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resection followed by receiving three courses of chronomodulated HAIC.
Disease progression was documented after 3 months. Chronomodulated
FOLFIRI chemotherapy was re-started intravenously, in combination with
Aflibercept and it was associated with further disease progression. The genet-
ic analysis of our patient’s cancer revealed a high level of MSI. The patient
was included in the Phase 2 CheckMate-142 trial and received nivolumab 3
mg/kg every 2 weeks within 3 months. Treatment was discontinued due to
ineffectiveness. Then the patient underwent radiotherapy geared towards re-
duction of pain. Afterwards, the patient died from the disease progression 2
years after the beginning of treatment. Conclusion: In this article, the authors
report a clinical case with chronomodulated HAIC as rescue therapy in a
heavily pretreated patient with metastatic colorectal cancer, allowing to
achieve an objective response despite prior progression on FOLFIRINOX (the
same triplet chemo by IV route). This strategy permitted to overcome drug
resistance and to perform further complete resection of the liver metastases
with prolonged patient survival. Thus, chronomodulated HAI is useful in pa-
tients with liver metastases from colorectal cancer and deserves to be further
assessed prospectively in clinical trials chemotherapy.
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1. Introduction

Worldwide, liver metastases develop in nearly 60% of the patients with colorec-
tal carcinoma [1]. The vast majority (80% - 90%) of patients present with unre-
sectable liver metastases, and 5-year survival rate in these patients can range
from 25% - 35% [2] [3]. The potential value of hepatectomies for achieving
long-term survival in patients with initially non-resectable colorectal liver me-
tastases (CLM) has resulted in the development of liver-targeted oncological
strategies [4]. Hepatic-arterial infusion chemotherapy (HAIC) has been devel-
oped to ensure a greater locoregional exposure to cytotoxic agents. HAIC induc-
es significantly higher response rates (RR) than systemic chemotherapy [5] [6]
[7] [8] [9]. A 5-year survival rate of 33% has been achieved after conversion he-
patectomy and cure could be achieved in 16% of patients with initially unresect-
able CLM after effective downsizing chemotherapy [10]. Such liver-directed
chemotherapy could benefit further from adjustment of drug-delivery pattern to
the circadian clock in healthy hepatocytes [11]. Nevertheless, a large, rando-
mized trial as well as a meta-analysis of three randomized trial comparing chro-
notherapy vs. conventional delivery of oxaliplatin-5-fluorouracil-leucovorin us-
ing individual dose escalation revealed a survival advantage in men but not in

women. These results suggested the deleterious effect of dose intensification on
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the circadian rhythms of women, for whom chronotherapy needed to be perso-
nalized [12] [13]. The OPTILIV (Optimal Control of Liver Metastases from Co-
lorectal Cancer with Cetuximab and Hepatic Artery Infusion of Chemotherapy)
trial was the first prospective international trial, whose primary end point was
the conversion of initially uncontrolled and/or unresectable CLM from colorec-
tal cancer to resection, employing an aggressive liver-specific medico-surgical
strategy [14] [15]. We reasoned that the triplet HAI could represent the most ef-
fective regimen for CLM downsizing, and enable adequate systemic treatment
for preventing extrahepatic dissemination in previously heavily-pretreated pa-
tient, yet without cetuximab, because of the KRAS mutation in the liver metas-
tases. In the present case, we determined early response according to RECIST
criteria, qualifying early response as an objective response after 5 treatment
courses, resulting in RO resection and a better overall survival. The aim of this
case report is to summarize the available evidence regarding optimal therapeutic
strategies for converting initially unresectable metastases for potentially curative

resection.

2. Clinical Case

A 54 years old patient from Russia was treated for a tumor in the ascending co-
lon presented with 13 hepatic metastases ranging from 0.3 to 2.7 cm in diameter,
initially in Moscow. He underwent a laparoscopic right hemicolectomy at N.N.
Blokhin Russian Oncology Research Center on November 26, 2013. The tumor
was histopathologically diagnosed as poorly differentiated adenocarcinoma
which invades through the muscularis propria into the pericolorectal tissues.
Metastatic lymphadenopathy was also noted in 1 regional lymph node. No can-
cer cells were found at the outer edge. Staging therefore classes the adenocarci-
noma as being stage IV (T3N1MIla). Conclusion of genetic analysis: 1. In the
sample of the primary tumor, but not in a metastatic lymph node, a high level of
microsatellite instability was found. In the exon 4 of the KRAS gene, a mutation
p-A 146T was found. Preoperative levels were normal for carcinoembryonic an-
tigen (CEA), but not for carbohydrate antigen 19-9 (CA19-9, 8500 U/mL; upper
limit of normal of 38 U/mL).

Afterwards, the patient received 12 cycles of FOLFIRINOX (IV Irinotecan 180
mg/m? Oxaliplatin 85 mg/m? Fluorouracil bolus 400 mg/m? Fluorouracil infu-
sion 2400 mg/m®) combined to bevacizumab for the last 5 cycles, resulting in a
partial response according to CT scan (Figure 1). Furthermore, CA19-9 de-
creased from 3500 U/mL postoperatively to 171 U/mL on FOLFIRINOX. This
treatment however induced grade 3 diarrhea, grade 4 neutropenia and grade 1
neurotoxicity after the 7 course.

In this context, it was decided to perform a two-stage hepatectomy at Paul
Brousse hospital: the first one, left partial hepatectomy allowed the excision of 9
lesions on July 15, 2014. Radio frequency ablation was performed in 2 nodular

lesions in segments IV and VIII, and in one lesion in segment II. Histopatholog-
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ic assessment revealed 50% tumor, 20% necrosis, 10% fibrosis and 20% non tu-
morous in the liver metastases. Molecular analysis showed the presence of muta-
tion A146T p. Ala 146Thr (c.436G > A) in the exon 4 and L19FpLeul9Phe
(C57G > T) in the exon 2 of the KRAS gene.

On July 29 CA19.9 level increased from 171 to 2000 U/mL, indicating rapid
tumour progression (at the same time with the growth of liver lobe metastases
confirmed by MRI). It was then decided to administer chronomodulated triplet
chemotherapy into the hepatic artery, according to the OPTILIV protocol de-
sign, yet without cetuximab, because of the KRAS mutation in the liver metas-
tases. An indwelling hepatic arterial catheter (HAC) with an access port was in-
serted. 5-FU (2800 mg/m(*)) was delivered in combination with irinotecan (180
mg/m(*)) and oxaliplatin (85 mg/m(*) through a HAC connected to a multi-
channel, programmable pump every 14 days (Melodie, Aguettant, France) [14]
[15]. The patient underwent 5 cycles. This combination permitted the normali-
zation of the CA19.9 levels, and achieved a partial response in second line, with
the number of the right liver lobe metastases decreasing from 11 to 4, while al-
lowing for a considerable liver regeneration, as evaluated with MRI. The patient
could then undergo the second stage of the planned right hepatectomy on Octo-
ber 30, 2014, which turned out to be an RO resection. The histological results
showed evidence of metastatic hepatic colloidal mucus adenocarcinoma (<5%)
with safe margins. The patient then continued receiving three courses of chro-
nomodulated triplet chemotherapy into the hepatic artery after hepatectomy
(November 27, December 11, and December 22, 2014), with medium tolerance,
including thrombocytopenia and elevated gamma-glutamyl transferase levels.
Local thrombolytic therapy for hepatic artery thrombosis following chemothe-
rapy infusion catheter placement was also needed.

Disease progression was documented on January 12, 2015, as shown with both
an increase of CA 19-9 from 28 to 294 U/mL, and the appearance of two bone
metastases on the scanografictest, one on the level of 3 right ribs and the other
one on the left ischial pubic bone. PET FDG (positron emission tomography)
showed hypermetabolic heterogeneous lesions in a residual segment from the
right hepatectomy, three months after surgery, ie. on January 20, 2015. PET
FDG also revealed a hypermetabolic diaphragmatic lesion near the site of the
right hepatectomy, as well as hypermetabolic lesions of peritoneal carcinomato-
sis, lymphatic, left pulmonary, pleural, bone and muscular areas. The patient
however only complained of pelvic and rib bone pains and some joint pain.
Chronomodulated FOLFIRI chemotherapy was re-started intravenously, in
combination with Aflibercept (antiangiogenic targeted therapy), with courses to
be spaced by 21 days. Yet this third line treatment in this patient with very ad-
vanced disease was complicated by diarrhea, low blood counts, mouths sores and
nasal bleeding and it was associated with further disease progression.

The genetic analysis of our patient’s cancer revealed a high level of MSI and

tumor heterogeneity (Table 1). The patient was included in the Phase 2 Check-
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Mate-142 trial evaluating nivolumab alone or in combination with ipilimumab
in patients with previously treated metastatic colorectal cancer, including those
with MSI-H. The patient received nivolumab 3 mg/kg every 2 weeks from March
until May 2015. Treatment was discontinued due to ineffectiveness and hemato-
logic toxicity which did not allow to continue treatment (Figure 2).

The patient returned back to Moscow, where he underwent radiotherapy

geared towards reduction of pain at N.N. Blokhin Russian Oncology Research
Center in May 2015. Radiotherapy was carried out for the chest and thigh (24
Gys) and for the pelvis (19.5 Gys).

Unfortunately, the patient died from the disease progression on July 14, 2015.

(a) (®)

Figure 1. (a) CT scan of liver metastases prior to the treatment dated November 2013; (b)
CT scan of liver metastases after 12 courses of intravenous FOLFIRINOX (combined with
bevacizumab for the last 5 courses) dated June 2014.

(b)

Figure 2. CT scans of bilateral pleurisy (a) and new liver metastases (b).

Table 1. Genetic analysis.

Biopsy of X i Mts in liver
. X Primary tumor  Mts in lymph K
Tested Mutation  primary tumor operation node Operation
21.11.2013 P 16.07.2014
K-RAS
. c.57 G>T
mutations Wt Wt Wt
. pLeul9Phe
in the 2nd exon
K-RAS
mutations Wt Wt

in the 3-d exon
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Continued
K-RAS
K c. 436 G>A c. 436 G>A (p. c. 436 G>A (p.
mutations Wt
. (p- Alal46Thr) Alal46Thr) Alal146Thr)
in the 4th exon
N-RAS
Mutations Wt Wt
in the 2", 3-d, 4%
exons
B-R i
‘ af mutations Wt
in 11th exon
B-Raf mutations
i Wt Wt Wt
in 15th exon
PIC3CA
mutations Wt
in the 9™, 20" exon
UGTI1A1
A(TA)6TAA
promoter
MS BAT25 Wt Wt
MS BAT26, NR21, High level of
NR24, NR 27 instability
MS D2S123, D5S346,
Wt

D178250

3. Discussion

It has been demonstrated here, that chronomodulated HAI triplet chemotherapy
according to OPTILIV protocol was well tolerated and displayed high antitumor
activity in this heavily-pretreated patient, allowing to achieve an objective re-
sponse despite prior progression on FOLFIRINOX (the same triplet chemo by
IV route) [14] [15]. This strategy permitted to overcome drug resistance and to
perform further complete resection of the liver metastases with prolonged pa-
tient survival. The OPTILIV trial (irinotecan, 5-FU and oxaliplatin being given
into the hepatic artery and cetuximab intravenously) is prospective international
trial, whose primary end point is the conversion of initially uncontrolled and/or
unresectable CLM to resection. The main end point was met, achieving a com-
plete macroscopic resection rate of CLM in nearly 30% of all included patients
with initially unresectable CLM [14]. Moreover, subgroup analysis suggested
that the survival benefit from the liver-targeted chemo-surgery strategy was
largely better in the patients receiving irinotecan, oxaliplatin and 5-FU as a
chronomodulated hepatic artery infusion [16]. Several recent studies have re-
ported that patients with right-sided primary tumours have worse survival out-
comes and it is possible that these patients benefit less from standard therapies
[17] [18] [19]. The study by Nanashima et al reported in 2013 used old drugs,
FU or CPT via the hepatic artery on 36 patients with colorectal liver metastases,
16 of whom had progressed after liver resection. Four of the patients had a com-
plete response, 19 a partial response, for a total response rate of 64%. The me-

dian survival was 32 months, with the complete responders having a median
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survival of 62 months [20]. In a recent study, the results from the phase-II clini-
cal trial show that selected patients with strictly defined unresectable CRLM,
despite pre-treatment with systemic chemotherapy and unfavorable oncologic
characteristics, can experience enough response after combination treatment
with HAT and systemic therapy to become resectable. Combination of HAI and
systemic therapy resulted in very high response rates in both previously treated
(72%) and chemotherapy-naive patients (82%); overall 8% CR (4 patients). The
primary endpoint of the study (conversion to resection) was achieved with 47%
of patients undergoing complete resection. Among the whole cohort, OS was 38
months, and one and 3-year survival rates were 92% and 55%, respectively [3].

Despite the inefficiency of nivolumab in this case, initial analysis of nivolumab
plus ipilimumab in patients with =6 months follow-up demonstrated a manage-
able safety profile and clinical activity characterized by a 55% overall response
rate and 80% disease control rate in patients with DNA mismatch re-
pair-deficient ({IMMR)/microsatellite instability-high (MSI-H) mCRC [21]. The
ineffectiveness of nivolumab in this case may be due to the extensive hetero-
geneity in microsatellite unstable (MSI) between primary tumor and metastases,
which has been recently shown in colorectal tumours [22]. Soimmunotherapy
role even in patients with MSI status is not a landmark of response to anti-PD1
agents.

A pivotal phase 2 study by Le et al highlighted the importance of mis-
match-repair deficiency and/or (MSI-H) profiles in prediction of the clinical
benefit of immune checkpoint blockade with pembrolizumab (anti-PD-1 drug)
[23]. Moreover, the U.S. Food and Drug Administration (FDA) granted accele-
rated approval to anti-PD-1 drug pembrolizumab for adult and pediatric pa-
tients with unresectable/metastatic MSI-H/MMR deficient solid tumors (regard-
less the histotype) that have progressed following prior treatment and without
satisfactory alternative treatment modalities. The approval also covered MSI-H
CRC patients who progressed following treatment with a classic cytotoxic ther-
apy (fluoropyrimidine, oxaliplatin, and irinotecan) [24].

Taken together, this literature review suggests that cure can be achieved in pa-
tients with initially unresectable CLM after the administration of the most effec-
tive downsizing chemotherapy, especially as first of second line. The patients
with extensive unresectable CRLM, the majority of whom were previously
treated, are able to undergo complete resection after HAI. Conversion to resec-
tion is associated with prolonged survival. The identification of optimum se-
quence of application of chronomodulated HAIC, immune checkpoint inhibi-
tors, metastases surgery could increase the survival and possibly cure rate in
these patients. Thus, chronomodulated HAI is useful in patients with liver me-
tastases from colorectal cancer and deserves to be further assessed prospectively

in clinical trials chemotherapy.
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