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Objectives: We aimed to compare the economic value of chemotherapy plus anti-
epidermal growth factor receptor (anti-EGFR) monoclonal antibody (mAb) against
chemotherapy with bevacizumab (Bev, an anti-vascular endothelial growth factor mAb)
as first-line treatment in KRAS wild-type (WT), pan-RAS WT and pan-RAS WT left-sided
metastatic colorectal cancer (MCRC) patients from the Hong Kong societal perspective.

Materials and Methods: \We developed Markov models and 10-year horizon to estimate
costs, quality-adjusted life years (QALYs), and incremental cost-effectiveness ratio (ICER)
of chemotherapy plus anti-EGFR therapy against chemotherapy plus Bev in KRAS WT,
pan-RAS WT, and pan-RAS WT left-sided mCRC. We considered two times of the local
gross domestic product per capita (GDPpc) as the wilingness-to-pay (WTP) threshold (2x
GDPpc; US$97,832).

Results: Adding anti-EGFR mAb to chemotherapy provides additional 0.24 (95%
confidence interval [Cl] 0.19-0.29), 0.32 (95% CI 0.27-0.37), and 0.57 (95% CI 0.49-
0.63) QALY compared to adding Bev in KRAS WT, pan-RAS WT, and left-sided pan-RAS
WT mCRC populations respectively. The corresponding ICER is US$106,847 (95% Cl
87,806-134,523), US$88,565 (95% CI 75,678-105,871), US$76,537 (95% Cl 67,794~
87,917) per QALY gained, respectively.

Conclusions: Anti-EGFR therapy is more cost-effective than Bev as a first-line targeted
therapy in left-sided pan-RAS WT and pan-RAS WT, with ICER <US$100,000/QALY,
compared to KRAS WT mCRC population.
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INTRODUCTION

Colorectal cancer (CRC) is a significant global health burden.
Over the past decades, the introduction of molecular targeted
therapy has dramatically improved the prognosis of metastatic
colorectal cancer (mCRC) patients, with their median survival
doubled from 14-16 months to over 30 months (1-5).
Combination chemotherapy plus targeted therapy, either anti-
epidermal growth factor receptor (anti-EGFR) monoclonal
antibody (mAb) or anti-vascular endothelial growth factor
(anti-VEGF) mADb have become the current standard first-
line treatment.

Both anti-EGFR mAb and bevacizumab (Bev, an anti-VEGF
mADb) have demonstrated their efficacies as first-line therapies in
KRAS wild-type (WT) patients. However, three randomized
trials of head-to-head comparisons between the two agents
showed conflicting results (4-6). The CALGB 80405 trial,
which is the largest one, has demonstrated equivalence of anti-
EGFR mAb and bevacizumab in terms progression-free survival
(PFS) and overall survival (OS) (5). However, both the FIRE3
and the PEAK studies have suggested the superiority of anti-
EGER therapy (4, 6). Definitive evidence in supporting one agent
remains lacking; therefore, authorities recommended both agents
as the acceptable options (7, 8). However, post-hoc analyses
suggested that the benefit of anti-EGFR therapy is more
pronounced in pan-RAS WT patients (9, 10). Recently, the
primary tumor location (PTL) has been validated as a response
predictor of anti-EGFR mAb, whose benefit is mainly seen in
patients of left-sided but not right-sided colonic tumors (10-12).

Economic modeling is one of the frameworks to compare the
benefit of different therapeutic options. Although previous
studies have shown conflicting results on the value of anti-
EGFR mAb as treatment of mCRC, with improvement in
patient selection based on biomarkers, we hypothesized that
anti-EGFR mAb would be a cost-effective treatment in the

Stage 1 3)

Newly diagnosed,

biomarker-enriched population. As such, we conducted cost-
effective analyses to compare anti-EGFR mAb versus bevacizumab
in KRAS, pan-RAS WT patients, and the subgroup of left-sided pan-
RAS WT tumor.

MATERIALS AND METHODS

Model Overview

We developed a three-state Markov model to analyze the cost-
effectiveness of first-line mCRC management from Hong Kong’s
societal perspective (Figure 1). The entire economic evaluation
used data from published studies and was exempted from
institutional review board approval.

We reviewed standard literature database (PubMed,
Cochrane library, ASCO and ESMO congress database). Phase
IT or phase III randomized controlled trials (RCTs) comparing
chemotherapy and anti-EGFR mAb versus chemotherapy and
bevacizumab as first-line treatment in mCRC patients were
selected. Included studies must have survival data available for
KRAS WT, pan-RAS WT, and pan-RAS WT left-sided tumour
populations. pan-RAS genotyping included at least one of the
following pan-RAS exons in addition to KRAS exon 2 (codons
12,13): KRAS mutation in exon 3 (codons 59, 61) or 4 (codons
117,146), or NRAS mutations in exon 2, 3 or 4. Based on these
criteria, we identified three trials in comparing anti-EGFR mAb
versus bevacizumab (FIRE-3, CALGB 80405, and PEAK) (4-6).

We then modeled a hypothetical cohort of patients with
KRAS WT mCRC with the same characteristics as those of
patients enrolled into the selected RCT's (FIRE-3, CALGB 80405,
and PEAK) as the base case (4-6, 10-16). We referred treatment
benefits based on survival curves of progression-free survival
(PFS) and overall survival (OS) from these trials. The model
compared doublet chemotherapy plus anti-EGFR mAb versus

( Stage 2 /)
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'L PD from mCRC

o
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Death

FIGURE 1 | Schematic presentation of three-state Markov model for mCRC. Simplified Schematic the three-state Markov transition model on metastatic colorectal
cancer (MCRC). States 1 and 2 (MCRC and PD, respectively) are the recurrent states that patients may stay at the same state in the next time step and State 3
(Death) is the absorption state. mCRC, metastatic colorectal cancer; PD, progressive disease
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doublet chemotherapy plus bevacizumab (Bev). After initial therapy,
patients could experience a response and continue therapy, either
with or without developing grade 3 or above toxicities, or experience
progressive disease (PD) and switch to second-line treatment.
Patients on second-line therapy could experience treatment
response, or PD, the latter of which would result in termination of
active therapy and the commencement of palliative care and death.

Model Parameterization

In the three-state Markov model (Figure 1), namely from
progression-free to PD, from progression-free to death, and
from PD to death. All transition probabilities for each
treatment strategy were estimated based on the PFS and OS
curves reported in the RCT's (FIRE-3, CALGB 80405, and PEAK)
assessing the respective treatments (4-6, 10-16). The overall
estimation process involved two steps: (a) we first estimated the
individual patient time-to-event data by reconstructing the
reported survival curves of OS and PES (17); and (b) we then
used Markov chain Monte Carlo (MCMC) algorithm to generate
the entire parameter sets of transition probabilities. This two-
step parameter estimation approach has also been used in our
previous cost-effectiveness evaluation of metastatic castration-
sensitive prostate cancer (18). We assumed constant transition
probabilities between states at each weekly cycle.

Utilities Estimates

Quality-adjusted life years (QALYs) were calculated by
multiplying the time spent in a given state (in life years) by the
utility score (a health status value from 0 for death to 1 for perfect
health) associated with the corresponding state (19). The utility
of all health states and the decrements due to adverse effects
(AEs) were derived from the published studies (20-25). We used
previously published utilities of 0.72 and 0.63 for patients
receiving first-line therapy and second-line therapy respectively
(20, 23). We assumed that the utilities for patients who received
palliative care would be reduced by half (24, 25). The model
considered temporary utility decrements in patients who
developed grade 3 or 4 toxicities (22).

Cost Estimates

Cost parameters included direct and indirect costs. Direct medical
costs were drug acquisition, drug administration, and cost for
management of AEs. Indirect costs were patients’ time and
transportation costs. Costs of chemotherapy, anti-EGFR mAb
and bevacizumab were based on the weight or body surface area
according to the medication indication (26). Grade 3 or above AEs
were included in the model, which composed of acneiform rash,
diarrhea, infection, leukopenia, and neutropenia. Management of
AEs was based on published guidelines (27). Hospital Authority is
the largest healthcare service provider of Hong Kong in taking care
of >80% cancer patients in the territory. We referred all
medication costs and administration costs to the charges for
private service listed in the Government Gazette (28).

Cost-Effectiveness Analysis
The model outcomes included overall costs (expressed in US
Dollar [USD]) and QALYs as the health benefit. We calculated

the incremental cost-effectiveness ratio (ICER), which is defined
as the incremental difference in costs being divided by the
incremental difference in QALYs, to compare cost-effectiveness
of treatment strategies. All costs and health outcomes were
discounted by 3% annually, with a 10-year time horizon, after
which practically all patients have died (29). There is no
willingness-to-pay (WTP) threshold suggested by local health
authorities in Hong Kong. We considered a more conservative
WTP threshold at two times of the local gross domestic product
per capita (GDPpc) as the willingness-to-pay (WTP) threshold
(2x GDPpg; i.e., US$97,832) (30), which is approximate to the
lower limit of the recommendation of US$100,000-150,000 by
the Institute for Clinical and Economic Review (31). The model
was implemented using the TreeAge Pro 2018 (TreeAge
Software, Williamstown, MA) and using R 3.6.1 (R Foundation
for Statistical Computing, Vienna, Austria).

Sensitivity Analysis and Scenario Analysis
We performed a series of sensitivity analyses to explore how
results varied across plausible ranges (Table 1). The probabilities
of developing AEs for each treatment were varied based on beta
distribution. Drug costs were varied approximately within 25%
of their baseline values. To account for variations in multiple
parameters at once, we completed the probabilistic sensitivity
analyses; we performed 1,000 Monte Carlo simulations, in which
the distributions for all parameters were randomly sampled
simultaneously. In one-way sensitivity analyses, we set the
value of each parameter at its defined lower and upper
extremes and examined the corresponding effect on ICERs. To
illustrate the uncertainty, cost-effectiveness acceptability curves
were derived and used to project the probability of each
treatment strategy to be the most cost-effective under various
WTP thresholds. Furthermore, we conducted scenario analyses
to evaluate the cost-effectiveness of drugs in pan-RAS WT, and
pan-RAS WT left-sided populations.

RESULTS

Model Calibration

Supplementary Figures 1-3 and Supplementary Table 1
present the comparisons of the model-fitted and the published
survival curves for each treatment strategy. The comparisons
illustrated a good model fitting for using the estimated parameter
sets to reproduce the reported OS and PFS.

Cost-Effectiveness Analysis

Base Case (KRAS WT Population)

Chemotherapy plus anti-EGFR mAb provided an additional 0.24
(95% confidence interval [CI] 0.19 to 0.29) QALY compared
with chemotherapy plus Bev (Table 2). Their cost incurred were
US$128,281 (95% CI 127,397-129,117) and US$153,909 (95% CI
153,011-154,852) respectively. The addition of anti-EGFR mAb
to chemotherapy is not cost-effective compared to addition of
Bev, with an ICER of US$106,847 (95% CI 87,806-134,523) for
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TABLE 1 | Economic and health utility parameters and corresponding distributions for probabilistic sensitivity analysis.

Costs (US$)

Systemic Therapy Regime®
FOLFOX-4 (every 2 weeks)
FOLFIRI (every 2 weeks)
mFOLFOX6 (every 2 weeks)
XELOX (every 3 weeks)
Cetuximab (every 2 weeks)
Panitumumab (every 2 weeks)
Bevacizumab (every 2 weeks)
Treatment of adverse events
Acneiform rash
Desquamation

Diarrhea

Infection

Leukopenia

Neutropenia
Treatment-related procedures
Laboratory Test

Radiographic Test
Consultation

Hospitalization (per day)
Palliative care (per day)
Indirect costs

Time cost (per day)
Transportation (round trip)
Health utilities

Parameters
Progression-free mCRC

Disease progressed mCRC (relative to progress-free mCRC)
Palliative care (relative to progress-free mCRC)

Grade 3-4 adverse events (decrement)

Base value
219
134
141
68
1577
2318
1104

Base value
387
387
2118
6732
6732
6732

Base value
241
1494
192
710
1173

Base value

72
6.4

Base value
0.72
0.88
0.50
0.07

One-way sensitivity analysis

Probabilistic sensitivity analysis

Lower limit Upper limit Distribution® Reference

137 273 gamma (100.4, 2.2) (28)

87 184 gamma (42.5, 3.2) (28)

93 177 gamma (93.4, 1.5) (28)

54 83 gamma (118.9, 0.6) (28)
1183 1972 gamma (89.8, 17.6) (28)
1738 2897 gamma (90.2, 25.7) (28)
828 1380 gamma (90.1, 12.3) (28)

Lower limit Upper limit Distribution® Reference

204 569 gamma (28.7, 13.5) (28)
204 569 gamma (28.7, 13.5) (28)
1341 2895 gamma (46.0, 46.0) (28)
4653 8811 gamma (60.4, 111.4) (28)
4653 8811 gamma (60.4, 111.4) (28)
4653 8811 gamma (60.4, 111.4) (28)

Lower limit Upper limit Distribution® Reference

181 301 gamma (90.8, 2.7) (28)
1256 1731 gamma (217.6, 6.9) (28)
101 283 gamma (28.2, 6.8) (28)
568 853 gamma (137.1, 5.2) (28)
836 1510 gamma (69.2, 16.9) (28)

Lower limit Upper limit Distribution® Reference

51 114 gamma (52.5, 1.4) (21)

2.6 10.3 gamma (18.4, 0.3) (21)
Lower limit Upper limit Distribution® Reference

0.49 0.95 beta (17, 6.5) (20, 23)
0.75 1 beta (42, 5.7) (20, 23)
0.4 0.6 beta (67, 66.5) (24, 25)

0.0525 0.0875 beta (83, 1104.5) (22)

aCalculated based on a weight of 55.6kg and a body surface area (BSA) of 1.6m?; costs of chemotherapy preparation and hospitalization stay excluded.

bGamma distribution gamma (shape, scale) assumed for costs and beta distribution beta (a, B assumed for health utilities.

mCRC, metastatic colorectal cancer.

TABLE 2 | Cost-effectiveness comparison of chemotherapy + anti-EGFR mAb vs. chemotherapy + bevacizumab in (a) KRAS wild-type (b) pan-RAS wild-type and (c)

pan-RAS wild-type left-sided colonic tumor.

(a) KRAS wild type

Total discounted cost, US$
Total discounted QALY

Incremental discounted cost, US$
Incremental discounted QALY
ICER, US$/QALY

(b) pan-RAS wild-type

Total discounted cost, US$

Total discounted QALY

Incremental discounted cost, US$
Incremental discounted QALY
ICER, US$/QALY

(c) pan-RAS WT left-sided tumor
Total discounted cost, US$

Total discounted QALY

Incremental discounted cost, US$
Incremental discounted QALY
ICER, US$/QALY

Chemotherapy + bevacizumab?

128,281 (127,397, 129,117)
1.69 (1.65, 1.72)

Chemotherapy + bevacizumab?
129,326 (128,473, 130,196)
1.72 (1.68, 1.75)

Chemotherapy + bevacizumab?
138,641 (137,607, 139,716)
1.94 (1.90, 1.98)

Chemotherapy + anti-EGFR mAb®®

153,909 (153,011, 154,852)

1.93 (1.89, 1.96)

Chemotherapy + anti-EGFR mAb vs
25,634 (24,394, 26,870)

0.24 (0.19, 0.29)

106,847 (87,806, 134,523)
Chemotherapy + anti-EGFR mAb®°
157,908 (156,818, 158,968)

2.04 (2.00, 2.08)

. Chemotherapy + bevacizumab®®

Chemotherapy + anti-EGFR mAb vs.
28,605 (27,095, 30,053)

0.32 (0.27, 0.37)

88,565 (75,678, 105,871)
Chemotherapy + anti-EGFR mAb®°
181,879 (180,410, 183,369)

2.50 (2.44, 2.56)

Chemotherapy + anti-EGFR mAb vs.
43,225 (41,421, 45,073)

0.57 (0.49, 0.63)

76,537 (67,794, 87,917)

. Chemotherapy + bevacizumab®®

. Chemotherapy + bevacizumab®®

@Fach cell presents the median and 95% percentile interval among 10,000 probabilistic replications

bbiweekly 500mg/m? prescription of Cetuximab was assumed following NCCN guideline and local practice in hospitals under the Hospital Authority, Hong Kong.
anti-EGFR mAb, anti-epidermal growth factor receptor monoclonal antibody; QALY, quality-adjusted life year; ICER, incremental cost-effectiveness ratio.
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each QALY gained under the WTP threshold at US$97,832/
QALY (i.e. 2x GDPpc).

Scenario Analyses

In the analysis of pan-RAS WT population, chemotherapy plus
anti-EGFR mAb provided an additional 0.32 (95% CI 0.27-0.37)
QALY compared with chemotherapy plus Bev (Table 2). Their
cost incurred were US$157,908 (95% CI 156,818-158,968) and
US$129,326 (95% CI 128,473-130,196) respectively. Therefore,
anti-EGFR is cost-effective compared to Bev, with an ICER of US
$88,565 (95% CI 75,678-105,871) for each QALY gained under
the WTP at US$97,832 (i.e. 2x GDPpc).

In the analysis of pan-RAS WT left-sided tumors, adding
anti-EGFR mADb to chemotherapy provided additional 0.57 (95%
CI 0.49-0.63) QALY compared to Bev and led to an ICER of US
$76,537 (95% CI 67,794-87,917) per QALY gained (Table 2),
which was considered to be cost-effective under the WTP
threshold at 2x GDPpc. However, in right-sided tumors, using
anti-EGFR mAb provided worse QALY of -0.106 (95% CI -
0.390 to 0.094) compared to using Bev.

Sensitivity and Cost-Threshold Analysis

Probability sensitivity analysis with Monte-Carlo simulation
suggested that anti-EGFR mAb was likely to be cost-effective
in pan-RAS WT mCRC patients; 88% of simulations were
considered to be cost-effective under the WTP threshold of 2x
GDPpc (Figure 2). Similar findings were observed in pan-RAS
WT left-sided patients (100% of simulations). However, only
22% simulations were cost-effective for KRAS WT patients
under the WTP threshold of 2x GDPpc. In one-way
sensitivity analyses, the parameters with the most influence
on ICER were related to natural progression of survival of

mCRC, health utilities, and the prices of the either targeted
therapy (Figure 3) regardless of patients’ pan-RAS status and
PTL. The cost-threshold analysis suggested that 10% reduction
in the price of anti-EGFR mAb for it to be cost-effective in 90%
of the simulations among KRAS WT mCRC patients,
compared to only 1.5% in pan-RAS WT patients (Figure 4).

DISCUSSION

To our knowledge, this study provides one of the most
comprehensive assessments to date in evaluating the cost-
effectiveness of anti-EGFR mAb as first-line therapy in pan-
RAS WT mCRC patients. Our model demonstrated that anti-
EGER therapy is cost-effective compared to Bev in pan-RAS WT
in particular left-sided tumor, but not KRAS WT population.
Our findings implied treatment selection of mCRC patients
based on biomarkers and PTL not only benefit individual’s
survival, but also the health care system from value perspective.

Controversies remain the role of prognostic and predictive
biomarkers available for selecting patients treated with anti-
EGFR mAb. The current standard of care biomarkers for
mCRC approved by NCCN included extended RAS (KRAS
and NRAS) exons 2, 3, and 4 mutations, BRAF V600E
mutation, mismatch repair or microsatellite instability, and
HER2 amplification (32). Rarer alterations exist for NTRK
fusions, PIK3CA, TP53, and PTEN, however, there is still no
consensus on their use in routine clinical practice (33-35). These
biomarkers might later be shown to be useful in selecting patients
who likely will benefit from anti-EGFR treatments.

Our findings were in contrast with those from the previous
studies, which found that anti-EGFR mAb were unlikely to be

N o ©
IS o ™
1 I 1

o
[N}
1

Proportion of simulations to be cost-effective

1x GDPpc

— K-RASWT
—— pan-RAS WT
—— pan-RAS (L) WT

2x GDPpc 3x GDPpc

o
o

I
0 50,000

100,000
Willingness to pay (US$/QALY)

T 1
150,000 200,000

FIGURE 2 | Cost-effectiveness acceptability curves of chemotherapy + anti-EGFR mAb vs. chemotherapy + bevacizumab in KRAS WT, pan-RAS WT, and pan-RAS
WT left-sided colonic tumor. anti-EGFR mAb, anti-epidermal growth factor receptor monoclonal antibody; GDPpc, gross domestic product per capita; QALY, quality-
adjusted life years; pan-RAS (L) WT, pan-RAS wild-type left-sided colonic tumor; WT, wild-type.
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A KRASWT

Mean transition duration (month)
from PD to Death for anti-EGFR mAb

Mean transition duration (month)
from PD to Death for Bev

Mean transition duration (month)
from PF to PD for anti-EGFR mAb

Health utility at PD relative to
health utility at PF

US$106,847/QALY

Health utility at PFS 0.95 W 0.49
Price of panitumumab (per cycle) US$1,738 V777777, uss2.891
Price of bevacizumab (per cycle) US$1,380 US$828
Price of cetuximab (per cycle) usst.1e3 [N/ uss1.972

33 [N/ 171
10 777 075

Parameter values
B Lower limit
2 Upper limit

T T T
0 50,000 100,000

B pan-RASWT US$88,565/QALY

Mean transition duration (month)
from PD to Death for anti-EGFR mAb

Mean transition duration (month)
from PD to Death for Bev

Mean transition duration (month) 139 Strongly dominated

Price of bevacizumab (per cycle)

Mean transition duration (month)
from PF to PD for Bev

w0 77227 12.1

Price of cetuximab (per cycle) US$1,183

Increment cost-effectiveness ratio (ICER, US$/QALY)

w0 7777777777 . ++¢
320 m/// 182
W77, e

from PF to PD for anti-EGFR mAb (Worse QALY)
Health utility at PFS (XN 7/ 0.49
Price of panitumumab (per cycle) US$1,738 W//m US$2,897

/77, vssi.er2

T T 1
150,000 200,000 250,000

Parameter values
® Lower limit

7 Upper limit
r T T T T 1
0 50,000 100,000 150,000 200,000 250,000
Increment cost-effectiveness ratio (ICER, USS/QALY)
C  pan-RAS WT Left-sided USS76,537/0ALY
>US$1,000,000/QALY
Mean anstion durton (month) 07077
370
Mean transition duration (month) 7 Strongly dominated
from PD to Death for ant-EGFR mAb 928 17777277 wiares caty 148
Mean transition duration (month) 7
from PF to PD for anti-EGFR mAb 136 777777 29
Health uilty at PFS 095 7777/ o+
Price of panitumumab (per cycle) US$1,738 /) uss2s891
Price of bevacizumab (per cycle) uss1,380 7] US$828
Price of cetuximab (per cycle) usst.1e3 [/ uss1972
Parameter values
Mean transition duration (month) | Lower limit
from PF to PD for Bev N 121 7 Upper limit
r T T T T T
0 50,000 100,000 150,000 200,000 250,000

Increment cost-effectiveness ratio (ICER, US$/QALY)

FIGURE 3 | Tornado plot for the one-way univariable sensitivity analyses: chemotherapy + anti-EGFR mAb vs. chemotherapy + bevacizumab in (A) KRAS WT,
(B) pan-RAS WT, and (C) pan-RAS WT left-sided colonic tumor. anti-EGFR mAb, anti-epidermal growth factor receptor monoclonal antibody; PD, progressive
disease health state; PF, progression-free health state; PFS; progression-free survival; QALY, quality-adjusted life years; WT, wild-type.

cost-effective in mCRC in first-line or later line settings.
Methodologies varied among studies, with different countries
of interest, local drug prices, or treatment line settings (first or
later). The clinical trials selected for deriving the base case
and the subsequent analyses also differ among studies and
variably included FIRE-3, CALGB 80405, PEAK, and other
trials (23, 36-40). However, a more plausible explanation is
that majority of these studies were conducted in KRAS and
unselected population (23, 36-40). Recently, Wong et al. showed

that EGFR mAb resulted in QALY gained of 0.226 compared to
Bev in left-sided pan-RAS WT mCRC patients and concluded
that the selective use of biologics based on PTL was more cost-
effective than its unselected usage (39). However, unlike in our
study, they did not provide the QALY gained and ICER of anti-
EGFR mAb compared to Bev in different scenarios of KRAS WT,
pan-RAS WT, and pan-RAS left-sided tumor population to
justify their conclusion (39). Also, in this Canadian study, the
magnitude of clinical benefit provided by anti-EGFR mAb over
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Bev could not be offset by their price difference. The variations of
local drug price and GDPpc will certainly affect the decision of
local authorities on whether anti-EGFR mAb is cost-effective in
different countries. However, our conclusion that anti-EGFR
mAb would offer its best value for reimbursement in left-sided
mCRC pan-RAS WT patients (about 70% of mCRC population)
compared with Bev unlikely will be changed (41).

Sensitivity analyses suggested that drug cost is one of the most
influential factors of our model. Anti-EGFR mAb is more
expensive than Bev and resulted in higher lifetime cost, yet the
greater mean clinical benefit of adding anti-EGFR mADb offset its
additional cost and yielded an ICER of US$88,565/QALY and US
$76,537/QALY in pan-RAS WT and pan-RAS left-side mCRC
population respectively, which is well below the WTP threshold
of 2x GDPpc at US$97,823. Recent meta-analysis of FIRE-3/AIO
KRK0306, CALGB/SWOG 80405 and PEAK studies indicated
that patients with pan-RAS WT left-sided mCRC had a significantly
greater survival benefit from anti-EGFR treatment compared with
bevacizumab treatment, when both were respectively added to
standard chemotherapy, with a hazard ratio of 0.71; another
analysis found that patients with pan-RAS WT disease tend to
have better PFS and OS than KRAS WT patients (42, 43). Yet, in
right-sided tumor, anti-EGFR therapy arm induced worse QALY
than Bev arm. Our findings were consistent with the international
clinical recommendations that cetuximab or panitumumab is the
preferred biologic in patients with pan-RAS WT left-sided tumor,
while its benefit in right-sided tumors is more controversial (32, 44).

Strength and Weakness

Our model has several strengths. First, this is the first study to
compare the cost-effectiveness of treatment selection based on
pan-RAS status and PTL. Our conclusion that anti-EGFR mAb
achieved its best value in patients with pan-RAS WT left-sided
tumor is likely generalizable across different countries. Secondly,
we have included all the prospective large-scale phase II/III RCT's
in our model, which avoided the selection bias in choosing the
trials in favor of a particular strategy. Previous trials demonstrated
a wide range of benefits of anti-EGFR therapy in pan-RAS WT
population (4-6, 13-16). Majority of the published cost-
effectiveness analyses didn’t include the CALGB-80405 study,
which is the largest RCT to date that demonstrated no benefit of
anti-EGFR therapy over bevacizumab therapy in KRAS WT
population, and only modest survival advantage in pan-RAS
WT patients (6). The findings are inconsistent with those shown
in FIRE 3/PEAK studies. Our results suggested that anti-EGFR
therapy is a cost-effective treatment even if we accounted for the
results of CALGB study, based on the good fit between estimated
transition probabilities and published outcomes in the current
model. Thirdly, the preferences of upfront systemic therapy are
different across institutions. For instance, Oxaliplatin-based
chemotherapy plus bevacizumab is the preferred first-line
regime in United States, while Irinotecan-based regime is more
commonly used in Europe (7, 8, 45). The choice of upfront
therapy has also impacted on the post-progression therapy. Our
model has attempted to account most of the possible first-line
regimes and their post-progression therapies accordingly to

emulate the clinical practice. Sensitivity analyses suggested the
chemotherapy backbone unlikely would affect our model findings.

Our study had several limitations. As with many cost-
effectiveness studies, our model was based on retrospective data
from previously published studies but not the data prospectively
collected. Second, the validity was limited by the availability of
data, for example post-progression therapies were not shown in
CALGB-80405, OPUS, and Crystal studies (5, 46, 47). There were
differences in treatment and patient characteristics across clinical
trials that have influenced the model parameters. Thirdly, because
of lacking corresponding local data, we used the health utilities
estimates from overseas studies. In spite of being used in previous
published colorectal cancer models, the utility estimates may not
accurately reflect the situations of local population in the present
analysis. However, we performed a series of sensitivity analyses to
minimize the bias. Fourth, we tried to offer a realistic estimate of
the use of treatment in routine clinical practice. However, we used
efficacy data from RCTs in which people were younger (median
ages ranged from 59 to 65 among FIRE-3, CALGB 80405, and
PEAK) and fit (Eastern Cooperative Oncology Groups 0-2), while
patients are often older and less fit in real world practice (4-6).
Finally, although we attempted to account for the most common
clinical scenarios, it is unlikely that we can account for all possible
situations. For example, in clinical practice, patients may receive
either four-month upfront systemic therapy and change to
maintenance therapy, instead of continue therapy until disease
progression or unacceptable toxicity; patients could receive singlet
or triplet chemotherapy backbone depending on disease burden
and treatment tolerance. Also, some patients who respond well to
systemic therapy could become eligible for resection of primary
and metastatic lesion. We could not emulate all possible
conditions. However, these scenarios would not be the usual
cases in real world practices.

CONCLUSION

The anti-EGFR mAbD therapy is a more cost-effective choice than
Bev as first-line targeted therapy in left-sided pan-RAS WT, pan-
RAS WT population compared to KRAS WT population.
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