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Abstract

Background: Our aim was to evaluate the cost effectiveness of 3months’ adjuvant

chemotherapy versus 6 months in high-risk (T4 stage + microsatellite stable) stage Il colon

cancer (CC]) patients.

Methods: Using the validated PATTERN Markov cohort model, which simulates the disease

progression of stage Il CC patients from diagnosis to death, we first evaluated a reference

strategy in which high-risk patients were treated with chemotherapy for 6 months. In the g:[’rerﬁ‘;”Jd:;‘;:nfel
second strategy, treatment duration was shortened to 3months. Both strategies were Department of
evaluated for CAPOX (capecitabine plus oxaliplatin) and FOLFOX (fluorouracil, leucovorin and ~ ghaemoed/snd
oxaliplatin). Based on trial data, we assumed that shortened treatment duration compared lBJ("”'XC%S/SL;Uh;LVEFr_SVini{{gPO
with a 6-month regimen was equally effective for CAPOX and less effective for FOLFOX. Amsterdam, 1007 MB, The
Adverse events were highest in the é-month strategy. Analyses were conducted from a S jonceneat
societal perspective using a lifelong time horizon. Outcomes were number of CC deaths per amsterdamumc.nl
1000 patients and total discounted costs and quality-adjusted life-years (QALYs) per patient Marjolein J. E. Greuter
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(pp). Incremental net monetary benefit (INMB) was calculated using a willingness-to-pay value  Department of
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Results: For CAPOX, the 6-month strategy resulted in 316 CC deaths per 1000 patients, 6.71 ?Eéﬁ?éﬁ}ﬁ?ifrdam'
QALYs pp and total costs of €41,257 pp. The 3-month strategy resulted in an equal number Fetice N, van Erning
of CC deaths, but higher QALYs (6.80 pp) and lower costs (€37,645 pp), leading to a iINMB of Department of Research

and Development,
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Introduction burden for patients, healthcare and society.! To )
Cornelis J. A. Punt

Colon cancer is a major disease in The illustrate, the total healthcare costs for colon can-  Department of Medical
Netherlands. With around 10,000 new cases and ~ cer patients in the Netherlands are estimated at €009 Unversiv of

3750 deaths in 2017, it leads to a significant 597 million euros in 2017.2 This is 0.7% of the The Netherlands
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total Dutch healthcare expenditure, and 10.2% of
all expenditure on cancer care in that year.
Around a quarter of the newly diagnosed colon
cancer patients are classified as stage II.

The initial treatment for stage II colon cancer
patients is surgical resection. Without further
adjuvant treatment and depending on the tumor
invasiveness, around 20% of these patients will
develop a recurrence in the next S5years.?
Therefore, stage II patients who are considered at
high risk of developing a recurrence are eligible
for adjuvant chemotherapy. In The Netherlands,
only a T4 stage in combination with a microsatel-
lite stable (MSS) tumor is considered as a selec-
tion criterion for adjuvant chemotherapy in stage
IT colon cancer.* Using this criterion, 8.5% of the
total stage II population in The Netherlands is
eligible for adjuvant chemotherapy. However, cli-
nicians may of course deviate from this recom-
mendation. To illustrate, data of the Netherlands
Cancer Registry (NCR) showed that only 21% of
the stage II population with an indication for
adjuvant chemotherapy actually received adju-
vant chemotherapy in The Netherlands between
2015 and 2017.> In addition, 4% percent of the
patients without indication for adjuvant chemo-
therapy were treated with adjuvant
chemotherapy.

Until recently, the standard adjuvant chemother-
apy treatment regimen for high-risk stage II
patients in The Netherlands was 6 months’ oxali-
platin with a fluoropyrimidine.®® Although this
treatment lowers the risk of recurrence,? approxi-
mately 60% of the treated patients suffer from
peripheral neuropathy as a result of the adjuvant
chemotherapy, and for some patients, the side
effects are chronic.!® Neuropathy-related com-
plaints can have a major impact on a patient’s
quality of life.!! Previous studies showed that
the degree of neuropathy is correlated with the
duration of treatment; the percentage of patients
who suffer from peripheral neuropathy halves
when the treatment duration is shortened to
3 months.!%12 This raises the question whether
the duration of the treatment can be shortened
without reducing the effectiveness.

So far, two trials, both part of the International
Duration Evaluation of Adjuvant Therapy
(IDEA) collaboration,!%!2 compared a 3-month
to a 6-month adjuvant treatment duration in
high-risk stage II colorectal cancer patients. In the

SCOT trial, the authors reported a hazard ratio
(HR) for recurrence of 0.99 [95% confidence
interval (CI): 0.75-1.31] for a 3-month oxalipl-
atin-based treatment regimen compared with
6 months of treatment in high-risk stage II colo-
rectal cancer. This suggests that a 3-month treat-
ment duration is non-inferior to a 6-month
treatment duration.!® In contrast, the TOSCA
trial found a significant HR of 1.42 (95% CI:
1.06-1.90) for recurrence of disease when com-
paring 3 versus 6 months of treatment in stage II
colon cancer. The most likely explanation for
these conflicting findings is the higher number of
patients treated with FOLFOX (fluorouracil, leu-
covorin and oxaliplatin) in the TOSCA trial
(64%) compared with the SCOT trial (32%).
This is supported by a pooled analysis of the stage
II patients included in the IDEA trials.!3:14 The
results strongly suggest that 3 months of CAPOX
(capecitabine plus oxaliplatin) is non-inferior to
6months of CAPOX, whereas 3months of
FOLFOX is inferior to 6 months of FOLFOX.13.14

Based on the findings from the IDEA collabora-
tion, opinions are shifting regarding the optimal
duration of oxaliplatin-based adjuvant chemo-
therapy. Recently presented data showed that
approximately 27% of the European clinicians
prescribe 3 months of chemotherapy to high-risk
stage II and III patients.!> Furthermore, in The
Netherlands the recommended treatment dura-
tion for high-risk stage II patients is recently
revised from 6 to 3 months of oxaliplatin-based
chemotherapy.* To carefully balance the bene-
fits and potential harms of shortening the treat-
mentduration, we evaluated the cost effectiveness
of a 3-month adjuvant chemotherapy regimen
compared with a 6-month regimen for CAPOX
and FOLFOX separately in high-risk stage II
colon cancer patients using the ‘Personalized
Adjuvant TreaTment in EaRly stage coloN can-
cer’ (PATTERN) model.16

Methods

PATTERN model

The PATTERN model has been comprehen-
sively described elsewhere.!® A flowchart of the
model is shown in Figure 1 and model parameters
are shown in Appendix Table Al. In short, the
PATTERN model is a Markov cohort model with
a lifelong time horizon and a 1-month cycle
length. The model consists of five health states:
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Cohort of 1,000 patients with subgroups for

Age

i<54 65-69  80-84
i 55-59 70-74 85-89
75-79 90-95

 60-64

i Number of lymph nodes examined
<10 vs 210

i TNM stage
i T3NOMO vs TANOMO

Tumor sidedness
Right vs left sided

i Biomarker status

MSI independent of BRAF and KRAS status
i MSS, BRAFwt and KRASwt

: MSS, BRAFmut and/or KRASmut

90-day

mortalit
4 Death other

causes

Diagnosis

Death colon

cancer

Constant transition probability over time based on the assumption that all
deaths within 90 days are due to 90-day mortality
Transition probabilities based on a Gompertz survival model

Transition probabilities based on a Gompertz survival model
4&5: Transition probabilities based on a Log logistic survival model

Figure 1. Flowchart of the Personalized Adjuvant TreaTment in EaRly stage coloN cancer (PATTERN] model.

TNM, tumor-node-metastasis cancer staging.

diagnosis; 90-day mortality; death by other
causes; recurrence; and death of colon cancer.
Patient-level data from the NCR (z=2271) and
three external cohorts (7=258) were used for
model quantification.!”18 The PATTERN model
was extensively validated both internally and
externally. For the transition from diagnosis to
90-day mortality, we assumed that all observed
deaths within 90 days after diagnosis were due to
surgical complications. For all other transitions in
the model, parametric survival models, including
relevant covariates, were used for parametriza-
tion. Note that only patients without adjuvant
chemotherapy treatment were included for fitting
the survival models. In addition, we included an
HR for treatment effect of 0.73 for fluoropyrimi-
dine monotherapy combined with oxaliplatin,
compared with no adjuvant treatment, based on
pooled trial data (Appendix Table A1).1°

In the model, 216 subgroups were distinguished
based on number of lymph nodes evaluated (<10
and =10), T stage (T3 and T4), tumor site (left
and right), age (50-95 in nine 5-year categories),
and biomarker status (microsatellite instability,
MSS without a mutation in BRAF and KRAS
and MSS combined with a mutation in BRAF
and/or KRAS). The subgroups were weighted
such that the distribution of clinical and patho-
logical features reflects Dutch patients with colon

cancer stage II. In line with the Dutch guideline
recommendations, we only simulated high-risk
patients (T4+MSS) in the current study.*

Strategies

The base-case analysis was conducted for
CAPOX and FOLFOX separately. In the refer-
ence strategy, high-risk patients received 6 months
of oxaliplatin-based chemotherapy. Patients were
classified as high risk according to the current
Dutch guidelines (T4+MSS status).? In the
6-month strategy, an HR for recurrence com-
pared with no treatment of 0.73 was assumed for
both CAPOX and FOLFOX, based on pooled
trial data.!® Subsequently, a strategy was simu-
lated in which high-risk patients receive 3 months
of adjuvant chemotherapy. In the 3-month strat-
egy, the above-mentioned HR for treatment effect
in the 6-month strategy was multiplied with an
HR for treatment effect for a 3-month during-
treatment regimen compared with a 6-month
during-treatment regimen, based on the pooled
analysis for high-risk stage II colon cancer patients
in the IDEA trials.!>!* These HRs for 3 wersus
6 months of adjuvant chemotherapy were 1.0
(0.88; 1.17) for CAPOX (estimated in a popula-
tion of 2019 high-risk stage II patients) and 1.4
(1.19; 1.70) for FOLFOX (estimated in a popu-
lation of 1254 high-risk stage II patients). Note
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that the T4 stage, poor differentiation, invasion,
inadequate nodal harvest, obstruction and perfo-
ration were specified as high-risk features in the
IDEA trials.10-12:13

Costs

In Table 1, an overview of resource use, costs,
and utilities is presented. Costs were determined
from a societal perspective and included costs for
initial surgery, drugs, adverse events, absenteeism
from work, patient travel to hospital, surveillance,
and recurrence of disease.*%7-20-25 Costs of chem-
otherapy were calculated separately for CAPOX
and FOLFOX. We assumed in the 6-month strat-
egy that the FOLFOX regimen consisted of 12
cycles of 2 weeks, while the CAPOX regimen con-
sisted of 8 cycles of 3weeks.* In the 3-month
strategy, the number of cycles was halved for both
CAPOX and FOLFOX. Per treatment schedule,
we calculated the amount of medication needed
for a patient with an average body surface of
1.7m?2. The adverse event rates were based on the
TOSCA trial and were highest in the 6-month
strategy.2® Per adverse event category, costs were
based on follow-up care. For neutropenia, this
was defined as a visit to the outpatient clinic for
febrile neutropenia, as a hospital stay of 5days,
and for diarrhea, as oral rehydration medica-
tion.2%22 Surveillance was based on the Dutch
guideline recommendations* and consisted of
consultations every half-year during the first
3years after surgery, and yearly thereafter until
5years after surgery. Each consultation is com-
bined with an ultrasound scan of the liver, as well
as a carcinoembryonic antigen (CEA) determina-
tion. In addition, patients undergo colonoscopy
every 3years, with the first colonoscopy 1year
after surgery.*

Health-related quality of life

To inform the model, we used utility estimates
derived from the SCOT trial which reported the
utilities for both a 3-month treatment regimen
and 6-month treatment regimen.!%2% We calcu-
lated the average health utility in different time
periods separately for the 3-month and 6-month
strategy. We defined the following periods: before
surgery; after surgery; before start of chemother-
apy; during chemotherapy; first year after chemo-
therapy; 2—-5 years after chemotherapy; and more
than 5years after chemotherapy (Table 1). As the
health wutility for patients who developed a

recurrence was not reported in the SCOT trial,
the utility for this health state was derived from
other literature.3%-32 Once a patient in the model
developed a recurrence, the health utility was
reduced to 0.45 for 60months. At 60months
after recurrence, the patient was considered to be
a cancer survivor and the value 0.90 was assigned,
in line with the reported health utility in the
SCOT trial for more than 5years after chemo-
therapy. A full overview of health utilities is shown
in Table 1.

Outcome

Model outcomes consisted of the number of
recurrences and deaths due to colon cancer per
1000 treated patients, life-years per patient (pp),
quality-adjusted life-years (QALYS) pp, and total
lifetime costs pp. Dutch discount rates of 4% and
1.5% were used for costs and health effects,
respectively.?2 The incremental net monetary
benefit (NMB) of the 3-month strategy was cal-
culated relative to the 6-month strategy as fol-
lows: [(incremental benefit X willingness to pay)
— incremental cost], using a willingness-to-pay
value of €50,000 per QALY. A positive incre-
mental NMB indicates that the 3-month strategy
is cost effective compared with the 6-month strat-
egy. A negative incremental NMB indicates that
the 3-month strategy is not cost effective com-
pared with the 6-month strategy. Furthermore,
the incremental cost-effectiveness ratio (ICER)
was calculated as the ratio between the difference
in costs and the difference in QALYSs between the
3-month and 6-month strategies. A strategy is
considered as cost effective when the ICER does
not exceed the threshold value of €50,000 per
QALY.33

Sensitivity analysis

In the base-case analysis, we assumed in the
3-month strategy an HR for treatment effect for
3 months compared with 6 months’ chemother-
apy of 1.0 (0.88; 1.17) for CAPOX, and 1.4
(1.19; 1.70) for FOLFOX. However, there is
uncertainty around these treatment effects.!31°
To investigate the impact of this uncertainty on
the base-case results, we performed a threshold
analysis separately for CAPOX and FOLFOX.
In this analysis, the HR for treatment effect for
3 months compared with 6 months chemother-
apy for CAPOX was increased from 1.0 to 1.17
in accordance with the upper limit of the
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Table 1. Overview of resource use, unit costs and utilities. All costs were standardized to 2018 Euros, using the consumer

price index.?’

6-month 3-month Proportion Reference
strategy strategy 6 months/
3months
Costs
Initial surgery €12,9872 €12,9872 Nederlandse Zorgautoriteit?4
Biomarker tissue test Goldstein et al.?8
MSI/IHC €372 €372
Treatment cost per full regimen
CAPOX €11,843 €5982 Adjuvante systemische therapie
coloncarcinoom;* Nederlandse
zorgautoriteit;?® Hakkaart-van Roijen et al.??
% quitting before end regimen 7
FOLFOX €19,563 €10,284 Adjuvante systemische therapie
coloncarcinoom;* Nederlandse
zorgautoriteit;?® Hakkaart-van Roijen et al.??
% quitting before end regimen 7
Adverse event cost per case
Grade 3/4 neutropenia €95 €95 0.249/0.193> Nederlandse zorgautoriteit;2° Ayvaci et al.;?!
Hakkaart-van Roijen et al.;?? Lonardi et al.%
Febrile neutropenia €3309 €3309 0.027/0.014> Nederlandse zorgautoriteit;2° Ayvaci et al.;?!
Hakkaart-van Roijen et al.;?2 Lonardi et al.2
Grade 3/4 diarrhea €50 €50 0.064/0.051*  Nederlandse zorgautoriteit;2° Ayvaci et al.;?!
Hakkaart-van Roijen et al.;?2 Lonardi et al.2¢
Absenteeism costs per cyclec Hakkaart-van Roijen et al.?2
<55 €5296 €5296
55-65 €4911 €4911
Travel costs per cycle €8 €8 Hakkaart-van Roijen et al.22
Surveillance costs per patientd
Colonoscopy €850 Adjuvante systemische therapie
coloncarcinoom;* Vleugels et al.%
Colonoscopy with €1430 0.028 Vleugels et al.2®
complications
Ultrasound scan €83 Adjuvante systemische therapie
coloncarcinoom;* Hakkaart-van Roijen
etal.2
CEA determination €8 Adjuvante systemische therapie
coloncarcinoom;* Nederlandse
Zorgautoriteit?4
Relapse costs €41,868 Tilson et al.25

(Continued)
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Table 1. (Continued)

6-month 3-month Proportion Reference
strategy strategy 6 months/
3months
Utilities (95% Cl)

Before surgery (month 1) 0.83(0.82-0.84) 0.83(0.82-0.84) Iveson et al.;'% Robles-Zurita et al.??
After surgery/before 0.81(0.80-0.82) 0.81(0.80-0.82) Iveson et al.;'° Robles-Zurita et al.2?
chemotherapy (months 2-3)
During chemotherapy 0.81(0.79-0.83) 0.86 (0.84-0.87) Iveson et al.;'% Robles-Zurita et al.??
(months 4-6)
During/after chemotherapy 0.83 (0.81-0.85) 0.87 (0.86-0.88) Iveson et al.;'% Robles-Zurita et al.??
(months 7-9)
First year after chemotherapy 0.85(0.83-0.87) 0.88 (0.86-0.89) Iveson et al.;'® Robles-Zurita et al.??
(months 10-18)
Years 2-5 after chemotherapy 0.85(0.82-0.87) 0.88 (0.87-0.90) Iveson et al.;'% Robles-Zurita et al.??
(months 19-60)
More than 5 years after 0.90 (0.84-0.93) 0.90 (0.86-0.96) Iveson et al.;'° Robles-Zurita et al.2?

chemotherapy

Recurrence months 1-60 after 0.45 (NA)

recurrence

0.45 NA]

Attard et al.;3% Ness et al.;3"
van den Brink et al.32

aDBC tariffs from 24 hospitals in The Netherlands were averaged.
bProportions apply across the entire 3-month or 6-month treatment regimen.
<To calculate the absenteeism costs we assumed that: (a) the male to female ratio was 0.47/0.53;'8 (b) number of hours worked per week was 40
and 38 for men, and 28 and 25 for women in the age groups <55 and 55-65, respectively;?” and (c] patients do not work during chemotherapy. The
absenteeism costs were calculated according to the friction-cost approach.
dSurveillance costs were calculated according to the Dutch guideline for colon cancer surveillance.

CAPOX, capecitabine plus oxaliplatin; CEA, cost-effectiveness acceptability; Cl, confidence interval; FOLFOX, fluorouracil, leucovorin and oxaliplatin;
IHC, immunohistochemistry; MSI, microsatellite instability; NA, not applicable.

corresponding CI in the pooled IDEA analysis.!?
For 3months of FOLFOX, the HR decreased
from 1.4 to 1.19, which is the lower limit of the
CI for FOLFOX in the pooled IDEA analysis.!?
Note that we only varied the treatment effect for
the 3-month strategies in the direction in which
changes could occur with regard to the conclu-
sion of the cost effectiveness of the 3-month strat-
egy compared with the 6-month strategy.

Furthermore, in a one-way sensitivity analysis, we
investigated the impact of the uncertainty around
the utility estimates derived from the SCOT trial.
In this sensitivity analysis, we changed the health
utilities according to the upper and lower limit of
the CI reported in the SCOT trial (Table 1).2°

Finally, a probabilistic sensitivity analysis was
conducted to investigate the joint impact of
parameter uncertainty. All parameters in the

PATTERN model were varied simultaneously
according to the most appropriate distribution.
The Monte Carlo simulation, which was con-
ducted separately for CAPOX and FOLFOX,
consisted of 1000 iterations for both the 3-month
strategy and the 6-month strategy. To graphically
illustrate the uncertainty surrounding the base-
case model predictions, incremental costs and
effects were plotted on a cost-effectiveness plane.
In addition, cost-effectiveness acceptability curves
(CEACs) were constructed for CAPOX and
FOLFOX separately.

Results

Effectiveness

In the 6-month strategy, the model predicted 369
recurrences and 316 colon cancer deaths for both
CAPOX and FOLFOX in the lifetime of 1000

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

G Jongeneel, MJE Greuter et al.

high-risk stage II colon cancer patients. For > Go o
CAPOX, these figures for the 3-month strategy s _ I 2 s £
were equal to the 6-month strategy. For FOLFOX, E £ § £ § = i’_ £ g
the model predicted 457 recurrences and 393 @ ',': % = % % E‘J g o
colon cancer deaths in the 3-month strategy in a § z E g, ;“;’ § 3 % %
cohort of 1000 patients, which corresponds to an — o2 %
increase of 19.3% and 19.6% compared with the = o g [ ; o
6-month strategy, respectively (Table 2). For both % - 5 3 & g g i
CAPOX and FOLFOX, the predicted QALY in 5 s 5 B e 9 26
the 6-month strategy were 6.71 pp. For CAPOX, == . ~ ol o g%
the predicted QALYSs increased to 6.80 pp in the % |3 ;(." % § §
3-month strategy, while for FOLFOX the QALYSs = | E ~ o S o £ 2 3
decreased to 6.19 pp. % g Q 3 S = i
8135 S S 3 5258
e F
Cost effectiveness £l N
For CAPOX, the predicted costs pp were €41,257 E § BB 5 =
for the 6-month strategy and €37,645 for the 213 § s =) % 2 a ig’
3-month strategy. This cost difference of €3612 8|5 3 8 % % g ] % g
was due to saving resources related to the adju- - :§ = 'E
vant chemotherapy. The incremental NMB for § - TS i o
the 3-month strategy relative to the 6-month 2| £ 2 *g 52
strategy was €8454, considering a willingness to 3|3 _ . _IR 2 =8
pay of €50,000/QALY. The 3-month strategy was T 2 5% S ; € § §
more effective and less costly compared with the ki ¥ £ % =
6-month strategy, leading to a negative ICER of o b < S E %
—€37,308/QALY. This indicates that the 3-month | E Sl
strategy is cost saving compared with the 6-month =18 £68°
strategy. 3= 2 3 3 2 é £2 g
o ) o~ o~ o~ ~0 E Lg_“é -
For FOLFOX, the predicted costs were €47,135 0 £ % _‘g’
for the 6-month strategy and €44,389 for the § 2 §g ] g
3-month strategy. An incremental NMB of = § @ § §' T
—€23,189 was found for the 3-month strategy e 2 38 8 S Q o S § E
compared with the 6-month strategy, indicating '@ E- e = “ 385 E
that the 3-month strategy is not cost effective @ 2|3 s c£=& § o
compared with the 6-month strategy. °| &g Tt eZcE=
2lg|2| 338 33|3 3Eis
Sensitivity analysis = By B ~ . £=8=2
Results of the threshold analysis, in which treat- 5| o | £ S g S25
ment effect for the 3-month strategy was varied <% | 3| & =2 2 2|8 52 8%
separately for CAPOX and FOLFOX, are shown 3 _E;’ e N . :§ 2 % "; % "
in Figure 2. Note that the HR for recurrence for %’ § § E g E &2 §
the 6-month strategy compared with no treat- 5 § g S §§ %;%
ment remained the same as in the base-case anal- % 5|3 . . B < 8 E E - S
ysis, namely 0.73. For CAPOX, the 3-month % | 8| & S 3 39| ¢ ;’E ERER:
strategy is no longer delivering more QALYs than o _ . . .| B §% @ ; 55
the 6-month strategy when the HR for a 3-month g g g e 29 rE: 588
strategy compared with a 6-month strategy is @ g g gl£e85s g9
higher than 1.06. Furthermore, the 3-month & £ = s c| £E2852¢9%®
strategy is no longer cost effective compared with - é é X é é 53 =% ; 22
the 6-month strategy when the HR for a 3-month 2 g s o g O g We B£E
strategy compared with a 6-month strategy is @ o w WETogezs
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(@

Threshold analysis - CAPOX

-0.40

Incremental costs (€)

-5000
Incremental effect (QALYs)

0.10

® Base-case result

* Results of threshold analysis

Dutch threshold 50,000 €/QALY

HR for 3 versus 6 months
of chemotherapy of 1

Threshold analysis - FOLFOX

(b)

-0.70

HR for 3 versus 6 months
of chemotherapy of 1.4

Incremental costs (€)
.
.

| HRfor 3 versus 6 months
| of chemotherapy of 1.19

Incremental effect (QALYs)

® Base-caseresult

+ Results threshold analysis

Dutch Threshold of 50,000 €/QALY

Figure 2. Results of the threshold analysis for CAPOX and FOLFOX.

Results of the threshold analysis for CAPOX (a) in which the HR for treatment effect for 3 versus 6 months of adjuvant
chemotherapy was increased from 1.0 to 1.17, and FOLFOX (b] in which the HR for treatment effect for 3 versus 6 months of
adjuvant chemotherapy decreased from 1.4 to 1.19. The figure is shown in comparison with the 6-month strategy, so the origin
of the curve represents the situation for 6months. The solid line through the origin corresponds to an ICER of €50,000/QALY.
Therefore, every result below that line is considered cost effective and everything above the line is considered not cost effective.
CAPOX, capecitabine plus oxaliplatin; FOLFOX, fluorouracil, leucovorin and oxaliplatin; HR, hazard ratio; ICER, incremental

cost-effectiveness ratio; QALY, quality-adjusted life-year.

higher than 1.09 [Figure 2(a)]. For FOLFOX,
the 3-month strategy was not more effective nor
cost effective compared with the 6-month strat-
egy when we assumed an HR for a 3-month strat-
egy compared with a 6-month strategy in a range
of 1.19-1.4 [Figure 2(b)].

Results of the one-way sensitivity analysis, in
which we changed the utility estimates according
to the upper and lower limit of the confidence
intervals derived from the SCOT trial, are
reported in Table 3. The results of this sensitivity
analysis were comparable with the results of the
base-case analysis.

Probabilistic sensitivity analysis

Figure 3 presents the results of the probabilistic
sensitivity analysis. For CAPOX, the 3-month
strategy is more effective and less costly compared
with the 6-month strategy [Figure 3(a)]. The
CEAC showed that the probability of having the
highest NMB was 1.0 for the 3-month strategy and
0 for the 6-month strategy in a range of willing-
ness-to-pay thresholds of €0-100,000 [Figure
3(b)]. For FOLFOX, the 3-month strategy is less
effective and less costly compared with the 6-month
strategy [Figure 3(c)]. The CEAC showed that the
probability of having the highest NMB was highest
for the 3-month strategy up to a willingness-to-pay
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Table 3. Results of the one-way sensitivity analysis, in which we varied the utility estimates according to the upper and lower limits

of the confidence intervals reported in the SCOT trial.??

Colon cancer burden® LYs per treated QALYs per Costs per treated Incremental ICER in
patient treated patient patient (€) NMB® €/QALY
Recurrences Deaths Discounted Discounted Discounted {quadrant]
Utility estimates according to the lower limit of the SCOT trial
CAPOX
6-month strategy 369 316 8.05 6.46 41,257 Reference Reference
3-month strategy 369 316 8.05 6.68 37,645 14,746 minus
16,224 (SE)
FOLFOX
6-month strategy 369 316 8.05 6.46 47,135 Reference Reference
3-month strategy 457 393 7.43 6.08 44,389 -16,226 7236 (SW)
Utility estimates according to the upper limit of the SCOT trial
CAPOX
6-month strategy 369 316 8.05 6.98 41,257 Reference Reference
3-month strategy 369 316 8.05 7.19 37,645 14,240 -16,998 (SE)
FOLFOX
6-month strategy 369 316 8.05 6.98 47,135 Reference Reference
3-month strategy 457 393 7.43 6.53 44,389 -19,746 6103 (SW)

aTotal during the lifetime of a cohort of 1000 treated patients.
bAt a willingness to pay of €50,000/QALY.

CAPOX, capecitabine plus oxaliplatin; FOLFOX, fluorouracil, leucovorin and oxaliplatin; ICER, incremental cost-effectiveness ratio; LYs, life-years;
NMB, net monetary benefit; QALY, quality-adjusted life-year; SE, the strategy is located in the southeast quadrant of the cost-effectiveness plane,
indicating that a strategy is less costly and more effective compared with the reference strategy; SW, the strategy is located in the southwest
quadrant of the cost-effectiveness plane, indicating that a strategy is less costly and less effective compared with the reference strategy.

threshold of €10,000/QALY. For a willingness to
pay above €10,000/QALY, the probability to have
the highest NMB was higher for the 6-month
strategy than for the 3-month strategy. At a will-
ingness to pay of €50,000 €/QALY, the probabil-
ity that the 6-month strategy results in the highest
NMB is 0.99.

Discussion

This study evaluated the cost effectiveness of a
3-month adjuvant chemotherapy regimen com-
pared with a 6-month chemotherapy regimen
consisting of either FOLFOX or CAPOX in high-
risk stage II colon cancer patients using the
PATTERN model.! For both CAPOX and

FOLFOX, the 3-month strategy was less costly
compared with the 6-month strategy (cost differ-
ence €3612 and €2745 per person, respectively).
The lower costs were mainly caused by cost sav-
ings related to adjuvant chemotherapy. For
CAPOX, the QALY lived were highest in the
3-month strategy (0.1 QALY difference pp),
resulting in an incremental NMB of €8454 at a
willingness-to-pay threshold of €50,000/QALY.
For FOLFOX, QALYs lived were lower in the
3-month strategy compared with the 6-month
strategy (0.5 QALY difference pp), resulting in a
negative incremental NMB of €23,189 at a will-
ingness-to-pay threshold of €50,000/QALY. The
robustness of the base-case results was under-
pinned by a probabilistic sensitivity analysis.
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Figure 3. Results of the probabilistic sensitivity analysis.
Results of the probabilistic sensitivity analysis presented in a cost-effectiveness plane, and cost-effectiveness acceptability curve, separately for
CAPOX (a, b) and FOLFOX (c, d).
CAPOX, capecitabine plus oxaliplatin; FOLFOX, fluorouracil, leucovorin and oxaliplatin; QALY, quality-adjusted life-years.

The divergent results for CAPOX and FOLFOX
were mainly due to the difference in the assumed
HR for 3 versus 6 months of adjuvant chemother-
apy, which was based on a pooled analysis of the
IDEA trials. For CAPOX, we assumed an HR of
1.0, which amounts to an equal treatment effect
compared with no adjuvant treatment as in the
6-month strategy. For FOLFOX, we assumed an
HR of 1.4, which is equal to no effect of adjuvant
treatment at all. To investigate the influence of
uncertainty around the pooled HRs from the
IDEA collaboration on our base-case results, a
threshold analysis was conducted separately for
CAPOX and FOLFOX. For 3months’ CAPOX,
the results showed a decrease in QALYs com-
pared with 6 months’ CAPOX when the HR for 3
versus 6months of adjuvant chemotherapy
changed from 1.00 to 1.06 or higher. Given the
relatively small change in HR that would lead to a
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QALY loss instead of gain, it would be appropri-
ate to reappraise the cost effectiveness of a
3-month CAPOX regime when additional data on
the comparison of a 3-month regimen with a
6-month regime becomes available. For FOLFOX,
the 3-month strategy resulted in lower QALYSs
than the 6-month strategy, for the entire range of
HRs that was assumed in the threshold analysis.
These findings indicate that the 3-month regimen
for FOLFOX should not be recommended in
clinical practice, given current data.

The uncertainty in the trial data that we used as
input for our analyses should also be considered
in daily clinical practice, as discussed in the work
from Moretto ez al.,'* especially because the non-
inferiority for a 3-month strategy compared with
a 6-month strategy, for both FOLFOX and
CAPOX, was not proven in a per-protocol
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analysis among stage III colon cancer patients.3*
A per-protocol analysis is recommended to per-
form in non-inferiority trials because the usual
intention-to-treat analysis may be biased by the
inclusion of patients who did not follow the
protocol sufficiently.3> Unfortunately, no per-
protocol sub-analysis was conducted for stage II
colon cancer patients. Nevertheless, given the
conflicting results between the intention-to-treat
and per-protocol analysis in stage III colon cancer
patients, we should interpret the results of the
current study carefully. As Moretti et al. propose,
after the first 3months of CAPOX, it would be
appropriate to discuss treatment continuation per
individual patient such that the patient’s prefer-
ence, tolerance, and degree of neurotoxicity are
taken into account.!4

To our knowledge, this is the first model-based
study evaluating the cost effectiveness of a
3-month during-treatment regimen compared
with a 6-month during-treatment regimen in
high-risk stage II colon cancer patients only. An
evaluation of the cost effectiveness of a 3-month
strategy compared with a 6-month strategy in
high-risk stage IT and III colorectal cancer patients
was conducted earlier for the SCOT trial by
Robles-Zurita er al.?® and Iveson er al.1%3¢ These
studies concluded that a 3-month regimen with
either FOLFOX or CAPOX was cost effective
compared with a 6-month regimen, and that a
3-month regimen should be considered as a new
standard of care for both FOLFOX and
CAPOX.?% This conclusion is in line with the
findings of our study for CAPOX, but in contrast
to our findings for FOLFOX. These contrasting
results for FOLFOX can be explained by the HR
of 1.16 for the 3-month FOLFOX regimen com-
pared with the 6-month FOLFOX regimen
reported in the SCOT trial. As mentioned above,
we assumed an HR for 3 months compared with
6 months’ adjuvant chemotherapy of 1.4 in the
current study, based on pooled data of the IDEA
collaboration.!> Nevertheless, in the FOLFOX
subgroup analysis of the SCOT trial, authors
found 0.1 lower QALYSs pp in the 3-month strat-
egy compared with the 6-month strategy, which is
in line with the findings of our study. However, in
the SCOT trial, the cost savings for the 3-month
FOLFOX regimen compared with the 6-month
FOLFOX regimen were such that a higher NMB
was found for the 3-month regimen compared
with the 6-month regimen. A second explanation
for the different directions of the results for

FOLFOX could be a difference in study popula-
tion. To illustrate, only 18.1% of the patients
included in the SCOT trial were classified as
stage II. Further comparison of the study popula-
tions was hampered, because separate baseline
characteristics for stage II patients were not pre-
sented for the SCOT trial.10-2°

In the current study, we included an HR for
treatment effect for the 6-month strategy of 0.73
for FOLFOX compared with no adjuvant chem-
otherapy, based on pooled trial data.!® Due to a
lack of available trial data, no separate HR was
reported in this study for CAPOX compared
with no adjuvant treatment. Therefore, we
assumed in the current study that the HR for
treatment effect is similar for CAPOX and
FOLFOX for the 6-month regimen, which is jus-
tified, based on literature in stage III colon can-
cer.373% To illustrate, the X-ACT trial showed
that capecitabine is non-inferior to fluorouracil.
Subsequently, the NO169968 trial showed that
the benefit of adding CAPOX is similar to the
addition of FOLFOX.

The results of our economic evaluation support
the adjustment in the Dutch guidelines in which
the duration for a CAPOX regimen is shortened
from 6 months to 3months for high-risk stage II
colon cancer patients (MSS+T4). However,
guideline adherence in clinical practice may be
suboptimal, as has been shown in The Netherlands
in both stage II and III colon cancer.4° Possible
explanations for this suboptimal adherence are
differences in expert opinions and unawareness of
the guidelines. Based on these findings, extra sup-
port for guideline implementation and monitor-
ing in clinical practice should be considered.
Furthermore, in The Netherlands, approximately
95% of stage II colon cancer patients who receive
adjuvant treatment receive CAPOX, leading to a
relatively high benefit for society if the treatment
duration of CAPOX is shortened. However,
internationally, FOLFOX is prescribed in the
majority of cases. To illustrate, in the IDEA stud-
ies, FOLFOX was prescribed to 90% of the
patients in France, 65% of patients in Italy and
42% to the patients in Greece.?* Our results do
not support a duration of 3 months for FOLFOX,
as this leads to more recurrences and fewer
QALYs.

In line with the IDEA collaboration, our study
focused on comparing a 6-month treatment
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duration with a 3-month treatment duration
rather than comparing FOLFOX and
CAPOX.10,12,13 However, the results reported in
the current study strongly suggest that 3 months
of CAPOX is cost effective compared with both
3 and 6 months of FOLFOX, given the higher
QALYs and lower costs. The associated incre-
mental NMBs are —37,521 and —14,332 for
3 months CAPOX compared with 3 and 6 months
FOLFOX, respectively, using a threshold value of
€50,000/QALY.

In conclusion, this is the first model-based study
that evaluated the cost effectiveness of a 3-month
adjuvant chemotherapy regimen compared with a
6-month chemotherapy regimen, separately for
CAPOX and FOLFOX, in high-risk stage II
colon cancer. Our findings indicate that a
3-month regimen is the most favorable treatment
duration for CAPOX, given the higher QALYSs
and lower costs compared with 6months.
Nevertheless, given the uncertainty in the data we
used as input for our analyses, the decision to
continue the treatment after the first 3 months
should be considered per individual based on the
patient’s attitude, tolerance, and degree of neuro-
toxicity. For FOLFOX, our findings showed that
6 months of adjuvant chemotherapy is the opti-
mal duration.
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