitary liver metastasis, and at most 
six liver metastases were resected in 2 patients. The median 
diameter of the largest tumor was 21.5 (11.3–100) mm.

Preoperative chemotherapy and response rate

Among the 28 eligible patients, one patient did not receive 
preoperative chemotherapy due to major anastomotic leak-
age after primary tumor resection (low anterior resection) 
of a rectal cancer, leading to a deterioration of the systemic 
condition. Consequently, 27 patients underwent preopera-
tive chemotherapy.

Of the 28 eligible patients, 18 completed six cycles of 
mFOLFOX6, resulting in a completion rate of 64.3 %. Ten 
patients failed to complete the chemotherapy due to PD (3 
cases), severe adverse effects (3 cases), clinician’s discre-
tion (2 cases), patient’s rejection of further chemotherapy 
(1 case), and poor performance status following the pri-
mary tumor resection (1 case), as described previously. The 
details and frequencies of the adverse effects of preopera-
tive chemotherapy (Table  2) were compatible with those 
previously reported in the treatment for metastatic diseases 
[29].

The reduction rate of target lesion at the best response 
of each patient is shown in Fig.  2. The median reduction 
rate was 30.4 %, and the overall response rate (CR + PR) 
was 51.9 %. As mentioned previously, three patients were 
assessed with PD (11  %), namely, two patients with pro-
gression of metastatic lesion and one patient with develop-
ment of new lesions. During preoperative chemotherapy, 
one of these three patients chose to undergo subsequent 
therapeutic conversion to hepatic arterial infusion and the 
remaining 2 patients proceeded to liver resections, resulting 
in pathological R0 resections.

Hepatectomy

Among the 28 eligible patients, 26 underwent protocol 
hepatectomy. Of the two patients who did not undergo 
protocol hepatectomy, one had progression of liver metas-
tasis and one had a poor performance status following the 
previous surgery. In terms of the type of liver resections, 
more than half of the patients underwent partial hepatec-
tomy (n =  18), and five patients underwent resection of 
two or more segments (Table 3). Median operative time and 
blood loss were 279 (range 113–795) min and 650 (range 
122–2880) g, respectively. Of the 26 eligible patients who 
underwent protocol hepatectomy, the number of patients 
with sR0, sR1, sR2, and sRX was 24, 1, 0, and 1, respec-
tively, resulting in 89.3 % (25/28) (95 % confidence inter-
val 71.8–97.7  %) of macroscopically curative resections 
(sR0 and sR1), which was significantly higher than the 
threshold curative resection rate (70  %) (P =  0.02). This 
result met the primary endpoint of this clinical study. One 

Table 1   Patient characteristics

Values in table are presented as the median with the range in paren-
thesis or as a number with the percentage in parenthesis, as appropri-
ate
a  One patient did not receive preoperative chemotherapy due to post-
operative severe complication after primary tumor resection

Patient characteristics (n = 28 patients) Values

Age (years) 66.5 (36–78)

Gender

  Male 17 (60.7 %)

  Female 11 (39.3 %)

Primary tumor location

  Colon 22 (78.6 %)

  Rectum 6 (21.4 %)

Histology of primary tumor

  Well 8 (28.6 %)

  Moderate 19 (67.9 %)

  Unknown 1 (3.6 %)

T stage (primary tumor)

  T3 18 (64.3 %)

  T4 10 (35.7 %)

Lymph node metastasis (primary tumor)

  Yes 9 (32.1 %)

  No 19 (67 %)

Carcinoembryonic antigen (ng/ml) 6.9 (0.7–2840)

Cancer antigen 19-9 (U/ml) 18 (0.6–4560)

Synchronicity of liver metastases

  Synchronous 21 (75 %)

  Metachronous 7 (25 %)

Number of liver metastasesa 1 (1–6)

Maximum tumor diameter (mm)a 21.5 (11.3–100)
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patient was judged as sRX because of utilization of intra-
operative RFA for curative intent. The pathologically cura-
tive resection rates were the same as the macroscopically 

curative resection rates. Hepatectomy-associated complica-
tions in 28 patients (including patients with HCC and ICC) 
are shown in Table 4. Postoperative hyperbilirubinemia was 
evident in 11 of the 28 patients (39 %) who underwent liver 
resections. With the except of grade 3 complications, nearly 
90  % of the patients tolerated the hepatectomies without 
major complications, and there was no perioperative mor-
tality in this series. A macroscopic blue liver was evident 
during the operation in eight of the 26 hepatectomized 
patients. There was no significant correlation between the 
presence of blue liver and the incidence of postoperative 
complications (data not shown). Among the 26 resected 
CRLM specimens, pathological response was deter-
mined as grade 0 in six patients, grade 1a in 11 patients, 
grade 1b in five patients, grade 2 in one patient, and grade 
3 in one patient (data not available for 2 patients). There 
were no significant relationships between the pathological 
responses and the degree of postoperative complications 
(data not shown).

Table 2   Adverse effects of preoperative chemotherapy in 29 patients according to the severity

a  Values are presented as the number of patients

Grade Total ≥Grade III

I II III IV n % n %

Leucopenia 7 7 14 48 0 0

Neutropenia 3 10 1 14 48 11 38

Hemoglobin decreased 4 4 8 28 0 0

Thrombocytopenia 5 3 8 28 0 0

ALP 8 1 9 31 0 0

Hyperbilirubinemia 3 2 5 17 0 0

Albumin 5 5 17 0 0

AST increased 14 14 48 0 0

ALT increased 9 1 10 34 0 0

Creatinine 2 2 7 0 0

Hyperkalemia 5 5 17 0 0

Hypokalemia 1 1 3 0 0

Hyponatremia 3 3 10 0 0

Vertigo 1 1 3 0 0

Diarrhea 2 2 7 0 0

Abdominal pain 0 0 0 0

Anorexia 11 1 1 13 45 1 3

Nausea 12 1 13 45 0 0

Acomia 5 5 17 0 0

Sensory neuropathy 4 2 6 21 0 0

Peripheral neuropathy 11 4 15 52 0 0

Other 1 1 3 1 3
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Fig. 2   Reduction rate of target lesion (based on RECIST ver 3.0 cri-
teria)
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Postoperative adjuvant treatment and long‑term 
outcomes

After the hepatectomies, 5FU-based adjuvant chemo-
therapy was administered to 22 of the 26 patients (mFOL-
FOX6 to 10 patients, capecitabine to 2 patients, S-1 to 3 
patients, sLV5FU2 to 4 patients, UFT + calcium folinate 
to 3 patients). Following surgical removal of CRLM, 14 
of the 26 patients developed recurrences in the residual 
liver (8 patients), lung (3 patients), and lymph nodes (3 
patients), and seven patients died during the study period 
due to the deterioration of the recurrent lesions (5 patients) 
or irrelevant diseases (2 patients). The 3-year OS and PFS 
rates were 81.9 and 47.4 %, respectively (Fig. 3). For the 
two patients with PD during the preoperative mFOLFOX6 
therapy who eventually proceeded to liver resections, one 
patient underwent oral administration of S-1 after the hepa-
tectomy, but at about 3  months postoperatively recurrent 
tumors were detected in the residual liver along with pos-
sible lymph node metastasis at the liver hilum. The other 
patient completed a 6-month period of postoperative oral 
administration of capecitabine, but the patient developed 

a recurrence in the residual liver at about 1 year after the 
hepatectomy.

Discussion

Two major issues should be considered in any discussion 
of the clinical relevance of preoperative chemotherapy 
for resectable CRLM, namely: Does preoperative chemo-
therapy compromise the safety of hepatectomy? Does pre-
operative chemotherapy improve oncological outcomes?. 
The feasibility and efficacy of preoperative chemotherapy 
for resectable CRLM has been assessed in several studies 
[25–28, 32]. However, the majority of these studies were 
retrospective, with the exception of the EORTC Intergroup 
Trial [33, 34]. Therefore, it remains difficult to draw any 
definitive conclusion [32].

The adverse effects of chemotherapeutic regimens con-
taining 5-FU, oxaliplatin, and/or irinotecan on non-tumor 
liver parenchyma have are known, and the effect of pre-
operative chemotherapy on early post-hepatectomy mor-
bidity rates has remained a matter of debate. The EORTC 
Intergroup trial [33] demonstrated an increased rate of 
postoperative complications in the preoperative chemo-
therapy group (25  %) compared with the surgery-alone 
group (16 %), specifically showing a doubling in the rates 
of biliary fistula and hepatic failure. In contrast, several 
authors have found that the administration of preopera-
tive chemotherapy did not worsen postoperative outcomes 
[24, 25]. The results of our study show that liver resection 
after preoperative systemic chemotherapy was feasible in 
our patient cohort, with no mortality and acceptable rates 
of postoperative complications (11  % of patients were 
≥grade 3). Because postoperative morbidity depends on 
the extent of hepatectomy [35, 36], we consider that one of 
the reasons for these good results was that the majority of 
our patients underwent partial liver resection (64 %). Our 

Table 3   Type of liver resection

Values in table are presented as the number of patients with the per-
centage in parenthesis

Liver resection (n = 28 patients) Values

Partial resection 18 (64)

Lateral segmentectomy + partial resection 2 (7)

Posterior segmentectomy 1 (4)

Central segmentectomy 1 (4)

Right lobectomy 2 (7)

Right lobectomy + partial resection 1 (4)

Extended left lobectomy + partial resection 1 (4)

Not resected 2 (7)

Table 4   Postoperative complications

a  Includes 2 patients with hepatocellular carcinoma and intrahepatic cholangiocellular carcinoma 
a  Values are presented as the number of patients

Grade Total ≥Grade III

I II III IV n % n %

Hyperbilirubinemia 4 6 1 11 39 1 4

Paralytic ileus 3 3 11 0 0

Biliary fistula 1 2 3 11 0 0

Atelectasis 2 2 7 0 0

Hemorrhage 2 2 7 2 7

Wound dehiscence 1 1 2 7 0 0

Hypovolemic shock 1 1 4 0 0
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results indicate the feasibility of preoperative chemother-
apy for resectable CRLM. Unfortunately, we were unable 
to draw definite conclusions regarding the specific associa-
tion between oxaliplatin use and perioperative complica-
tions since detailed pathological analyses of the abnormali-
ties of non-tumor liver parenchyma were difficult in some 
cases due to only a small sample of normal liver tissue 
being available for assessment.

The benefit of preoperative chemotherapy is also still 
being debated. We achieved a curative resection rate of 
89.6 %, which is comparable or even better than the rates 
observed in previous studies, with margin-positive rates 
ranging from 5 to 19 % [32]. In terms of survival benefits, 
the EORTC study demonstrated an absolute increase of 
9.1 % in PFS at 3 years in the combined treatment group 
compared with the surgery-alone group in the eligible 
patient cohort, indicating the beneficial effect of periopera-
tive chemotherapy. However, no significant increase in OS 
was found. Our long-term oncological outcomes (3-year 
PFS of 47.4 %, 3-year OS of 81.9 %) were also better than 
those described in previous reports [32], but we believe that 
it is difficult to draw any conclusion regarding OS and PFS 
from our results because of the small sample size and the 
inclusion of patients with relatively small and few CRLM 
(median maximum diameter 21.5 mm, median number of 
metastases 1).

Given the trade-off between toxicity and benefits of pre-
operative chemotherapy for resectable CRLM, the optimal 
selection of patients who will benefit from preoperative 
chemotherapy is another matter of considerable interest. 
Adam et al. [37] and Okuno et al. [38] reported that patients 
with solitary CRLM may not be good candidates for pre-
operative chemotherapy because no improvement of long-
term oncological outcomes was observed in this group. 

Further, Zhu et al. demonstrated that the clinical benefit of 
preoperative chemotherapy is limited and depends on the 
risk of tumor recurrence [39].

Our study has several limitations, such as the small sam-
ple size and inclusion of patients with relatively small and 
few CRLM. Nevertheless, we believe that our results will 
be useful for clarifying the role of preoperative chemother-
apy for patients with resectable CRLM.

In conclusion, our phase II study demonstrated the feasi-
bility of liver resection combined with preoperative mFOL-
FOX6 therapy in patients with initially resectable CRLM. 
Further studies are warranted to examine the oncological 
effects of the preoperative chemotherapy.
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