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Clinical Impact of FOLFOXIRI Aiming for Conversion
Surgery in Unresectable Multiple Colorectal Liver Metastasis
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Abstract. Background/Aim: We evaluated the clinical impact
of FOLFOXIRI regimen aiming for conversion surgery in
patients with unresectable multiple colorectal liver metastasis
(CRLM). Patients and Methods: A total of 42 patients with
unresectable multiple CRLM who received chemotherapy with
molecular agents were included in the analysis. The clinical
results of FOLFOXIRI with other regimens were compared.
Results: The total conversion rate of 42 unresectable CRLM
was 48.1%, and conversion cases had a better prognosis.
Clinicopathological characteristics of conversion cases were
more frequent in FOLFOXIRI induction, liver limited disease
and maximum diameter x number (MDN) over 70.
FOLFOXIRI achieved a higher conversion rate compared to
other regimens (72.2% vs. 37.5%, p=0.0334), and
significantly reduced the medication period until conversion
surgery (median 5.8 courses) with a higher tumour necrotic
rate. Consequently, the overall survival of conversion cases
with FOLFOXIRI was better than that with other regimens
(p=0.0055). Conclusion: FOLFOXIRI plus molecular agents
might provide a higher probability of conversion surgery with
a prognostic benefit.

Colorectal liver metastasis (CRLM) is the most frequent
metastasis occurring in 15-25% of patients with colorectal
cancer at first diagnosis (1, 2), and in up to 50% of patients
with resection of primary cancer during the first 3 years (3-
5). The only potential curative treatment for CRLM is
surgical resection (6), which is also recommended as an
upfront surgery for technically easy CRLM in the European
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Society for medical Oncology (ESMO) consensus guidelines
(7, 8). Furthermore, these guidelines also encourage peri-
and pre-operative chemotherapy, such as the FOLFOX
regimen, according to oncological criteria. However, for
initially unresectable CRLM, the best systemic chemo-
regimen aiming for conversion surgery and definitive
induction criteria have not been yet established.

Recent advancements in systemic chemotherapy, including
molecular target agents, have been used to treat unresectable
CRLM and several reports have demonstrated that patients
who received radical (RO) resection gained prognostic benefit,
even in initially unresectable CRLM (6, 9, 10). Under such
situations, a powerful triple chemo-regimen, FOLFOXIRI
with or without a molecular agent, is recommended for
metastatic colorectal cancer, especially for patients with
unresectable CRLM (11-15). In a randomised trial, Loupakis
et al. have reported that FOLFOXIRI plus an anti-VEGF agent
improved the prognosis of patients with metastatic colorectal
cancer compared to FOLFIRI plus an anti-VEGF agent, with
an acceptable incidence of adverse effects (16). Similarly,
Gruenberger et al. have demonstrated that FOLFOXIRI plus
an anti-VEGF agent was associated with a higher response
and RO resection rates of 49%, as well as prolonged
progression-free survival compared with mFOLFOX-6 plus an
anti-VEGF agent in initially unresectable CRLM (17). To date,
two meta-analysis clinical studies of FOLFOXIRI have been
reported. They found that FOLFOXIRI provided a higher
conversion rate and subsequently prolonged patient survival
compared with other double chemo-regimens based on
oxaliplatin or irinotecan (18, 19). Regarding which patients
might derive clinical benefit from FOLFOXIRI, Tomasello et
al. have suggested that liver limited disease (LLD) and a
higher number of chemo-cycles enhanced the conversion
probability in unresectable CRLM (19).

However, there are currently no definitive induction criteria
for FOLFOXIRI to achieve conversion surgery in patients
with unresectable CRLM. These criteria should include
tumour size, multiplicity, and the presence of remote organ
metastasis, and guidance related to the optical medication
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period to ascertain whether conversion surgery is possible. In
the current retrospective study, the clinical results of
FOLFOXIRI for initially unresectable multiple CRLM were
assessed based on our experience, and considered its
advantages and disadvantages for conversion surgery.

Patients and Methods

Patients. Two hundred and seventy-three patients with CRLM from
1994 to 2017 in Tokushima University Hospital consisted of 156
initially resectable cases and 117 unresectable cases. Among the
unresectable cases, 42 patients with unresectable multiple CRLM who
received current chemotherapy, such as FOLFOX (n=14), XEROX
(n=1), OPTIMOX (n=2), FOLFILI (n=7), and FOLFOXIRI (n=18),
were included in this study. Molecular target agents including an anti-
VEGF agent (bevacizumab) or anti-EGFR agent (cetuximab/
panitumumab) were added to the group of unresectable cases.

First, we assessed the clinicopathological characteristics of all
conversion cases, and then the patients were divided into two
groups: a FOLFOXIRI group and other regimens group. The clinical
benefit of FOLFOXIRI was analysed. This study was authorised in
advance by the institutional review board of the University of
Tokushima Graduate School (approval no.: 3215), and all patients
provided written informed consent.

Regarding metastatic tumour status, the maximum diameter X
number (MDN) was defined as the product of maximum tumour
diameter and number of liver metastases according to our previous
report (20). H-stage and grade classification were defined according
to the Japanese Classification of Colorectal Carcinoma, 9th Edition
(21). Liver metastasis was classified as H1-3, with H1 defined as
four or fewer tumours with a maximum diameter <5 cm; H3 as more
than five tumours of >5 cm in size; and H2 as anything in between.
The liver metastasis grade was defined by H classification, lymph
node (LN) metastasis and distant metastasis, with H1 and three or
less regional LN metastases classified as grade A; H2 with more than
three regional LN metastases or H1 with four or more LN metastases
classified as grade B, and all other conditions classified as grade C.

To determine the tumour necrotic rate, the percentage necrotic
area on resected tumour tissue was calculated by haematoxylin-
eosin staining in five random fields at low power.

Modified FOLFOXIRI treatment. Our modified FOLFOXIRI was a
2-week course of treatment that included a triple combination of
agents consisting of oxaliplatin, irinotecan and 5-fluorouracil, with
a reduced dosage of each chemo-agent. Treatment also consisted of
intravenous therapy with a molecular agent: bevacizumab 5 mg/kg
over 1 h, cetuximab 400 mg/m?2 over 2 h, or panitumumab 6 mg/kg
over 1 h, followed by irinotecan 150 mg/m2 in 250 ml of normal
saline over 1 h, followed by oxaliplatin 85 mg/m? in 250 ml of 5%
dextrose and folinate 200 mg/m?2 concomitantly in 250 ml of 5%
dextrose over 2 h through a Y-connector, on day 1. This was
followed by fluorouracil 2400 mg/m? as a continuous infusion for
48 h starting on day 1.

Tumour markers and chest-abdominal CTs were examined at every
two courses of FOLFOXIRI, and the possibility of conversion surgery
was considered by at least three board-certified expert surgeons of the
Japanese Society of Hepato-Biliary-Pancreatic Surgery. Surgical
indications were as follows: 1) RO resection of CRLM, 2) no limitation
of tumour size and number, 3) over 35% of future remnant liver
volume, and 4) resectable extrahepatic disease. Chemotherapy was
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Figure 1. Overall survival curves of patients with unresectable multiple
CRLM according to the induction of conversion surgery.

terminated for unacceptable toxicity, or upon patient request. After
tumour relapse, patients could receive second-line chemotherapy
including radiotherapy at the physician’s discretion.

Statistical analysis. Statistical analyses were performed using JMP
11.2.0. software (SAS, Campus Drive, Cary, NC, USA). Data are
presented as the mediantstandard deviation (SD). Statistical
significance was defined as p<0.05. The significance of the
relationships between each group and clinicopathological variables
was analysed using the Mann—Whitney U-test and Fisher’s exact test.
Survival curves were calculated using the Kaplan—-Meier method, and
the differences were compared using the log-rank test. To identify
independent factors that influenced overall survival, variables
identified as p<0.10 by univariate analysis were included in the
multivariate analysis using the Cox proportional hazards model.

Results

Clinicopathological characteristics of conversion cases. In
all 42 patients with unresectable multiple CRLM,
oxaliplatin- or irinotecan-based chemotherapies were
applied, and FOLFOXIRI was administered to 18 patients.
Consequently, the total conversion rate was 48.1%, and
conversion cases had a better prognosis compared with non-
conversion cases, with a 3-year survival rate of 67.7%
(Figure 1). Regarding the clinicopathological characteristics
of conversion cases, MDN under 70 and liver limited disease
(LLD) were identified as significant tumour characteristics.
The induction of FOLFOXIRI significantly enhanced the
likelihood of conversion surgery (Table I). In our series,
there were no significant differences in the primary tumour
location and lymph node (LN) metastasis.

Prognostic factor of conversion cases. In 22 conversion
cases, univariate analysis revealed that the induction of
FOLFOXIRI was a significant prognostic factor. When the
induction of FOLFOXIRI was entered in a proportional
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Table 1. Clinicopathological characteristics of patients with conversion surgery.

Factor Conversion (n=22) Non-conversion (n=20) p-Value
Primary site
Location 1 Colon/Rectum 13/9 8/12 0.3543
Location 2 Right sided/Left sided 4/18 4/16 0.9999
Diff. tub/poor 21/0%* 13/1%* 0.4000
Lymphatic invasion —/+ 12/9% S5I7* 0.4813
Vessel invasion —/+ 2/19* 1/11* 0.9999
LN metastasis —/+ 6/16 7/12* 0.7374
Metastatic site
Meta. Period Synchro/Metachro 21/1 17/3 0.3327
Tumour number <5/>5 5/17 0/20 0.0492
Tumour size (cm) <5/>5 6/16 713 0.7410
H 1.2/3 11/11 8/12 0.5512
Grade A B/C 7/15 4/16 0.4913
MDN <70/>70 18/4 6/14 0.0015
Liver limited disease —/+ 5/17 16/4 0.0005
Chemo-regimen FOLFOXIRI/Others 13/9 5/15 0.0334
Molecular agent anti VEGF/anti EGFR 17/5 16/4 0.9999

*Missing values.

hazard model along with MDN under 70 and combination
treatment with an anti-VEGF agent, only the induction of
FOLFOXIRI was a good independent prognostic factor
(hazard ratio=0.1010, p=0.0016) (Table II). In addition,
MDN under 70 tended towards a good independent
prognostic factor (hazard ratio=0.2470, p=0.0635).

Clinical benefit of FOLFOXIRI. In all 42 patients with
unresectable multiple CRLM, no significant difference of
clinicopathological features was observed between FOLFOXIRI
and other regimen groups. Regarding patient backgrounds,
FOLFOXIRI achieved a higher conversion rate of 72.2%
compared with other regimens (Table III). Regarding tumour
shrinkage of conversion cases, there was no difference between
the two groups, with median rates of 42.3% for FOLFOXIRI
and 45.3% for other regimens (Table IV). However, the
preoperative medication period of conversion cases with
FOLFOXIRI was significantly shorter (median 5.8 courses)
before conversion surgery (Table IV). In addition, this regimen
had a higher tumour necrotic rate compared with other regimens
(Table IV). Consequently, conversion cases with FOLFOXIRI
had a significantly better prognosis compared with those of
other regimens, and the 3-year survival rates after metastasis
were 83.1% and 44.4%, respectively (Figure 2).

Cautions for the induction of FOLFOXIRI. FOLFOXIRI
achieved a better prognosis compared with other regimens in
conversion cases; conversely, in non-conversion cases,
FOLFOXIRI led to an extremely poor prognosis compared
with other regimens (Figure 2). In our series of 18 patients with
FOLFOXIRI, MDN under 70 and LLD were demonstrated to
be requirements for conversion surgery (Table V).

Prevention of FOLFOXIRI-related hepatic injury. The
development of chemotherapy-induced hepatic injuries is
increasingly being recognised, including sinusoidal
obstructive syndrome (SOS), steatosis, steatohepatitis, and
biliary sclerosis. Therefore, we assessed hepatic injury in
surgical specimens from conversion cases with FOLFOXIRI.
Table VI summarises data from 13 conversion cases with
FOLFOXIRI. Anti-VEGF antibody combination was
administered to 11 patients. As a result, significantly severe
steatohepatitis, evaluated by Kleiner’s score, was not
observed. Regarding SOS status established by Rubbia-
Brandt et al., nine courses of anti-EGFR antibody caused
grade 3 sinusoidal injury (Figure 3A). However, combination
with the anti-VEGF agent did not induce severe sinusoidal
injury, even after eight courses of FOLFOXIRI (Figure 3B).

Discussion

In our series of unresectable multiple CRLM receiving
current chemotherapies, oxaliplatin and/or irinotecan-based
chemo-regimens, the clinical benefit was identified and
caution was suggested regarding the induction of
FOLFOXIRI. Conversion surgery for unresectable CRLM
provided a better prognosis as previously reported, and the
potential requirements of candidates for conversion surgery
were MDN under 70, LLD and the induction of
FOLFOXIRI. Treatment with FOLFOXIRI achieved a higher
conversion rate, and allowed early conversion with massive
tumour necrosis. However, it should be noted patients for
induction with this powerful regimen were strictly selected,
because treatment failure for conversion surgery with
FOLFOXIRI may lead to a poor patient outcome.
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Table II. Prognostic factors of patients with conversion surgery.

Univariate Multivariate
Factor 3-yr survival (%) p-Value Hazard ratio 95%CI p-Value
Primary site
Location 1 Colon/Rectum 59.3/55.6 0.7904
Location 2 Right sided/Left sided 75.0/52.5 0.4601
Lymphatic invasion —/+ 47.6/76.2 0.5927
Vessel invasion —/+ 50.0/61.4 0.5210
LN metastasis —/+ 44.4/61.4 0.5893
Metastatic site
Meta. Period Synchro/Metachro 54.9/100 0.9522
Tumour number <5/=5 60.0/55.6 0.3828
Tumour size (cm) <5/=5 50.0/56.2 0.5804
H 1.2/3 46.8/63.6 0.7299
Grade AB/C 53.6/58.7 04181
MDN <70/>70 64.1/25.0 0.0639 0.2470 0.057-1.082 0.0635
Liver limited disease —/+ 63.3/40.0 0.4723
Chemo-regimen FOLFOXIRI/Others 83.1/22.2 0.0002 0.1010 0.024-0.421 0.0016
Molecular agent anti VEGF/anti EGFR 63.7/30.0 0.0675 0.4593 0.111-1.901 0.2831
*Missing values.
Table III. Clinicopathological features according to chemo-regimen.
Factor FOLFOXIRI (n=18) Others (n=24) p-Value
Primary site
Location 1 Colon/Rectum 10/8 11/13 0.7557
Location 2 Right sided/Left sided 5/13 3/21 0.2562
Diff. tub/poor 14/0* 20/1* 0.9999
Lymphatic invasion —/+ 6/8% 11/8%* 0.4905
Vessel invasion —/+ 0/14* 3/16%* 0.2443
LN metastasis —/+ 3/15 10/13* 0.0955
Metastatic site
Meta. Period Synchro/Metachro 18/0 20/4 0.1223
Tumour number <5/>5 2/16 3/21 0.9999
Tumour size (cm) <5/>5 5/13 8/16 0.7482
H 1.2/3 8/10 11/13 0.9999
Grade AB/C 4/14 717 0.7306
MDN <70/>70 13/5 11/13 0.1201
Liver limited disease —/+ 7/11 14/10 0.3499
Molecular agent anti VEGF/anti EGFR 16/2 1717 0.2578
Conversion yes/no 13/5 9/13 0.0334

*Missing values.

To date, many clinical trials have reported that hepatic
resection contribute to prolonged patient survival and there
is surgical cure for initially resectable CRLM; therefore,
surgery for CRLM has become the standard treatment (6-10).
However, conversion surgery should be considered even for
initially unresectable CRLM. Folprech et al. have reported a
strong correlation between the tumour reduction rate and the
resection rate of unresectable CRLM, with or without patient
selection bias (22). Therefore, the first choice of initial
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Table IV. Advantages of the FOLFOXIRI regimen in patients with
conversion surgery.

FOLFOXIRI
(n=13)

Others
(n=9)

p-Value

42.299+11.023 45.315+11.600 0.7134

5.846+1.676 14.778+£9.947 0.0253
164.385+32.699 316.667+202.991 0.1511
84.462+15.098 61.111+23.688 0.0056

Tumour shrinkage
Medication period (course)
Medication period (day)
Tumour necrotic rate (%)
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Table V. Clinicopathological features of patients with conversion surgery in the FOLFOXIRI group.

Factor Conversion (n=13) Non-conversion (n=5) p-Value

Primary site
Location 1 Colon/Rectum 8/5 2/3 0.6078
Location 2 Right sided/Left sided 3/10 2/3 0.5827
Diff. tub/poor 13/0%* 1/0%* 0.9999
Lymphatic invasion —/+ 6/7 0/1* 0.9999
Vessel invasion —/+ 0/12%* 0/1%* 0.9999
LN metastasis —/+ 3/10 0/5 0.5221

Metastatic site
Meta. Period Synchro/Metachro 13/0 5/0 0.9999
Tumour number <5/>5 2/11 0/5 0.9999
Tumour size (cm) <5/>5 4/9 1/4 0.9999
H 1.2/3 6/7 2/3 0.9999
Grade A.B/C 4/9 0/5 0.2778
MDN <70/>70 12/1 1/4 0.0077
Liver limited disease —/+ 3/10 4/1 0.0474

Molecular agent anti VEGF/anti EGFR 1172 5/0 0.9999

*Missing values.

chemo-regimen to obtain sufficient tumour shrinkage is the

most important issue to achieve conversion surgery. = 100 ]

Among several effective chemo-regimens, FOLFOXIRI has 2 |
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for metastatic colorectal cancer, which yielded an overall % 60 <L
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trials (13-17). Most recently, two meta-analyses revealed the 0 1 i

superiority of FOLFOXIRI compared with other double 0

chemo-regimens in clinical settings. Leal et al. have used
pooled data from four randomised controlled trials to show a
significant benefit for the FOLFOXIRI arm regarding the
overall response rate and progression-free survival (18). In
addition, Tomasello et al. have clinically evaluated the pooled
data of 889 unresectable CRLM patients receiving
FOLFOXIRI plus an anti-VEGF agent, and reported an
overall response rate of 69% and RO resection rate of 28.1%
(19). Of note, they emphasised that patients with LLD may
obtain further clinical benefit from FOLFOXIRI plus an anti-
VEGF agent with an RO resection rate of 54.7%. Similarly, in
our study, FOLFOXIRI plus a molecular agent contributed to
a higher surgical conversion rate, but the rate of tumour
shrinkage was similar to that of other double regimens.
However, the advantages of FOLFOXIRI are that this regimen
induces early tumour shrinkage with massive tumour necrosis
after six courses compared with other double chemo-regimens.

To the best of our knowledge, the treatment outcome of
FOLFOXIRI in non-conversion cases has not been clarified
yet. In our series, these patients had an extremely poor
prognosis, and died within 2 years after the diagnosis of
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Figure 2. Overall survival curves of patients with unresectable multiple
CRLM according to the induction of conversion surgery, who received
FOLFOXIRI or other regimens.

CRLM. Considering this poor outcome, careful selection
criteria should be established for the induction of
FOLFOXIRI. A meta-regression analysis by Tomasello et al.
has suggested that significant variables associated with
conversion surgery include the rate of LLD and a higher
median number of chemo-cycles (19). In addition, we
presented evidence indicating that LLD and MDN under 70
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Case 13: FOLFOXIRI with anti VEGF agent. (8 course)

CV: central vein

Th

Figure 3. Representative cases of sinusoidal obstructive syndrome according to molecular agent. A: Surgical specimen of non-tumour tissue after
nine courses of FOLFOXIRI with an anti-EGFR agent. B: Surgical specimen of non-tumour tissue of eight courses of FOLFOXIRI with an anti-

VEGF agent.

Table VI. Summary of FOLFOXIRI-related liver injury.

Case Kras status Molecular target agent Course Steatohepatitis* SOS status
1 --- Anti VEGF 7 1 Grade 0
2 --- Anti VEGF 6 0 Grade 0
3 - Anti VEGF 5 1 Grade 1
4 --- Anti VEGF 2 0 Grade 1
5 Wild Anti EGFR 6 1 Grade 1
6 Wild Anti EGFR 9 1 Grade 3
7 Wild Anti VEGF 5 0 Grade 1
8 Mutant (13) Anti VEGF 6 1 Grade 1
9 Mutant (12) Anti VEGF 6 2 Grade 1
10 Mutant (12) Anti VEGF 5 1 Grade 0
11 Mutant (13) Anti VEGF 6 0 Grade 0
12 Wild Anti VEGF 5 1 Grade 1
13 Wild Anti VEGF 8 0 Grade 1

*Kleiner’s score.

of CRLM may be oncological selection criteria for the
induction of FOLFOXIRI, although the number of patients
evaluated was very small. Therefore, FOLFOXIRI, a
powerful chemo-regimen, should be introduced in these
selected patients.

Regarding the optimal preoperative medication period of
FOLFOXIRI, one previous meta-analysis has suggested that
approximately 12 chemo-cycles enhanced conversion
probability. However, the potential disadvantage of associated
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liver injury should be considered during FOLFOXIRI
treatment, considering that oxaliplatin induced sinusoidal
obstructive syndrome (SOS) and irinotecan induced
steatohepatitis (23, 24). Regarding the correlation between the
number of chemo-cycles of oxaliplatin and SOS onset, Kishi
et al. have shown that SOS was significantly increased by a
long duration of treatment of over nine cycles, which did not
enhance the improvement of pathologic response rates (25).
Moreover, Nakano et al. have reported that at least six cycles
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of oxaliplatin administration significantly correlated with
SOS onset (26). In our conversion cases with FOLFOXIRI,
severe steatohepatitis was not observed, although cases
receiving nine courses with an anti-EGFR agent developed
grade 3 SOS. However, there was no severe grade SOS in
short-duration treatment cases, and combination with an anti-
VEGF agent did not induce severe sinusoidal injury even
after eight courses. Taken together, these data suggest that the
optimal number of chemo-cycles with FOLFOXIRI may be
between six and nine, and that the ideal molecular agent for
combination with FOLFOXIRI is an anti-VEGF agent, which
might inhibit SOS (27-30).

The limitations of our study were its retrospective design,
the presence of patient selection bias, and the small number
of patients. We did not consider the molecular profile of
patients, including their RAS and BRAF status. However, to
obtain sufficient tumour cytoreduction (shrinkage), this triple
chemo-regimen with or without a molecular agent has been
recommended regardless of the molecular profile (8, 9). We
found that conversion surgery with FOLFOXIRI provided
prognostic benefit compared to other double chemo-regimens
in our experience, although definitive selection criteria
should be established. In conclusion, FOLFOXIRI plus a
molecular agent provided a higher probability of conversion
surgery with a prognostic benefit in selected CRLM patients
with LLD and MDN under 70.
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