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Aim: To test the noninferiority of cetuximab administered every 2 weeks (Q2W) versus once weekly (Q1W)
in treating metastatic colorectal cancer (mCRC) with regard to overall survival (OS). Patients: Patients
receiving cetuximab plus chemotherapy for mCRC in a line-agnostic setting. Methods: This cohort study
in IBM MarketScan followed patients from initiation of cetuximab for mCRC until the end of the data
availability period, proxy-based death or loss of insurance coverage for >30 days. Results: The hazard
ratio for OS was 0.94 (0.85–1.03), and the inferiority hypothesis was rejected at p < 0.001. No significant
differences were noted in rates of safety events between Q2W and Q1W. Conclusion: Our real-world study
confirmed the noninferiority of cetuximab administered Q2W versus Q1W for OS.
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Colorectal cancer (CRC) is the third most commonly diagnosed cancer and is responsible for 900,000 deaths
annually, making it the second leading cause of cancer mortality globally [1,2]. A higher CRC incidence rate is
observed in economically developed countries [2]. In the USA alone, 53,200 CRC-related deaths are expected in
2020 [3]. The 5-year relative survival rate for CRC in the USA is 65% all stages considered, despite an observed
improvement in survival rates of >10% between the mid-1970s and 2000 [3,4]. At diagnosis, approximately 25%
of patients with CRC present with metastases [5]. Patients with stage IV or metastatic CRC (mCRC) have a poor
prognosis, with an average 5-year relative survival rate of 14% [6]. Additionally, the incidence of CRC appears to be
increasing among individuals under 55 years of age, and the incidence varies considerably depending on geographic
location [3].

The current standard of care for patients with unresectable mCRC is chemotherapy in combination with targeted
therapy [7,8]. Anti-EGFR agents are currently indicated for EGFR-expressing, (K)RAS wild-type (wt) mCRC [7,8].
Guidelines and routine clinical practice suggest that CRC should be tested for extended RAS and RAF mutations
(KRAS, NRAS and BRAF) before considering anti-EGFR agents; these agents are recommended in the 1L setting
for extended RAS and RAF wt tumors as well as for BRAF-V600E-mutant tumors [9,10]. Cetuximab is indicated for
RAS wt mCRC according to the European Medicines Agency summary of product characteristics and for KRAS wt
mCRC according to the US prescribing information [11,12]. In the USA, cetuximab is approved at an initial dose of
400 mg/m2 followed by a 250 mg/m2 weekly infusion for the treatment of KRAS wt, EGFR-expressing mCRC as
determined by a US FDA-approved test, in combination with leucovorin calcium (folinic acid), 5-fluorouracil and
irinotecan (FOLFIRI) for first-line (1L) treatment; in combination with irinotecan in patients who are refractory
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to irinotecan-based chemotherapy; or as a single agent in patients for whom oxaliplatin- and irinotecan-based
chemotherapy have failed or who are intolerant of irinotecan [11].

Various clinical trials have evaluated the approved once-weekly (Q1W) dosing schedule for cetuximab in
mCRC [13–17]; however, because the combined chemotherapy is administered every 2 weeks (Q2W), this weekly
dosing schedule may not always be a convenient option. A cetuximab dosing regimen of 500 mg/m2 administered
Q2W has been shown to have pharmacokinetic properties similar to the 250 mg/m2 Q1W dosing regimen [18].
In clinical practice, a Q2W 500-mg/m2 dose of cetuximab is used in accordance with National Comprehensive
Cancer Network clinical practice guidelines [7,8]. This regimen may be a more convenient option for patients with
mCRC receiving cetuximab and is currently recommended and/or reimbursed for use in some countries in Europe
and Asia [18–20]. However, few studies have specifically compared these two treatment regimens; those that have
compared them have had limited sample sizes and have generally reported on the absence of significant differences
between the regimens rather than testing for noninferiority between them.

The main objective of the current study was to formally test the hypothesis of noninferiority of the cetuximab
Q2W regimen compared with the Q1W regimen for the treatment of mCRC in combination with chemotherapy
with regard to overall survival (OS). Secondary end points examining safety, time to treatment discontinuation and
time to next treatment or death are also reported. The study included real-world patients with mCRC treated with
cetuximab in combination with chemotherapy in a line-agnostic setting.

Materials & methods
Study design
This was a cohort study based on secondary use of the IBM MarketScan Commercial Claims and Encounters
database and the Medicare Supplemental and Coordination of Benefits database (a US claims database) and
included patients treated with cetuximab for mCRC in combination with chemotherapy between 1 July 2010 and
31 December 2016. Because data related to dosing were not directly available in the dataset in most cases, such data
were derived according to an algorithm. For the purpose of this study, it was assumed that patients in the Q1W
group received weekly cetuximab at 250 mg/m2 and patients in the Q2W group received cetuximab at 500 mg/m2

every 2 weeks.

Patient population
All patients included in this study were required to have ≥2 claims for cetuximab within 28 days of each other; the
first of the two claims was considered to be the index date (Figure 1). Additionally, all patients were required to be
≥18 years of age at the index date, with one chemotherapy infusion claim within 28 days of the first cetuximab
claim and a CRC diagnosis within 180 days of either of the two claims for cetuximab. Patients were followed up
until the end of the data collection period, death or loss of health insurance coverage for >30 days, depending on
the study end point. The baseline period used for covariate assessment was defined as the 180-day period prior to
(but not including) the index date.

Patients were excluded from this study if they had <180 days of continuous enrollment prior to the index date, a
diagnosis of squamous cell carcinoma of the head and neck (SCCHN) within 180 days before the index date or any
time after (to avoid capturing cetuximab use corresponding to this indication, which is the only other authorized
indication for cetuximab in the USA), or ≥1 cetuximab claim that may have occurred before the assigned index
date [11]. A threshold value for age was set at 120 years; therefore, no patients were excluded on the basis of age after
inclusion.

Definition of exposure
The dosing regimen was classified by examining the total overall claims history from the index date through the
earliest end date of follow-up (defined as the exposure period). Patients were categorized according to the median
time between all sequential cetuximab dispensation claims based on the following definitions: Q1W, the median
time between all sequential cetuximab claims during an exposure period of ≥4 days and <11 days; Q2W, the
median time between all sequential cetuximab claims during an exposure period of ≥11 and <19 days; other, any
other median time between all sequential cetuximab claims. Due to the nature of the data, no further information
on dosing was considered to be relevant to the exposure definition. Patients were categorized according to their
defined group, and no change in the regimen was considered for the exposure period because all observed cetuximab
claims were used to classify the exposure group. The ‘other’ group was defined for description purposes only and was
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Covariate assessment window

(baseline conditions)

Days -183 to -1

Follow-up window:

observation time between infusions
Days 0 to censor‡

 Exclusion assessment window
(intermittent coverage†, SCCHN diagnoses)

Days -183 to -1

Washout window (exposure: CET)
Days -∞ to -1

Cohort entry date
First prescription of CET*

Day 0

Time

Covariate assessment window

(age, sex) and exclusion age ≤18 years
Day 0

Figure 1. Study design.
*Eligibility required that the second CET claim occur within 28 days of the first CET claim. Additionally, a CT infusion
claim had to have occurred within 28 days of the first CET claim, and a CRC diagnosis had to have occurred within
180 days of either of the two initial CET claims.
†Up to a 30-day gap in insurance coverage was allowed.
‡Earliest date of death, loss of insurance coverage, CET discontinuation (>45 days between infusions) or end of study
period (31 December 2016).
CET: Cetuximab; CRC: Colorectal cancer; CT: Chemotherapy; SCCHN: Squamous cell carcinoma of the head and neck.

not considered for any of the study objectives. Patients with no evidence of systemic anticancer therapy for mCRC
in the baseline period were presumed to have received cetuximab as 1L treatment (presumed 1L population).

Study end points
The primary end point of the study was to assess the noninferiority of cetuximab Q2W treatment with regard to
OS, under a noninferiority margin of 1.25. Because claims data are limited in terms of reporting death, we applied
a previously published algorithm to define a proxy for death in the CRC setting [21]. Indicators for death included
the following: hospital discharge status of death; hospital or emergency event within 30 days of loss of insurance
coverage; and use of cardiac-stimulating medications such as epinephrine or lidocaine, diagnosis codes for cardiac
arrest or failure, or procedure codes for resuscitation or defibrillation within 30 days of loss of insurance coverage.
Patients with no events at the end of the study period or at the end of insurance coverage were censored at the
earliest of these two dates.

The secondary end points included time to treatment discontinuation, defined as the time from the index date
to the earliest date of discontinuation (i.e., no cetuximab claim for ≥45 days) or death, and time to next treatment
or death, defined as the time from the index date to the earliest date of switch (i.e., a claim for a CRC systemic
therapy contextual to cetuximab discontinuation) or death. Patients with no events at the end of the study period
were censored. Incidence rates of specific safety events occurring during cetuximab treatment were also examined;
these included infusion-related reactions (IRRs; based on the algorithm proposed by Foley and colleagues) [22],
hypomagnesemia (identified as ≥1 inpatient diagnosis claim consistent with hypomagnesaemia within 7 days of a
claim for intravenous magnesium), skin rash (identified as ≥1 inpatient diagnosis consistent with rash within 7 days
of a claim for medicines used for the management of rash in cancer patients receiving EGFR-inhibitor therapy),
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mucositis, headache, conjunctivitis, diarrhea, nausea and vomiting, and anorexia and weight loss (all identified as
≥2 outpatient diagnoses within 7 days of each other or as one inpatient diagnosis). With the exception of IRRs,
only the first occurrence of a safety event was considered. To avoid capturing pre-existing conditions, patients
meeting the criteria for a safety event during the baseline period were excluded from the corresponding analysis.
Secondary end points also included healthcare resource utilization and healthcare costs, which will be described in
a separate upcoming publication.

Statistical analysis
We used a noninferiority design to compare OS time between the cetuximab Q1W and Q2W regimens [23]. For a
given noninferiority margin of �0 (the maximum hazard ratio of clinical insignificance) and an estimated hazard
ratio for OS time of �, the statistical hypotheses tested included H0: � ≥�0 versus H1: � <�0. The noninferiority
margin of �0 was set in terms of the hazard ratio for OS time (�). The margin �0 was defined based on the known
activity of the Q1W administration schedule in 1L RAS wt mCRC; in a recent meta-analysis of such studies, the
hazard ratio for cetuximab Q1W in combination with chemotherapy versus chemotherapy alone was reported as
0.77, which would correspond to a margin of 1.3 (1/0.77) [24]. Based on classical thresholds in oncology trials and
clinical judgment, we considered a hazard ratio of <0.8 as clinically meaningful, and a corresponding margin of
1.25 (1/0.8) was defined as the appropriate noninferiority margin for the hazard ratio, which was more conservative
than the 1.3 derived from known Q1W activity. We also confirmed that there was a sufficient number of claims
available in the database to achieve appropriate power for meaningful statistical comparisons. The required sample
size, including censored patients, for the primary objective of noninferiority of OS was estimated to be 787 in the
Q1W group and 395 in the Q2W group, with a required total of 709 events. Based on a feasibility study showing
the distribution of patients in the Q1W and Q2W groups in a 2:1 ratio, the sample size in our database was
considered sufficient to obtain results showing statistical significance. The number of available records and death
events in the database also proved to be sufficient for confirmatory statistical analysis at an α-level of 0.05 with a
power of 1-β of 0.8.

Primary and secondary effectiveness outcomes were analyzed using a Cox survival model, while safety outcomes
were analyzed using incidence rate ratios obtained by fitting Poisson regression models. A high-dimensional
propensity score (hdPS)-based methodology was used to account for potential confounding, with the following
additional variables added to the model: age, sex, calendar year of index date, region of residence, type of insurance
plan, chemotherapy used in combination with cetuximab and number of visits during the pre-index period [25].
As it was assumed that all patients treated with cetuximab could receive either the Q1W or Q2W regimen,
the average treatment effect was considered an appropriate estimation for the selected outcomes. From this
perspective, an inverse probability of treatment weighting (IPTW) that included trimming was generated based
on the hdPS estimated for each outcome and then used to increase the comparability of baseline characteristics
between the two treatment regimens. Balance among baseline characteristics was assessed using standardized
differences. Outcome analyses were performed on the weighted population. Baseline characteristics with an absolute
standardized difference of >0.1 between the two regimens were included as covariates in the corresponding outcome
model. With the exception of the one-sided noninferiority test with an alpha of 0.025 for OS, all statistical tests
used to assess differences between the regimens were based on a significance level alpha of 0.05 and were two-sided.
Based on the predefined inferiority margin, there was a power of 80% to reject H0 with a one-sided type I error
rate of 2.5%.

Results
Patient disposition, demographics & disease characteristics
Of the 2943 patients who met the study eligibility criteria (Figure 2), 1779 (60.4%) were categorized as having
received cetuximab Q1W, 951 (32.3%) as having received cetuximab Q2W and 213 (7.2%) as ‘other.’ Patients in
the Q1W group had a mean value of 8.1 days between two claims across all 27,161 cetuximab claims, and those
receiving cetuximab Q2W had a mean value of 15 days between two claims across all 7678 cetuximab claims.
The root-mean-square error of the observed number of days between two cetuximab claims compared with the
theoretical value (i.e., 7 days for Q1W and 14 days for Q2W) was approximately 2 days, suggesting acceptable
accuracy for the proposed classification of exposure (Table 1).

There were limited differences with respect to demographic and disease characteristics between the Q1W and
Q2W groups (Table 2). Overall, 30.6 and 24.7% of the participants were ≥65 years of age in the Q1W and
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≥2 claims for cetuximab within 28 days of each other
between 1 July 2010 and 31 December 2016

n = 9369

Exclusion: 6426 (68.6%)

Exclusion: 1998 (67.9%)

Overall eligible population

Presumed first-line treatment

491 patients with a cetuximab claim any time before the index date
82 patients with no CT infusion claim ±28 days of the index date
4965 patients with no CRC diagnosis ±180 days of the first or second cetuximab
claim
236 patients with a diagnosis of SCCHN at any time
16 patients <18 years old on index date
636 patients with <180 days of continuous enrollment prior to the index date

n = 2943

Patients with evidence of another first-line therapy given prior to the index date

n = 945

•
•
•

•
•
•

Figure 2. Patient disposition.
CRC: Colorectal cancer; CT: Chemotherapy, SCCHN: Squamous cell carcinoma of the head and neck.

Table 1. Exposure classification of once weekly versus every 2 weeks cetuximab.
Q1W Q2W

n (%)† 1779 (60.4) 951 (32.3)

Number of claims 27,161 7678

Days between cetuximab claims

– Mean (SD) 8.1 (3.80) 15.0 (4.70)

– Median (Q1–Q3) 7 (7.0, 7.0) 14 (14.0, 14.0)

– Minimum–maximum 2.0–44.0 2.0–45.0

Observed vs expected differences for all cetuximab claims‡

– Mean absolute difference (days) 1.171 1.333

– Root-mean-square error (days) 1.858 2.024

– Distance as expected (%)§ 75.7 66.4

†An additional 213 patients were classified as having received a treatment schedule of ‘other’, as they could not be classified as having received the cetuximab Q1W or Q2W dosing
regimens.
‡The expected timeframe for the difference between two subsequent claims is approximately 7 and 14 days for the Q1W and Q2W groups, respectively.
§Proportion of observed claims that were distant from the previous claim at the exact expected number of days.
Q1W: Once weekly; Q2W: Every 2 weeks.

Q2W groups, respectively, and the majority of patients in both groups were male (57.5 and 60.5%, respectively).
There was a substantial difference (standardized difference >0.25) between the study groups in terms of Medicare
coverage (30.6 and 24.8% in the Q1W and Q2W groups, respectively), unemployment (36.6 and 28.6%) and
‘unspecified’ chemotherapy used in combination with cetuximab (19.5 and 9.8%), all of which were more frequent
in the Q1W group. There was also a substantial difference in the use of FOLFIRI in combination with cetuximab,
which was more frequent in the Q2W group (34.4%) versus the Q1W group (24.5%). Notably, the proportion of
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Table 2. Demographics and disease characteristics.
Q1W Q2W Total

n (%) 1779 (60.4) 951 (32.3) 2730 (100)

Median age at ID, years 60 58 59

Age at ID, ≥65 years 544 (30.6) 235 (24.7) 779 (28.5)

Sex, female (%) 756 (42.5) 376 (39.5) 1132 (41.5)

MarketScan data source, n (%)

– Commercial claims and encounters 1235 (69.4) 715 (75.2) 1950 (71.4)

– Medicare supplemental 544 (30.6) 236 (24.8) 780 (28.6)

Employment status at ID, n (%)

– Not currently employed 652 (36.6) 272 (28.6) 924 (33.8)

– Currently employed 462 (26.0) 320 (33.6) 782 (28.6)

– Unknown 665 (37.4) 359 (37.7) 1024 (37.5)

Type of metastases, n (%)

– Liver and others 843 (47.4) 402 (42.3) 1245 (45.6)

– Other localizations only 936 (52.6) 549 (57.7) 1485 (54.4)

CT used with cetuximab, n (%)

FOLFOXIRI 2 (0.1) 1 (0.1) 3 (0.1)

FOLFIRI 436 (24.5) 327 (34.4) 763 (27.9)

FOLFOX 101 (5.7) 82 (8.6) 183 (6.7)

CAPIRI 36 (2.0) 20 (2.1) 56 (2.1)

CAPEOX 9 (0.5) 2 (0.2) 11 (0.4)

5-FU 332 (18.7) 143 (15.0) 475 (17.4)

Irinotecan 448 (25.2) 239 (25.1) 687 (25.2)

Undefined 347 (19.5) 93 (9.8) 440 (16.1)

Other† 68 (3.8) 44 (4.6) 112 (4.1)

Cetuximab presumed given in 1L 557 (31.3) 316 (33.2) 873 (32.0)

†Other regimens included capecitabine (n = 72) and oxaliplatin (n = 31).
1L: First-line; CAPEOX: Capecitabine plus oxaliplatin; CAPIRI: Capecitabine plus irinotecan; CT: Chemotherapy; FOLFIRI: Leucovorin calcium (folinic acid), 5-fluorouracil and irinotecan;
FOLFOX: Leucovorin calcium (folinic acid), 5-fluorouracil and oxaliplatin; FOLFOXIRI: 5-fluorouracil, leucovorin calcium (folinic acid), oxaliplatin and irinotecan; 5-FU: 5-fluorouracil; ID:
Index date; Q1W: Once weekly; Q2W: Once every other week.

patients receiving cetuximab as presumed 1L treatment was comparable in the two groups (31.3 and 33.2% in the
Q1W and Q2W groups, respectively; absolute standardized difference, 0.041).

Propensity scores
The propensity scores showed good overlap between both regimens for OS (Supplementary Figure 1) and other
outcomes (data available upon request). After trimming of the propensity scores to account for extreme scores, 599
patients from the Q1W group and 165 patients from the Q2W group were excluded, leaving 1180 and 786 patients
remaining in the analysis in the Q1W and Q2W groups, respectively. This sample size was considered sufficient for
the noninferiority test. The distributions of absolute standardized differences between the exposure groups before
and after weighting are summarized in Figure 3. For both study groups, the average follow-up time for patients was
1.0 year (median: 0.7 year). Death due to any cause was the main reason for the end of the observation period for
both groups (55.5 and 59.0% in the Q1W and Q2W groups, respectively).

Effectiveness
With respect to the primary outcome of OS, a total of 1548 deaths were reported, distributed as 987 deaths in the
Q1W group and 561 deaths in the Q2W group. The unadjusted hazard ratio for OS between the Q1W and Q2W
groups was 1.05 (95% CI: 0.93–1.18), and the weighted hazard ratio based on the trimmed hdPS was 0.94 (95%
CI: 0.85–1.03). The inferiority hypothesis was rejected at p < 0.001. The Kaplan–Meier curve for weighted OS is
shown in Figure 4. Several sensitivity analyses were conducted to assess the impact of the hypotheses made in the
study on the OS outcome, and all analyses led to concordant results with the main analyses (Supplementary Table
1).
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0.0 0.1 0.2 0.3 0.4

Combination protocol: undefined
Combination protocol: FOLFIRI
Combination protocol: FOLFOX
Liver and other metastases
No metastases
Other combination protocol: fluorouracil
Potential first-line Tx: bevacizumab
Other combination protocol: capecitabine
Combination protocol: other
Potential first-line Tx: ramucirumab
Potential first-line Tx: panitumumab
Cetuximab presumed given in first-line
Presumed wild-type status
Combination protocol: CAPEOX
Other combination protocol: oxaliplatin
Use of pain management
Protential first-line Tx: oxaliplatin
Protential first-line Tx: pembrolizumab
Protential first-line Tx: irinotecan
Protential first-line Tx: fluorouracil
Protential first-line Tx: leucovorin
Protential first-line Tx: tipiracil/trifluridine
Protential first-line Tx: capecitabine
Protential first-line Tx: regorafenib
Combination protocol: CAPIRI
Presumed first-line wild-type
Combination protocol: FOLFOXIRI
Combination protocol: FU-LV
Other combination protocol: irinotecan
Other combination protocol: leucovorin
Potential first-line Tx: ipilimumab
Potential first-line Tx: nivolumab
Potential first-line Tx: ziv-aflibercept
Liver-only metastases

Characteristic

Unweighted standardized difference

Weighted standardized difference

Index year: 2016

Characteristic

Pre-index insurance coverage (years)
Index year: 2011
Index year: 2015
Employment status: not currently employed
Employment status: currently employed
Age (years) at the index date
Charlson comorbidity index (CCI)
Age: 65 years and older
Data source: commercial claims and encounters
Region: North East
Data source: medicare supplemental database
Region: North Central
Index year: 2010
Comprehensive
Age: 18–49 years
Region: unknown or missing
Diabetes
Female
Male
CCL: 2
Uncomplicated diabetes
CCl: 5 or more
Preferred provider organization
Health maintenance organization
Age: 50–64 years
High-deductible health plan
Index year: 2012
Complicated diabetes
Point of service with and without capitation
Unknown or missing
Region: south
Consumer-driven health plan
Region: west
Index year: 2014
Index year: 2013
CCI: 3–4
Employment status: unknown or missing
Exclusive provider organization

0.0 0.1 0.2 0.3 0.4

Unweighted standardized difference
Weighted standardized difference

Standardized difference

Figure 3. Balancing of baseline characteristics after high-dimensional propensity score for overall survival.
CAPEOX: Capecitabine plus oxaliplatin; CAPIRI: Capecitabine and irinotecan; CT: Chemotherapy; FOLFIRI: Leucovorin
calcium (folinic acid), 5-fluorouracil and irinotecan; FOLFOX: Leucovorin calcium (folinic acid), 5-fluorouracil and
oxaliplatin; FOLFOXIRI: Leucovorin calcium (folinic acid), 5-fluorouracil, oxaliplatin and irinotecan; FU-LV:
5-fluorouracil and leucovorin calcium (folinic acid).
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Figure 4. Overall survival curves for patients treated with cetuximab weekly or every 2 weeks in combination with
chemotherapy for metastatic colorectal cancer after weighting with inverse probability of treatment.
Weighted for the inverse probability of treatment.
Q1W: Once weekly; Q2W: Every 2 weeks.

Table 3. Time to treatment discontinuation and time to next treatment or death.
Exposure group Number of events Patient-years at risk Unadjusted hazard ratio

(95% CI)
Weighted hazard ratio
(95% CI)†

p-value‡

Time to treatment discontinuation or death event

Q1W 1077 1433 1 1 0.376

Q2W 632 739 1.14 (1.03–1.26) 0.97 (0.89–1.04)

Time to next treatment or
death

Q1W 1045 1557 1 1 0.119

Q2W 604 852 1.06 (0.96–1.18) 0.94 (0.87–1.02)

†Weighted by the inverse probability of treatment based on a high-dimensional propensity score.
‡Two-sided test (� = 0.05) against a null hypothesis of 1.
Q1W: Once weekly; Q2W: Every 2 weeks.

With respect to secondary outcomes, there were 1709 discontinuation or death events, distributed as 1077 events
in the Q1W group and 632 events in the Q2W group (Table 3). The unadjusted hazard ratio for time to treatment
discontinuation between the Q1W and Q2W groups was 1.14 (95% CI: 1.03–1.26), and the weighted hazard
ratio was 0.97 (95% CI: 0.89–1.04; p = 0.38). The Kaplan–Meier curve for time to treatment discontinuation
after IPTW is shown in Supplementary Figure 2.
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Table 4. Incidence rates and incidence rate ratios of safety events during treatment with Q1W versus Q2W cetuximab.
Q1W (n = 763), unadjusted incidence
rate (95% CI)†

Q2W (n = 554), unadjusted incidence
rate (95% CI)†

Q2W vs Q1W, weighted incidence rate
ratio (95% CI)†‡

≥1 IRR 61.2 (57.3–65.5) 49.5 (44.7–55.0) 0.85 (0.78–0.94)

Hypomagnesemia 87.3 (75.8–100.5) 88.9 (70.1–112.8) 1.08 (0.87–1.34)

Skin rash 78.5 (66.8–92.3) 106.8 (87.1–130.8) 1.21 (0.98–1.50)

Mucositis 66.3 (50.4–87.2) 94.0 (70.0–126.3) 0.89 (0.65–1.21)

Headache 71.0 (57.4–87.8) 68.4 (51.2–91.3) 0.81 (0.60–1.09)

Conjunctivitis 72.4 (54.2–96.7) 54.2 (34.1–86.0) 0.55 (0.38–0.81)

Diarrhea 87.6 (77.9–98.5) 92.9 (78.0–110.6) 1.07 (0.92–1.24)

Nausea and vomiting 91.8 (83.0–101.6) 97.2 (84.4–111.9) 0.89 (0.78–1.02)

Anorexia and weight loss 82.3 (66.0–102.6) 76.3 (55.7–104.4) 1.30 (0.95–1.78)

Any event§ 83.1 (78.5–88.0) 78.8 (72.6–85.6) 0.95 (0.88–1.03)

†Per 100 patient-years at risk.
‡ Incidence rate ratio obtained from Poisson regression models adjusted for the inverse probability of treatment weighting based on a high-dimensional propensity score.
§Patients with a prior safety event were not excluded in this category. All other safety events do not include patients with a safety event that occurred in the 6 months prior to the index
date.
IRR: Infusion-related reaction; Q1W: Once weekly; Q2W: Every 2 weeks.

There were 1649 patients with a study outcome of either a switch from cetuximab to a subsequent line of
treatment or death; among this population, 1045 events occurred in the Q1W group, for 1557 patient-years at
risk, and 604 events occurred in the Q2W group, for 852 patient-years at risk (Table 3). The unadjusted hazard
ratio for time to next treatment or death between the Q1W and Q2W groups was 1.06 (95% CI: 0.96–1.18), and
the weighted hazard ratio was 0.94 (95% CI: 0.87–1.02; p = 0.119). The Kaplan–Meier curve for time to next
treatment or death after IPTW is shown in Supplementary Figure 3.

For the presumed 1L subgroup analysis, the average follow-up time for patients in both the Q1W group and
the Q2W group was 1.2 years (median: 0.9 year). There were 310 deaths in the Q1W group and 192 deaths in
the Q2W group, which gave a sample size that was considered too low to test the noninferiority hypothesis in this
subgroup. The unadjusted hazard ratio for OS in this subgroup was 1.10 (95% CI: 0.92–1.31). After weighting,
the hazard ratio for OS was 1.05 (95% CI: 0.86–1.29; p = 0.625). The Kaplan–Meier curve for OS in 1L after
IPTW is shown in Supplementary Figure 4.

Safety
There was no difference in the incidence of any of the considered safety events between the Q2W and Q1W groups,
with the exception of the incidence rate of conjunctivitis, which was lower in the Q2W group compared with the
Q1W group, at an incidence rate ratio of 0.55 (95% CI: 0.38–0.81). There was also a reduced incidence rate of
IRRs in the Q2W group (mean number of IRRs per patient, 2.0 ± 4.8) relative to the Q1W group (mean number
of IRRs per patient, 3.6 ± 7.7; incidence rate ratio, 0.85; 95% CI: 0.78–0.94) (Table 4). However, the decreased
rate of IRRs in the Q2W group may have been an artifact resulting from the lower number of infusions in this
group (average, 8.1 infusions per patient) versus that in the Q1W group (average, 15.3 infusions per patient). This
conclusion is supported by the fact that both groups had similar numbers of IRRs per cetuximab claim (0.2 ± 0.32
events per cetuximab infusion in the Q1W group and 0.2 ± 0.34 events per cetuximab infusion in the Q2W group
on average).

Discussion
Our study provides a head-to-head comparison of two cetuximab administration regimens, Q2W versus Q1W, for
the treatment of mCRC, which was conducted using real-world data from the US claims database MarketScan.
Classification of exposure relied on the observed number of days between two infusions, and misclassification of
exposure was considered limited because the standard duration between two claims usually differed by 2 days
compared with the theoretical timeframe of approximately 7 days for the Q1W and 14 days for the Q2W dosing
regimens, which could be attributed to the minimal changes in the scheduling of the infusions. As expected, patients
treated with cetuximab Q1W or Q2W differed on a limited number of available baseline characteristics; these
included status of Medicare coverage, unemployment status and use of ‘unspecified’ chemotherapy in combination
with cetuximab, all of which were more frequent in the Q1W group. Backbone chemotherapy also differed between
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groups, with a higher use of FOLFIRI in the Q2W group. While the objectives and nature of the study did not
allow for a detailed exploration of the combination chemotherapies used with each cetuximab infusion schedule,
we observed increased use of the Q2W schedule with index year (from 26.9% in 2010 to 51.2% in 2016). Because
FOLFIRI was added to the cetuximab label in 2012 [26], it is possible that the increased use of the Q2W schedule
corresponded to a period in which the likelihood of receiving FOLFIRI was also increased. Interestingly, the prior
receipt of systemic therapy for mCRC did not differ between groups. After IPTW based on the hdPS for the
primary objective, no major imbalances remained across groups.

Following the above weighting, the results for OS confirmed the noninferiority of cetuximab Q2W versus Q1W
in a line-agnostic setting, with consistent data across all sensitivity analyses, including an analysis considering only
inpatient death as a criterion in the algorithm used for death. No differences were identified for any of the additional
measures of effectiveness that were examined, such as time to treatment discontinuation or time to next treatment,
both of which are increasingly used as proxies for progression-free survival in noninterventional settings [27–29].
Additionally, no significant differences were noted in the rates of predefined safety events between the cetuximab
Q1W and Q2W groups, suggesting there was no increased risk for patients receiving the Q2W dosing regimen.

Consistent findings were reported in OS rates with cetuximab Q1W and Q2W dosing regimens in the randomized
Central European Cooperative Oncology Group (CECOG) study involving 152 patients with mCRC with KRAS
wt tumors, and in a single-center chart review of 50 patients with mCRC initiating treatment with cetuximab
between 2004 and 2007 in France [30,31]. In a prospective study conducted in Denmark, similar OS rates were
also observed for the cetuximab Q1W and Q2W dosing schedules when administered in the third-line setting in
combination with irinotecan [32]. In addition, no significant differences in disease control rate, progression-free
survival or toxicities were reported between Q1W and Q2W cetuximab dosing regimens in a retrospective study
of 60 Taiwanese patients with mCRC receiving targeted therapy with cetuximab in combination with FOLFIRI
chemotherapy [33]. In a retrospective study of 152 Chinese patients with mCRC, a Q2W regimen of cetuximab
plus leucovorin calcium (folinic acid), 5-fluorouracil and oxaliplatin (FOLFOX) or capecitabine and oxaliplatin
(CAPEOX) demonstrated no difference in OS or progression-free survival, but a higher overall response rate
was observed with this Q2W regimen compared with the standard Q1W regimen, and there were no significant
differences in the frequency of any grade 3/4 adverse events [34]. More recently, a pooled analysis of patient-level
data aiming to test the noninferiority of Q2W versus Q1W cetuximab in terms of OS confirmed noninferiority
between the two dosing regimens in the 1L setting [35]. A meta-analysis published in 2020 examining studies
directly comparing the efficacy and safety of the Q1W and Q2W schedules also reported equivalent efficacy in
terms of objective response rate, disease control rate, progression-free survival and OS [36]. In another report that
derived the pharmacokinetic profile of cetuximab from 19 clinical studies in patients with a range of solid tumors,
including CRC, the minimal exposure to cetuximab was equivalent for the cetuximab Q1W dose of 250 mg/m2

and the Q2W dose of 500 mg/m2 [18].
Our study has some limitations, particularly with regard to the nature of the data. Due to limitations of the data

source in terms of reporting mortality, the primary outcome of our study relied on a proxy for the identification of
death [21]. However, there is no reason to believe that this proxy would differentially affect either of the examined
dosing schedules; therefore, the relative effectiveness of Q2W versus Q1W is not thought to be affected by a
misclassification bias of the outcomes, including that of mortality. Furthermore, the sensitivity analysis restricting
the definition of mortality to inpatient discharge diagnoses of death was concordant with the primary analysis.

Similarly, data reported in claims databases rely on the use of proxies for the identification of metastatic disease,
which may not fully prevent the inadvertent inclusion of patients who may have been diagnosed with CRC but not
mCRC, or of patients who may not have any form of CRC. However, the exclusion of all SCCHN diagnoses and the
requirement of ≥1 claim for a combination of cetuximab and chemotherapy aimed to avoid such a misclassification
bias. Furthermore, such a bias would have been unlikely to disproportionately impact the two dosing schedules.
Another limitation of this study was that KRAS/NRAS mutational status could not be assessed, irrespective of the
label being modified during the study period [11]. Interestingly, only 14% of patients had evidence of a claim testing
for KRAS mutational status in our sample. This study also had a short follow-up of 1 year; however, as the follow-up
time was identical in both groups, it is not expected to have impacted the observation of relative effectiveness.
Nonetheless, absolute rates of events should be interpreted with caution.

Another limitation of our study is related to follow-up time, which was short. Patients with malignancy may
experience job loss or transition to short- or long-term disability, either of which could lead to periodic termination
from the database. However, a sufficient number of events was observed to achieve the power necessary to test the
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noninferiority hypothesis, and the length of follow-up was similar for both treatment schedules, suggesting this
limitation did not differentially impact the study groups.

Conclusion
In summary, this study based on secondary use of real-world data confirmed the noninferiority of cetuximab Q2W
versus Q1W for the treatment of mCRC in a line-agonistic setting on OS, as well as on other secondary effectiveness
outcomes, including time to treatment discontinuation and time to next treatment or death, which were used as
proxies for progression-free survival. Additionally, no significant differences were shown in the rate of selected safety
events between cetuximab Q2W and Q1W in combination with chemotherapy. The results suggest that using a
Q2W schedule for cetuximab in combination with chemotherapy may offer an alternative to the approved Q1W
dosing regimen and may help synchronize the administration of cetuximab and concomitant chemotherapy. Such
synchronization could reduce healthcare resource utilization; however, it should be noted that the Q2W schedule
described here has not been approved by regulatory authorities and is therefore considered off-label.

Summary points

• This study tested the noninferiority of cetuximab administered every 2 weeks (Q2W; n = 951) versus once weekly
(Q1W; n = 1779) for the treatment of metastatic colorectal cancer with regard to overall survival as well as time to
next treatment, discontinuation, switch and/or death, and incidence rates of selected safety events.

• This was a cohort study based on secondary use of IBM MarketScan data and included patients treated with
cetuximab for metastatic colorectal cancer in combination with chemotherapy in a line-agnostic setting.

• For each outcome, inverse probability of treatment weighting that included trimming was performed based on a
high-dimensional propensity score-based methodology and then used to increase the comparability of baseline
characteristics between the two treatment regimens.

• With respect to the primary outcome of overall survival, the unadjusted hazard ratio between the Q1W and Q2W
groups was 1.05 (95% CI: 0.93–1.18), and the weighted hazard ratio based on the trimmed high-dimensional
propensity score was 0.94 (95% CI: 0.85–1.03); the inferiority hypothesis was rejected at p < 0.001.

• No differences were identified between dosing regimens for additional measures of effectiveness such as time to
treatment discontinuation and time to next treatment.

• No significant differences were shown in the rate of selected safety events between cetuximab Q2W and Q1W in
combination with chemotherapy.

• The results suggest that using a Q2W schedule for cetuximab in combination with chemotherapy may offer an
alternative to the approved Q1W dosing regimen and may help synchronize the administration of cetuximab and
concomitant chemotherapy, which could reduce healthcare resource utilization.
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