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Aim: To compare healthcare resource utilization (HRU) and healthcare costs (HC) for every-2-week (Q2W)
versus weekly (Q1W) cetuximab in metastatic colorectal cancer (mCRC). Patients & methods: Patients with
mCRC receiving cetuximab plus chemotherapy in a line-agnostic setting. Cohort study of patients with
mCRC treated with cetuximab and chemotherapy in IBM MarketScan. Analyses were weighted by inverse
probability of treatment based on propensity score. Results: HRU was numerically lower with the Q2W
versus Q1W regimen (weighted mean, 8.1 vs 9.5 encounters per-patient-per-month). The weighted aver-
age of HC was $17,653 and $16,469 per-patient-per-month for the Q2W and Q1W regimens, respectively;
the difference between regimens decreased when restricting to CRC-related claims. Conclusion: HRU was
lower and HC were similar between the Q2W and Q1W regimens.
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Colorectal cancer (CRC) is the third leading cause of cancer-related deaths and the second most common cause of
cancer deaths, with 53,200 CRC-related deaths expected in 2020 in the United States alone [1]. CRC is responsible
for 900,000 deaths annually worldwide, with a higher CRC incidence rate observed in economically developed
countries [2]. In the United States, CRC has a 5-year relative survival rate of 65%; this rate is much lower for those
with metastatic CRC (mCRC), who have an average 5-year relative survival rate of only 14% 3].

The current standard of care for patients with unresectable mCRC is chemotherapy in combination with
targeted therapy (4,5]. Anti-EGF receptor (EGFR) agents are indicated for EGFR-expressing, KRAS/RAS wild-type
(wt) mCRC. 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
first-line (1L) setting for extended RAS and RAF wt tumors as well as for BRAF-V600E-mutant tumors [6,7]. In
the United States, cetuximab is approved for the treatment of KRAS wt, EGFR-expressing mCRC as determined
by a US FDA-approved test, with a limitation restricting use in patients with RAS mutations or with unknown
RAS status since 2012 [s]. Although the approved schedule of cetuximab is an initial dose of 400 mg/m? of body
surface area followed by subsequent weekly (Q1W) doses of 250 mg/m?, numerous studies have been conducted
to document and support the clinical use of a schedule of 500 mg/m? cetuximab every 2 weeks (Q2W) [9-12]. Both
the QIW and the Q2W schedules are recommended in the National Comprehensive Cancer Network (NCCN)
guidelines [4,5]. The Q2W 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 [13-15]. However,
few studies have specifically compared these two treatment regimens; those that have compared them have had
limited sample sizes. Furthermore, the real-world implications regarding the healthcare resource utilization (HRU)
and healthcare costs (HC) of these treatment regimens in daily practice are not well known.
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Figure 1. Study design.

TEligibility requires that the second CET claim occurs within 28 days of the first claim. Additionally, a CET infusion
claim had to occur within 28 days of the first claim, and a CRC diagnosis had to occur within 180 days of either of the
two initial CET claims.

fUp to 30-day gaps in insurance coverage were allowed.

SEarliest 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; SCCHN: Squamous cell carcinoma of the head and neck.

This manuscript details the preplanned secondary end points from a recently published study reporting on the
real-world effectiveness and safety of the Q2W versus the Q1W cetuximab-dosing regimen [16]. The objective of
this study was to describe and compare HRU and HC for the Q2W versus Q1'W cetuximab-dosing regimens in
combination with chemotherapy for the treatment of mCRC. The aim was to determine whether synchronized
administration of cetuximab with concomitant chemotherapy by using the cetuximab Q2W dosing regimen may
result in lower HRU and HC.

Patients & methods

Study design

This was a longitudinal cohort study based on the secondary use of data from a large US claims database, IBM
MarketScan, for patients with mCRC treated with cetuximab in combination with chemotherapy, irrespective of
the treatment line, between 1 July 2010 and 31 December 2016. All data used in this study were derived from US-
centric administrative claims and were deidentified and certified as Health Insurance Portability and Accountability
Act (HIPAA) compliant per US Code of Federal Regulations CFR 46.116. The patients included in the study did
not receive any interventions other than those administered by their healthcare providers independent of study data
collection activities.

Patients
Eligible patients were required to sequentially meet all of the study criteria, which included having >2 consecutive
cetuximab claims occurring within 28 days of each other, the first of which was considered to be the index date;
administration of one round of chemotherapy within 28 days of the index date; >1 CRC diagnosis within 180 days
around the index date; and age of >18 years at the index date (Figure 1).

Patients were not eligible for the study if they fulfilled any of the following exclusion criteria: less than 180 days
of continuous enrollment prior to the index date (with up to a 30-day gap allowed) to assess baseline characteristics;
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>1 diagnosis of squamous cell carcinoma of the head and neck (SCCHN) within the 180 days prior to the index
date and any time thereafter, as cetuximab is also used for this indication (8]; >1 cetuximab claim any time before
the index date; > 120 years of age at the index date; or missing values for age or sex.

Exposure

Eligible patients were classified according to their observed cetuximab treatment patterns into one of the following
cohorts: Q1W, patients treated with cetuximab once weekly, classified on the basis of a median time between
sequential cetuximab claims of >4 and <11 days; Q2W, patients treated with cetuximab every 2 weeks, classified
on the basis of a median time between sequential cetuximab claims of >11 and <19 days; and ozher, patients
treated with a cetuximab regimen different from Q1W and Q2W;, classified on the basis of any other median time
between sequential cetuximab claims. The purpose of identifying the ‘other’ cohort was to ensure that patients
considered to not have received either the Q1W or Q2W regimen were not included for analysis. As cetuximab-
dosing information was not available for most cases and could not be derived from the data, for the purpose of
this analysis, it was assumed that patients in the Q1'W cohort received cetuximab at an initial dose of 400 mg/m?
followed by 250 mg/m? weekly and patients in the Q2W cohort received cetuximab at 500 mg/m? every 2 weeks as
described in the literature and recommended by NCCN guidelines [4,5,9-12]. 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).

The exposure period (i.c., the patient follow-up period) considered for analysis was defined as the time from the
first cetuximab claim (index date) until the earliest of the following outcomes (and the date on which follow-up
was considered to end): death due to any cause (date of death); loss of insurance coverage for more than 30 days
(last date of insurance coverage +31 days); switch to another systemic treatment for mCRC, in the context of
cetuximab discontinuation (date of last use of cetuximab); discontinuation of cetuximab, defined as more than
45 days between two sequential cetuximab claims (date of last use of cetuximab in first claim); or the end of the
data availability/study period (31 December 2016). Death was identified through a proxy published in the CRC
setting [17]. 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.

Study outcomes

HRU observed during the exposure period covered overall inpatient admissions, overall outpatient visits and overall
pharmacy services. Estimates of costs were based on the variable total pay in the MarketScan dataset, which includes
payments by payers as well as patients, corresponding to each type of HRU identified. Overall costs corresponding
to the sum of the costs from inpatient and outpatient care as well as pharmacy costs were considered. Costs were
inflation-adjusted to 2016 US dollars based on the medical care component of the Consumer Price Index. HRU
and HC were further stratified based on whether they were directly related to CRC (i.e., if the associated service
had a diagnosis, primary or secondary, of CRC or had the following surgical procedure codes: 47120, 47122,
47125, 47130, 32480, 32482, 32484 or 324806) [18] or to skin toxicity (i.e., if the associated service had a diagnosis,
primary or secondary, relating to skin toxicity).

Statistical analysis

HRU and HC were reported on a per-patient-per-month (PPPM) basis to account for variable lengths of follow-up
and expressed with corresponding 95% Cls. The monthly HRU for services was calculated for each patient by
dividing the cumulative HRU during follow-up over the total cetuximab exposure period expressed in months
(T). The end of cetuximab exposure was considered to occur at the first of the following events: death, switch
to another treatment, loss of insurance coverage for more than 30 days (loss of follow-up) or the end of the data
availability/study period. The formula is as follows:

HR uses within T

HRU, =
PP Number of months of T
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Monthly HC were calculated for each patient by dividing the total costs during follow-up over the total cetuximab
exposure period expressed in months using the following formula:

Total costs within T
Number of months of T’

HCpppyr =

In cases where the follow-up period was less than 30 days, the number of healthcare encounters was applied without
adjusting to monthly values. An inverse probability of treatment weighting (IPTW) based on a high-dimensional
propensity score (hdPS) methodology was used to account for potential confounding [19] between the cetuximab
QI1W and Q2W regimens; this standardization allowed for comparisons across variables on different scales. As
described in our previous paper (16}, the following additional variables were added to the model: calendar year
of index date, region of residence, type of insurance plan, chemotherapy used in combination with cetuximab
and number of visits during the preindex period. Where possible, continuous forms of the prespecified variables
were selected over categorical forms. Because the weighting was large for a minority of patients, stabilized weights
were used for all analyses [20]. Balance among baseline characteristics was assessed using standardized differences.
Standardized mean differences are presented in Figure 2, with the value of 0.1 (vertical line) taken as the threshold
below which the covariates are considered balanced between the two groups.

Mean values of HRU and HC with corresponding 95% Cls (obtained from the parametrically asymptotic
method) after IPTW were estimated overall, for each specific category of HRU and HC, and for stratification
according to HRU and HC related to CRC or skin toxicity. Overall and categorized costs between the Q1W and
Q2W regimens were compared using cost differences after IPT'W based on generalized linear models (GLM) with
gamma distribution (log-link). CRC-related costs were also compared with GLM; however, costs restricted to those
associated with skin toxicity could not be compared due to the low number of these events.

Results

Exposure classification

A total of 2943 patients met the study eligibility criteria, with 1779 (60.4%) categorized as having received
cetuximab QIW and 951 (32.3%) categorized as having received cetuximab Q2W. The remaining 213 (7.2%)
patients did not meet the criteria for allocation into the Q1W or Q2W dosing regimens and were not included
for analysis. The Q1'W cohort had a total of 27,161 cetuximab claims with an average of 8.1 days between claims
(interquartile range: 7-7); 75.4% of the claims were exactly 7 days apart when considering all time spans between
cetuximab claims after the index date. The mean absolute difference between the observed and expected duration
for all cetuximab claims in the Q1W cohort was 1.17 days, and the root-mean-squared error was 1.86 days,
suggesting that the standard time span between two cetuximab claims in this cohort differed by less than 2 days (vs
the theoretical value of 7 days). The Q2W cohort had a total of 7678 cetuximab claims with an average of 15 days
between claims (interquartile range: 14-14); 66.4% of the claims were exactly 14 days apart when considering all
time spans between cetuximab claims after the index date. The mean absolute difference between the observed and
expected duration for all cetuximab claims in the Q2W cohort was 1.33 days, and the root-mean-squared error
was 2.02 days, suggesting that the standard time span between two cetuximab claims in this cohort differed by
approximately 2 days (vs the theoretical value of 14 days; Supplementary Table 1).

Baseline characteristics

Patients in the Q1'W and Q2W cohorts differed on a limited number of available baseline characteristics, including
age >65 years (30.6 and 24.7%, respectively), number of patients currently employed (26.0 and 33.6%), number of
patients with a chemotherapy backbone of FOLFIRI (folinic acid, fluorouracil and irinotecan; 24.5 and 34.4%) and
number of patients with a chemotherapy backbone of undefined (19.5 and 9.8%; Table 1 & Supplementary Table 2
). The median follow-up was 0.7 years (first and third quartiles: 0.3, 1.3) in Q1'W, and 0.7 (first and third quartiles:
0.3, 1.4) in Q2W. The distribution of absolute standardized differences for baseline characteristics between the
exposure groups before (black dots) and after (gray dots) hdPS-based IPTW is presented in Figure 2A and B. After
applying IPTW, only the use of fluorouracil showed a standardized difference more than 0.1 between cohorts.
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® Characteristic

Index year: 2016

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 (continuous)

Data source: Commercial Claims and Encounters
Region: North East

Data source: Medicare Supplemental Database
Region: North Central

Index year: 2010

Comprehensive

Region: unknown or missing

Diabetes at index date

Female

Male

Insurance type: preferred provider organization
Insurance type: health maintenance organization
Insurance type: high-deductible health plan
Index year: 2012

Insurance type: point of service

Insurance type: unknown or missing

Region: South

Insurance type: consumer-driven health plan
Region: West

Index year: 2014

Index year: 2013

Employment status: unknown or missing
Insurance type: exclusive provider organization

Characteristic

Backbone chemotherapy: undefined | e
Backbone chemotherapy: FOLFIRI |o
Backbone chemotherapy: FOLFOX o

Metastases: liver and other °
Metastases: none .
Backbone chemotherapy: fluorouracil
L treatment: bevacizumab
Backbone chemotherapy: capecitabine |
Backbone chemotherapy: other | e
1L treatment: ramucirumab
1L treatment: panitumumab
Cetuximab used in 1L setting
Presumed wild type status |®
Backbone chemotherapy: CAPEOX | e
Backbone chemotherapy: oxaliplatin o
Use of pain management | ¢ e
1L treatment: oxaliplatin oo
1L treatment: pembrolizumab .
1L treatment: irinotecan °
1L treatment: fluorouracil oo
1L treatment: leucovorin °
1L treatment: tipiracil/trifluridine °
1L treatment: capecitabine | ®
1L treatment: regorafenib |
Backbone chemotherapy: CAPIRI | e®
Presumed 1L wild type
Backbone chemotherapy: FOLFOXIRI
Backbone chemotherapy: FU-LV
Backbone chemotherapy: irinotecan
Backbone chemotherapy: leucovorin
1L treatment: ipilimumab
1L treatment: nivolumab
1L treatment: ziv-aflibercept
Metastases: liver only

Weekly vs every-2-week use of cetuximab in mCRC

® Unweighted standardized difference
® Weighted standardized difference

0.1

T
0.2 0.3 0.4
Standardized difference

® Unweighted standardized difference
® Weighted standardized difference

ofeeeeeseesse

o

0.1

T T
0.2 0.3 0.

Standardized difference

T
4

Figure 2. Absolute standardized differences of baseline characteristics before and after inverse probability of

treatment weighting based on propensity score.

1L: First-line; CAPIRI: Capecitabine and irinotecan hydrochloride; CAPOX: Capecitabine and oxaliplatin; CCl: Charlson
Comorbidity Index; FOLFIRI: Folinic acid, fluorouracil and irinotecan; FOLFOX: Folinic acid, fluorouracil and oxaliplatin;
FOLFOXIRI: Folinic acid, fluorouracil, oxaliplatin and irinotecan; FU-LV: Fluorouracil and leucovorin.
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Table 1. Demographics, disease characteristics and treatments.

Charactertistic Q1w Q2w Total
Patients, n (%) 1779 (65.2) 951 (34.8) 2730 (100)
Age at index date: >65 years, n (%) 544 (30.6) 235 (24.7) 779 (28.5)
Sex: female, n (%) 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 index date, 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 or missing 665 (37.4) 359 (37.7) 1024 (37.5)

Type of metastases, n (%)
— Other localizations only (no liver) 843 (47.4) 402 (42.3) 1245 (45.6)
— Liver and other localizations 936 (52.6) 549 (57.7) 1485 (54.4)

Chemotherapy 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)

- CAPOX 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)
- Othert 68 (3.8) 44 (4.6) 112 (4.1)
Cetuximab presumed to have been given as first-line, n (%) 557 (31.3) 316 (33.2) 873 (32.0)

TOther regimens included capecitabine (n = 72) and oxaliplatin (n = 31).
5-FU: Fluorouracil; CAPIRI: Capecitabine and irinotecan hydrochloride; CAPOX: Capecitabine and oxaliplatin; FOLFIRI: Folinic acid, fluorouracil and irinotecan; FOLFOX: Folinic acid,
fluorouracil and oxaliplatin; FOLFOXIRI: Folinic acid, fluorouracil, oxaliplatin and irinotecan; Q1W: Weekly; Q2W: Every-2-weeks.

Table 2. Mean (SD) of healthcare resource utilization encounters per-patient-per-montht according to weekly or

every-2-weeks cetuximab administration schedule.

Services Unadjusted results Weighted by inverse probability of treatment
All-purpose, mean (SD) CRC-related®, mean (SD) Related to skin toxicity, All-purpose, mean (95% CI)  CRC-related, mean (95% Cl)
mean (SD)
Q1w Q2w Q1w Q2w Q1w Q2w Q1w Q2w Q1w Q2w

Overall 9.5 (4.12) 8.5 (4.05) 5.3(2.88) 4.3 (2.49) 0.1(0.27) 0.1(0.27) 9.48 8.10 5.44 4.07
(9.29-9.67) (7.86-8.34) (5.31-5.58) (3.92-4.22)

Outpatient 6.7 (3.27) 5.7 (3.14) 5.2 (2.84) 4.2 (2.45) 0.1(0.24) 0.1(0.27) 6.70 5.37 5.32 3.95
(6.55-6.85) (5.19-5.55) (5.19-5.45) (3.80-4.09)

Inpatient 0.2 (0.27) 0.2 (0.27) 0.1(0.22) 0.1(0.21) 0(0.02) 0 0.17 0.18 0.11 0.12
(0.16-0.19) (0.17-0.20) (0.10-0.12) (0.10-0.13)

Pharmacy 2.6 (1.65) 2.6 (1.63) 0(0.12) 0 (0.04) 0(0.12) 0 (0.04) 2.60 2.54 0.01 (0-0.01) 0 (0-0)

(2.52-2.68) (2.44-2.65)

TPPPM figures were derived by dividing the total sum of HRU during follow-up by the total time of follow-up and then summarized across all patients.

Defined as any claim that had a diagnosis code for primary or secondary CRC or a CPT for CRC surgery.

CPT: Current Procedural Terminology; CRC: Colorectal cancer; HRU: Healthcare resource utilization; PPPM: Per-patient-per-month; Q1W: Weekly; Q2W: Every 2 weeks; SD: Standard
deviation.

Healthcare resource utilization

Opverall, the mean all-purpose and CRC-related HRU was numerically higher for patients in the Q1'W versus Q2W
cohort (Table 2), both before and after adjustment with IPTW (Figure 3). The mean unadjusted overall HRU was
9.5 (Q1W) and 8.5 (Q2W) encounters PPPM. After hdPS-based IPTW, the mean adjusted overall HRU (95%
CI) was 9.48 (9.29-9.67; Q1W) and 8.10 (7.86-8.34; Q2W) encounters PPPM. For HRU related to CRC claims
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Figure 3. Box plots of all-purpose, outpatient and inpatient healthcare utilization by exposure to cetuximab
every 2 weeks versus weekly after inverse probability of treatment weighting.
PPPM: Per-patient-per-month; Q1W: Weekly; Q2W: Every-2-weeks.

only, the mean unadjusted overall HRU was 5.3 (Q1W) and 4.3 (Q2W) encounters PPPM. After adjustment
by IPTW, the mean adjusted overall HRU (95% CI) was 5.44 (5.31-5.58; Q1W) and 4.07 (3.92-4.22; Q2W).
Additional comparisons of unadjusted versus adjusted mean HRU PPPM can be found in Table 2. Adjusted HRU
related to skin toxicity was not reported due to the low number of services rendered for this subgroup of events.

Healthcare costs

Mean all-purpose HC were numerically lower for patients in the Q1'W cohort compared with the Q2W cohort
(Table 3), although this difference decreased after weighting (Figure 4) and was further reduced when restricting
to CRC-related HC. The mean unadjusted overall HC were $15,611 (Q1W) and $20,570 (Q2W) PPPM. The
adjusted mean overall HC (95% CI) were $16,469 (15,780.67-17,156.33) (Q1W) and $17,653 (16,540.27—
18,765.90) (Q2W). For HRU related to CRC claims only, the mean unadjusted HC were $12,031 (Q1W) and
$15,712 (Q2W). After hdPS-based IPTW, the mean adjusted HU (95% CI) were $12,885 (12,299.77-13,470.16)
(Q1W) and $13,356 (12,370.70-14,342.17) (Q2W). No significant differences in costs were found between the
QI1W and Q2W cohorts in the GLM after IPTW (Table 4). The ratio of all-purpose HC PPPM for Q2W over
those of Q1'W was 1.07 (p = 0.06). The ratio of CRC-related HC PPPM for Q2W over Q1W was 1.04 (p = 0.39).
HC related to skin toxicities have not been reported due to the low number of events and thus low costs PPPM
associated with them.

Discussion

In this study, lower all-purpose and all-outpatient HRU for the Q2W cetuximab regimen versus the Q1W regimen
(non-overlapping 95% ClIs) for patients with mCRC treated with cetuximab in combination with chemotherapy
were observed, after considering imbalances in baseline characteristics. Interestingly, the differences for inpatient or
outpatient HRU were less than twofold, which would be expected based on the difference in cetuximab schedules
and suggests that patients receiving cetuximab Q2W may receive additional services unrelated to CRC during
their encounters compared with patients treated with cetuximab Q1W. Numerical differences were noted for costs
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Table 3. Mean (SD) healthcare costs in US dollars per-patient-per-month’ according to weekly versus every-2-weeks

cetuximab administration schedule.

Services Unadjusted results Weighted by inverse probability of treatment
All-purpose, mean (SD) CRC-related!, mean (SD) Related to skin toxicity, All-purpose, mean (95% Cl) CRC-related, mean (95% Cl)
mean (SD)
Q1w Q2w Q1w Q2w Q1w Q2w Q1w Q2w Q1w Q2w
Overall 15,610.8 20,570.2 12,031.5 15,711.8 155.9 150.5 16,468.50 17,653.09 12,884.97 13,356.44
(14,700.21) (21,015.83) (12,377.21) (18,917.47) (1142.35)  (826.65) (15,780.67— (16,540.27- (12,299.77- (12,370.70-
17,156.33) 18,765.90) 13,470.16) 14,342.17)
Outpatient 11,5714 15,561.8 9,919.3 13,178.5 105.2 1314 12,415.73 12,783.33 10,791.47 10,890.65
(11,170.95) (15,419.75) (10,283.66) (14,632.01) (974.08) (786.54) (11,870.82— (11,949.86- (10,286.03- (10,103.41-
12,960.65) 13,616.79) 11,296.91) 11,677.89)
Inpatient 3248.2 4142.7 2067.4 2515.0 5.9 0.8 (20.45) 3231.01 4086.56 2046.73 2456.72
(8174.44) (12,831.95) (6213.77) (11,479.62) (160.36) (2865.39— (3431.20- (1773.60- (1901.09-
3596.64) 4741.91) 2319.86) 3012.35)
Pharmacy 791.2 865.6 44.8 (553.24) 18.3(263.14) 4438 18.3 821.76 783.20 46.77 9.07
(1643.39) (1525.37) (553.24) (263.14) (746.12— (695.85- (19.79-73.74) (0.00-20.69)
897.39) 870.55)

TPPPM figures were derived by dividing the total HC during follow-up by the total time of follow-up and then summarized across all patients.
Defined as any claim that had a diagnosis code for primary or secondary CRC or a CPT procedure code for CRC surgery.
CPT: Current Procedural Terminology; CRC: Colorectal cancer; HC: Healthcare costs; PPPM: Per-patient-per-month; Q1W: Weekly; Q2W: Every 2 weeks; SD: Standard deviation.
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Figure 4. Box plots of all-purpose healthcare costs, outpatient costs and inpatient costs by exposure to cetuximab
weekly versus every 2 weeks after inverse probability of treatment weighting.
PPPM: Per-patient-per-month; QTW: Weekly; Q2W: Every 2 weeks; USD: US dollar.

between the two cohorts, with a weighted average of $17,653 PPPM for Q2W and $16,469 PPPM for Q1W.
Notably, the difference between the two treatment regimens was reduced when restricting to CRC-related claims:
$13,356 and $12,884 for Q2W and Q1W, respectively. The reduced difference in costs across both treatment
schedules when restricting to CRC-related claims, associated with a lower (but less than twofold) HRU in the Q2W
cohort, suggests that patients treated with the cetuximab Q2W regimen may have received additional more costly
non-CRC services during their encounters compared with the patients treated with the Q1'W regimen. Similar
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Table 4. Generalized linear model estimates of costs in US dollars per-patient-per-month and cost ratio of weekly versus

every-2-weeks cetuximab administration schedule after weighting on the propensity score.
Cost category All-purpose CRC-related costs

Exponential of parameter estimate p-value
[Exp(B)] with 95% CI

Exponential of parameter estimate p-value
[Exp(B)] with 95% CI

Overall resources

Costs Q1W, USD PPPM 14,947.59 0.06 10,598.80 0.39
(11,282.03-19,804.09) (7632.14-14,718.62)
Costs Q2W, USD PPPM 16,039.45 11,001.10
(12,111.52-21,241.26) (7916.66-15,287.29)
Ratio, Q2W vs Q1W 1.07 1.04
(1.00-1.15) (0.95-1.13)
Outpatient services
Costs Q1W, USD PPPM 11,395.90 0.44 9,712.87 0.82
(8513.09-15,254.91) (6970.78-13,533.61)
Costs Q2W, USD PPPM 11,742.28 9,810.20
(8770.67-15,720.71) (7037.13-13,676.03)
Ratio, Q2W vs QW 1.03 1.01
(0.95-1.11) (0.93-1.10)
Inpatient admissions
Costs Q1W, USD PPPM 124,718.93 0.30 N/A
(7945.94-1,957,579.78)
Costs Q2W, USD PPPM 29,581.82
(6931.28-126,251.50)
Ratio, Q2W vs Q1W 0.24
(0.02-3.63)
Pharmacy services
Costs Q1W, USD PPPM 516.72 0.50 N/A
(303.80-878.86)
Costs Q2W, USD PPPM 492.51
(288.08-842.01)
Ratio, Q2W vs Q1W 0.95
(0.83-1.10)

CRC: Colorectal cancer; N/A: Not applicable due to low number of claims; PPPM: Per-patient-per-month; Q1W: Weekly; Q2W: Every 2 weeks; USD: US dollar.
findings were obtained when using a GLM for cost analysis. While this could be an explanation, we did not test
for this hypothesis as part of our study.

We did not observe the expected reduction in costs for the Q2W cohort despite the lower HRU for this group.
One explanation for this observation may be that healthcare plans for the Q2W cohort were more comprehensive
than those for the Q1'W cohort, as there is a link between the comprehensiveness of insurance plans and employment
status (‘employed’ status was more common among patients in the Q2W cohort). It is possible that clinicians were
more likely to offer more expensive or a greater number of services, partly as a consequence of better insurance
plans, a phenomenon known as supplier-induced demand. We are unable to test this hypothesis in the current
study; however, it may be possible to test whether this pattern occurs in healthcare settings with less heterogeneity
in the costs of encounters. However, it is unlikely that the patients in the Q2W cohort underwent a greater number
of services, as this cohort had lower HRU versus the Q1W cohort. A second explanation is that those with better
insurance may be less cost-conscious when requesting care services, which could result in a higher cost per HRU.
Additionally, a patient with a higher-coverage plan may be more likely to visit a clinician than a patient with a
lower-coverage plan. There could be added costs for this visit without a resulting claim for the additional services
consumed, a phenomenon known as moral hazard. Third, although overall HRU was lower in the Q2W cohort
with an overall similar cost between groups, the impact of so-called super users has not been assessed. It has been
observed that a relatively small number of patients can utilize a disproportionally large number of resources, which
would skew the distribution. The observed range of costs PPPM in this study suggests that this may be the case.

The current study provided longitudinal tracking of patient-level data for two cetuximab regimens (Q2W vs
Q1W) in mCRC across multiple settings of care in the United States. A number of studies have examined the
effectiveness of cetuximab Q2W versus Q1W when added to chemotherapy with respect to overall survival time in
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patients with RAS wt mCRC [21-23). However, to the best of our knowledge, this is the first study comparing HRU
and HC associated with Q1W and Q2W cetuximab regimens in an observational setting in mCRC. Both the
all-cause and CRC-related HRU tended to be lower for patients receiving cetuximab Q2W versus Q1W, which is
expected because the Q2W regimen requires fewer infusions than the Q1W regimen. The absence of differences in
the ratio of costs between exposure groups and the numerically higher costs for patients receiving cetuximab Q2W
were unexpected findings that may appear counterintuitive. When limited to CRC-related costs, no difference was
seen between the two regimens, which suggests that patients treated with the Q2W regimen may be receiving
additional non-CRC-related services during their visits versus patients treated with the Q1W regimen, however,
exploration of these types of services have not been considered in our analyses. This conclusion is supported by the
higher proportion of employed patients at baseline in the Q2W cohort (33.6%) than the Q1W cohort (26.0%),
which is an indicator of broader insurance benefits and probably more costly services being provided to the Q2W
patients. While commercial and Medicare coverage were used as covariates in the hdPS, the type of plan was not
included. This hypothesis would have to be tested in a universal healthcare system, where differences in employment
status are not expected to have a major impact on costs.

The claims data used in this study provide an accountant’s point of view and are expected to capture all meaningful
HRU in a large population considered to have severe disease (>500 patients per cohort). The adjustment methods
for our analysis utilized the high dimensionality of the data to account for both observed and potential unobserved
confounders. Metastatic stage of disease could not be derived accurately from the claims database, as the associated
records rely on the use of proxies for the identification of mCRC, which could lead to the inclusion of patients who
may have been diagnosed with non-mCRC. However, this effect is thought to be minimal because we excluded all
SCCHN diagnoses and required that all included patients received a combination of cetuximab and chemotherapy.
Additionally, any risk of misclassification is unlikely to differentially impact each exposure group. Costs not leading
to insurance claims, such as over-the-counter medications, were not accounted for; however, these are expected to
be very low in a population of severely ill patients. Although this study had a short follow-up period, a sufficient
number of events was observed to achieve sufficient power to compare the two cohorts, and the length of follow-up
was similar for both treatment schedules, suggesting that any impact from this limitation would be the same across
both treatment regimens. However, crude costs and HRU for a single regimen should be interpreted with caution
given this short follow-up time.

Conclusion

This noninterventional study based on secondary use of data demonstrated numerically lower HRU and similar
HC for patients with mCRC receiving cetuximab Q2W or Q1W regimens in combination with chemotherapy after
accounting for differences in baseline characteristics. Aligning the administration schedule of cetuximab with that
of concomitant chemotherapy may reduce the number of healthcare encounters or HRU. Reducing overall HRU or
clustering HRU into fewer encounters reduces the burden of disease management for both patients and caregivers
and may impact the planning of patient care at the institutional level. From a resource utilization perspective, the
cetuximab Q2W regimen represents a cost-neutral option for the treatment of patients with mCRC, supporting
the use of this regimen in daily practice. Similar studies should be conducted to reproduce our findings in different
healthcare settings.

Summary points

e Cetuximab is approved by the FDA for use in KRAS wild-type metastatic colorectal cancer (mCRC) at an initial
dose of 400 mg/m? followed by 250 mg/m? weekly (Q1W), but a schedule of 500 mg/m? every 2 weeks (Q2W) is
common in clinical practice.

e The real-world implications regarding the healthcare resource utilization (HRU) and healthcare costs (HC) of
these two treatment regimens in daily practice are not well known.

e We performed a cohort study based on the secondary use of data from a large US claims database, IBM
MarketScan, to describe and compare HRU and HC for the Q2W versus Q1W cetuximab-dosing regimens in
combination with chemotherapy for the treatment of mCRC.

e We found that the Q2W cetuximab regimen is associated with lower HRU versus the Q1W regimen for patients
with mCRC-receiving cetuximab with chemotherapy; however, there was no associated reduction in HC.

e From a resource utilization perspective, the cetuximab Q2W regimen represents a cost-neutral option for the
treatment of patients with mCRC, supporting the use of this regimen in daily practice.
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