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Abstract

The CORRECT trial demonstrated survival benefits with regorafenib monotherapy in patients with treatment-refractory,
metastatic colorectal cancer (mCRC). However, the trial’s stringent eligibility criteria for regorafenib may limit its external
validity. We aimed to examine treatment attrition rates and eligibility for regorafenib in routine practice. We identified patients
at the British Columbia Cancer Agency diagnosed with mCRC who demonstrated disease progression or intolerable toxic-
ity on 2 or more lines of systemic therapy. During the study timeframe, panitumumab and cetuximab were only used in the
chemo-refractory setting. Data on clinicopathologic variables and patient outcomes were ascertained and analyzed. Eligibil-
ity was determined using the CORRECT trial criteria. A total of 391 patients were identified, among whom only 39% were
eligible for regorafenib: 35% in the panitumumab group and 51% in the cetuximab group. The main reasons for ineligibility in
all patients were Eastern Cooperative Oncology Group Performance Status (ECOG PS) > 1 (69%), an elevated total bilirubin
(21%), and thromboembolic events in the past 6 months (10%). No difference in eligibility for regorafenib was observed
between patients previously receiving panitumumab or cetuximab (P=0.914; 95% CI 0.550-1.951). Kaplan—Meier analyses
showed that regorafenib-eligible compared to regorafenib-ineligible patients had an increased median overall survival of 5.3
versus 2.1 months, respectively (P <0.001). However, Cox proportional hazard analyses showed that only ECOG PS rather
than trial eligibility was correlated with outcomes. The strict eligibility criteria disqualify most patients with treatment-
refractory mCRC for regorafenib therapy. Future trials should broaden the eligibility criteria to improve external validity.
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Introduction

Colorectal cancer is the third most common malignancy
and the fourth leading cause of cancer-related deaths world-
wide [1]. The global burden of the disease was estimated
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to be close to 700,000 deaths in 2017, and it is projected to
increase particularly among low- to middle-income countries
[1, 2]. The majority of deaths are attributable to metastatic
disease [3], for which options are largely limited to palliative
systemic therapy. In these cases, standard treatment typically
involves the sequential and concomitant use of systemic
agents such as fluoropyrimidine, oxaliplatin, irinotecan, and
bevacizumab [4]. Patients who progress on standard chemo-
therapy with KRAS wild-type tumors are also offered pani-
tumumab and cetuximab which represent monoclonal anti-
bodies against the epidermal growth factor receptor (EGFR)
[4]. These anti-EGFR therapies confer a significant increase
in progression-free survival and overall survival (OS) [5, 6].
However, factors affecting the choice between the two anti-
EGFR regimens in the chemo-refractory metastatic colo-
rectal cancer (mCRC) setting are unclear, given that both
agents demonstrate similar OS benefits and toxicity profiles
[7, 8]. Some studies suggest preferential use of panitumumab
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despite the proven non-inferiority of cetuximab [9], which
may be related to its economic advantages [10, 11]. Impor-
tantly, few treatment options currently exist upon disease
progression, even among patients who continue to have a
good performance status.

The CORRECT trial renewed optimism by demonstrating
significant survival benefits with regorafenib monotherapy in
patients with mCRC in the treatment-refractory setting, thus
offering an additional line of treatment [12]. Regorafenib is
an oral multi-kinase inhibitor that targets receptors involved
in the tumor microenvironment as well as oncogenesis and
angiogenesis [13]. The CORRECT trial showed that patients
with treatment-refractory mCRC in the regorafenib group
compared to the placebo group had an increased median OS
of 6.4 months versus 5.0 months, respectively (hazard ratio
[HR] 0.77; P=0.0052; 95% CI 0.64-0.94) [12]. Despite
promising results, this drug has not been uniformly funded
in countries with socialized or universal healthcare because
the true clinical utility of the agent remains unclear to some
payers. In particular, the applicability of the trial results to
routine practice is uncertain as randomized clinical trials
(RCTs) often employ strict eligibility criteria to improve
internal validity at the expense of external validity [14].

Therefore, our study aimed to retrospectively apply the
eligibility criteria of the CORRECT trial to a population-
based cohort of KRAS wild-type patients with chemo-
refractory mCRC to determine the degree to which the trial
criteria restrict eligibility of real-world patients for therapy
and to identify clinical characteristics and treatment patterns,
specifically comparing panitumumab and cetuximab, that
may guide the appropriate use of regorafenib in the routine
clinical setting.

Materials and methods
Study setting

The British Columbia Cancer Agency (BCCA) is a cancer
control program that serves over 4.7 million residents in the
province. Yearly, it receives over 20,000 patient referrals for
newly diagnosed cancer. It operates out of six regional facili-
ties distributed across the province to provide residents with
comprehensive and equitable access to cancer care. Each
of the facilities offers a full range of quality cancer care
services including diagnostic and functional imaging, ambu-
latory care clinics, inpatient units, chemotherapy adminis-
tration, radiation facilities, surgical suites, pain and symp-
tom management and palliative care, and oncology clinical
trial programs. The BCCA research ethics board approved
this study before its conduct. No consent from patients was
required because this study was considered of minimal risk,
given its retrospective design.
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Study population

Patients aged 18 years and older who were diagnosed with
mCRC between 2009 and 2014, and who were referred to
a BCCA regional facility for treatment were considered.
Patients must have received and demonstrated radiographic
evidence of progression on or intolerable toxicity to standard
systemic therapies, which include fluoropyrimidine, oxalipl-
atin, irinotecan, and bevacizumab. To determine if specific
treatment with panitumumab or cetuximab impacts eligibil-
ity for regorafenib therapy, only patients with KRAS wild-
type tumors who received either anti-EGFR regimen were
included. At the time of the study, anti-EGFR agents were
only approved for use in the third line or chemo-refractory
setting.

Study design

The primary aim of the study was to determine and com-
pare eligibility for regorafenib monotherapy in patients who
have failed anti-EGFR therapies. Eligibility was defined by
the inclusion and exclusion criteria as outlined in the COR-
RECT trial. Patients that fully met the following criteria
were considered eligible: (1) histologically or cytologically
confirmed metastatic colorectal adenocarcinoma; (2) Eastern
Cooperative Oncology Group performance status (ECOG
PS) <1; (3) adequate bone marrow, liver, and renal func-
tion; (4) no prior treatment with regorafenib; (5) no his-
tory of other major malignancies within the last 5 years; (6)
no significant cardiac disease; (7) no history of arterial or
venous thrombotic or embolic events in the last 6 months;
(8) no ongoing, uncontrolled infection; (9) no symptomatic
brain metastasis or meningeal tumors unless previously
treated and clinically stable; (10) no seizure disorder requir-
ing medical treatment; (11) no severe dehydration; (12) no
symptomatic interstitial lung disease; (13) no mal-absorptive
condition; (14) no history of organ allograft; and (15) no
active wound, ulcer, or bone fracture. The secondary aim of
the study was to measure overall survival from the date of
the last treatment cycle received by the patient to the date of
death from any cause.

To ascertain eligibility and OS, a retrospective chart
review of patients with mCRC was conducted. Data on
patient demographics, clinicopathologic variables, and
patient outcomes were obtained from the BC Cancer Reg-
istry. This provincial database prospectively collects and
houses clinical information on patients diagnosed with all
gastrointestinal cancers, and who are referred to BCCA for
care.



Medical Oncology (2018) 35:114

Page3of7 114

Statistical analysis

Baseline patient characteristics and eligibility were analyzed
in the form of descriptive statistics. OS was estimated using
the Kaplan—Meier method, and the log-rank test was used to
measure differences in outcomes between the regorafenib-
eligible and regorafenib-ineligible groups. Hazard ratios and
95% confidence intervals (CIs) were calculated using Cox
proportional hazard models to identify predictors of sur-
vival. Analyses included the entire patient cohort, but they
were also secondarily stratified into patients receiving either
panitumumab or cetuximab to identify treatment-specific
effects on eligibility and survival. Statistical significance
was set at P <0.05. All statistical analyses were performed
using SPSS version 24.0.

Results

A total of 391 patients with treatment-refractory mCRC
progressing on an anti-EGFR therapy were identified from
the provincial database. All patients had KRAS wild-type
tumors and received at least one cycle of an EGFR inhibitor:
298 patients received panitumumab and 93 patients received
cetuximab. For the entire study cohort, the median age at
diagnosis was 61 years (range 22-84), 247 (63%) were male,
and 305 (78%) were Caucasian. Further, 237 (61%) had a
primary tumor located in the colon, and all of the primary
tumors were histologically confirmed adenocarcinoma.
The patients’ burden of disease at diagnosis was high: 267
(68%) had regional lymph node involvement and 225 (58%)
had distant metastasis. The most common sites of metasta-
sis were the liver (66%), lungs (21%), and intra-abdominal
lymph nodes (6%). Regarding treatment, 291 (74%) patients
previously received 5 or more systemic therapy agents. Pan-
itumumab or cetuximab (100%), fluoropyrimidine (99%),
and irinotecan (97%) were the most frequently prescribed
treatments.

Comparing anti-EGFR treatment groups, patients who
received panitumumab had a statistically significant increase
in age (P <0.001) and the presence of distant metastasis
(P=0.024) at diagnosis. There was also a difference in
ECOG PS (P=0.011), with a greater proportion of patients
treated with panitumumab having poorer performance rela-
tive to the cetuximab group. The remaining clinical charac-
teristics were found to be similar between the two treatment
groups. Other baseline patient characteristics and treatment-
stratified analyses are summarized in Table 1.

Applying the eligibility criteria of the CORRECT trial to
our study cohort, a total of 153 (39%) patients were eligible
for regorafenib monotherapy: 106 (35%) in the panitumumab
group and 47 (51%) in the cetuximab group (Fig. 1a). Logis-
tic regression analysis controlling for covariates, such as age

at diagnosis, presence of distant metastasis, and ECOG PS,
indicated that the difference in eligibility between panitu-
mumab- and cetuximab-treated patients was not statistically
significant (P =0.914; 95% CI 0.550-1.951). The top rea-
sons rendering ineligibility in all patients were ECOG PS> 1
(69%), total bilirubin > 1.5 X upper limit of normal (ULN)
(21%), arterial or venous thrombotic or embolic event in the
past 6 months (10%), and AST > 2 X ULN (9%). Treatment-
stratified analyses of reasons for ineligibility are summarized
in Fig. 1b.

Interestingly, Kaplan—Meier survival analysis showed
that trial eligibility alone predicted far better patient out-
comes. Patients who were eligible for regorafenib had an
increased median OS compared to ineligible patients (5.3 vs
2.1 months; P <0.001) (Fig. 2a). However, after accounting
for covariates in our Cox proportional hazard model, only
ECOG PS <1, rather than trial eligibility, predicted better
patient outcomes (Fig. 2b). The cumulative hazard of all
patients with an ECOG PS <1 versus an ECOG PS > 1 was
0.53 (P=0.001; 95% CI 0.370-0.767) (Fig. 2c). Further
stratifying the analysis to compare individual ECOG PS
levels, patients with a poor ECOG PS (3 or 4) had a statis-
tically significant increase in cumulative hazard compared
to patients with good (0 or 1) and moderate (2) ECOG PS.
However, no difference in survival was observed between
patients with ECOG PS 0 and 1 (HR 1.395; P=0.150;
95% CI 0.887-2.195), and ECOG PS 1 and 2 (HR 1.406;
P=0.103; 95% CI 0.933-2.119) (Fig. 2d). Comparing the
treatment groups, no difference in survival was observed
between patients treated with panitumumab and cetuximab
(3.3 vs 3.3 months; P=0.303) (not shown).

Discussion

CORRECT was a phase III RCT that demonstrated the
efficacy of regorafenib monotherapy in the setting of treat-
ment-refractory mCRC [12]. Because RCTs tend to use
strict eligibility criteria to improve internal validity at the
expense of external validity [14], many payers of socialized
or universal healthcare systems are neither comfortable nor
quick to adopt emerging therapies, such as regorafenib, due
to uncertainties about their true applicability to real-world
patients [15]. Consequently, it is important to determine if
RCT results remain valid in routine clinical practice to help
inform drug funding decisions. Our study aimed to evaluate
the CORRECT trial’s external validity by retrospectively
applying its eligibility criteria to a population-based cohort
of patients with treatment-refractory mCRC. Specifically,
our interest focused on patients with KRAS wild-type
tumors who have progressed on an anti-EGFR therapy. To
our knowledge, few factors are known to guide the choice
between the two anti-EGFR regimens. Identifying potential
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Table 1 Baseline patient

o Characteristics Panitumumab Cetuximab All patients
characteristics (n=298) (n=93) (n=391)
Median age at diagnosis (years) 62 (27-84) 57 (22-83) 61 (22-84)
Sex
Male 186 (62%) 61 (66%) 247 (63%)
Female 112 (38%) 32 (34%) 144 37%)
Ethnicity
Caucasian 232 (78%) 73 (719%) 305 (78%)
Asian 65 (22%) 18 (19%) 83 (21%)
Other or unspecified 1 (<1%) 2 (2%) 3(1%)
ECOG PS
0 27 (9%) 14 (15%) 41 (10%)
1 132 (44%) 54 (58%) 186 (48%)
2 85 (29%) 14 (15%) 99 (25%)
>3 54 (18%) 11 (12%) 65 (17%)
Primary site
Colon 183 (61%) 54 (58%) 237 (61%)
Rectum 88 (30%) 23 (25%) 111 (28%)
Colon and rectum 27 (9%) 16 (17%) 43 (11%)
Sites of metastasis
Liver 192 (64%) 64 (69%) 256 (66%)
Lung 65 (22%) 17 (18%) 82 (21%)
Bone 11 (4%) 2 (1%) 13 3%)
Number of previous lines of systemic therapy received
1-3 15 (5%) 1 (1%) 16 (4%)
4 66 (22%) 18 (19%) 84 (21%)
>5 217 (73%) 74 (80%) 291 (74%)
Previous systemic agents received
Fluoropyrimidine 295 (99%) 91 (98%) 386 (99%)
Oxaliplatin 268 (90%) 89 (96%) 357 91%)
Irinotecan 287 (96%) 93 (100%) 380 (97%)
Raltitrexed 12 (4%) 4 (4%) 16 (4%)
Bevacizumab 231 (78%) 77 (83%) 308 (79%)
Panitumumab or cetuximab 298 (100%) 93 (100%) 391 (100%)

differences in the eligibility for subsequent treatments based
on receipt of panitumumab or cetuximab may inform overall
decision making.

Our study determined that the majority of patients (61%)
were not eligible to receive regorafenib had it been available
during the study timeframe. This suggests that regorafenib
cannot be offered to a large proportion of patients due to
the stringent inclusion and exclusion criteria, and that the
results of the CORRECT trial may not be fully generaliz-
able. This may explain why continued uncertainty exists
regarding its funding in some jurisdictions. The most com-
monly cited reason for ineligibility in all patients was ECOG
PS> 1. Interestingly, studies have shown that the assessment
of patient performance status is often subject to bias and
interobserver variability [16]. To this end, if the ECOG PS
criteria were broadened to include patients with a moderate
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PS of 2, the external validity of the trial would be improved.
In our cohort, for instance, refining the ECOG PS cut-off to
2 would result in an absolute increase in eligibility by 23%.
It should be noted, however, that our study cohort largely
consisted of patients with heavily pretreated metastatic dis-
ease. This may potentially account for a poorer average per-
formance status and explain why a higher ECOG PS cut-off
of 2 would significantly increase eligibility.

Furthermore, in our study cohort, simply being eligible
for regorafenib therapy was correlated with better patient
outcomes. This suggests that patients with prognostically
unfavorable disease were likely excluded from the COR-
RECT trial, which further underscores the importance of
finding additional treatment options for regorafenib-ineligi-
ble patients. After controlling for ECOG PS, trial eligibility
no longer significantly correlated with an increased median
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Fig.1 a Of the 391 patients, a total of 153 patients were consid-
ered eligible for regorafenib: 106 in the panitumumab group and 47
in the cetuximab group. b Main reasons for regorafenib eligibility
were ECOG PS> 1, total bilirubin> 1.5 X ULN, AST >2 X ULN, and
thrombotic or embolic events in the past 6 months

OS. Instead, meeting the criterion of ECOG PS <1 became

a key and independent predictor of increased survival.
Comparing the treatment groups, no significant difference

was observed in the median OS between the panitumumab

and cetuximab groups. This is expected and consistent with
previous studies that showed both anti-EGFR therapies
produced similar safety profiles and survival benefits [7]. It
should, however, be noted that this study was not designed
to be a head-to-head comparison of the biological therapies,
and that the survival analyses between the two therapies in
this study should be considered with caution.

The results of this study should be interpreted in the con-
text of its limitations. This study is retrospective in design
and assesses eligibility for regorafenib therapy at only one
point in time. In reality, a patient’s eligibility status can
change over time depending on an unpredictable disease
trajectory. Additionally, it is assumed that eligibility alone
determines the use or non-use of regorafenib, and that all
patients who are eligible will initiate therapy. This is an
oversimplification of a complex process. In practice, treat-
ment decisions are made by accounting for additional patient
and physician factors.

In summary, the majority of patients in our study cohort
with treatment-refractory mCRC who have progressed on
an anti-EGFR therapy were not candidates for regorafenib
monotherapy as defined by the CORRECT eligibility cri-
teria. Additionally, treatment with either anti-EGFR regi-
men did not yield a difference in eligibility for the agent.
Using less restrictive eligibility criteria that include patients
with moderate performance status while maintaining patient
safety should be considered in order to enhance the external
validity of future trials.
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Fig.2 a Median OS of all patients from the last treatment cycle to
death from any cause is 5.3 and 2.1 months in the regorafenib-eligi-
ble and regorafenib-ineligible groups, respectively (P<0.001). Cox
regression analysis of the cumulative hazard of all patients, b who
were eligible versus ineligible for regorafenib for whom the value was
0.97 (P=0.871; 95% CI 0.666-1.412), ¢ those with an ECOG PS<1
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versus> 1 for whom the value was 0.53 (P=0.001; 95% CI 0.370-
0.767), and d patients with a higher ECOG PS level had a statistically
significant cumulative hazard compared to patients with good and
moderate PS. However, no difference was observed in patients with
ECOG PS 0 and 1 (HR 1.395; P=0.150; 95% CI 0.887-2.195), and
ECOG PS 1 and 2 (HR 1.406, P=0.103; 95% CI 0.933-2.119)
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