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Background: Twenty percent of colorectal cancer liver metastases (CLMs) are
initially resectable with a 5-year survival rate of 25%—-40%. Perioperative folinic
acid, 5-fluorouracil, oxaliplatin (FOLFOX) increases progression-free survival
(PFS). In advanced disease, the addition of targeting therapies results in an
overall survival (OS) advantage. The aim of this study was to evaluate
panitumumab and FOLFIRI as perioperative therapy in resectable CLM.

Methods: Patients with previously untreated, wild-type Rat sarcoma virus (RAS),
and resectable CLM were included. Preoperative four and postoperative eight
cycles of panitumumab and folinic acid, 5-fluorouracil, irinotecan (FOLFIRI) were
administered. Primary objectives were efficacy and safety. Secondary endpoints
included PFS and OS.

Results: We enrolled 36 patients in seven centers in Austria (intention-to-treat

analyses, 35 patients). There were 28 men and seven women, and the median age
was 66 years. About 91.4% completed preoperative therapy and 82.9% underwent
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liver resection. The RO resection rate was 82.7%. Twenty patients started and 12
patients completed postoperative chemotherapy. The objective radiological
response rate after preoperative therapy was 65.7%. About 20% and 5.7% of
patients had stable disease and progressive disease, respectively. The most
common grade 3 adverse events were diarrhea, rash, and leukopenia during
preoperative therapy. One patient died because of sepsis, and one had a
pulmonary embolism grade 4. After surgery, two patients died because of
hepatic failure. Most common grade 3 adverse events during postoperative
therapy were skin toxicities/rash and leukopenia/neutropenia, and the two
grade 4 adverse events were stroke and intestinal obstruction. Median PFS was
13.2 months. The OS rate at 12 and 24 months were 85.6% and 73.3%, respectively.

Conclusions: Panitumumab and FOLFIRI as perioperative therapy for
resectable CLM result in a radiological objective response rate in 65.7% of
patients with a manageable grade 3 diarrhea rate of 14.3%. Median PFS was 13.2
months, and the 24-month OS rate was 73.3%. These data are insufficient to
widen the indication of panitumumab from the unresectable setting to the

setting of resectable CLM.
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Introduction

Colorectal cancer is the second leading cause of mortality in
Western countries (1, 2). Nearly half of patients will develop
colorectal cancer liver metastases (CLMs) during the course of
their disease, with 15%-25% of patients having CLM at the primary
diagnosis and another 20% of patients will develop CLM during the
first 3 years after the primary diagnosis (3, 4). About one-fifth of
patients with CLM have no other sites of metastasis. Despite
advances in survival with chemotherapy, surgical resection of
CLM is still considered the only curative treatment option. About
20% of patients with CLM are candidates for primary resection (5)
and result in a 25%-40% 5-year survival (6-9). Unfortunately, 70%
of patients will develop recurrent disease after liver resection (10).

The advantages of postoperative chemotherapy after curative
resection of CLM resection are uncertain. In the European
Organisation for Research and Treatment of Cancer (EORTC)
40983 study, perioperative chemotherapy with FOLFOX4 and
surgery were compared with surgery alone in patients with
potentially resectable CLM (11). Progression-free survival (PFS)
was significantly improved by 9.2% at 3 years for those who received
perioperative chemotherapy. However, the trial did not
demonstrate any significant benefit in overall survival (OS) (12).
Similar results were shown in a meta-analysis evaluating
perioperative chemotherapy for patients with resectable CLM
(13). The observed benefit in PFS with perioperative FOLFOX
remains one of the standard treatments for resectable CLM in
many centers worldwide.

Frontiers in Oncology

The addition of targeting therapies to chemotherapy has
markedly improved outcome in metastatic colorectal cancer
(mCRC) and significantly improves the objective response rate
(ORR), PFS, and OS (14-20). Furthermore, combination
therapies may convert unresectable to resectable liver metastases,
allowing potentially curative resection.

The optimal combination of systemic drugs in the neoadjuvant
setting of patients with potentially resectable CLM has not been
established. Unanswered questions are the best chemotherapy
combinations with or without targeted agents to induce
maximum response, the length of initial treatment to verify
response without liver tissue damage, and the correlation of
response with potential biomarkers.

The present LM02 trial from the Austrian Breast and Colorectal
Cancer Study Group (ABCSG) investigated the use of perioperative
systemic therapy with panitumumab and FOLFIRI in patients with
primary resectable CLM.

Methods
Patient population

Patients with wild-type RAS mCRC with potentially
histologically confirmed resectable liver metastases, at least one
measurable metastatic lesion in the liver as per the Response
Evaluation Criteria in Solid Tumor (RECIST) 1.1 guidelines, and
without prior therapy for mCRC were eligible. CLMs were defined
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as resectable when it was anticipated that the disease can be
completely resected, two adjacent liver segments could be spared
adequate vascular inflow and outflow and biliary drainage could be
preserved, and the volume of the liver remaining after resection
would be adequate (at least 20% of the total estimated liver volume).
Other key eligibility criteria included: patients > 18 years with
Eastern Cooperative Oncology Group (ECOG) performance status
0 and 1, and adequate metabolic, hematological, renal, and hepatic
functions. We excluded patients with (a) prior chemotherapy for
the treatment of current mCRC including biologics; (b) extrahepatic
metastatic disease; (c) prior adjuvant or neoadjuvant (chemo)
therapy for the treatment of CRC < 26 weeks prior to
registration; (d) radiotherapy < 14 days prior to registration; (e)
previous malignancy other than CRC in the last 5 years except basal
cell carcinoma of the skin and/or in situ carcinoma of the cervix;
(f) active infection requiring systemic treatment; (g) any
investigational agent or therapy < 28 days before registration;
(h) clinically significant cardiovascular disease < 1 year before
registration; (i) known allergy or hypersensitivity to irinotecan; 5-
fluorouracil (5-FU), leucovorin, or panitumumab; (j) history of
severe adverse events (AEs) to iodinated contrast agents; (k) history
of interstitial pneumonitis or pulmonary fibrosis or evidence of
interstitial lung disease on baseline chest computer tomography
(CT) scan; (1) known positive test(s) for human immunodeficiency
virus infection, hepatitis C virus, and acute or chronic active
hepatitis B infection; (m) any co-morbid disease or condition that
could increase the risk of toxicity; (n) any uncontrolled concurrent
illness or history of any medical condition that may interfere with
the interpretation of the study results; (0) major surgical procedure
(requiring general anesthesia) < 28 days prior registration and (p)
pregnant or breastfeeding women.

Exploratory biomarker studies suggested that other activating
RAS mutations also were a negative predictive biomarker for anti-
epithelial growth factor receptor (EGFR) therapy. Patients with
mutations beyond the known K-Rat sarcoma virus (KRAS) exon 2
mutations, in KRAS exon 3 (codons 59 and 61), exon 4 (codons 117
and 146) or NRAS exon 2 (codons 12 and 13), exon 3 (codons 59
and 61), and exon 4 (codons 117 and 146), did not respond to anti-
EGEFR therapy. These data were published during the running study
(15, 21, 22). Therefore, the study was stopped in 2013 temporarily
for an amendment. In the first phase, patients with wild-type KRAS
were included, and, after the amendment, only patients with wild-
type RAS mCRC were included. Microsatellite status was not
evaluated because the importance of Microsatellite instability
status (MSI) was not known in the recruitment period.

Medical ethics committees of all participating centers approved the
trial, and all patients provided a written informed consent (EudraCT-
No: 2012_000265-20). This study was sponsored by the ABCSG.

Study design

This was an open-label phase II multicenter trial to evaluate the
efficacy and safety of perioperative panitumumab in combination
with FOLFIRI and liver resection in patients with previously
untreated, wild-type RAS, and potentially resectable CLM. The
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preoperative therapy consisted of four cycles panitumumab and
FOLFIRI every 14 days. Surgery was performed 4-8 weeks after the
last administration of the study medication. Postoperative eight
cycles of panitumumab and FOLFIRI were planned 4-6 weeks after
surgery. Follow-up was done for up to 2 years after the end of
postoperative chemotherapy. A uniform CT with liver protocol was
done in all seven sites. PET-CT was not standard imaging. Primary
endpoints were ORR and the rate of grade 3-4 diarrhea during
preoperative therapy. Secondary endpoints included evaluation of
resection rate, perioperative morbidity and mortality as measured
by the Dindo classification (23), proportion of subjects with
complete pathological response as measured by Rubbia-Brandt
tumor regression grade (24), PFS, and OS. The study was a two-
step design. After application of preoperative therapy to 15 patients,
safety and efficacy were evaluated. If at least five patients exhibited
an objective response according to RECIST 1.1 and if there were not
more than three patients with grade 3-4 diarrhea during the four
cycles of therapy, then additional 21 patients were included.

Treatment

Preoperative treatment

Patients were treated with four cycles panitumumab and
FOLFIRI before surgery of the liver metastases. Panitumumab
was administered at a dose of 6 mg/kg on day 1 of each cycle.
Irinotecan of 180 mg/m* was administered followed by leucovorin
400 mg/m”. Thereafter, 5-FU of 400mg/m” was given as an
intravenous bolus followed by a 5-FU continuous intravenous
infusion of 2,400 mg/m> over 46 h. A cycle of panitumumab and
FOLFIRI was defined as 14 days. Toxicities were assessed and
recorded at every visit and graded according to the common
terminology criteria for AEs (National Cancer Institute common
Terminology Criteria for Adverse Events (NCI CTCAE) version
4.0) (25). Panitumumab and FOLFIRI dose modification schemes
were applied if patients experienced grade 2-4 toxicities. Dose
modification was not required for toxicities that were considered
unlikely to become serious or life-threatening (e.g., alopecia).

Surgery

After end of preoperative therapy, chest—-abdomen-pelvis CT
and tumor marker to access response to preoperative therapy was
carried out 2-3 weeks after last administration of the study
medications. Surgery was planned 4-8 weeks after end of therapy
and was performed by experienced liver surgeons. Synchronous
resection of liver metastases and primary tumor was allowed if liver
resection was limited to <2 liver segments. Otherwise, primary
tumor was resected 4-6 weeks after liver resection. In case the
tumor deemed non-resectable, following therapy according to the
institutional standard was recommended.

Postoperative treatment

Postoperative eight cycles of panitumumab and FOLFIRI were
planned every 14 days. Therapy was started 4-6 weeks after last
surgery following CT assessment and complete wound healing.
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Statistical analysis

The primary endpoints ORR and safety were evaluated
descriptively. ORR after four cycles of preoperative therapy was
evaluated using RECIST 1.1 measured by multislice three-phase
CT. To assess safety the rate of patients with grade 3-4 diarrhea
during four cycles of preoperative therapy was documented. The
sample size for the primary endpoints was estimated using the Bryant
& Day Phase II clinical trial design. Because of the two-step design,
the safety and efficacy after application of preoperative therapy to 15
patients were evaluated. If at least five patients exhibited an objective
response according and if there were not more than three patients
with grade 3-4 diarrhea during these four cycles, then additional 21
patients would be included. The statistical analysis was based on the
“intention-to-treat” (ITT) principle, all patients enrolled were
included. Patients who withdraw informed consent were
considered as non-successes (without ORR and with grade 3-4
diarrhea). Patients who would not undergo surgical resection were
included in the final analyses. Evaluation of secondary endpoints

10.3389/fonc.2023.1231600

included resection rate, perioperative morbidity and mortality, rate of
complete pathological remission, PFS, and OS.

Results

A total of 36 patients were enrolled into the study in seven
Austrian institutions from October 2012 through June 2017. ITT
analyses included 35 patients (Figure 1). One patient was excluded
because the informed consent was missing. Nevertheless, this
patient never received any study medication due to an exclusion
criterion (hepatitis C virus). Of the patients, 28 (80%) were men and
seven (20%) were women. The median age was 66 years (range, 32—
81). A total of 19, 6, and 10 patients had colon cancer, cancer in the
rectosigmoid, and rectal cancer, respectively. Of the 35 patients, 20
(57.1%) and 15 (42.9%) developed liver metastases metachronous
and synchronous at primary tumor diagnosis, respectively. Liver
metastases occurred in 23 patients (65.7%) within 2 years of
primary cancer diagnoses and in nine patients (25.7%) after 2

| 36 patients included |

J/—>| 1 missing inform consent*

35 patients allocated to FOFIRI
+ Panitumumab

1 received 1 cycle (EOT)

1 received 2 cycles (EOT)

1 received 3 cycles (EOT)
32 received 4 cycles

32 patients had radiological
response evaluation

1 complete response
22 partial responses
7 stable disease
2 progressive diseases

[ 29 patients were operated |

—

24 with RO resection
3 with R1 resection
2 unknown

20 started postoperative
chemotherapy

—_—

3 received 2 cycles
1 received 3 cycles
2 received 4 cycles
1 received 5 cycles
1 received 7 cycles
12 received 8 cycles

12 finished therapy according to
protocol

EOT=early end of treatment

* this patient never received any study medication

FIGURE 1

Trial profile. EOT, early end of treatment. * This patient never received any study medication.

Frontiers in Oncology

frontiersin.org


https://doi.org/10.3389/fonc.2023.1231600
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Piringer et al.

years. Most of patients had one liver metastases (n = 13, 37.1%),
followed by two lesions in 10 patients (28.6%); three lesions in six
patients (17.1%); and four, five, and six lesions each in two patients
(5.7%). ECOG performance status 0 and 1 was in 29 (82.9%) and six
(17.1%) patients. Fifteen (42.9%) patients had wild-type KRAS
tumor, and 20 (57.1%) patients had wild-type RAS tumor. In
seven (20%) patients, radiotherapy of the primary rectal tumor
was done. In 25 (71.4%) and eight (22.9%) patients, primary tumors
were resected before registration for the study and during study, and
two (5.7%) patients had no surgery of the primary tumor. Adjuvant
chemotherapy for the primary cancer was administered to seven
patients (20%). Table 1 shows the baseline characteristics of
the patients.

Efficacy and safety were evaluated after 15 patients according to
the two-step design of the trial. Objective response was found in 13
(86.7%) of the 15 patients with 12 partial remissions (PRs) and one
complete response (CR). One patient had a stable disease (SD), and
one patient had missing response evaluation. Grade 3 diarrhea
occurred in two (13.3%) patients, and no grade 4 diarrhea was
observed during the preoperative therapy. On the basis of these
results, the criteria for continuing the study were met.

In the final analysis, 32 (91.4%) of the 35 patients completed the
planned four cycles of preoperative therapy. One patient each had
stopped preoperative therapy with panitumumab and FOLFIRI
after the first, second, and third cycle. In the preoperative
treatment phase, 34 (97.1%) patients suffered at least one grade
1-5 AE. Thirteen (37.1%) patients had at least one grade 3 AE, one
patient (2.9%) had grade 4 AE (pulmonary embolism), and one
patient (2.9%) had grade 5 AE (sepsis). Most grade 3 AEs were
diarrhea in four patients (11.4%), leukopenia in three patients
(8.6%), rash in three patients (8.6%), acne in two patients (5.7%),
and one patient each (2.9%) had cardiac failure, pyrexia, urinary
tract infection, uncontrolled hypertension, dehydration, stroke,
dyspnea, and maculo-papular skin toxicity as grade 3 AEs
(Table 2). Grade 3 diarrhea during preoperative therapy occurred
in four patients. In one patient who discontinued treatment early
due to AEs, the documentation whether he had a grade 3-4 diarrhea
was missing. Therefore, the occurrence of a diarrhea grade 3-4 AE
was assumed in accordance with a worst-case scenario for the main
ITT analysis. Hence, diarrhea grade 3 occurred in 14.3% of patients.

Among 35 patients in the ITT population, 32 (91.4%) had a
documented radiological response evaluation after preoperative
therapy (Table 3). Those three patients without a documented
response evaluation discontinued treatment early due to a serious
AE or investigators decision and died shortly after treatment
discontinuation. According to ITT rules (worst case), their
objective response was evaluated as “no objective response.”
Objective radiological response rate after preoperative therapy
was 65.7% (n = 23) with one radiological complete remission
(CR) (2.7%) and 22 (62.7%) PR. In 20% (n = 7) and 5.7% (n = 2)
of patients, SD and progressive disease (PD) were documented,
respectively. A sensitivity analysis, only in patients who finished all
four cycles of preoperative therapy, resulted in an ORR of 71.9%.

Surgery of the liver metastases was done in 29 (82.9%) patients
(Table 4). Surgery was done after a mean of 6.62 weeks (median,
6.14 weeks; range, 3-11.9 weeks) after last administration of
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TABLE 1 Characteristics of patients at baseline.

Age (years)

Median (range) 66 (32-81)
Sex

Men 28 (80%)

Women 7 (20%)
WHO performance status

0 29 (82.9%)

1 6 (17.1%)
Synchronicity of liver metastases

15 (42.9%)
20 (57.1%)

Synchronous metastases
Metachronous metastases

Time from diagnosis of primary to diagnosis of liver metastases

23 (65.7%)
9 (25.7%)

< 2 years
> 2 years

Number of liver metastases

1 13 (37.1%)
2 10 (28.6%)
3 6 (17.1%)
4 2 (5.7%)
5 2 (5.7%)
6 2 (5.7%)
T category of the primary cancer
Tl 1(2.9%)
T2 5 (14.3%)
T3 21 (60.0%)
Tx 8 (22.9%)
Lymphatic spread of the primary cancer
NO 11 (31.4%)
N1 8 (22.9%)
N2 5 (14.3%)
Nx 11 (31.4%)

Location of primary cancer

Colon 19 (54.3%)
Rectosigmoid 6 (17.1%)
Rectum 10 (28.6%)

Previous adjuvant chemotherapy of primary cancer

No 28 (80%)
Yes 7 (20%)

preoperative therapy. Reasons for non-resection were early end of
treatment (EOT) during preoperative phase in three patients,
documented progression disease with new liver lesions in one
patient, inadequate future liver remaining in one patient (despite
a PR after preoperative therapy), and inoperable retrospective at
baseline in one patient. RO and R1 resection rate was 82.8% (n = 24)
and 10.3% (n = 3). In one patient, the resection rate was not
measurable, and, in one patient, the documentation of resection rate
was missing. Types of liver resection are shown in Table 4.
Histological tumor response to preoperative therapy was centrally
evaluated using the Rubbia-Brandt classification (Table 5) (24).
From 29 patients with surgery, in four patients evaluation was not
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TABLE 2 Adverse events during preoperative and postoperative therapy.

Adverse Event Grade 3 Grade 4 Grade 5
During preoperative chemotherapy period

Leukopenia 3 (8.6%)

Cardiac failure 1(2.9%)

Diarrhoe 4 (11.4%)

Pyrexia 1(2.9%)

Urinary tract infection 1(2.9%)

Blood pressure increased 1(2.9%)

Dehydration 1(2.9%)

Cerebrovascular stroke 1(2.9%)

Dyspnoe 1(2.9%)

Pulmonary embolism 1(2.9%)

Rash/Acne/Dermatitis 6 (17.1%)

Sepsis 1(2.9%)

During postoperative chemotherapy period

Anaemia 1 (5%)
Leukopenia/Neutropenia 2 (10%)

Diarrhoea 1 (5%)

Tleus 1 (5%)
Anal Abscess 1 (5%)

fungal infection 1 (5%)

cerebrovascular stroke 1 (5%)
Pulmonary embolism 1 (5%)

rash/skin toxicity 4 (20%)

deep vein thrombosis 1 (5%)

Data in number (%) unless otherwise stated. Patients may have several complications;
therefore, the number of complications does not add up to total number of patients.
Common toxicity criteria (25) version 4.0 was used.

possible. There were two patients with Rubbia-Brandt tumor
regression grade 1 (complete pathological response). Two patients
died after surgery because of hepatic failure: one patient within 30
days after surgery and the other one 120 days after surgery
(Table 4). Both patients had a hemihepatectomy right. One
patient had SD, and one patient PR after preoperative therapy.
The sum size of metastases was 112 and 75 mm. Surgical
complications were measured by the Clavien-Dindo
classification (Table 6).

Twenty (57.1%) patients started postoperative chemotherapy,
of whom 12 (60%) received eight cycles. In nine patients,

TABLE 3 Response to preoperative therapy according to RECIST.

Excluded from response analysis 3 (8.6%)
EOT after one cycle 1(2.9%)
EOT after two cycles 1(2.9%)
EOT after three cycles 1(2.9%)

Response evaluation 32 (91.4%)

Complete response 1 (2.9%)
Partial response 22 (62.9%)
Stable disease 7 (20.0%)
Progressive disease 2 (5.7%)
Sums of largest diameters of target lesions on imaging *

At baseline (mm) 1,770.5 mm
After preoperative therapy (mm) 1,019.5 mm
Relative reduction (%) 42.4%

*Measured in all 32 patients with imaging at baseline and with response evaluation.
EOT, early end of treatment.
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postoperative therapy was not started because of AEs in the
preoperative/postoperative phase in four patients (severe
acneiforme dermatitis in two patients and postoperative death in
two patients), no response or progression in the preoperative phase
in three patients, and investigators decision in two patients (one
patient was non-compliant and one due to secondary carcinoma).
Table 2 shows the tolerance to postoperative therapy.

Time to progression was defined as the time from registration
date to the date of first observed progression including the detection
of new lesions or progression of existing metastases. From 33
patients, 20 had progression and 13 had no documented
progression until the end of the study. Median time without
progression was 14.5 months. Twelve- and 24-month survival
rates without progression were 62.4% and 34%, respectively. PFS
was defined as the time from registration date to the date of first
observed progression or death. From 35 patients, 26 patients had a
PES event, and nine patients had no event. First event was one
secondary carcinoma, 20 patients had metastases progression as
first event, and five patients died without previous progression.
Median PFS was 13.2 months. Twelve- and 24-month PFS rates
were 55.4% and 30.8%, respectively (Figure 2). OS was defined as
the time from registration date to the date of death of any cause.
Twelve- and 24- months OS rates were 85.6% and 73.3%,
respectively (Figure 3). Kaplan-Meier analysis of PFS und OS by
tumor side showed no statistical difference between left- and right-
sided tumors (Figures 4, 5) but showed a trend toward better
outcome in left-sided tumors.

Discussion

Long-term survival and cure are possible in patients with
resectable CLM, leading to 5-year survival rates of 25%-40% if RO
resection is achieved (6-9). Upfront resection of resectable CLM is a
therapeutic option for patients with limited CLM. In comparison to
the beneficial effect of adjuvant chemotherapy in stage III CRC, the
advantage of postoperative chemotherapy after curative resection of
CLM is uncertain. However, only a few clinical trials were
performed and the available data showed improvements in DFS
but not in OS. Further studies investigated the use of perioperative
chemotherapy in resectable CLM to enhance the outcome. This
approach offers benefits, such as downsizing of liver metastases that
enable less extensive surgery, elimination of potential
micrometastases, the reduction of the risk of intrahepatic and
extrahepatic recurrences, and the delineation of tumor biology.
Perioperative chemotherapy with FOLFOX remains one of the
standard treatments in patients with resectable CLM since
presentation of the data from the EPOC study from the EORTC.
In this trial, perioperative chemotherapy with FOLFOX and surgery
was compared with surgery alone in CLM and demonstrated a
significant better median PFS if perioperative chemotherapy was
12). The OS showed a trend in favor of
perioperative chemotherapy but was not statistically significant

administered (11,
(median OS, 63.7 versus 55.0 months). Potential explanation was

that the study was not designed or powered to detect differences in
OS (17). In addition, more patients in the surgery alone group with
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TABLE 4 Surgical information and postoperative complications.

Operated (number of resected liver metastases) 29 (82.9%)

1 12 (41.4%)

2 7 (24.1%)

3 1(3.5%)

4 3 (10.3%)

5 2 (6.9%)

7 2 (6.9%)

8 1 (3.5%)

9 1(3.5%)
Overview of type of liver resection

Atypical resection 29 (51%)

(Bi)segmentomy 9 (16%)

Left hemihepatectomy 3 (5%)

Right hemihepatectomy 12 (21%)

Radiofrequency ablation 4 (7%)
Not operated 6 (17.1%)

EOT during preoperative phase 3 (8.6%)

Progressive disease 1(2.9%)

Inadequate future liver remnant 1 (2.9%)

Inoperable at baseline in retrospect 1(2.9%)
Tumor on specimen from resection

Macroscopic 0

Only microscopic residual 3 (10.3%)

No residual tumor 24 (82.8%)

Missing 2 (6.9%)
At least one major postoperative complication

Death during surgery 0

Postoperative death 2 (6.9%)

< 30 days after liver resection 1 (3.4%)
> 90 days after liver resection 1 (3.4%)
Suture related complication grade 3 1 (3.4%)

EOT, early end of treatment. Data in number (%) unless otherwise stated.

disease progression received palliative chemotherapy as treatment
when compared with patients in the perioperative chemotherapy
group who progressed. This confounding variable could clearly
affect OS but not PFS.

To improve this outcome, the addition of anti-EGFR antibodies
in the perioperative setting is an interesting approach, as
chemotherapy in combination with anti-EGFR antibodies
improved DFS and OS in advanced disease and had the potential

TABLE 5 Rubbia—Brandt tumor regression grade.

Rubbia-Brandt tumor regression

Frequency Percent

grade

Missing (no surgery) 6 17.14
Grade 1 2 5.71
Grade 2 5 14.29
Grade 3 4 11.43
Grade 4 11 3143
Grade 5 3 8.57
n.b. (not evaluable) 4 11.43
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TABLE 6 Clavien—Dindo classification.

Clavien-Dindo classification grade Frequency Percent
Grade I 22 78.57
Grade II 3 10.71
Grade I1IB 1 3.57
Grade IVa 1 3.57
Grade V 1 3.57

for curative resection in previously unresectable CLM (15, 20, 26-30).
First-line FOLFIRI plus panitumumab was associated with favorable
efficacy in patients with wild-type RAS. In a phase II study, the
median OS was 26 months. Almost a quarter of patients with
previously unresectable CLM became resectable after 8 weeks of
therapy. The median OS in patients with and without
metastasectomies was 40 and 22 months, respectively (31). In the
adjuvant setting, the addition of anti-EGFR showed no benefit (32,
33). However, the probability of circulating tumor cells in metastatic
disease is increased and justified the investigation of anti-EGFR in the
perioperative setting in a prospective trial.

In this LM02 study, the preoperative administration of four
cycles of panitumumab and FOLFIRI in patients with primary
resectable RAS wild-type CLM resulted in a radiological ORR in
two-thirds of patients with a manageable grade 3 diarrhea rate of
14.3% of patients. Surgery of liver metastases was done in 82.9% of
patients. Two patients died after surgery because of hepatic failure.
Both patients had a major liver surgery with hemihepatectomy right.
Postoperative biliary complication was the reason for death in both
patients. All eight cycles of postoperative therapy could be given to
60% of all patients who started postoperative treatment. Median PFS
was 13.2 months, and the 24-month OS rate was 73.3%. In the New
EPOC trial, a similar approach was investigated, but, as
chemotherapy backbone, FOLFOX was mainly used. In the new
EPOC randomized study, perioperative chemotherapy (FOLFOX,
CAPOX, or FOLFIRI) with or without cetuximab was investigated in
resectable CLM (34, 35). About two-thirds of patients received
chemotherapy regimen one (FOLFOX), followed by regimen two
(CAPOX) in a fifth and about 10% of patients received as
chemotherapy FOLFIRI with or without cetuximab. About 73%
and 76% of the patients in the chemotherapy alone group (CT
group) and in the chemotherapy plus cetuximab group (CTX group)
completed 12 weeks of preoperative therapy, respectively. CR or PR
occurred in 61% of patients receiving chemotherapy alone and in
72% of patients receiving chemotherapy plus cetuximab. About 86%
of patients were operated. Most patients had a RO resection (82% in
the CT group and 79% of the CTX group). In addition, 46% and 48%
of patients in the CT group and in the CTX group completed 12
weeks of postoperative therapy, respectively. Unexpectedly, median
PFS and median OS were better in the CT group compared with
patients who received chemotherapy plus cetuximab (median PFS,
22.2 versus 15.5 months; median OS, 81.0 versus 55.5 months).
Possible explanations included interactions between cetuximab and
chemotherapy backbone (FOLFOX and CAPOX), further mutations
in the EGFR pathway, and upregulation of alternative signaling
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FIGURE 2
Kaplan—Meier plot for progression-free survival.

pathways in combination with surgery. It has been proposed that the
interaction between oxaliplatin and cetuximab is potentially
negative because cetuximab may protect against free radical
damage by platinum (36). Furthermore, patients with KRAS-
mutations who were treated with an EGFR inhibitor had an
inferior outcome in the oxaliplatin studies (15, 18) compared with
patients in the irinotecan-based studies who had a similar outcome
to chemotherapy-only patients (19). Subgroup analysis of the New
EPOC trial showed that cetuximab in combination with the
chemotherapy FOLFOX had a detrimental effect compared with

patients receiving FOLFOX alone. However, patients receiving the
chemotherapy FOLFIRI had a better PFS if cetuximab was added.
However, this analysis should be interpreted cautiously due to the
few patients receiving FOLFIRI as chemotherapy backbone in
that study. Furthermore, in the updated analysis of the OS,
the differences between the chemotherapy backbone were
not confirmed.

To our knowledge, there has not been any other trial
investigating preoperative panitumumab and FOLFIRI followed
by liver resection and postoperative therapy with panitumumab
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FIGURE 4
Kaplan—Meier plot for progression-free survival by tumor side.

and FOLFIRI in primary resectable CLM before. Unanswered
questions in this patient population are the best chemotherapy
combination with targeted agents to induce maximum response and
the length of the initial treatment to verify response. The majority of
available data are with oxaliplatin as chemotherapy. Treatment
combination and number of preoperative cycles in the presenting
LMO2 trial are different from other trials that were done in the same
indication. The EPOC trial administered six cycles of perioperative
FOLFOX, and, in the New EPOC trial, patients received six cycles of
FOLFOX/CAPOX/FOLFIRI with or without cetuximab compared
with four cycles preoperative and eight cycles postoperative

panitumumab and FOLFIRI in this LMO02 trial. Despite the
reduced numbers of preoperative therapies, our study achieved an
ORR of 65.7% compared with 43% and 72% in the EPOC and New
EPOC trial. Grade 3-4 preoperative toxicities were more common
in the EPOC and New EPOC trial compared with our trial. The
lower toxicity rate in our trial is contributed to the reduced number
of preoperative cycles. However, diarrhea grade 3 was slightly
higher in the LMO02 trial with 11.4% compared with 9% in the
New EPOC trial and 8% in the EPOC trial. The higher diarrhea rate
is attributed to irinotecan as chemotherapy backbone and is a
known side effect. One patient each died in the LMO02 trial
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(sepsis) and in the New EPOC trial (cardiac arrest) during the
preoperative phase, whereas, in the EPOC trial, no patient died.
Postoperative two patients died in the LM02 trial compared with
three deaths in the EPOC trial (two in the surgery-alone group and
one in the chemotherapy group) and no deaths in the New EPOC
trial. Median PFS was significant worse with the addition of
cetuximab to chemotherapy in the New EPOC trial compared
with chemotherapy alone (mPFS, 15.5 versus 22.2 months). In
the LMO2 trial, the mPFS was equally modest with 13.2 months.
Possible criticism of the LMO02 trial is the small sample size of
this phase II study. This combination therapy was not evaluated
before as perioperative therapy in primary resectable CLMs. That is
why our study group decided to plan a phase II study with a two-
step design in a small sample size to evaluate efficacy and safety. At
time of initiating of this study, there was only limited experience as
conversion therapy of this combination in patients with primary
unresectable CLMs. Furthermore, only 15 patients received this
combination in the New EPOC trial. A further possible criticism is
the continuation of the study despite the negative results of the New
EPOC trial, which was extensively criticized for lack of adequate
surgical quality control, imbalance in patients’ characteristics,
variations in chemotherapy backbone, and increased rate of early
death without clear attribution (37). First, the LM02 study was
initiated, whereas the new EPOC study was still recruiting. Data
from the New EPOC trial were published in April 2014 (34). At that
time, the interim analysis of the LMO02 trial was performed after 15
patients. The criteria for continuation of the LM02 study were met
as predefined. We were encouraged by the high ORR in the interim
analysis of 86.7% compared with the new EPOC study with 70%
ORR in the cetuximab + chemotherapy arm. In addition, a
subgroup analysis of the New EPOC trial favored the addition of
cetuximab to the chemotherapy backbone FOLFIRI. The fact that
we used FOLFIRI as chemotherapy backbone, the high ORR in the
interim analysis, and the subgroup analysis of the New EPOC trial
favoring cetuximab + FOLFIRI justified the continuation of the
LMO02 study. Nevertheless, the mPFS data in the LM02 study were
equally modest as compared with that in the New EPOC trial.

Conclusions

Panitumumab and FOLFIRI as perioperative therapy for
resectable CLM result in a radiological ORR in 65.7% with a
manageable grade 3 diarrhea rate. Median PFS was 13.2 months,
and the 24-month OS rate was 73.3%. These data are insufficient to
widen the indication of panitumumab from the unresectable setting
to the setting of resectable CLM.
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