Medical Oncology (2019) 36:46
https://doi.org/10.1007/5s12032-019-1254-4

ORIGINAL PAPER q

Check for
updates

Multicenter open-label randomized phase Il study of second-line
panitumumab and irinotecan with or without fluoropyrimidines

in patients with KRAS wild-type metastatic colorectal cancer (PACIFIC
study)

Naoki Nagata' - Hiromichi Maeda?® - Keiichiro Ishibashi? - Keiji Hirata* - Akitaka Makiyama® - Shigeyoshi lwamoto® -

Hiroyoshi Takemoto’ - Mitsunobu Imasato® - Yoichiro Yoshida® - Yoshinori Munemoto'? - Chihiro Tanaka'' -
Yoshitaka Morita'? - Yoshihiro Hotta'® - Atsushi Toyofuku'® - Takeshi Nagasaka'” - Satoshi Morita® -
Junichi Sakamoto'” - Hideyuki Mishima®

Received: 8 December 2018 / Accepted: 11 February 2019 / Published online: 24 April 2019
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract

This phase II clinical trial compared the efficacy and safety of second-line irinotecan and panitumumab treatment (IR[+ Pmab)
with that of irinotecan, fluoropyrimidines and panitumumab treatment (control) in patients with KRAS wild-type mCRC. The
primary endpoint was progression-free survival. In addition, early predictive markers of treatment efficacy were explored.
Eighty patients were planned to be recruited. Due to a slow accrual rate, only 48 patients were recruited from 2012 to 2016,
of which 23 were allocated to the control group and 25 were allocated to the IRI+Pmab group. The median progression-free
survival was 254 days (95% confidence interval, 159-306) for control, and 190 days (95% confidence interval, 159-213) for
IRI+Pmab (log-rank test, P=0.26). The response rate without confirmation was 21.7% (5/23) for control and 40.0% (10/25)
for IRT+ Pmab. Neutropenia, leukopenia, and anorexia were the most common Grade 3/4 adverse events, and several early
drop-outs from the treatment protocol were observed in the control group. As for the biomarkers, carcinoembryonic antigen
and lactate dehydrogenase (LDH) smoothly declined immediately after the initial dosing in patients with a partial response
or stable disease. After starting treatment, LDH-1 and — 2 increased, while LDH-4 and — 5 decreased, irrespective of tumor
response. However, exceptions were frequent. In conclusion, this study failed to prove the safety and efficacy of irinotecan
and panitumumab treatment due to insufficient patient accrual. Although LDH and its isozymes changed after initiation of
treatment, their ability to predict the tumor response may not surpass that of carcinoembryonic antigen levels.

The University Hospital Medical Information Network Clinical Trial Registry: UMIN000007658.
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Introduction

In 2013, 1.6 million new cases of colorectal cancer (CRC)
were diagnosed worldwide and more than 0.7 million
patients died of disease progression [1]. The number of
patients is expected to increase to more than 2.2 million for
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new cases and 1.1 million for deaths by 2030 [2], which
means a considerable number of patients will receive chemo-
therapy for unresectable/metastatic CRC (mCRC). First-line
chemotherapies consist of a combination of fluoropyrimi-
dines and oxaliplatin, or fluoropyrimidines and irinotecan
[3]. Second-line treatment is a combination of fluoropyrimi-
dine and the agent which is not chosen in the first-line. The
order of the use of oxaliplatin or irinotecan is not considered
to affect the prognosis of patients; the use of the three key
drugs is the most important tip for the improvement of over-
all survival (OS) [3]. In addition to the cytotoxic doublets,
the recent introduction of anti-vascular endothelial growth
factor antibody or anti-epidermal growth factor receptor
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(EGFR) antibody therapy has further improved the progno-
sis of patients with mCRC [4-6], which continues to force
oncologists to seek best-practice treatment for patients with
mCRC.

The combination of irinotecan and anti-EGFR antibody
(cetuximab or panitumumab) has been used in the second-
and third-line treatments after oxaliplatin-based chemo-
therapy in KRAS wild-type patients. Several trials using
this regime demonstrated excellent tumor control with an
acceptable rate of adverse events (AEs) [7-9]. However,
comparison of the clinical efficacy and safety between treat-
ments composed of anti-EGFR antibody/irinotecan with and
without fluoropyrimidines as second-line treatment remains
to be conducted. Generally, because the goal of second-line
chemotherapy is prolongation of OS rather than cytoreduc-
tion for conversion surgery, we expected that the subtraction
of fluoropyrimidine from the second-line treatment would
lead to an overall benefit by reducing the AEs without a
significant impairment in the treatment efficacy.

Besides answering the clinical question raised above, bio-
markers of tumor response were also explored in the present
study. The use of anti-EGFR antibody therapy is confined
to patients with RAS wild-type mCRC due to its lack of
benefit in RAS-mutated mCRC [6, 10]. However, RAS is
not a sufficient marker to predict tumor response and only
a small proportion of patients show a clear benefit from
the treatment. To date, to select responders to anti-EGFR
therapy, several additional markers, such as sidedness of the
primary tumor, polymorphisms of related genes, and muta-
tion status, have been proposed, none of which have proved
satisfactory [11-13]. Another approach to this problem is
to determine the clinical efficacy of cetuximab immediately
after treatment initiation so that responders can be treated
with cetuximab while non-responders can leave the treat-
ment with minimum loss. To reach this goal, the relationship
between tumor response and the changes in serum levels of
carcinoembryonic antigen (CEA), carbohydrate antigen 19-9
(CA19-9), lactate dehydrogenase (LDH), and isozymes of
LDH were continuously evaluated and analyzed.

Methods
Randomization and ethics

This randomized open-label multicenter phase II trial
compared the efficacy and safety of second-line panitu-
mumab and irinotecan with/without fluoropyrimidines in
patients with KRAS wild-type mCRC after first-line oxali-
platin-based chemotherapy. From April 2012 to March
2016, patients were assessed for eligibility for this study.
Eligible patients were assigned to either panitumumab and
irinotecan with fluoropyrimidines or panitumumab and
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irinotecan without fluoropyrimidines in a 1:1 ratio. The
stratified randomization was performed by using four vari-
ables: history of bevacizumab treatment, Eastern Coop-
erative Oncology Group performance status (ECOG-PS),
first-line treatment (oral fluoropyrimidine or 5-fluorouracil
[5-FU]), and length of first-line treatment (> 6 months or
<6 months).

This study was approved by the internal review boards
of the non-profit organization Epidemiological & Clinical
Research Organization (ECRIN), Aichi Medical University,
and the participating institutes. The study was conducted in
accordance with the ethical principles of the Declaration
of Helsinki. All patients provided signed written informed
consent before enrollment. This study is registered with the
University Hospital Medical Information Network Clinical
Trial Registry as UMINO00007658.

Patients

Patients eligible to participate in this study were >?20 years
of age, had histologically confirmed KRAS wild-type
mCRC with measurable lesions according to the Response
Evaluation Criteria in Solid Tumors (RECIST) ver. 1.1, had
refractory tumor that progressed after first-line therapy with
oxaliplatin-based doublet plus bevacizumab, had an ECOG-
PS <1, and had adequate vital organ function with an esti-
mated life expectancy of at least 8 weeks.

Patients were not eligible if they were pregnant or lactat-
ing females, had evidence of a brain tumor or brain metas-
tases, uncontrolled diarrhea, gastrointestinal obstruction
or paralysis, infectious disease, severe pulmonary disease,
severe systematic co-morbid disease, including diabetes
mellitus, heart disease, renal failure and liver failure, cancer
osteomyelitis, psychiatric disability, Grade 3 or higher neu-
rological disorder, previous history of irinotecan treatment
or anti-EGFR treatment, or history of another malignancy
with a disease-free interval of <5 years.

Endpoints

The primary endpoint was progression-free survival (PFS),
which was defined as the time from the registration date to
the date of disease progression or death from any cause. If
disease progression was not observed until the last follow-
up, the case was censored. If the second-line treatment was
stopped due to refusal or AEs, the event and censor were
applied irrespective of the existence of following treatment.
The secondary endpoints were response rate (RR), OS (time
from registration to death from any cause), disease control
rate (DCR), and the profile of AEs. Additionally, serum
levels of CEA, CA19-9, LDH, and isozymes of LDH were
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continuously monitored to explore their potential as markers
of the treatment response.

Treatment plan

When the patient was to receive fluoropyrimidine co-
administration (control group), the patient and the clini-
cian could choose FOLFIRI (5-FU + irinotecan) or IRIS
(tegafur/gimeracil/oteracil [TS-1]+ irinotecan) according
to their preference. FOLFIRI 4 panitumumab treatment
comprised of 150 mg/m?/biweekly of irinotecan, 200 mg/
m?/biweekly of L-leucovorin, 400 mg/m*/biweekly of bolus
5-FU, 2400 mg/mZ/biweekly of infusional (46 h) 5-FU, and
6 mg/kg/biweekly of panitumumab. IRIS + panitumumab
treatment was composed of the same dose of irinotecan and
panitumumab, and 80 mg/m?/day of TS-1 from day 1 to day
7. These treatments were provided every two weeks. If the
patients were allocated to the panitumumab and irinotecan
group (IRI+Pmab group), the same doses of irinotecan
and panitumumab were administered without fluoropyrimi-
dines. The treatment was continued until disease progression
defined by RECIST ver. 1.1 or the occurrence of unaccep-
table AEs.

Examination

Evaluation of the baseline tumor had to be performed within
14 days prior to the registration of the patient in the study.
Computed tomography was to be performed every 8 weeks
after treatment initiation. In the present study, confirmation
of a complete response (CR) or partial response (PR) was
not required. The patient responses were not reviewed inde-
pendently in this clinical trial. The safety evaluation was
performed according to the Common Toxicity Criteria for
Adverse Events ver. 4.0. The serum levels of CEA, CA19-
9, LDH, and isozymes of LDH were evaluated immediately
before chemotherapy dosing at each site. Because the pri-
mary endpoint of the present study was comparison of PFSs

between two groups, a minimal follow-up of 2 years after
recruitment of the last patient was planned.

Statistical consideration

A study coded as ‘20050181’ revealed 5.9 months of PFS in
patients with KRAS wild-type mCRC treated by second-line
FOLFIRI plus panitumumab [14]. In the present study, a
PFS of 6 months was predicted. The expected and threshold
PFSs were set at 7.5 months and 4.5 months, respectively.
Accordingly, a target sample size of 40 (36 eligible patients
and 10% ineligible patients) for each group was determined
to yield a detection power of 90% with an alpha error of
0.05 for each arm. Proportions and 95% confidence intervals
(CI) were calculated to determine RR and DCR. Median OS
and PFS were calculated using the Kaplan—Meier method.
These statistical analyses were performed using IBM SPSS
Statistics 19 (IBM, Armonk, NY). The figures were created
using KaleidaGraph Ver. 4.5.2 (Synergy Software, Reading,
PA), and edited by Photoshop CS2 (Adobe Systems, San
Jose, CA).

Results
Baseline demographics

From April 2012 to May 2016, 48 Japanese patients ful-
filling the inclusion criteria were recruited from 15 par-
ticipating institutes. Twenty-five patients were allocated to
receive irinotecan and panitumumab without fluoropyrimi-
dine (IRI+Pmab), while 23 patients received combination
therapy with irinotecan, fluoropyrimidine and panitumumab
(control; Fig. 1; Table 1). In the control group, 16 patients
chose FOLFIRI + panitumumab treatment and 7 patients
chose IRIS + panitumumab treatment. The proportion of
females was 21.7% in the control group, and 36.0% in the
IRI+ Pmab group. The factors for randomization (history

Fig. 1 Flow diagram of the
study. Control treatment
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Table 1 Characteristics of the patients treated by FOLFIRI/IRIS
combined with panitumumab (Control) or irinotecan combined with
panitumumab (Irinotecan + Pmab)

Control (n=23) Irinote-
can+ Pmab
(n=25)
No. women 5@21.7) 9 (36.0)
Age, median (range), years 68 (39-79) 67 (54-81)
Primary tumor site
Colon 14 (60.9) 18 (72.0)
Rectum 9(39.1) 7(28.0)
ECOG performance status
0 18 (78.3) 18 (72.0)
1 5217 7(28.0)
First-line treatment
FOLFOX 10 (43.5) 11 (44.0)
XELOX or SOX 13 (56.5) 14 (56.0)
Duration of first-line treatment
Less than 6 months 9(39.1) 10 (40.0)
More than 6 months 14 (60.9) 15 (60.0)
Use of bevacizumab in the first-line treatment
Yes 17 (73.9) 18 (72.0)
Measurable tumor metastasis
Liver 18 (78.3) 19 (76.0)
Lymph node 8 (34.8) 8 (32.0)
Lung 7 (30.4) 12 (48.0)
Peritoneum 3(13.0) 2 (8.0)

Data show the number of patients in each group, with percentages in
parentheses, unless indicated otherwise

FOLFIRI, 5-fluorouracil +irinotecan; IRIS, tegafur/gimeracil/
oteracil +irinotecan; ECOG, Eastern Cooperative Oncology Group;
FOLFOX, 5-fluorouracil + oxaliplatin; XELOX, capecitabine + oxali-
platin; SOX, tegafur/gimeracil/oteracil 4 oxaliplatin

Table 2 Number of treatment cycles and causes of treatment discon-
tinuation

Control (n=23) Irinote-

can+ Pmab
(n=25)
Treatment cycle, n (range) 7 (1-21) 9 (2-30)
Reason for treatment discontinuation
Disease progression 13 17
AEs 2 3
Patient refusal (related to AEs) 3(1) 3Q2)
Physician decision (related to AEs) 4 (2) 0
Resection of liver metastasis 0 1
Other reason 1° 1?

Values are numbers of patients, unless indicated otherwise. Control
treatment consisted of irinotecan, Pmab, and fluoropyrimidines

Pmab Panitumumab, AEs adverse events
#Deterioration of performance status

"Bone injury not related to treatment protocol
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of bevacizumab treatment, ECOG-PS, first-line treatment,
and length of the first-line treatment) were similar between
groups. Liver was the most common metastatic site, fol-
lowed by lymph nodes and lungs.

Clinical course and dose intensity

The median number of treatment cycles was 7 (range 1-21)
for the control group, and 9 (range 2-30) for the IRI+Pmab
group (Table 2). The individual data show that early treat-
ment discontinuation was frequent in the control group
(Fig. 2). Of note, the reason for immediate discontinuation
after the first cycle was a combination of AEs in two out
of these four patients. The major reason for treatment dis-
continuation was disease progression, accounting for nearly
two-thirds of the patients. One patient in the IRI4+Pmab

[l Control
M Irinotecan + Pmab

S S e o S

* *
* X

Individual patients
*
*.

*

*
* ¥

*.

* % *

*
0 5 10 15 20 25 30
Number of treatment cycles

Fig.2 Individual data of treatment cycle. Control treatment con-
sisted of panitumumab (Pmab), irinotecan and fluoropyrimidines. In
the control group, early discontinuation of the treatment protocol was
frequently observed. In particular, there were 4 patients who stopped
treatment after the first cycle; two of these were related to adverse
events. Apart from these patients, the treatment cycles seem equally
distributed. The individuals with asterisk (*) had PD
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group received curative resection of a hepatic metastasis
after 9 cycles of treatment.

After the treatment protocol, seven patients from the
IRI+Pmab group did not receive further chemotherapy,
while 11 from the control group did not receive further treat-
ment. Among all the patients, eight patients received triflu-
ridine/tipiracil or regorafenib, and in 6 patients oxaliplatin-
based treatment was reintroduced. Eight patients continued
irinotecan-based chemotherapy after the treatment protocol.
Among these eight patients, the addition of fluoropyrimi-
dines to irinotecan with/without bevacizumab was tried in
four patients from the IRI 4+ Pmab group.

The relative dose intensity (RDI) of panitumumab and iri-
notecan for both groups were similar (Table 3). The RDI for
TS-1 was as low as 0.59, and we consider that this is related
to the drug information saying the initial dosing should be
120 mg/day/body when the body surface area exceeds 1.5 m?.

Treatment efficacy

The median PFS was 254 days (95% CI 159-306) for the
control group and 190 days (95% CI, 159-213) for the
IRI+ Pmab group, while the median OS was 465 days (95%
CI, 225-817) for the control group and 531 days (95% ClI,
354-1099) for the IRI+Pmab group, yielding no significant
difference between groups for either PFS or OS (Log-rank
test, P=0.26 and P=0.50, respectively; Fig. 3). Thirty-four

deaths were observed in the study period, mainly due to
tumor progression.

There was no CR among the 48 patients (Table 4). Iri-
notecan and panitumumab treatment yielded a RR of 40.0%
and DCR of 87.5%, while control treatment yielded a RR of
21.7% and DCR of 73.9%. The waterfall plot of the change
in tumor diameter from baseline shows that the response
of the tumor was similar in both groups (Fig. 4). Notably,
several patients in the IRI+Pmab group showed substantial
tumor shrinkage during the treatment.

Adverse events

Grade 3/4 neutropenia was observed in 6% of the patients in
the IRI+Pmab group and 34.8% of patients in the control
group (Table 5). Conversely, febrile neutropenia occurred
in 16% of patients in the IRI+ Pmab group and 4.3% of
patients in the control group. Grade 3/4 diarrhea, paro-
nychia, and hypomagnesemia were frequently observed in
the IRI+Pmab group, while anorexia, acneiform eruption,
and stomatitis were often observed in the control group. No
deaths related to AEs were observed.

Changes in CEA, CA19-9, LDH, and LDH isozymes

To find a biomarker predicting tumor response to anti-EGFR
antibody therapy, the serum levels of CEA, CA19-9, LDH,

Table 3 Cumulative dose and
relative dose intensity (RDI)

Control (n=23) Irinotecan + Pmab (n=25)

Panitumumab (Pmab)
Cumulative dose, mg/kg
RDI
No. with RDI> 0.8

Irinotecan
Cumulative dose, mg/m?>
RDI
No. with RDI> 0.8

Bolus 5-FU (n=16)
Cumulative dose, mg/m2
RDI
No. with RDI> 0.8

5-FU infusion (n=16)
Cumulative dose, mg/m2
DI, mg/m? per week
No. with RDI> 0.8

TS-1 (n=7)

Cumulative dose, mg/m2
DI, mg/m? per week
No. with RDI> 0.8

42 (5-124) 49 (12-172)
0.82 (0.50-1) 0.79 (0.49-1)
15 13

1052 (143-3144) 1193 (296-4309)
0.74 (0.43-1) 0.77 (0.37-0.97)
10 10

2506 (379-8423)
0.89 (0.35-1)
10

15,633 (2289-50,535)
0.86 (0.43-1)
10

3516 (1132-6964)
0.59 (0.45-0.66)
0

Values in parentheses are ranges. Control treatment consisted of irinotecan, Pmab, and fluoropyrimidines

5-FU 5-Fluorouracil, DI dose intensity, 75S-1 tegafur/gimeracil/oteracil
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Fig.3 Progression-free survival
(PFS) and overall survival (OS).
Kaplan Meier plots for PFS and
OS for both control (n=23) and
irinotecan and panitumumab 0.8
(Pmab; n=25) groups are

shown
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and isozymes of LDH were obtained immediately before
every treatment. The serum levels of CEA and LDH showed
a similar trend (Fig. 5). In patients who had PR, the serum
level of CEA and LDH decreased before the second cycle
of treatment and stayed at a low level. Meanwhile, several
patients showed increased levels of CA19-9, compared to
baseline, even among the patients with PR. In patients with
stable disease (SD), the serum levels of CEA, CA19-9 and
LDH showed gradual but staggered changes. In patients
with immediate progressive disease (PD), the changes in
tumor markers might be characterized as unchanged or small
changes either up or down.

To elucidate if the early changes in serum CEA, CA19-9,
and LDH predict the tumor response, the change in serum
CEA, CA19-9, and LDH from baseline to immediately

@ Springer
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before the second cycle of treatment was analyzed. The
mean ratio (& standard deviation) of the serum level before
the second cycle/serum level at baseline was 0.62 +0.30 for
CEA and 0.71 +0.24 for LDH in the patients with PR, while
it was 0.90+0.24 for CEA and 1.07 +0.52 for LDH in the
patients with PD (Table 6).

To analyze the isozymes of serum LDH, missing data
immediately before initial treatment or data only obtained at
a single point were eliminated. In total the data of 29 patients
were analyzed; eight cases of PR, 19 cases of SD, and two
cases of PD without PR/SD. The proportion of LDH-1 and
LDH-2 increased after the initial treatment, while the pro-
portion of LDH-4 and LDH-5 decreased after the initial
treatment; LDH-3 remained the same. However, we could
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Table 4 Efficacy of treatment
with either FOLFIRI/IRIS
combined with panitumumab
(Control) or irinotecan
combined with panitumumab
(Irinotecan + Pmab)

Fig.4 Change in tumor diam-
eter from baseline. Negative
numbers indicate tumor shrink-
age during the treatment. A per-
centage change over 100% was
truncated at 100%. Four patients
from the control group were not
evaluated due to discontinuation
of the treatment protocol. With-
out considering these cases, the
distribution of tumor shrinkage
appears similar

Table 5 Observed adverse
events (AEs) during treatment
protocols

Control (n=23)

Irinotecan + Pmab (n=25)

Tumor response
CR
PR
SD
PD
NE
Response rate, %

Disease control rate, %

Progression-free survival, days

Overall survival, days

21.7 (4.9-38.6)
73.9 (56.0-91.9)
254 (159-306)
465 (225-817)

0
10
11
4
0

40.0 (20.8-59.2)
87.5 (69.6-98.4)
190 (159-213)

531 (354-1099)

Data are given as the number of patients in each group or as median values with 95% confidence intervals

in parentheses

FOLFIRI 5-Fluorouracil +irinotecan, IRIS tegafur/gimeracil/oteracil +irinotecan, CR complete response,

PR partial response, SD stable disease, PD progressive disease, NE not evaluated

100

a
o

(3]
o

[l Control
M Irinotecan + Pmab

Change in tumor diameter
from baseline (%)
o

-100
Individual patients
No. Grade 1/2/3/4 AEs % Grade 3 and 4 AEs
Control (n=23) Irinotecan+Pmab  Control (n=23) Irinote-
(n=25) can+ Pmab
(n=25)

Leukopenia 5/5/3/0 7/8/1/0 13.0 4.0
Neutropenia 5/1/6/2 0/10/2/2 34.8 16.0
Febrile neutropenia 0/0/1/0 0/0/2/1 4.3 12.0
Thrombocytopenia 0/9/1/0 7/0/1/0 4.3 4.0
Fatigue 7/8/1/0 7/5/1/0 4.3 4.0
Nausea 3/5/2/0 7/4/1/0 8.7 4.0
Anorexia 5/8/3/0 7/5/1/0 13.0 4.0
Diarrhea 5/3/2/0 9/5/3/10 8.7 12.0
Acneiform eruption 11/4/2/0 8/14/0/0 8.7 0
Paronychia 1/7/0/0 4/9/4/0 0 16.0
Stomatitis 4/7/2/0 12/4/0/0 8.7 0
Hypomagnesemia 13/2/0/0 8/5/1/2 0 12.0
ALT 11/1/0/0 5/0/0/0 0 0

AST 0/0/0/0 10/2/0/0 0 0
Allergic reaction 18/0/0/0 1/0/0/0 0 0

Control treatment consisted of irinotecan, panitumumab (Pmab), and fluoropyrimidines

ALT Alanine transaminase, AST aspartate transaminase

@ Springer
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Fig.5 Changes in carci-
noembryonic antigen (CEA),
carbohydrate antigen 19-9
(CA19-9), and lactate dehydro-
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not find any clear differences between the patients with PR,
SD, and PD (Fig. 6).

Discussion

This randomized open-label multicenter phase II trial com-
pared the efficacy and safety of second-line panitumumab/
irinotecan with and without fluoropyrimidines in patients
with KRAS wild-type mCRC after first-line oxaliplatin-
based chemotherapy. Although 80 patients were planned to

@ Springer

be recruited, the study was terminated after recruiting 48
patients due to a slow accrual rate. The difficulties in recruit-
ing patients in the present setting might have been caused
by the concern that removing fluoropyrimidines might have
resulted in a reduced efficacy which would be a psycho-
logical pressure on patients who have already experienced
disease progression or intolerance. Besides, the possibility
of conversion to curative surgery after second-line treatment
[15] may preclude patients from this type of trial. However,
to determine whether these concerns are true or not should
be an important role of clinical trials. In the majority of
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Table 6 Changes in serum
CEA, CA19-9, and LDH Ilevels

Partial response (n=15)

Stable disease (n=23) Progressive disease (n=06)

from baseline to immediately CEA
(t:;(f;;c the second treatment No. analyzed 11 18 4
Mean +SD 0.62+0.30 0.73+0.25 0.90+0.24
Median (range) 0.55 (0.25-1.21) 0.74 (0.33-1.02) 0.93 (0.58-1.13)
CA19-9
No. analyzed 10 16 4
Mean +SD 1.15+0.76 0.70+0.33 0.77+0.17
Median (range) 0.87 (0.39-2.46) 0.73 (0.26-1.49) 0.82 (0.55-0.90)
LDH
No. analyzed 14 21 4
Mean +SD 0.71+0.24 0.86+0.29 1.07+0.52

Median (range)

0.77 (0.35-1.04)

0.83 (0.30-1.66) 1.16 (0.46-1.72)

Data are expressed as (serum level immediately before second cycle)/(baseline serum level). Number of
patients analyzed decreased due to missing data immediately before the second cycle

CFEA Carcinoembryonic antigen, CA/9-9 carbohydrate antigen 19-9, LDH lactate dehydrogenase, SD

standard deviation

areas, the backbone of first-line chemotherapies is the com-
bination of fluoropyrimidines and oxaliplatin or the com-
bination of fluoropyrimidines and irinotecan [3]. When
irinotecan and fluoropyrimidine are administered in the first-
line, the use of the fluoropyrimidine in the second-line is
‘mandatory’ because oxaliplatin alone is not recommended
due to the far inferior efficacy of monotherapy compared to
combination therapy [16, 17]. In contrast, there is abundant
evidence suggesting the clinical efficacy of irinotecan ther-
apy accompanied by anti-EGFR antibody [7-9, 18], which
legitimized patient randomization according to our protocol.

Despite the limited data, the present study demonstrates
the valuable aspect of irinotecan and panitumumab treat-
ment. First, a smaller number of patients discontinued the
treatment protocol promptly after initiation of IRI+Pmab
treatment, which suggests this treatment might be more suit-
able for selected patients. Second, the efficacy of irinotecan
and panitumumab treatment could be acceptable when it is
used in the second-line. In the control group, the median PFS
was 8.5 months, while it was 6.3 months in the IRI+ Pmab
group. The PFS includes the time after treatment discontinu-
ation to disease progression during third-line treatment if
the treatment protocol is discontinued due to the patient’s
refusal or AEs. Thus, the control group, which had patients
with early discontinuation, might have had (although not-
statistically significant) a longer PFS than the IRI 4+ Pmab
group in the present study. This speculation is strengthened
by the OS and RR of the IRI+Pmab and control groups in
the present study.

Previously, Sobrero et al. demonstrated that the RR with
second-line cetuximab and irinotecan was 16.4% after fail-
ure of fluoropyrimidine and oxaliplatin treatment in patients
with EGFR-expressing mCRC [7]. Similarly, Carneiro et al.

demonstrated a 6% RR during second-line irinotecan and
cetuximab treatment among 31 KRAS-unsorted patients
[8]. Meanwhile, Kang et al. revealed that the RR among 40
patients with KRAS wild-type mCRC was 45% [9]. In the
present study, the RR was 40.0% for the IR+ Pmab group
and 21.7% for the control group, which were within the
expected range. However, due to the lack of requirement
to confirm a CR or PR, and exclusion of KRAS-mutated
mCRC, the RR in the present study may have shown a higher
RR compared to the previous studies. On the basis that an
inter-trial comparison could be harmful, we note that the RR
of second-line FOLFIRI and panitumumab treatment in 297
patients with KRAS wild-type mCRC was 36% in a phase
III trial [6], suggesting an acceptable RR of irinotecan and
panitumumab treatment in the present study.

In the safety analysis, there were no treatment-related
deaths in either group. However, different profiles of AEs
were observed in the two groups. Grade 3/4 neutropenia
and anorexia were frequent in the control group, while paro-
nychia, hypomagnesemia, and febrile neutropenia occurred
frequently in the IRI+ Pmab group. Analysis of the cumula-
tive dose and RDI for each agent did not reveal a relationship
between dose and the different AE profiles. One concern
for the control treatment was that two patients in the control
group refused to receive further treatment immediately after
the initial dosing because of a combination of non-hemato-
logical AEs. Otherwise, both treatments seem acceptable in
terms of both efficacy and safety.

To explore new biomarkers to predict tumor response
at an early phase of treatment, serum levels of LDH and
proportions of its isozymes were monitored, in addition to
CEA and CA19-9. We observed a dramatic decline in the
serum levels of CEA and LDH among patients with PR or
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4Fig.6 Changes in lactate dehydrogenase (LDH) isozymes. Changes

in the proportions of LDH isozymes are shown for up to 8 treatment
cycles. Values after 8 cycles were truncated in the case of 3 patients
with stable disease (SD). The proportion of LDH-1 and LDH-2
increased immediately after the initial treatment, while the proportion
of LDH-4 and LDH-5 decreased. The level of LDH-3 was stable. PR,
partial response; PD, progressive disease

SD. In addition, we noticed that the proportion of LDH-4
and — 5 decreased while that of LDH-1 and — 2 increased
after initiation of treatment. Although both normal and
cancer cells require glucose as an essential energy source,
the metabolism of glucose in tumor cells differs from that
observed in normal cells [19]. Compared to normal tissue,
tumor cells rely on anaerobic glycolysis in which LDH-5
assumes a crucial role, and LDH-5 is known to be regu-
lated by hypoxia-inducible factors. In contrast, anti-EGFR
antibody downregulates hypoxia-inducible factor 1o pro-
tein via inhibition of the phosphatidylinositol 3-kinase/
Akt and mitogen-activated protein kinase/extracellular
signal-regulated kinase pathways [20]. Consequently,
the expression of LDH-5 would be reduced in the pre-
sent study. However, we should also note that elevated or
unchanged values of LDH-5 after and during the treatment
protocol were not uncommon, revealing the difficulty in
using serum levels of LDH or the proportions of LDH
isozymes as early predictive markers for tumor response.

Besides the failure to recruit the planned number of
patients, another limitation of the present study is the lack of
information concerning the sidedness of the primary tumors.
As the sidedness of the primary tumor predicts the response
to anti-EGFR antibody therapy, the addition of this detail
may have led to a more beneficial analysis.

In conclusion, irinotecan and panitumumab treatment
yielded a PFS of 6.3 months and a RR, without confirma-
tion, of 40.0% among the present study population. Moni-
toring of tumor markers, such as LDH and its isozymes,
revealed unique conversion patterns although its clinical use
could not be established.

Authors’ contribution All authors read and approved the final manu-
script. The specific contributions of each author are as follows: NN,
KI, KH, AM, SI, HT, ML, YY, YM, CT, YM, YH, AT, TN, SM, JS,
and HM: conceptualization, data curation; NN, HM, S1, JS, and HM:
writing the original draft; NN, HM, SM, JS, and HM: formal analysis,
investigation, and methodology; JS and HM: writing - review and edit-
ing manuscript.

Funding This study was supported, in part, by the non-profit organiza-
tion the Epidemiological & Clinical Research Organization (ECRIN).



Medical Oncology (2019) 36:46

Page110f12 46

Compliance with ethical standards

Conflict of interest NN has received honoraria from Takeda Pharma-
ceutical Company Ltd. SM has received honoraria (lecture) from Take-
da Pharmaceutical Company Ltd., Yakuruto Honsha Ltd., Daiichi-San-
kyo Company Ltd. JS has received honoraria (lecture and manuscript
fee) from Chugai Pharmaceutical Co. Ltd., Tsumura Co. Ltd., Nihon
Kayaku Co. Ltd. and consulting fee from Takeda Pharmaceutical Co.
Ltd. outside from this study. Hideyuki Mishima has received speaker
honoraria and research funding from Takeda Pharmaceutical Company
Ltd., Chugai Pharmaceutical Co. Ltd., Taiho Pharmaceutical Co. Ltd.,
Daiichi-Sankyo Pharmaceutical Co., and Yakult Honsha Co. Ltd. Oth-
er authors declare that they have no conflicts of interest.

References

1. Global Burden of Disease Cancer Collaboration, Fitzmaurice C,
Dicker D, Pain A, et al. The global burden of cancer 2013. JAMA
Oncol. 2015;1:505-27.

2. Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal A,
Bray F. Global patterns and trends in colorectal cancer incidence
and mortality. Gut. 2017;66:683-91.

3. Tournigand C, André T, Achille E, et al. FOLFIRI followed by
FOLFOXG6 or the reverse sequence in advanced colorectal cancer: a
randomized GERCOR study. J Clin Oncol. 2004;22:229-37.

4. Bokemeyer C, Bondarenko I, Makhson A, et al. Fluorouracil,
leucovorin, and oxaliplatin with and without cetuximab in the
first-line treatment of metastatic colorectal cancer. J Clin Oncol.
2009;27:663-71.

5. Saltz LB, Clarke S, Diaz-Rubio E, et al. Bevacizumab in combi-
nation with oxaliplatin-based chemotherapy as first-line therapy in
metastatic colorectal cancer: a randomized phase III study. J Clin
Oncol. 2008;26:2013-9.

6. Peeters M, Price TJ, Cervantes A, et al. Final results from a ran-
domized phase 3 study of FOLFIRI {+/—} panitumumab for
second-line treatment of metastatic colorectal cancer. Ann Oncol.
2014;25:107-16.

7. Sobrero AF, Maurel J, Fehrenbacher L, et al. EPIC: phase III trial
of cetuximab plus irinotecan after fluoropyrimidine and oxaliplatin
failure in patients with metastatic colorectal cancer. J Clin Oncol.
2008;26:2311-9.

8. Carneiro BA, Ramanathan RK, Fakih MG, et al. Phase II study
of irinotecan and cetuximab given every 2 weeks as second-line
therapy for advanced colorectal cancer. Clin Colorectal Cancer.
2012;11:53-9.

Affiliations

Naoki Nagata' - Hiromichi Maeda?

9. Kang MJ, Hong YS, Kim KP, et al. Biweekly cetuximab plus iri-
notecan as second-line chemotherapy for patients with irinotecan-
refractory and KRAS wild-type metastatic colorectal cancer accord-
ing to epidermal growth factor receptor expression status. Investig
New Drugs. 2012;30:1607-13.

10. Karapetis CS, Khambata-Ford S, Jonker DJ, et al. K-ras mutations
and benefit from cetuximab in advanced colorectal cancer. N Engl
J Med. 2008;359:1757-65.

11. Boeckx N, Koukakis R, Op de Beeck K, et al. Primary tumor sided-
ness has an impact on prognosis and treatment outcome in metastatic
colorectal cancer: results from two randomized first-line panitu-
mumab studies. Ann Oncol. 2017;28:1862-8.

12. Demurtas L, Puzzoni M, Giampieri R, et al. The role of primary
tumour sidedness, EGFR gene copy number and EGFR promoter
methylation in RAS/BRAF wild-type colorectal cancer patients
receiving irinotecan/cetuximab. BrJ Cancer. 2017;117:315-21.

13. Liu G, Tu D, Lewis M, et al. Fc-y receptor polymorphisms, cetuxi-
mab therapy, and survival in the NCIC CTG CO.17 trial of colorec-
tal cancer. Clin Cancer Res. 2016;22:2435-44.

14. Peeters M, Price TJ, Cervantes A, et al. Randomized phase III
study of panitumumab with fluorouracil, leucovorin, and irinotecan
(FOLFIRI) compared with FOLFIRI alone as second-line treat-
ment in patients with metastatic colorectal cancer. J Clin Oncol.
2010;28:4706-13.

15. AdamR, Yi B, Innominato PF, et al. LiverMetSurvey International
Contributing Centers. Resection of colorectal liver metastases after
second-line chemotherapy: is it worthwhile? A LiverMetSurvey
analysis of 6415 patients. Eur J Cancer. 2017;78:7-15.

16. Rothenberg ML, Oza AM, Bigelow RH, et al. Superiority of oxalipl-
atin and fluorouracil-leucovorin compared with either therapy alone
in patients with progressive colorectal cancer after irinotecan and
fluorouracil-leucovorin: interim results of a phase III trial. J Clin
Oncol. 2003;21:2059-69.

17. Boku N, Ohtsu A, Hyodo I, et al. Phase II study of oxaliplatin in
japanese patients with metastatic colorectal cancer refractory to fluo-
ropyrimidines. Jpn J Clin Oncol. 2007;37:440-5.

18. Mocellin S, Baretta Z, Roqué I, Figuls M, et al. Second-line systemic
therapy for metastatic colorectal cancer. Cochrane Database Syst
Rev. 2017;1:CD006875.

19. Warburg O, Wind F, Negelein E. The metabolism of tumors in the
body. J Gen Physiol. 1927;8:519-30.

20. LuH, Li X, Luo Z, Liu J, Fan Z. Cetuximab reverses the Warburg
effect by inhibiting HIF-1-regulated LDH-A. Mol Cancer Ther.
2013;12:2187-99.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

- Keiichiro Ishibashi? - Keiji Hirata* - Akitaka Makiyama® - Shigeyoshi lwamoto® -

Hiroyoshi Takemoto’ - Mitsunobu Imasato® - Yoichiro Yoshida® - Yoshinori Munemoto'® - Chihiro Tanaka'" -
Yoshitaka Morita'? - Yoshihiro Hotta'® - Atsushi Toyofuku'® - Takeshi Nagasaka'” - Satoshi Morita'® -

Junichi Sakamoto'” - Hideyuki Mishima®

Department of Gastroenterological Surgery, Kitakyushu
General Hospital, Kitakyushu, Japan

Cancer Treatment Center, Kochi Medical School
Hospital, Kochi University, Kohasu, Oko-cho, Nankoku,
Kochi 783-8505, Japan

Department of Digestive Tract and General Surgery Saitama
Medical Center, Saitama Medical University, Saitama, Japan

Department of Surgery 1, University of Occupational
and Environmental Health, Kitakyushu, Japan

Department of Hematology and Oncology, JCHO Kyushu
Hospital, Kitakyushu, Japan

Cancer Center, Aichi Medical University, Nagakute, Japan

Department of Surgery, Kinki Central Hospital, Itami, Japan

@ Springer


http://orcid.org/0000-0001-7694-8082

46 Page120f12

Medical Oncology (2019) 36:46

Department of Gastroenterological Surgery, Osaka Police
Hospital, Osaka, Japan

Department of Gastroenterological Surgery, Fukuoka
University Faculty of Medicine, Fukuoka, Japan

Department of Surgery, Fukui Saiseikai Hospital, Fukui,
Japan

Department of Surgery, Gifu Prefectural General Medical
Center, Gifu, Japan

Department of Radiology, Kenporen Osaka Central Hospital,
Osaka, Japan

@ Springer

Department of Surgery, Tokai Central Hospital,
Kakamigahara, Japan

Department of Surgery, National Hospital Organization
Kokura Medical Center, Kitakyushu, Japan

Department of Clinical Oncology, Kawasaki Medical School,
Kurashiki, Japan

Department of Biomedical Statistics and Bioinformatics,
Kyoto University Graduate School of Medicine, Kyoto, Japan

Tokai Central Hospital, Kakamigahara, Japan



	Multicenter open-label randomized phase II study of second-line panitumumab and irinotecan with or without fluoropyrimidines in patients with KRAS wild-type metastatic colorectal cancer (PACIFIC study)
	Abstract
	Introduction
	Methods
	Randomization and ethics
	Patients
	Endpoints
	Treatment plan
	Examination
	Statistical consideration

	Results
	Baseline demographics
	Clinical course and dose intensity
	Treatment efficacy
	Adverse events
	Changes in CEA, CA19-9, LDH, and LDH isozymes

	Discussion
	References


