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Abstract. Background: In metastatic colorectal cancer
(mCRC), panitumumab is generally considered to be
ineffective after the progression on cetuximab therapy.
However, few studies have demonstrated that a small subset
of mCRC patients may benefit from panitumumab in this
setting. Patients and Methods: In our study, wild-type KRAS
mCRC patients, enrolled into the nationwide Czech registry
CORECT between January 2007 and December 2012, were
screened for panitumumab therapy after progression on
cetuximab. Results: We identified 26 mCRC in the registry
with well documented progression on cetuximab in
combination with irinotecan-based chemotherapy (FOLFIRI
or irinotecan alone) who received panitumumab monotherapy.
Partial response (PR) was achieved in 3 (11.5%) patients and
stable disease (SD) in 7 (26.9%) patients after 8 weeks of
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therapy. Thirteen (50.0%) patients had evidence of progressive
disease (PD) and in 3 (11.5%) cases response was not
available. Furthermore, we confirmed that higher expression
levels of newly described biomarker, miR-31-5p, in tumor are
significantly associated with shorter progression-free survival
(PFS) in patients treated with cetuximab (p=0.038); however,
we did not observe association between miR-31-5p and
response to panitumumab in mCRC patients after progression
on cetuximab. Conclusion: It remains possible that a subset
of mCRC patients may benefit from panitumumab after
progression on cetuximab.

Epidermal growth factor receptor (EGFR) inhibition is
routinely used in the treatment of metastatic colorectal
cancer (mCRC). Two EGFR antagonists, cetuximab and
panitumumab, were FDA-approved for the treatment of
mCRC in 2004 and 2006, respectively. Cetuximab is a
chimeric monoclonal antibody with approximately 30%
murine protein that targets the ligand-binding domain of
EGFR, whilst panitumumab is a fully human monoclonal
antibody (1). Both antibodies promote receptor
internalization and prevent EGFR auto-phosphorylation by
binding to the extracellular domain and, thus, inhibiting
activation of the downstream signaling pathways MAPK and
PI3K (2). Each antibody has been approved for the treatment
of mCRC based on various parameters, including quality of
life, progression-free survival (PFS) and overall survival
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Figure 1. Treatment response (A) and progression-free survival (PFS) with panitumumab (B) in metastatic colorectal cancer patients after progression
on cetuximab. PR, Partial response; CR, complete response; SD, stable disease; PD, progressive disease.

(OS), when used individually or in combination with
chemotherapy (1). Although the two agents have never been
directly compared in a randomized clinical trial, they
produce similar response rates when used alone, as well as
in combination with cytotoxic agents (1, 2). The rates of
severe hypersensitivity reactions are somewhat increased
with cetuximab (3%) compared to panitumumab (1%) (1).
While a series of phase III clinical trials (e.g., FIRE-3 AIO KRK-0306, CALGB/SWOG 80405) were performed to
find optimal sequence of the monoclonal antibody-based
treatments in wild-type RAS mCRC directly comparing the
addition of bevacizumab, humanized monoclonal antibody
that specifically targets vascular endothelial growth factor-A
(VEGF-A) versus cetuximab or panitumumab combined to
FOLFOX/FOLFIRI (3, 4), there are only limited data
describing the efficacy and toxicity of panitumumab in
mCRC patients who have developed disease progression
(DP) on cetuximab (5-8).
In the Czech Republic, for a reimbursement of treatment
with anti-EGFR monoclonal antibodies, patient registration
into the registry called CORECT, which is operated by Czech
Oncological Society, is requested (9). Clinical data in this
registry are updated twice a year and contain information
about the effectiveness and toxicity of the anti-EGFR therapy
in the individual patients. Existence of this nationwide largescale registry enables a great possibility to identify a case
series of mCRC patients who received the rare treatment
option based on panitumumab after progression on cetuximab
and evaluate efficacy and toxicity of the treatment. As miR31-5p was recently described to be a significant predictive
biomarker to anti-EGFR therapy in wild-type RAS mCRC (104956

12), we decided to further validate the predictive value of this
newly described biomarker in this case series.

Patients and Methods

Metastatic CRC patients enrolled into the CORECT registry within
the period of January 2007 to December 2012 were screened for
well documented progression on the cetuximab in combination
with irinotecan-based chemotherapy (FOLFIRI or irinotecan
alone) and consequent panitumumab monotherapy. The medical
records were retrieved for previous therapy, toxicity and response
assessment. A response was assessed by use of the Response
Evaluation Criteria in Solid Tumors (RECIST) criteria for the
evaluation of measurable lesions. Stable disease (SD) was defined
as stabilization for at least 8 weeks.
Further, total RNA was extracted from formalin-fixed, paraffinembedded tumor tissue samples of identified patients and miR-31-5p
was quantified using the real-time polymerase chain reaction (PCR)
method as we described before (12). The study was approved by the
local Ethics Committee at Masaryk Memorial Cancer Institute.
PFS was defined as the time from cetuximab or panitumumab
treatment initiation to the date of first documented progression or
death due to any cause. Patients who had not progressed or died
were censored at the date of last follow-up. PFS was estimated
using the Kaplan-Meier method and all point estimates include 95%
confidence interval (CI). Statistical significance of the differences
in Kaplan-Meier estimates was assessed using the log-rank test. As
a level of statistical significance, α=0.05 was used.

Results

There were 26 mCRC patients enrolled into the CORECT
registry with well documented progression on cetuximab in
combination with irinotecan-based chemotherapy (FOLFIRI
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or irinotecan alone) who received panitumumab monotherapy.
Nineteen patients were male and 7 patients were female. The
median age at cetuximab treatment initiation was 60 years
(range=32-70). In most cases (18/26), previous treatment with
cetuximab was the second-line treatment, in 5 cases the thirdline therapy and only 3 patients were treated with cetuximab
in the first-line treatment. After progression on cetuximab, all
patients were treated with panitumumab monotherapy at
standard dose of 6 mg/kg intravenously every 2 weeks. Partial
response (PR) was achieved in 3 (11.5%) patients, stable
disease (SD) in 7 (26.9%) patients, progressive disease (PD)
in 13 (50.0%) patients and, in 3 (11.5%) cases, response was
not evaluable (Figure 1A). Median progression-free survival
(mPFS) from panitumumab treatment initiation was 2.8
months (95% CI=1.5-4.0) (Figure 1B). Panitumumab was
well tolerated. Twenty-two patients (86%) had grade 1-2 dry
skin or rash. Three patients had treatment-related grade 3-4
toxicities (1x skin toxicity G4, 1x skin toxicity G3, 1x
pulmonary embolism G3 and 1x deep vein thrombosis G3).
We did not find any relationship between previous therapy
response and panitumumab treatment response or PFS with
panitumumab and between cetuximab PFS and PFS with
panitumumab (Figure 2A-C). We demonstrated, however, a
significant association of miR-31-5p expression levels and
PFS with cetuximab (median PFS of 12.3 vs. 4.9 months;
p=0.038, Figure 3A) but did not find any connection between
expression level of miR-31-5p and PFS with panitumumab
(Figure 3B).

Discussion

Just a few studies have only been published focusing on the
safety and clinical efficacy of panitumumab following disease
progression with cetuximab therapy (5-8). Metges et al.
(PANERB trial) prospectively treated 32 wild-type KRAS
mCRC patients with cetuximab and irinotecan followed by
panitumumab monotherapy after progression. Remarkably, the
Authors reported an objective response rate of 22% to
panitumumab, including a disease control rate (objective
response plus SD) of 73% in 11 patients who had previously
responded to cetuximab and irinotecan (5). Similarly, of the 11
evaluable patients, Saif et al. noted minor radiographic
responses in 3 (27%) patients and SD in 3 (27%) other patients
after 8 weeks of therapy. Five (46%) patients had evidence of
PD and further therapy was stopped. The median duration of
SD was 4 months. Among the 11 evaluable patients, 1 patient
achieved >50% reduction in carcinoembryonic antigen (CEA),
3 patients had a 25% reduction and 1 patient had minor
reduction in CEA (6). When compared to these studies, in our
case series of 26 mCRC patients, we observed lower disease
control rate being 38.5% with partial regression in 11.5%
patients and disease stabilization in 27% patients with a median
PFS of 3.42 months. In contrast, Wadlow et al. found no

Figure 2. Relationship of cetuximab and consequent panitumumab
therapeutic response and progression-free survival (PFS). Response to
panitumumab in patients stratified according to their response to
cetuximab (A). PFS with panitumumab treatment according to
cetuximab treatment response (B). PFS with panitumumab according to
median PFS on cetuximab treatment (C). PR, Partial response; CR,
complete response; SD, stable disease; PD, progressive disease.
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Figure 3. MiR-31-5p as predictive biomarker to anti-epidermal growth factor receptor (EGFR) therapy. Progression-free survival (PFS) from
cetuximab treatment initiation according to miR-31-5p expression levels (A). PFS from panitumumab treatment initiation according to miR-31-5p
expression level (B).

responders and a SD rate of 45% with a median duration of
only 1.7 months in a trial of 20 mCRC patients (8). In all
studies, including ours, panitumumab was well tolerated.
Currently, it is not clear why patients who had DP with
cetuximab were able to derive clinical benefits from
panitumumab. Recently, Montagut et al. revealed that the
presence of the acquired EGFR ectodomain mutation
(S492R) may provide a molecular explanation for the clinical
benefits of panitumumab therapy in a subset of patients with
mCRC who did not respond to cetuximab treatment (13).
Another possibility is that the two antibodies may inhibit
EGFR signaling via separate mechanisms and, as a result, it
is also conceivable that distinct mechanisms of resistance
may develop to the respective anti-EGFR antibodies (7).
We have not observed any link between response to
cetuximab and consequent panitumumab treatment. We have
further evaluated association of the newly described
biomarker miR-31-5p and PFS with cetuximab and,
consequently, with panitumumab treatment. We have
confirmed our previous observations that higher expression
levels of miR-31-5p in tumor tissue are significantly
associated to shorter PFS with cetuximab; however, we did
not observe any association between miR-31-5p levels and
therapeutic response to panitumumab in mCRC patients after
progression on cetuximab. Since panitumumab is a fully
human monoclonal antibody (IgG2) and characterized by
different immune responses in comparison to antibodydependent cellular cytotoxicity induced by the chimeric
monoclonal antibody cetuximab (IgG1), we hypothesize that
the specific predictive value of miR-31-5p in cetuximab
therapy is associated with specific immune response induced
by cetuximab but not panitumumab (12).
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In conclusion, our relatively small case series suggests that
it remains possible that a small subset of mCRC patients may
benefit from panitumumab after progression on cetuximab.
However, based on previous response to cetuximab and
predictive biomarker miR-31-5p, this subset of patients can
not be identified. This therapeutic approach should not be
adopted until predictive biomarkers for panitumumab response
in this setting have been discovered and validated.
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