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ABSTRACT
Background: Precision cancer medicine (PCM), frequently used for the expensive and often modestly
efficacious off-label treatment with medications matched to the tumour genome of end-stage cancer,
challenges healthcare resources. We compared the health effects, costs and cost-effectiveness of our
MetAction PCM study with corresponding data from comparator populations given best supportive
care (BSC) in two external randomised controlled trials.
Methods: We designed three partitioned survival models to evaluate the healthcare costs and quality-
adjusted life years (QALYs) as the main outcomes. Cost-effectiveness was calculated as the incremental
cost-effectiveness ratio (ICER) of PCM relative to BSC with an annual willingness-to-pay (WTP) threshold
of EUR 56,384 (NOK 605,000). One-way and probabilistic sensitivity analyses addressed uncertainty.
Results: We estimated total healthcare costs (relating to next-generation sequencing (NGS) equipment
and personnel wages, molecularly matched medications to the patients with an actionable tumour tar-
get and follow-up of the responding patients) and the health outcomes for the MetAction patients
versus costs (relating to estimated hospital admission) and outcomes for the BSC cases. The ICERs for
incremental QALYs were twice or more as high as the WTP threshold and relatively insensitive to cost
decrease of the NGS procedures, while reduction of medication prices would contribute significantly
towards a cost-effective PCM strategy.
Conclusions: The models suggested that the high ICERs of PCM were driven by costs of the NGS diag-
nostics and molecularly matched medications, with a likelihood for the strategy to be cost-effective
defying WTP constraints. Reducing drug expenses to half the list price would likely result in an ICER at
the WTP threshold. This can be an incentive for a public-private partnership for sharing drug costs in
PCM, exemplified by ongoing European initiatives.
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Background

Precision cancer medicine (PCM) is commonly defined as
using information encoded by the tumour genome as the
dominant factor for the prediction of therapy response,
which over the past decade increasingly has been a motiv-
ation for the off-label provision of matched medications to
patients with advanced cancer after all other systemic
tumour-directed therapies have failed. However, it has been
an unwelcome surprise to discover that stratification of
patients in this particular setting has been to limited avail.
Data from ambitious, prospective trials have suggested that
less than 5% of patients have benefitted from genetically
informed therapies [1]. Moreover, a diagnostic PCM

infrastructure based on next-generation sequencing (NGS)
and appendant procedures within the public health service
is resource-demanding [2]. Therefore, until now, PCM has not
been widely implemented due to the lack of evidence on
clinical benefits and the potential economic burden on the
healthcare system.

The PCM concept poses challenges for the collection of
clinical evidence that could eventually justify its adoption
[3,4]. The main challenge involves the realisation of well-
structured clinical trials that accurately reflect treatment
effects. In PCM, where patient populations are often very
small (equal to one at the extreme) and the conduct of a
randomised controlled trial (RCT) is seldom an option [5],
guidelines for how to define a control group are missing.
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One alternative is to compare patients receiving molecularly
matched therapies with a similar group of patients who do
not, but an analytic concern is the potential selection bias in
the estimation of the health effects because the former
patient group may systematically differ from the latter. In
addition, in a cost-effectiveness framework, this particular
comparison may not always include the costs of the diagnos-
tic PCM infrastructure or any PCM-related complications. For
all of these reasons, there is a need to compare with various
control groups when evaluating the cost-effectiveness of
PCM in its entirety.

In this report, we used data from the MetAction study for
molecularly matched off-label therapies for end-stage cancer
[6] to estimate the cost-effectiveness of PCM. The first esti-
mation compared MetAction patients who received matched
medications with the study patients devoid of an actionable
tumour target, who instead had best supportive care (BSC)
for the end-stage disease. Next, we compared all MetAction
cases with external BSC controls from published RCTs with
similar patient populations where genetic tumour testing
had not been performed. The analyses embodied the valu-
ation of all factors that are commonly requested in a PCM
cost-effectiveness assessment [3].

Material and methods

The MetAction study – intervention populations

The MetAction study was approved by the Regional
Committee for Medical and Health Research Ethics of South-
East Norway, Norwegian Medicines Agency and the institu-
tional review boards at Akershus University Hospital and
Oslo University Hospital, and conducted in accordance with
the Declaration of Helsinki. Written informed consent was
required for participation. An eligible patient had treatment-
refractory end-stage cancer with a life expectancy of at least
3months. The clinical study interventions were derived from
NGS-based identification of one or more gene variants that
indicated drug sensitivity or resistance – a positive or nega-
tive actionable target (AT) – in a biopsy from a metastatic
tumour. The full diagnostic workflow has been described
previously [2]. In the present cost-effectiveness study, the
intervention (Supplementary Table S1) was modelled as
either the entire MetAction study population (all patients
whether receiving molecularly matched treatment or BSC;
n¼ 26) or the subgroup of AT-positive cases who received
molecularly matched therapy until response assessment
(n¼ 10) [6].

Comparator populations

Based on the characteristics of the MetAction study
participants, the chosen BSC comparator populations
(Supplementary Table S2) were from two RCTs on end-stage
colorectal cancer (CRC) patients of comparable age. The
RECOURSE RCT assessed the efficacy and safety of TAS-102, a
chemotherapy regimen (trifluridine and tipiracil hydrochlor-
ide) [7], and the CORRECT RCT assessed regorafenib, a multi-

target kinase inhibitor [8], both against placebo (BSC; n¼ 266
in RECOURSE and n¼ 255 in CORRECT). Furthermore, the AT-
negative MetAction patients and the 3 AT-positive patients
who for medical reasons could not receive molecularly
matched therapy until response assessment, together
referred to as AT-untreatable cases (n¼ 16), were used as
comparator population.

Outcomes

Health effects were measured in life years (LYs; overall
survival) and quality-adjusted life years (QALYs). Cost-effect-
iveness results were expressed by the incremental cost-
effectiveness ratio (ICER) of PCM relative to BSC (here for
QALY):

ICER ¼ Costs of intervention � Costs of comparator
QALYs of intervention � QALYs of comparator

¼ DCosts
DQALYs

¼ Costs per QALY gained (1)

The analyses were conducted according to Norwegian
guidelines, which recommend a healthcare perspective. Both
costs and health effects were half-cycle corrected and dis-
counted at a 4% rate. An annual willingness-to-pay (WTP)
threshold of NOK 605,000, corresponding to EUR 56,384 (EUR
1¼NOK 10.73 on average for 2020), was applied to assess
the cost-effectiveness of PCM. The threshold was calculated
using the absolute shortfall method reported in the guide-
lines for the submission of documentation for a single tech-
nology assessment of pharmaceuticals by the Norwegian
Medicines Agency in 2020 [9]. Without considering
uncertainty, if the ICER is equal to or less than the WTP, the
intervention is considered cost-effective and can be
implemented.

Partitioned survival models

The models (Supplementary Figure S1) were used to simulate
the outcomes for cohorts of 1000 patients in a 10-year per-
spective. The cycle length was set to 3weeks. The models
included 3 health states for patients in the PCM intervention
group (Treatment, Progression and Death) and 2 health states
for the external BSC comparator groups (Progression and
Death). For the MetAction population, AT-positive cases
entered Treatment and AT-untreatable cases entered
Progression. For each new cycle, patients in Treatment could
either remain in the health state or move to Progression or
Death, while patients in Progression could either stay or
move to Death.

Death probabilities were calculated as:

Death ¼ 1� overall survival (2)

The Progression health state was calculated as:

Progression ¼ Cohort � Treatment � Death (3)

The health effects (LY and QALY) and cost-effectiveness
(ICER) were assigned to all health states. Also, we assigned
health-related quality-of-life weights to the health states
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Progression and Treatment [10–12]; for the first 4 cycles of
the latter, we assigned a lower weight to reflect the burden
of the disease and treatment (Supplementary Table S3). LYs
per cycle were also calculated.

Data input

To estimate BSC overall survival for the RECOURSE and
CORRECT studies, we used WebPlotDigitizer [13] to read off the
curves, while progression-free and overall survival from the
MetAction study were based on individual level data [6]. To
choose the optimal distribution, we followed the recommenda-
tion of using a combination of smoothened hazard plots, visual
inspection and goodness of fit [14] as estimated by the Akaike
Information Criterion [15] and the Bayesian Information
Criterion [16]. In the choice of optimal specification, we applied
parametric (log-logistic, Weibull) and flexible spline models, the
latter with different splines (Supplementary Table S4).

Costs

The following details were applied for estimations of costs:

MetAction
The full NGS procedure for all MetAction cases (Table 1 and
Supplementary Table S5). Costs relating to the actual time spent
by personnel within study-specific procedures as well as the
acquisition of equipment and disposables were calculated.
National wage rates (low and high) for the personnel and esti-
mated costs for the theoretical usage (restricted and extended)
of the Ion Torrent PGMTM were utilised as valuation. A fixed
price of the Ion OncomineTM Comprehensive Assay (the 143-
gene panel used for the sequencing) with reagents and the
costs for the assumed capacity of 10–20 terabytes to store the
sequence data were entered. We adjusted the costs for risk of
1.04 for the possibility of sequencing a patient sample twice, as
extracted from the MetAction database. In the downstream
analyses, we applied the low-rate NGS procedure costs (a total
of EUR 4101 per patient).

Treatment with molecularly matched therapy (Table 2 and
Supplementary Table S5). These costs were factored into an
AT-positive patient expected to be treated for a period of
2 years. In the MetAction study, only 2 (7.7%) of the included
patients were treated for as long as 2 years (both with an
immune checkpoint inhibitor; intravenous medication) but
achieved complete response and were still tumour-free
1 year after discontinuation when the study was completed
[6]. In addition, we included costs relating to visits to the
outpatient clinic every 2weeks, as valued by the national
diagnosis-related group weight and unit cost. For patients
receiving intravenous medication, we included the time for
treatment administered by a nurse at each visit. No costs for
admission from adverse events were included, based on no
observed Common Terminology Criteria for Adverse Events
grade 3 or higher events in the MetAction study.

Follow-up (Table 2 and Supplementary Table S5). For
patients in the Treatment health state, we applied a period

of 5 years of follow-up, which included in total 1 visit for col-
onoscopy and a visit to the general practitioner every
6months before the follow-up program was discontinued.

BSC
Costs for BSC (Table 2 and Supplementary Table S5) included
hospital admission over 90 index days. On average, an AT-
untreatable MetAction patient had 7.2 days in the hospital
during this period [2]. In the present model, we included the
costs of 1 hospital admission per individual entering the
Progression health state. Care outside the hospital setting
was included in the end-of-life (EoL) costs.

EoL care
Costs of care relating to EoL (primary healthcare and home-/
community-based care) were based on a recent study on
CRC patients [17] and applied to all strategies. In this, the

Table 1. Costs of the full next-generation sequencing procedure per patient.

Type of costs

Time
spent
(hours)

Low
rate
(EUR)a

High
rate
(EUR)a

Patient enrolment
Radiologist 0.5 35 49
Oncologist 1.5 106 149
Nurse 1.5 80 111
Bioengineer 1 51 71

Intervention radiology and tissue procedures
Radiologist 0.5 35 49
Radiographer 0.5 23 32
Pathologist 0.5 35 49
Laboratory engineer 0.5 25 36

Tissue processing and DNA sequencing
Laboratory engineer 14 710 993

Bioinformatics analysis
Bioinformatician 2 101 142

Compilation of pathology report
Pathologist 1 71 99

Mining of molecular data
Bioinformatician 1.5 70 107
Molecular biologist 5 253 355

Molecular tumour board
Pathologist 1 71 99
Laboratory engineer 1 51 71
Bioinformatician 2 101 142
Molecular biologist 2 101 142
Oncologist 1 71 99

Clinical tumour board
Oncologist 1 71 99
Nurse 0.5 27 37
Radiologist 0.5 35 49
Pathologist 1 71 99
Molecular biologist 1 51 71
Bioinformatician 0.5 25 36

Total personnel costs 2270 3186
Equipment

Ion Torrent PGMTM 1219b 2550
Ion OncomineTM Comprehensive Assay v1 517c 1,114d

Comprehensive Assay, replicate rune 50c 107d

Storage of sequence data 45 58
Total equipment costs 1831 3829
Total (personnel and equipment) costs 4101 7015

Updated and adapted from previously published data [2].
aPresented in EUR converted from 2020 NOK.
bIncludes the technical replicates.
cActual rebated price offered for the MetAction study.
dList price.
ePerformed for 5/26 (19%) of cases; only tumour samples, not the correspond-
ing whole blood samples.
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costs were grouped into three EoL period lengths
(4–6months, 2–3months and the last month of life) and the
average costs per month were calculated (Table 2 and
Supplementary Table S5).

Data analyses

The analyses were performed using Microsoft Excel with
Visual Basic for Application v2016. The cost-effectiveness ana-
lysis of each comparison is represented by ICER (DCost/DLY
and DCost/DQALY). We used one-way sensitivity analyses to
identify the effects of the costs of the NGS procedure and
the molecularly matched medications (per cycle length). To
account for uncertainty in all input parameters, we ran a
probabilistic sensitivity analysis with 1000 iterations for all
comparisons to estimate the proportion of simulated ICERs
that would lie below the WTP threshold. The distributions
assigned for progression-free and overall survival were based
on the estimated standard errors. Gamma distributions were
used for unit costs (assuming 20% standard errors) and beta
distribution for health-related quality-of-life (in which the
standard errors were defined by the literature;
Supplementary Table S3). The results are presented as cost-
effectiveness planes (scatter plots) and by cost-effectiveness
acceptability curves (in which the estimated probability that
PCM is the cost-effective alternative is shown according to
increasing threshold values) [18].

Results

The MetAction outcome data

The study data have been published in full previously [6]. In
brief, 10 out of the 26 patients undertaking tumour NGS
analysis were AT-positive cases who received molecularly
matched therapy until response assessment. Among these, 4
patients had direct disease progression and 2 patients had
disease stabilisation at 7–8weeks before progression.
Besides, 2 CRC patients (one given chemotherapy in combin-
ation with the targeted drug) had a partial response with
10.4–17.0weeks of duration. The median time on treatment
for these 8 patients was 12.9weeks (range, 7.6–23.9). As the
only subjects given an immune checkpoint inhibitor, 2 CRC
patients had durable molecular or radiologic complete
responses [6,19]. Except for these 2 cases, overall survival
was similar for patients who did and did not receive study
treatment [6].

Deterministic base-case analyses

When comparing healthcare costs and health outcomes for
the MetAction patients given molecularly matched medica-
tion (AT-positive cases) and the study patients receiving BSC
(AT-untreatable cases), the incremental costs were EUR
32,027 while the QALY increment was 1.00 (Table 3). This
ICER is well below the 2020 national WTP threshold of EUR

Table 2. Resource use and unit costs in the intervention and comparator populations.

Cost category Value Source

MetAction
Full next-generation sequencing procedure, low rate 4101a Table 1
Number of sequences per patient 1.04 Ree 2020 [6]
Number of patients, oral medicationb 9 Ree 2020 [6]
Number of patients, intravenous medicationb 4 Ree 2020 [6]
Total number of cycles, oral medication 22 Ree 2020 [6]
Total number of cycles, intravenous medication 86 Ree 2020 [6]
Average treatment cost per cycle, oral medication 4986a Ree 2020 [6]
Average treatment cost per cycle, intravenous medication 4570a Ree 2020 [6]
Nurse, cost for intravenous administration time 80a Fee for service, 2020
Oncologist, cost for outpatient visit time 184a DRGc 906A (�0.043), 2020

Follow-up
Primary care 42a Fee for service, 2020
Colonoscopy 296a DRGc 710O (�0.069), 2020

Best supportive care
Hospital admission 3492a DRGc 173 (�0.818), 2020

End-of-life care
Average per month, 4–6months period
Primary care 130a Bjørnelv 2020 [17]
Home- and community-based care 1838a Bjørnelv 2020 [17]
Total costs per month 1968a Bjørnelv 2020 [17]

Average per month, 2–3months period
Primary care 182a Bjørnelv 2020 [17]
Home- and community-based care 2502a Bjørnelv 2020 [17]
Total costs per month 2684a Bjørnelv 2020 [17]

Average, the last month period
Primary care 320a Bjørnelv 2020 [17]
Home- and community-based care 3960a Bjørnelv 2020 [17]
Total costs last month 4280a Bjørnelv 2020 [17]

aPresented in EUR converted from 2020 NOK.
bOne patient received a combination of oral and intravenous medications; one patient received only one cycle of intravenous
medication before treatment discontinuation.
cNational diagnosis-related group (DRG) indicator; unit cost NOK 45,991 (EUR 4286).
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56,384 (NOK 605,000) and reflects the costs of the medica-
tions given and the improved survival (with follow-up)
among the responding patients (Supplementary Table S5) in
a setting where all patients had received tumour NGS ana-
lysis to determine the eligibility for molecularly based ther-
apy in end-stage cancer.

When comparing the MetAction patients (all cases) with
patients receiving BSC in the RECOURSE and CORRECT stud-
ies (Table 3), where tumour NGS analysis had not been
undertaken, the incremental costs were EUR 16,414 and EUR
16,439, respectively. In addition to the NGS-related costs,
these cost differences were driven by the medications given
to the AT-positive MetAction patients and their marginally
higher EoL care (Supplementary Table S5). Taking account of
all of the cost elements, the incremental QALYs of the
MetAction strategy were 0.13 and 0.15 relative to RECOURSE
and CORRECT, respectively, resulting in ICERs of EUR 126,262
and EUR 109,593 (Table 3), which are twice or more as high
as the WTP threshold.

For all comparisons, the ICERs were 30–40% lower when
LYs were used as the main health outcome (Table 3). The
discounted incremental LY was more than 15months when
comparing the MetAction patients given molecularly
matched medication with the remaining study patients not
receiving tumour-directed therapy, reflecting the 2 study
patients (of 26 patients enrolled) who received an immune
checkpoint inhibitor and experienced a durable complete
response. However, when comparing the entire MetAction
population with the external BSC controls, the incremental
LYs gained were only 9–11weeks.

One-way sensitivity analyses

We found that ICERs (using QALY as the health outcome)
were relatively insensitive to changes in costs of the NGS
procedure; for example, a reduction to half the costs in the
MetAction study would still not have resulted in ICERs at
the 2020 national WTP threshold when compared to BSC in
the RECOURSE and CORRECT studies (Figure 1, upper panel).
In stark contrast, a reduction of drug expenses to half the list
price (using the mean of list prices that applied to the
MetAction medications) would have led to the significant
decline in ICERs of the PCM strategy compared to BSC, likely
reaching the WTP threshold (Figure 1, lower panel).

Probabilistic sensitivity analyses

For the comparison of the AT-positive MetAction patients
with the AT-untreatable ones, 99% of the simulated ICERs
fell below the estimated WTP threshold (Figure 2, upper left
panel) with a likelihood that the AT-positive cases were cost-
effective converging to 100% at this specific threshold
(Figure 2, upper right panel). When comparing all MetAction
cases with external patients receiving BSC, only 2% (versus
RECOURSE; Figure 2, middle left panel) and 27% (versus
CORRECT; Figure 2, lower left panel) of the simulated ICERs
fell below the WTP threshold. For these comparisons, the
>50% likelihood for the MetAction strategy to be cost-effect-
ive was at thresholds above EUR 100,000 (versus RECOURSE;
Figure 2, middle right panel) and EUR 90,000 (versus
CORRECT; Figure 2, lower right panel).

Table 3. Cost-effectiveness of precision cancer medicine.

Strategy Total costs Total LYs Total QALYs DCost DLY DQALY ICER, DCost/DLY ICER, DCost/DQALY

MetAction,
AT-positive

51,365 1.82 1.43 32,027 1.29 1.00 24,827 32,027

MetAction,
AT-untreatable

19,338 0.53 0.43

MetAction,
all cases

32,420 0.82 0.64 16,414 0.18 0.13 91,189 126,262

RECOURSE 16,006 0.64 0.51
MetAction,

all cases
32,420 0.82 0.64 16,439 0.21 0.15 78,281 109,593

CORRECT 15,981 0.61 0.49

Costs and effects are discounted at a 4% rate. Time horizon is 10 years. All costs are presented in EUR (converted from 2020 NOK).
AT: actionable target; ICER: incremental cost-effectiveness ratio; LY: life year; QALY: quality-adjusted life year.

Figure 1. One-way sensitivity analysis. Incremental cost-effectiveness ratio
(ICER) as a function of changes in total costs of the next-generation sequencing
procedure (upper panel) and drug expenses per cycle length (3 weeks; lower
panel) in all MetAction patients versus patients given best supportive care in
the RECOURSE study (solid lines) or CORRECT study (dashed lines) or MetAction
patients given molecularly targeted therapies versus those who were not (dot-
ted lines). The thin dotted lines represent the 2020 annual willingness-to-
pay threshold.
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Discussion

Healthcare resources are limited and demand prioritisation
among the users. The expensive and often modestly benefi-
cial PCM for end-stage disease [20] may be out of proportion
to those resources if we cannot argue well for the motivation
and justification of the spending. In the present analysis,
using data from our MetAction PCM study and external BSC
controls from published RCTs with similar patient popula-
tions, we found that the high ICERs of PCM were driven by
the costs of the molecularly matched therapies that could be
given, including modest costs relating to the improved sur-
vival of the responding patients. We applied the calculated
low-rate NGS procedure costs (a total of EUR 4101 per
patient) but found that further reduction (or an increase) of

this variable would not significantly affect the ICER for the
PCM strategy relative to BSC. In contrast, a price reduction of
drugs would contribute significantly to a cost-effective PCM
strategy. With the employed input factors, the likelihood for
PCM to be cost-effective for the end-stage disease was
approximately twice the annual WTP threshold. For the
entire patient population that had tumour NGS analysis and
the opportunity of treatment with molecularly matched med-
ications, the survival benefit was small (gained LYs of
only 9–11weeks).

The NGS technology has become progressively more cost-
effective over the time it has been in use for clinical deci-
sions. Retail costs for most of the technical elements of the
diagnostic assays have fallen. However, personnel costs are

Figure 2. Probabilistic sensitivity analysis. Incremental costs as a function of incremental quality-adjusted life years (QALYs) (left panels). Cost-effectiveness accept-
ability as a function of increasing willingness-to-pay threshold (right panels). Upper panels: MetAction patients given molecularly targeted therapies (dashed line)
versus those who were not (solid line). Middle panels: All MetAction patients (dashed line) versus patients given the best supportive care in the RECOURSE study
(solid line). Lower panels: All MetAction patients (dashed line) versus patients given the best supportive care in the CORRECT study (solid line). The thin dotted lines
represent the 2020 annual willingness-to-pay threshold; for the left panels, dots to the right represent simulated ICERs below this threshold.
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significant in the public health service of Norway and other
very-high Human Development Index countries and account
for a high percentage of the total expenses when the diag-
nostic infrastructure is first established. The continuous train-
ing of the involved personnel might contribute to improved
NGS cost-effectiveness over time when it becomes imple-
mented in routine practice. Concerning the optimal timing of
NGS analysis over the course of metastatic cancer, outside a
small number of indications in routine practice, the European
Society for Medical Oncology recommends molecular tumour
profiling only when patients are eligible for biomarker-driven
clinical trials [21]. Regarding molecularly targeted medicines,
they are expensive to develop and therefore high-priced
[22], but prices commonly decline as soon as the brand-
name drugs are challenged by low-cost generic versions.
Health authority-negotiated pricing is another mechanism
that lowers list prices [23]. Our analyses indicated that such
regulations will contribute substantially toward a cost-effect-
ive PCM service in public healthcare.

Overall, our analyses embodied the valuation of crucial fac-
tors of a PCM cost-effectiveness assessment [3] – the type of
technology (NGS), the time horizon (10 years) with the annual
discount rate (4%), specification of the WTP threshold and
base-case and sensitivity analyses in a high-cost public health-
care perspective. Thus, the outcome data may be used in sup-
port of resource allocations regarding PCM in the specialist
health service. Precision medicine has the ultimate goal of
forming biologically precise treatments for diseases that have
previously been seen as intractable. Thus, formal valuations
may not reflect the true clinical and societal values provided to
patients. For example, discounting is a well-established practice
in these types of analyses. But interventions for end-stage can-
cer in which patients will otherwise die within a short period of
time may become less impacted because the discounting
devaluates gained survival. Furthermore, the extended survival
entails costs associated with lengthened management of the
patients, which devaluate the intervention but is counterintui-
tive to how society appraises this healthcare. The actual cost-
effectiveness thresholds may be arbitrary and thereby topics of
debate. A systematic review with QALY as an outcome revealed
variation in WTP depending on population and societal varia-
bles [24]. Specifically, we calculated the WTP threshold from
absolute shortfall [9], measuring QALYs lost in a study popula-
tion relative to the general population. The resulting threshold
was within one of the severity groups defined by Norwegian
priority settings and comparable with WTP in Europe elsewhere
(e.g., EUR 20,000–80,000 in the Netherlands).

On the other hand, PCM trials typically apply overall
response rate as the primary endpoint. This tumour
response-based measure may not be a reliable surrogate for
progression-free and overall survival in CRC and other
tumour entities [25]. PCM is in essence technology-driven
and includes extraordinarily expensive medications, which
raises the ethical question if it can rightfully occupy limited
healthcare resources [26]. This is of particular note if there is
no solid evidence to support the use of high-cost, marginally
beneficial cancer drugs [20,27] at the expense of investments
into other types of cancer treatments (e.g., in surgical and

radiation oncology) following reimbursement decisions made
through appropriate health technology assessments.

There are evident limitations to our study. The MetAction
trial had a small case number that may not have had enough
power to capture a factual PCM benefit. An obstacle to prov-
ing benefit lies in the fact that actionable gene variants often
are too infrequent in predefined patient cohorts for conduct-
ing a comprehensive PCM trial. Moreover, the cost-effective-
ness analyses presented here employed end-stage CRC with
unknown tumour genome profiles as comparator popula-
tions (because 70% of the AT-positive MetAction cases had
end-stage CRC). Patients with CRC have few lines of systemic
therapies in the advanced setting and are often in good per-
formance status even at the end-stage, thus clinically amen-
able to off-label use of molecularly targeted medicines.
However, most CRC cases are devoid of drug-sensitivity tar-
gets [28,29]. A cost-effectiveness analysis in patient popula-
tions with a higher incidence of tumour gene variants that
confer drug sensitivity might have led to a stronger valuation
of PCM. That said, the first major PCM cohort in the ongoing
Dutch DRUP trial was dominated by CRC patients [30]; also,
drug resistance markers frequently found in CRC result in the
selective withholding of therapies, which is cost-saving.

In conclusion, we have presented models comparing
patients with end-stage cancer analysed by NGS for the
opportunity to provide molecularly matched therapies, with
comparator populations instead receiving BSC. The models
suggested that the high ICERs of PCM were driven by costs
relating to the NGS diagnostics, the medications and the man-
agement of patients with improved survival, with a likelihood
for the strategy to be cost-effective defying WTP constraints.
Our data support a public-private partnership model of shar-
ing the costs of molecularly matched medicines in PCM,
exemplified by the model used in the ongoing DRUP and
IMPRESS-Norway trials [31,32]. The DRUP investigators empha-
sise that drug manufacturers must provide their products for
free until the patients present meaningful clinical responses in
order for the risk-sharing model to meet the purpose [31].
Several cost-effectiveness analyses of PCM have been reported
previously, not infrequently found to have insufficient data
that populate the models [4]. Thus, we believe our adherence
to crucial factors for such assessment [3] is a template for
similar outcome reporting. Our effort has exposed a need for
predefining pertinent control arms in future PCM studies.
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