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Abstract
Tumor rat sarcoma gene (RAS) status is a negative anti-epidermal growth factor receptor therapy biomarker in
metastatic colorectal cancer (mCRC). Early tumor shrinkage (ETS) and depth of response (DpR) were evalu-
ated for 270 patients with RAS wild type mCRC randomized to best supportive care with or without pan-
itumumab (6.0 mg/kg, intravenously, on day 1 of 14-day cycles). Panitumumab improved outcomes, and ETS
and DpR might be useful efficacy markers.
Introduction: Tumor rat sarcoma gene (RAS) status is a negative predictive biomarker for anti-epidermal growth
factor receptor (EGFR) therapy in metastatic colorectal cancer (mCRC). We analyzed outcomes according to RAS
and v-Raf murine sarcoma viral oncogene homolog B (BRAF) mutational status, and evaluated early tumor
shrinkage (ETS) and depth of response (DpR) for patients with wild type RAS. Patients and Methods: Patients with
confirmed metastatic colon or rectum adenocarcinoma, wild type Kristen rat sarcoma gene tumor exon 2 status,
clinical/radiologic disease progression or toxicity during irinotecan or oxaliplatin treatment, and no previous anti-
EGFR therapy were randomized 1:1 to receive best supportive care (BSC) with or without panitumumab (6.0 mg/
kg, intravenously, on day 1 of each 14-day cycle) in this open-label, multicenter, phase III study (20100007). RAS
and BRAF mutation status were determined using Sanger sequencing. ETS was evaluated as maximum percentage
change from baseline to week 8; DpR was calculated as the percentage change for tumor shrinkage at nadir versus
baseline. Results: Overall, 270 patients had RAS wild type mCRC (panitumumab with BSC, n ¼ 142; BSC, n ¼ 128).
For patients with wild type RAS tumors, median overall survival (OS; hazard ratio [HR], 0.72; P ¼ .015) and
progression-free survival (PFS; HR, 0.45; P < .0001) were improved with panitumumab with BSC versus BSC.
Similar improvements were seen for patients with wild type RAS, and wild type BRAF tumors (OS: HR, 0.75; P ¼ .04;
PFS: HR, 0.45; P < .0001). Median DpR was 16.9% for the evaluable panitumumab with BSC wild type RAS
population. Overall, 69.5% experienced any type of tumor shrinkage at week 8; 38.2% experienced � 20%
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shrinkage. Similar improvements in OS and PFS were seen with stratification according to ETS. Conclusion: This
analysis showed that panitumumab improved outcomes in wild type RAS mCRC and indicated that ETS and DpR
could be used as additional efficacy markers.

Clinical Colorectal Cancer, Vol. 17, No. 3, 206-14 ª 2018 The Authors. Published by Elsevier Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Panitumumab is a fully human anti-epidermal growth factor re-

ceptor (EGFR) antibody that is effective as a monotherapy and in
combination with chemotherapy for RAS wild type metastatic colo-
rectal cancer (mCRC).1-3 Tumor RAS status has been established as a
negative predictive biomarker for anti-EGFR therapy in mCRC in
combination with chemotherapy in retrospective analyses as well as a
monotherapy in the prospective primary analysis of the 20100007
study.1,2,4,5 The 20100007 primary analysis showed panitumumab
with best supportive care (BSC) versus BSC alone yielded better
outcomes in wild type RAS tumors than in wild type Kristen rat sar-
coma gene (KRAS) exon 2 mCRC. Significant clinical improvement
was seen across all key end points: overall survival (OS), progression-
free survival (PFS), and objective response rate (ORR).4

Although RAS status is predictive for clinical response, additional
biomarkers that further characterize the population that will benefit
from anti-EGFR treatment would be of significant value. There has
been longstanding interest in v-Raf murine sarcoma viral oncogene
homolog B (BRAF) as a potential mCRC biomarker,6 and to date,
BRAF mutational status has been shown to be associated with poor
outcomes (ie, prognostic).1,2,7 There is little support from ran-
domized studies for BRAF as a predictive biomarker during pan-
itumumab therapy; however, the predictive value of BRAF has been
difficult to evaluate because evidence is limited by the poor overall
outcomes that patients typically experience.

In addition to biomarker identification, novel clinical evaluations
might provide further information on the characteristics of response
during anti-EGFR therapy. Although tumor response according to
Response Evaluation Criteria in Solid Tumors (RECIST)8 is a stan-
dard and important oncology end point, it does not fully consider
duration, depth, or timing of response. Thus, complementary end
points such as early tumor shrinkage (ETS; tumor shrinkage at or
below a specified threshold within a short period of time after treat-
ment initiation) and depth of response (DpR; maximum tumor
shrinkage observed) have been evaluated. ETS might be predictive of
survival, indicative of sensitivity to therapy and potential to achieve a
response.9 Additionally, it might improve or delay symptoms or even
allow for resection10 and has been associated with improved OS.9-11

Similarly, DpR might be associated with longer disease and/or
symptom control9 and has also been associatedwith improvedOS.9,11

Limited data on these end points in clinical trials with anti-EGFR
inhibitors as monotherapy are available; therefore, we sought to
evaluate these end points using data from the 20100007 study.

We report the final analysis results from the 20100007 trial
(ClinicalTrials.gov registrationNCT01412957), a prospective, open-
label, randomized, phase III trial. Survival outcomes were analyzed
according to RAS and BRAF mutational status, and ETS and DpR
analyses were evaluated for patients with wild type RAS tumors.

Patients and Methods
Study Design and Patients

Detailed information regarding patient eligibility criteria and
study design has been previously reported.4 Briefly, eligible patients
had histologically or cytologically confirmed diagnosis of adeno-
carcinoma of the colon or rectum and metastatic disease, wild type
KRAS tumor exon 2 status assessed centrally, clinical/radiologic
disease progression (assessed by investigator in each study center), or
toxicity during irinotecan or oxaliplatin treatment, and no previous
anti-EGFR therapy. The study protocol was approved by an inde-
pendent ethics committee at each study center and is available
online (see Appendix A in the online version); all patients provided
written informed consent.

Treatment
Patients were randomly assigned (1:1) to receive panitumumab

(6.0 mg/kg) intravenously on day 1 of each 14-day cycle with BSC
(as previously defined4) or BSC alone. Randomization was stratified
according to geography (Europe vs. Asia vs. rest of the world) and
Eastern Cooperative Oncology Group performance status (0 or 1 vs.
2). Study treatment continued until disease progression, consent
withdrawal, or panitumumab intolerance (panitumumab with BSC
arm only). On-study crossover from BSC to panitumumab with
BSC was prohibited.

Mutational Analysis of KRAS, RAS, and BRAF
Patient tumor samples were screened formutations inKRAS exon 2

and in codons 12 and 13 to determine study eligibility and for
extended RAS analyses as previously described.4 Analyses of KRAS
exons 3 (codons 59 and 61) and 4 (codons 117 and 146), and Neu-
roblastoma rat sarcoma gene (NRAS) exons 2 (codons 12 and 13), 3
(codons 59 and 61), and 4 (codons 117 and 146) were prespecified in
the study protocol and statistical analysis plan. The covariate BRAF
exon 15 was also prespecified in the study protocol but was evaluated
in an exploratory analysis. RAS and BRAF mutation status were
determined by a single central laboratory using bidirectional Sanger
sequencing (limit of detection, 5%-25%); RAS mutation status was
determined before the primary analysis; BRAF mutation status was
determined after the primary analysis was conducted.

Assessments
Radiographic tumor assessments were performed at week 4 (þ 1

week), week 8 (� 1 week), and every 8 weeks (� 1 week) thereafter
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until radiographic or clinical disease progression. Response was
evaluated by investigator review (ie, not central review), per
RECIST version 1.1.8 Patients had a safety follow-up visit 30 to 33
days after the last dose of panitumumab (panitumumab with BSC
arm) or within 33 days of disease progression or the decision to end
treatment (BSC arm). ETS was evaluated as the maximum per-
centage change from baseline to week 8; positive values indicated
tumor reduction and negative values indicated tumor growth. The
association between ETS and survival outcome was also examined.
DpR was calculated as the percentage change for tumor shrinkage at
nadir versus baseline. If no shrinkage occurred, DpR was evaluated
as the percentage change at the time of progression versus baseline.
Positive values indicated tumor reduction; negative values indicated
tumor growth. Adverse events (AEs) were recorded/graded as pre-
viously described.4

Statistical Analyses
The primary end point was OS (time from randomization to

death) for patients with wild type KRAS exon 2 mCRC. Secondary
end points included PFS (time from randomization to disease
progression or death) and ORR (rate of complete or partial response
per RECIST version 1.1)8 for patients with wild type KRAS exon 2
status; OS, PFS, and ORR for patients with wild type RAS status;
and safety. The primary analysis was performed after 250 OS events
Figure 1 Consolidated Standards of Reporting Trials Diagram

Assessed for elig

Patients randomly a

Panitumumab plus BSC 
Allocated to intervention (n = 189) 
Received allocated intervention (n = 189) 
Did not receive allocated intervention (n = 0) 

Discontinued intervention (n = 188) 
Protocol violation (n = 0) 
Adverse event (n = 9) 
Full consent withdrawn (n = 0) 
Partial consent withdrawn (n = 4) 
Disease progression ( n = 170) 
Administrative decision (n = 0) 
Lost to follow-up (n = 0) 
Death  (n = 5) 
Other (n = 0) 

Intent-to-treat patients analyzed (n = 189) 
RAS wild-type patients analyzed (n = 142) 

Abbreviation: BSC ¼ best supportive care.
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had occurred. This final analysis was planned for 2 years after the
last patient was randomized. Efficacy analyses were performed for
the intent-to-treat (wild type KRAS exon 2), wild type RAS (wild
type KRAS and NRAS exons 2, 3, and 4), and wild type RAS/BRAF
analysis sets (wild type KRAS and NRAS exons 2, 3, and 4, wild type
BRAF exon 15). Safety analyses included all patients in the wild type
RAS analysis set analyzed according to the treatment received.

For time to event end points, hazard ratios (HRs) and 95%
confidence intervals (CIs) for panitumumab with BSC relative to
BSC alone were estimated from a Cox model, stratified according to
the randomization factors, and evaluated using the KaplaneMeier
method. Two ETS cutoff values (20% and 0%) were used to
evaluate the potential association of ETS with OS and PFS.
Descriptive statistics were calculated for DpR. The prognostic
relevance of BRAF for OS and PFS was assessed using a Cox model
HR (BRAF wild type vs. BRAF mutant). For objective response, the
common odds ratio (OR) across strata of randomization factors and
exact 95% CIs were calculated. For the final analysis, no hypothesis
was formally tested; all P values are descriptive.

Results
Patients

Overall, 377 patients with wild type KRAS exon 2 tumors were
included in the intent-to-treat analysis; 270 patients had RAS wild
ibility (n = 868) 

ssigned (n = 377) 

Excluded (did not meet 
inclusion criteria)  

(n = 491) 

BSC alone 
Allocated to intervention (n = 188) 
Received allocated intervention (n = 188) 
Did not receive allocated intervention (n = 0) 

Discontinued intervention (n = 188) 
Protocol violation (n = 2) 
Adverse event (n = 2) 
Full consent withdrawn (n = 19) 
Partial consent withdrawn (n = 23) 
Disease progression ( n = 131) 
Administrative decision (n = 2) 
Lost to follow-up (n = 0) 
Death  (n = 9) 
Other (n = 0) 

Intent-to-treat patients analyzed (n = 188) 
RAS wild-type patients analyzed (n = 128) 
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type mCRC (panitumumab with BSC, n ¼ 142; BSC, n ¼ 128;
Figure 1). Baseline demographic and clinical characteristics of the
wild type RAS population are presented in Appendix B,
Supplemental Table B.1 in the online version. Patients in the
panitumumab with BSC arm had a median duration of treatment of
18.5 (range, 2.0-111.7) weeks and a median number of infusions
of 9 (range, 1-51); patients in the BSC arm had a median duration
of treatment of 5.2 (range, 0-51.0) weeks. At the time of analysis,
median follow-up time was 43.7 weeks in the panitumumab with
BSC arm and 23.6 weeks for the BSC arm.

Extended RAS and BRAF Mutational Analysis
Results for patients according to KRAS exon 2 status are presented

in Appendix B, Supplemental Table B.2 in the online version;
Figure 2 Survival in Patients With Wild Type RAS Tumors. (A) Overal
Type RAS Tumors. (C) Overall Survival and (D) Progressio
With Panitumumab With BSC According to Presence of ETS
on Overall Survival in Patients With Wild Type RAS Tumor
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analyses of extended RAS and BRAFmutation status are presented in
Appendix B, Supplemental Table B.3 in the online version. RAS
ascertainment in the intent-to-treat population was 86% (324 of
377); 17%of patients (54 of 324) with wild typeKRAS exon 2 tumors
had RAS mutations. BRAF ascertainment in the intent-to-treat pop-
ulation was 84%(317 of 377); 6.3% of patients (n ¼ 20 of 317;
panitumumab with BSC, n¼ 9; BSC, n¼ 11) had BRAFmutations.
Mutations in KRAS (exons 3 and 4), NRAS (exons 2, 3, and 4), and
BRAF (exon 15) were mutually exclusive.

Efficacy in the Wild Type RAS Population
Panitumumab with BSC significantly improved OS versus BSC

alone. For patients with wild type RAS tumors, median OS was
10.0 (95% CI, 8.7-11.6) months in the panitumumab with BSC
l Survival and (B) Progression-Free Survival in Patients With Wild
n-Free Survival in Patients With Wild Type RAS Tumors Treated
(‡ 20% or < 20%). (E) Prognostic Value of BRAF Mutation Status
s
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Figure 2 Continued
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Table 1 Overall Survival and Progression-Free Survival

Panitumumab
With BSC BSC Alone

Wild Type RAS, n 142 128

Overall Survival

Median (95% CI),
months

10 (8.7-11.6) 6.9 (5.2-7.9)

Hazard ratio (95% CI) 0.721 (0.553-0.940)

P .015

Progression-Free Survival

Median (95% CI),
months

5.2 (3.5-5.3) 1.7 (1.6-2.2)

Hazard ratio (95% CI) 0.452 (0.348-0.588)

P <.0001

Wild Type RAS, Wild
Type BRAF, n

128 114

Overall Survival

Median (95% CI),
months

10.2 (8.7-11.7) 7.4 (5.7-10.0)

Hazard ratio (95% CI) 0.749 (0.566-0.993)

P .0436

Progression-Free Survival

Median (95% CI),
months

5.3 (3.6-5.4) 1.8 (1.6-2.6)

Hazard ratio (95% CI) 0.452 (0.343-0.596)

P <.0001

Wild Type RAS, Mutant
BRAF, n

9 11

Overall Survival

Median (95% CI),
months

4.1 (3.8-NE) 3.0 (1.3-4.1)

Hazard ratio (95% CI) 0.390 (0.100-1.513)

P .1597

Progression-Free Survival

Median (95% CI),
months

1.5 (0.8-3.7) 1.3 (0.9-1.8)

Hazard ratio (95% CI) 0.277 (0.071-1.080)

P .0502

Abbreviation: BSC ¼ best supportive care.
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arm (n ¼ 142) versus 6.9 (95% CI, 5.2-7.9) months in the BSC
arm (n ¼ 128; HR, 0.72; 95% CI, 0.55-0.94; P ¼ .015;
Figure 2A, Table 1). In analyses of patient subgroups defined
according to baseline characteristics, OS generally favored pan-
itumumab with BSC versus BSC alone (see Appendix B,
Supplemental Figure B.1 in the online version). PFS was improved
among patients in the panitumumab arm versus those in the BSC-
alone arm. Median PFS was 5.2 (95% CI, 3.5-5.3) months in the
panitumumab with BSC arm versus 1.7 (95% CI, 1.6-2.2)
months in the BSC arm (HR, 0.45; 95% CI, 0.35-0.59,
P < .0001; Figure 2B, Table 1).

Patients in the panitumumab with BSC arm had an ORR of
31.0% versus 2.3% in patients in the BSC arm (OR, 20.0; 95% CI,
5.9-101.6; P < .0001); no patient in either arm had a complete
response. In the panitumumab with BSC arm for patients who had
response (n ¼ 44), median time to response was 1.61 (interquartile
range [IQR], 0.89-2.28) months, and median duration of response
was 3.7 (95% CI, 3.6-6.2) months.

Efficacy in the Wild Type RAS Population With BRAF
Mutations

In patients with wild type RAS, wild type BRAF tumors,
median OS was 10.2 (95% CI, 8.7-11.7) months in the
panitumumab with BSC arm (n ¼ 128) versus 7.4 (95% CI,
5.7-10.0) months in the BSC arm (n ¼ 114; HR, 0.75; 95% CI,
0.57-0.99; P ¼ .04). Median PFS was 5.3 (95% CI, 3.6-5.4)
months in the panitumumab with BSC arm versus 1.8 (95% CI,
1.6-2.6) months in the BSC arm (HR, 0.45; 95% CI, 0.34-0.60;
P < .0001). In patients with wild type RAS, mutant BRAF tu-
mors, median OS was 4.1 (95% CI, 3.8-13.9) months in the
panitumumab with BSC arm (n ¼ 9) versus 3.0 (95% CI,
1.3-4.1) months in the BSC arm (n ¼ 11; HR, 0.39; 95% CI,
0.10-1.51; P ¼ .16). Median PFS was 1.5 (95% CI, 0.8-3.7)
months in the panitumumab with BSC arm versus 1.3 (95% CI,
0.9-1.8) months in the BSC arm (HR, 0.28; 95% CI, 0.07-1.08;
P ¼ .05; Table 1). Among patients with wild type RAS (n ¼ 270),
few patients with BRAF-mutant tumors (n ¼ 20) were identified.
BRAF mutations were associated with poor prognosis for OS (HR,
0.33 [wild type BRAF to mutant BRAF in the BSC arm]; 95% CI,
0.17-0.66; Figure 2E).

For patients with wild type RAS, wild type BRAF tumors, those in
the panitumumab with BSC arm (n ¼ 128) had an ORR of 33.6%
versus 2.6% in patients in the BSC arm (n¼ 114; OR, 20.5; 95%CI,
5.9-102.9; P < .0001). For patients with wild type RAS, mutant
BRAF tumors, those in the panitumumab with BSC arm (n¼ 9) had
anORRof 11.1% versus 0% in patients in the BSC arm (n¼ 11;OR,
not estimable; 95% CI, 0.06 to not estimable; P ¼ .91).

Depth of Response and ETS in the Wild Type RAS
Population

In the panitumumab with BSC arm of the wild type RAS pop-
ulation evaluable for DpR (n ¼ 130), median DpR was 16.9%
(IQR, 0%-37.5%). The maximum percentage reduction of target
lesions per patient is shown in Figure 3; 97 patients (68%) had
some degree of reduction in lesion dimensions at any point during
the study.

Because ETS has previously been associated with improved
survival in combination therapy studies,10,12 we evaluated ETS in
this monotherapy study. The percent change in target lesions from
baseline to nadir at week 4 or week 8 was analyzed (n ¼ 131).
Overall, 69.5%(n ¼ 91) of patients experienced any type of tumor
shrinkage at week 8, and 38.2%(n ¼ 50) experienced � 20%
tumor shrinkage. When patients were stratified according to
ETS � 20% or < 20%, those with ETS � 20% (n ¼ 50) had a
median OS of 13.6 (95% CI, 10.5-16.9) months and those with
ETS < 20% (n ¼ 81) had a median OS of 8.5 (95% CI, 7.1-10.6)
months (HR, 0.58; 95% CI, 0.40-0.85; P ¼ .005; Table 2,
Figure 2C). Similarly, median PFS was 5.4 (95% CI, 5.3-7.1)
months and 3.5 (95% CI, 2.7-5.3) months, respectively (HR,
0.57; 95% CI, 0.40-0.82; P ¼ .002; Figure 2D). When stratified
with a threshold of ETS � 0% (n ¼ 91) versus < 0% (n ¼ 40),
median OS was 11.5 (95% CI, 10.0-13.7) months and 6.1 (95%
CI, 4.0-10.6) months, respectively (HR, 0.62; 95% CI, 0.42-
Clinical Colorectal Cancer September 2018 - 211



Figure 3 Maximum Reduction of Target Lesions in Patients With Wild Type RAS Treated With Panitumumab With BSC
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Abbreviation: BSC ¼ best supportive care.
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0.93; P ¼ .019); median PFS was 5.4 (95% CI, 5.3-5.7) months
and 1.7 (95% CI, 0.9-2.8) months, respectively (HR, 0.39; 95%
CI, 0.27-0.57; P < .0001).

Safety
In the wild type RAS population, 97.2% of those who received

panitumumab with BSC (n¼ 142) and 61.7% of those who received
BSC alone (n¼ 128) experienced anAEof any grade (see Appendix B,
Supplemental Table B.4 in the online version). The most common
AEs of any grade occurring in � 20% of patients in either treatment
arm were rash (39.4%; 0.8%), hypomagnesemia (31.0%; 0.8%),
dermatitis acneiform (28.2%; 0%), and pruritus (24.6%; 0%). The
incidences of Grade 3 and 4 AEs were 39.4% and 7.0%, respectively,
for panitumumab with BSC and 15.6% and 3.1% for BSC alone.
Grade 3/4AEswith� 5% incidence in either treatment armwere rash
Table 2 Overall Survival and Progression-Free Survival According t

ETS Threshold of 20%

‡20% (n [ 50) <20% (n [

Overall Survival

Median (95% CI), months 13.6 (10.5-16.9) 8.5 (7.1-1

Hazard ratio (95% CI) 0.582 (0.398-0.852)

P .0054

Progression-Free Survival

Median (95% CI), months 5.4 (5.3-7.1) 3.5 (2.7-5

Hazard ratio (95% CI) 0.568 (0.395-0.817)

P .0023

Abbreviation: ETS ¼ early tumor shrinkage.
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(7.7%; 0%), hypomagnesemia (7.0%; 0%), dermatitis acneiform
(6.3%; 0%), and abdominal pain (2.1%; 6.3%). In the wild type RAS
population, 5 patients (3.5%) in the panitumumab with BSC arm
discontinued treatment because of AEs versus 2 patients (1.6%) in the
BSC arm. The incidence of infusion reactions in the panitumumab
with BSC arm was 1.4% (n ¼ 2).

Discussion
In this follow-up final analysis, efficacy findings for patients with

wild type RAS tumors presented in the primary analysis4 were
confirmed without any significant changes. Additionally, median
OS for patients with the wild type KRAS exon 2 (10.0 months) as
well as wild type RAS (10.0 months) mCRC treated with pan-
itumumab with BSC was also consistent with other previously re-
ported studies.13-15 Toxicities were consistent with other
o ETS in Patients With Wild Type RAS Tumors

ETS Threshold of 0%

81) ‡0% (n [ 91) <0% (n [ 40)

0.6) 11.5 (10.0-13.7) 6.1 (4.0-10.6)

0.624 (0.420-0.926)

.0192

.3) 5.4 (5.3-5.7) 1.7 (0.9-2.8)

0.389 (0.265-0.571)

<.0001
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panitumumab monotherapy studies; no new safety signals were
identified.

Previous studies indicated BRAF mutations do not appear to be
negative predictive markers of response to panitumumab, although
they might be associated with poor prognosis.1,2,16 Consistent with
these studies,1,2,16 BRAF mutations in 20100007 appeared to be
negatively prognostic for OS but did not indicate that benefit could
not be achieved with anti-EGFR therapy. Although the duration of
PFS observed in patients with wild type RAS/mutant BRAF tumors
was modest with panitumumab with BSC as well as BSC alone, the
OS HR still favored the panitumumab with BSC arm versus BSC
alone. However, because of the short OS duration observed among
patients with BRAFmutations, the absolute magnitude of this benefit
was small (1.1 months). These results must be interpreted with
caution because of the small sample size of the BRAF mutant sub-
group, consistent with other studies.1,2 Overall, fewer patients with
BRAF mutations were observed in this study (5%) versus earlier
treatment lines (5%-15%),1,2 potentially because BRAF-mutant pa-
tients have poor prognosis, andmanymight have died before reaching
the third-line setting. This might have possibly resulted in a surviving
subset of patients with BRAF mutations who differed clinically and
biologically from those enrolled in first-line studies.

In this study, medianDpRwas 16.9%, with approximately 68%of
the panitumumab with BSC arm achieving some degree of reduction
in tumor lesion size. Previous studies have shown improved DpR in
the first-line setting with EGFR inhibitors in combination with
chemotherapy versus bevacizumab with chemotherapy.9,12,17 The
number of patients with some degree of reduction in tumor di-
mensions in this study (> 60%) was comparable with previously re-
ported percentages,9,12,17 despite having previous exposure to
multiple agents. Moreover, in this study, the wild type RAS popula-
tion had a median DpR of 16.9% (IQR, 0%-37.5%; range, 0-100).
Because theORRwas 31.0% in the panitumumabwith BSC arm, it is
clear that many patients had a reduction in tumor burden but did not
meet the requirement for a 30% reduction in tumor dimensions and/
or requirement for confirmation of response stipulated in RECIST
version 1.1.8 Notwithstanding this failure to achieve an objective
response per RECIST version 1.1, patients with a reduction in tumor
lesion dimensions< 30% clearly derive somemeasure of benefit from
anti-EGFR therapy. These results illustrate that although RECIST is
an important objective measure of clinical outcome, there are clini-
cally meaningful changes in tumor dimensions that are not captured.

Panitumumab monotherapy also resulted in ETS. In this analysis
of the clinical utility (non-RECIST) of panitumumab, 38.2% of
patients had ETS � 20%; this level of tumor shrinkage shortly after
treatment initiation represents a clinically meaningful component of
treatment (eg, time to response) not captured by RECIST, and might
be very interesting for patients with complaints who derive fast alle-
viation of tumor symptoms after treatment initiation. Importantly,
patients in this study treated with panitumumab with BSC with
ETS� 20%had longerOS (13.6months) versus patientswith ETS<
20% (8.5 months). Similar associations between ETS and OS were
observed in previous combination studies (ie, PRIME and
PEAK).10,12 In the phase III PRIME trial, more patients receiving
panitumumab with oxaliplatin, fluorouracil, and leucovorin 4 versus
oxaliplatin, fluorouracil, and leucovorin 4 alone had ETS � 20%
(72% vs. 57%; P< .001) at week 8, which correlated with improved
OS (32.5 vs. 12.6 months).10 In the phase II PEAK trial, pan-
itumumab with modified fluorouracil, leucovorin, and oxaliplatin 6
was associated with a higher rate of ETS (� 30%) versus bevacizumab
with modified fluorouracil, leucovorin, and oxaliplatin 6 (64% vs.
45%; P ¼ .02) and also correlated with improved survival.12 More-
over, in a meta-analysis of PRIME (Panitumumab Randomized Trial
in Combination with Chemotherapy for Metastatic Colorectal
Cancer to Determine Efficacy), PEAK (Panitumumab Efficacy in
Combination With mFOLFOX6 Against Bevacizumab Plus mFO-
LOFOX6 in mCRC Subjects With Wild-Type KRAS Tumors), and
PLANET (Phase II trial of panitumumab plus FOLFOX4 or FOL-
FIRI in subjects with KRAS wild-type colorectal cancer and liver-
limited disease), ETS during first-line treatment was associated with
improved survival in patients with wild typeRASmCRC.18 Together,
these results indicate that ETS, even in the refractory setting, appears
to be associated with survival benefit and could possibly be used as an
additional marker for efficacy, particularly in pretreated patients who
receive panitumumab monotherapy.

This analysis was limited by the unblinded nature of the study,
the number of biomarkers evaluated, and the lack of patient strat-
ification according to tumor localization. Additionally, evaluations
were conducted by investigators rather than at a central location,
which might have introduced bias.

Conclusion
Consistent with the primary analysis,4 the final analysis showed

panitumumab improved OS and PFS in patients with
chemotherapy-refractory wild type KRAS exon 2 and wild type RAS
mCRC. Additionally, this study indicated ETS and DpR correlate
with improvement in OS and PFS, even in later lines of therapy.
Although the number of patients with BRAF mutations was small,
results were prognostic for outcomes and consistent with other
studies. Additionally, toxicities were similar to other panitumumab
monotherapy studies. Panitumumab should be considered in
combination or as monotherapy for effect on survival as well as for
the potential for tumor shrinkage. Overall, these results further
validate RAS as a predictive biomarker for anti-EGFR therapies,
substantiate the importance of RAS testing at diagnosis, and indicate
ETS might be a clinically useful end point for combination treat-
ment because it was an effective predictor of monotherapy response.

Clinical Practice Points

� Tumor RAS status has been established as a negative predictive
biomarker for anti-EGFR therapy in mCRC.

� In this study, we analyzed data from an open-label, randomized,
phase III multicenter study to evaluate whether panitumumab in
combination with BSC improved outcomes versus BSC alone in
patients with wild type RAS, and wild type RAS, wild type BRAF
metastatic colon or rectum adenocarcinoma.

� The final analysis of this study indicated that panitumumab
improved outcomes in patients with wild type RAS, consistent
with the primary analysis, and in patients with in wild type RAS,
wild type BRAF mCRC.

� Median DpR was 16.9% in wild type RAS patients treated with
panitumumab with BSC.

� Overall, 69.5% of patients experienced any type of tumor
shrinkage, and 38.2% experienced � 20% tumor shrinkage.
Clinical Colorectal Cancer September 2018 - 213
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� Patients with ETS � 20% had improved OS (HR, 0.58). OS
(HR, 0.75) and PFS (HR, 0.45) were also significantly improved
in wild type RAS, wild type BRAF mCRC patients treated with
panitumumab with BSC.

� Early tumor shrinkage and DpR correlated with improvement in
OS and PFS, even in later lines of therapy.

� This study further validates RAS as a predictive biomarker for
anti-EGFR therapies, underscoring the importance of RAS
testing at diagnosis, and indicating that ETS might be a clinically
useful end point to inform future combination treatment because
it was an effective predictor of response to monotherapy.
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