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ABSTRACT

Introduction: Metastatic colorectal cancer (mCRC) represents a growing burden on healthcare,
yet comprehensive data on treatment costs across different disease phases remain limited. This
study aims to estimate hospital resource utilization and costs of treating mCRC patients according
to international up-to-date guidelines.
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Materials and methods: The RAXO study aimed at maximising metastasectomy with repeated
centralized assessment of resectability (inclusion 2012-2018). Cost data from the six largest
Finnish hospital districts (1=941) in RAXO were collected from mCRC diagnosis to death or the
end of 2021. All patient costs were characterized day-by-day to diagnostic, curative, remission,
palliative SACT, treatment break, or end-of-life disease phases. The resource utilization and mean
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costs, in 2021 euros, were calculated per patient per month (PPPM).

Results: The mean PPPM cost for treating mCRC patients was 2323€, when 37% had curative-intent
metastasectomy. On average, each month included 0.7 ward days, 1.9 outpatient and 0.1
emergency visits. Outpatient care accounted for 64% of costs, inpatient care for 34%, and
emergency room Vvisits for 2%. The higher costs during disease phases involving active
tumour-directed treatments (2963€-3059€/PPPM) were balanced by lower costs during remission
and treatment break (453€-560€/PPPM). Pharmacy, ward, operating room, and outpatient costs
(39%/18%/15%/15%, respectively) were the main drivers for internal hospital billing.
Conclusions: Resource utilization, costs, and cost drivers varied 8-fold between disease phases.
Outpatient care accounted for two-thirds, and inpatient care accounted for one-third of costs.

Abbreviations: CRC: colorectal cancer; mCRC: metastatic colorectal cancer; LAT: local ablative
treatment; PPPM: per patient per month; SD: standard deviation

Introduction from the current 1.9 million to 3.1 million new cases per

Colorectal cancer (CRC) imposes a growing burden on
healthcare. Globally, it is the third most common cancer
and the second leading cause of cancer mortality,
responsible for approximately 0.9 million annual deaths
[1]. By 2040, the incidence of CRC is expected grow

year [2]. At diagnosis, 20%-25% of patients have syn-
chronous metastases, and 15%-20% will develop metas-
tases (MCRC) later. Among Nordic patients with mCRC,
28%-30% receive no tumour-directed therapy. Of those
who are eligible for tumour-directed therapy, around
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30%-39% undergo curative-intent metastasectomy and/
or local ablation, consistent with the 37% reported in
the RAXO study, while the remainder receive systemic
anticancer therapy (SACT) alone [3-5]. In patients with
potentially resectable metastases, repeated reassess-
ment of resectability by a specialised multidisciplinary
team (MDT) is recommended in international guidelines
[6-8]. While survival has improved, CRC-related health-
care costs are also rising. CRC is projected to impose a
financial burden equivalent to 0.06% of the global gross
domestic product between 2020 and 2050, ranking sec-
ond only to tracheal, bronchial, and lung cancer [9,10].

Information on resource utilization and the costs
associated with various cancer treatment strategies is
essential for informing future healthcare policy and
developing robust cost-effectiveness models [11,12].
However, detailed data on the costs and resource use
associated with treating mCRC remain limited. A recent
systematic review of real-world cost analyses of mCRC
from 12 countries reported that average total mCRC
treatment costs vary widely between $12,346 and
$293,461 [13]. However, these studies varied signifi-
cantly regarding the treatments that were provided
and how medical expenses were reported.

Only a few studies have examined costs by disease
phase to better identify key cost drivers. Two American
studies on mCRC reported that the diagnostic and
end-of-life phases caused higher monthly costs than
the actual treatment phase. They defined the diagnos-
tic phase as the first three months post-diagnosis, the
end-of-life phase as the final three months before
death, and the actual treatment phase as the interval
in between. Other studies have used alternative defini-
tions, such as 12-month periods for the diagnostic and
end-of-life phases [14-16].

Presently, treatment of mCRC involves distinctly dif-
ferent disease phases, ranging from curative-intent sur-
gical interventions to palliative SACT and treatments
without tumour-directed therapy. The differences in
resource usage between these phases are not properly
captured when categorization into different phases is
done using time-based methods and are too crude to
provide detailed knowledge. There is a gap in the lit-
erature regarding detailed analysis of clinically deter-
mined, phase-specific costs, patterns of care in a
real-world setting [12,17].

This study aimed to characterize the resource utili-
zation and costs of treating mCRC in different clinically
determined disease phases from a specialist healthcare
provider perspective, in a setting of national universal
health coverage, when cancer treatments and active
evaluation of resectability are carried out according to
recent international guidelines.

Materials and methods
Study design and population

The RAXO-study was a Finnish nationwide prospective
study of mCRC patients with a centralised repeated
assessment of resectability by an experienced multidis-
ciplinary team and aimed for high resectability rates.
Between June 2012 and October 2018, the study
(NCT01531621,  EudraCT2011-003158-24) included
1,086 patients from 5 tertiary and 16 secondary refer-
ral centres [3]. The study was approved by the Ethics
Committee  at Helsinki University ~ Hospital
(242/13/03/02/2011) and conducted according to the
Declaration of Helsinki. All patients provided written
informed consent.

In this RAXO subgroup analysis, 952 (88%) patients
from six largest oncological centres were included:
Helsinki, Tampere, Turku, Oulu, and Kuopio University
Hospitals, and Central Finland Central Hospital. Patient
characteristics were prospectively collected in the
RAXO database during the mCRC disease trajectory
(Figure S1). Table S1 shows demographic data for
included and excluded patients.

Disease phase definitions

Each day in the trajectory of an individual patient was
categorized into six mutually exclusive disease phases
according to the aim of the intervention: diagnostic,
curative treatment of metastases (denoted curative),
remission, palliative SACT, treatment break, and spe-
cialist care in end-of-life (denoted end-of-life) (Figure
S2). The categorization was based on patient-level clin-
ical information, with dates of all interventions and
death. Follow-up started at the beginning of the first
disease phase and ended at death or the end of the
study period (December 31, 2021). Duration of phases
is presented in Table S2 and Figure S3.
Disease phases were defined as follows:

«  The diagnostics phase was defined as the time
period starting one month before the date of
mCRC diagnosis and ending at the start of any
subsequent disease phase.

« The curative phase began one month before
metastasectomy or LAT, or from the start of
neoadjuvant treatment, and ended six months
after metastasectomy/LAT or at the completion
of adjuvant SACT, whichever occurred later.

«  The remission phase is the time period between
the end of the curative phase until the initia-
tion of any subsequent disease phase.
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«  The palliative SACT phase began at the start
date of palliative-intent SACT and ended at
death or one month after the last administra-
tion of SACT, corresponding to the start of the
treatment break or end-of-life phase.

« The treatment break phase started if palliative
SACT was not administered within two months
and ended at death, upon restarting palliative
SACT, or at the start of the end-of-life phase.

« The specialist care in end-of-life phase was
defined as starting one month SACT was per-
manently discontinued and extending up to
three months, ending at the date of death.

Patients may enter the same disease phase multi-
ple times during their disease trajectory; for exam-
ple, in the case of repeated recurrences, a patient
may undergo several curative treatment phases. A
characterization of study design and patient flow
into disease phases is provided in Figure S1 and
Table S3.

Cost and resource utilization estimations

Cost elements for each disease phase are outlined in
Table S1 and included monthly healthcare visits, ward
days, outpatient visits, and emergency room visits. Costs
were aggregated into total, inpatient, outpatient, and
emergency room costs, and further disaggregated by
hospital department (wards, operating rooms, intensive
care units, hospital pharmacy, outpatient clinics, radiol-
ogy, laboratory, and other services). To support eco-
nomic modelling and decision-making, reporting
followed recommendations for economic evaluation
[18], with all costs adjusted to the 2021 price level using
the Finnish Producer Price Index for Health and Social
Work Services [19]. The patient-level costs and resource
use were retrospectively collected from participating
centres until death or the cut-off date. The data covered
all secondary and tertiary health care visits at participat-
ing centres, independent of the reason for the visit. The
costs and resource usage were categorised into a dis-
ease phase based on the date of service. Patients with
incomplete cost or resource data were excluded from
that specific phase (Table S3).

A specialist healthcare provider perspective was
adopted, capturing direct costs arising in specialist
secondary/tertiary care settings (oncology, inpatient,
and outpatient hospital services), excluding primary/
community care and patient-incurred costs and
non-hospital pharmacy costs for oral agents such as
capecitabine, regorafenib, and trifluridine/tipiracil. This
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should be noted especially regarding the results of the
end-of-life disease phase, as a majority of healthcare
costs in this disease phase are primary care costs.

During the study period, all direct healthcare costs
were charged from the patient’s municipality of resi-
dence according to the hospital’s product price.
According to the Finnish Health Care Act (valid until
December 2022), the product price was based on the
actual costs at the unit. As participating hospitals
were not allowed to gain profit, these product prices
are accurate estimations of the real-world resource
utilization required to manage cancer treatments
[20,21].

Inpatient costs comprise all claims where an admis-
sion included at least one night’s stay in the hospital.
Emergency room costs comprise invoices where the
unit is an emergency room or an acute care clinic.
Outpatient costs include all other visits to health care
units, again, independent of the reason for the visit.

The Nordic Medico-Statistical Committee (NOMESCO)
codes were used to describe procedures and resources
used to treat patients [22]. This patient-level informa-
tion on treatment procedures and imaging modalities
was collected with the claims data. Minor bedside pro-
cedures, such as percutaneous ascites drainage, were
not systematically noted and therefore excluded from
resource analysis.

As oral antineoplastic drugs in home care are dis-
tributed via non-hospital pharmacies in Finland, we
performed a subgroup analysis with individual actual
dosing and billing of all antineoplastic drugs, for 436
patients from Helsinki and Tampere University
Hospitals. Unless otherwise specified, the cost assess-
ments for these drugs are based on 2021 drug pricing
data from Tampere University Hospital.

Statistical analysis

Results for continuous variables are presented as mean
values with standard deviation (SD), while some
patient descriptive characteristics are reported as
median with range. In this study, the mean with SD
was reported because cost outcomes are additive and
thus suitable for aggregation and economic modelling.
Counts and percentages are shown for categorical
variables. Time-related outcomes (presented as mean
and SD per patient per month, PPPM) are reported as
weighted values according to time spent in the dis-
ease phase. Times in disease phases are presented as
months, i.e., 30days. The data analyses were purely
descriptive, and no a priori hypotheses were tested.
Statistical analyses were conducted in R Statistical
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Software (Version 4.3.1) [23] and IBM SPSS Statistics
(Version 28) [24].

Results
Demographics

Patient data were collected from 952 individuals par-
ticipating in the RAXO study. Eleven patients lacked
complete claims data for all disease phases and were
therefore excluded, resulting in a final study popula-
tion of 941 patients. A comparison of these patients
with those from the smaller RAXO hospitals excluded
from this subanalysis revealed no major differences

(Table S1).

Baseline demographics for

Table 1. Patient demographics.

the 941
patients are presented in Table 1. The median age at

included

All patients
N=941 %
Length of follow-up,
months
Mean (SD) 36.7 (26.7)
Median (IQR) 29.5 (10.6-48.4)
Age, median (Range) 67 (24-90)
Age <70years 616 65
>70years 325 35
Sex Male 565 60
Female 376 40
ECOG PS O 241 26
PS 1 531 56
PS 2-3 169 18
Charlson comorbidity No 722 77
index
1-2 213 23
3-5 6 1
Smoking status Never smoker 362 51
Ex-smoker 241 34
Smoker 102 14
BMI <20 68 7
20-30 698 74
>30 175 19
Primary location Right colon 277 29
Left colon 343 36
Rectum 316 34
Multiple 5 1
Surgery of primary Operated upfront 621 66
tumour
Operated later 93 10
Never operated 227 24
Presentation of Synchronous 640 68
metastases
Metachronous 301 32
Metastatic sites 1 site 502 53
2 sites 280 30
3-6 sites 159 17
Molecular status RAS +BRAF wt 360 38
RAS mt 477 51
BRAF mt 85 9
Not tested 19 2
Mismatch repair status Proficient (MSS) 290 31
Deficient (MSI-H) 15 2
Not tested 636 68

BMI: body mass index; ECOG: Eastern Cooperative Oncology Group; IQR:
interquartile range; MSI-H: microsatellite instability high; MSS: microsatel-
lite stable; PS: performance status; SD: standard deviation.

diagnosis was 67years (range 24-90), and 60% were
men. The primary tumour location was right colon in
29%, left colon in 37%, and rectum in 34% of the
patients. Synchronous metastases were observed in
68% and 53% had one metastatic site only. Survival
outcomes, key clinical events, quality of life, and
follow-up details for this patient cohort have been
comprehensively reported in previous RAXO publica-
tions [3,25-27].

Duration of disease phases

After categorising the claims data into predefined dis-
ease phases, 2,940 disease phase episodes were
detected for the 941 patients. Study design and patient
flow through disease phases and specified phase dura-
tions are described in Figures S1-S3 and Table S2-S3.

An average patient participated in 3.1 disease
phases. Among all patients, 875 patients (93%) were
included in the diagnostic phase, 352 (37%) in the
curative phase, and 221 (23%) in the remission phase.
Non-curative treatment included the palliative SACT
phase in 762 (81%) patients, treatment break in 231
(25%), and specialist care in the end-of-life phase in
501 (53%).

The mean follow-up time was 37 months. The aver-
age durations of the disease phases were as follows:
2.5months for the diagnostic phase, 21 months for the
curative phase, 35months for the remission phase,
21 months for the palliative SACT phase, 8 months for
the treatment break phase, and 1.8months for the
end-of-life phase (Table S2).

Monthly costs and healthcare visits

Mean costs and number of healthcare visits PPPM are
presented in Table 2. The total average cost for each
patient was €85,100. The cost was €9200 for the diag-
nostic phase, €63,100 for the curative phase, €15,700
for the remission phase, €57,500 for the palliative SACT
phase, €4200 for the treatment break phase, and
€3100 for the end-of-life phase. Outpatient care was
the main cost driver, accounting for 64% of total costs,
driven mainly by hospital pharmacy costs in the cura-
tive phase and palliative SACT phase (50% and 66%,
respectively).

The mean monthly cost across all disease phases
was €2323 PPPM. The PPPM costs were highest in the
diagnostic phase (€3662), followed by the curative
phase (€3059). In the diagnostic and curative phases,
costs were driven by surgical procedures. Inpatient ser-
vices (2.1 and 1.0 ward days PPPM, respectively) and
imaging (1.12 and 0.75 PPPM) were also frequent in
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Table 3. Surgical procedures and endoscopy by disease phase.

Diagnostic Curative Remission Palliative SACT Treatment break End-of-Life All phases

Disease phase

Number of
services per
patient with

Patients
with any

Number of
services per
patient with

Patients
with any

Number of
services per
patient with

Patients
with any

Number of
services per
patient with

Patients
with any

Number of
services per
patient with

Patients
with any

Number of
services per
patient with

Patients
with any

Number of
services per
patient with

Patients
with any

use

use

use

use

use

use

use

any use

n=941
%

any use

n=>501

any use

n=231

any use

n=762

any use

n=219

any use

n=352
%

any use

n=875
%

SD
26.7

Mean

SD
1.1

0.5

Mean

SD
15.2

% Mean

SD
15.5

% Mean

SD
29.5

% Mean

SD
16.0
2.1

Mean

SD
1.0

0.9

Mean

36.7

20.6 346 19.5 7.5 1.8
13
1.0

2.5

Months in phase

23
0.8

2.8
1.5

76
38

0.3

1.1

0.3

1.8

24 20
1.0

2.1

21

2.7

97
75

1.6

49

Surgical procedures

NA

0.2

0.0

0.0

0.0

1.5

0.7

14

0.3

Liver (includes

biopsies)
Lung

0.7

14
15

0.0

0.0
1.0

1.1

0.0
0.6

NA
0.0

1.0
1.0
1.0

0.0

0.4
0.9

NA
0.5

1.0
13
14
1.0

0.0 0.1

0.3

0.0

0.0

0.7

14
1.7
1.9
13

18
24
39

0.0

0.0

0.0

0.9

17
57

0.0

1.0
1.2

0.5

0.4
0.6

1.2
13
14

Peritoneum
Bowel

1.4
13

1.8
1.7

0.4
0.0

0.0

0.8

2.8 15

0.0

1.9
2.0

15
0.9

41

0.0 0.0

0.0

0.0

0.0

0.5

Gynaecological

organs
Other
Endoscopy

0.5

13
2.0

0.5

13
1.2

0.8
1.2

0.0

0.0

0.0

1.4
0.9

1.8
14

0.7

15
24

1.2
1.2
0.9
0.6
0.8
0.4

0.5

1.6
1.7
1.6
13
1.4
1.2
1.2

0.4
0.6

0.8
43

2.8
0.9
0.6
0.8
0.4

0.5

61

0.4

1.1

1.8

16

5.6

43

43

1.2

1.6
13

37
28

98
75

Metastectomies?

Liver

14
1.2
1.2

18

Lung

Peritoneum

Other
?Including surgery and definitive treatment with local ablative therapy. SD: standard deviation.

24

these phases (Tables 2-4). Emergency room visits were
infrequent at 0.2 and 0.1 PPPM, for diagnostic and
curative phases respectively.

In the palliative SACT phase, the mean costs (€2963
PPPM) were mainly driven by outpatient care, includ-
ing drugs and drug administration, which made up
81% of the total costs. In this phase, patients had on
average, 2.6 outpatient healthcare visits PPPM, account-
ing for 80% of all healthcare visits. Inpatient care was
substantially lower compared with phases that included
surgery.

On the contrary, the remission and treatment break
phases were modest in costs PPPM (€453 and €560,
respectively). In these phases, there were few health-
care visits (0.8 and 1.2 PPPM, respectively) compared
with the other phases.

In the end-of-life phase, the costs (€1695 PPPM)
were mainly driven by inpatient care. Furthermore,
costs from using emergency room services were higher
in this phase than in other disease phases, (€129
PPPM), which accounted for 8% of the total costs in
this phase. It should be noted, however, that resource
use and healthcare costs during the end-of-life treat-
ment phase are predominantly generated in primary
care, which was not captured in this analysis.
Consequently, the costs reported here should be inter-
preted as representing only one component of the
total expenditures in this phase, rather than a compre-
hensive estimate.

Radiological and surgical procedures

The utilization of radiological resources was highest
during the diagnostic phase (mean 1.12 PPPM) and
lowest in the remission phase (0.25 PPPM). The mean
number of radiologic procedures per patient was 21.7.
The most commonly used modality was computed
tomography (CT), with a mean 122 per patient
(Table 4).

Of all patients, 76% had a surgical procedure during
treatment, mean 2.1 procedures per patient. Liver (75%
of patients) was the most common target in the cura-
tive phase, followed by peritoneum (24%), and lung
(18%). The diagnostic phase often included surgery of
the primary tumour, but other phases did also (Table
3). Corrective bowel procedures, such as stoma clo-
sures, were observed in phases following the curative
phase. The mean (SD) cost for a curative-intent metas-
tasectomy, including pre- and postoperative inpatient
care, was €15,024 (€11,033). For liver, lung, peritoneum,
and other sites costs for metastasectomy were €16,003
(€10,096), €10,262 (€6418), €24,191 (€20,367), and
€13,724 (€11,376), respectively.



Table 4. Monthly radiological procedures.

Curative Remission Palliative SACT Treatment break End-of-Life All phases

Diagnostic

Disease phase

Number of
services across

Patients
with any

Number of

services across

Patients
with any

Number of Patients Number of
with any services across

services across

Patients
with any

Number of Patients Number of Patients Number of
with any services across with any services across

services across

Patients
with any

all patients use all patients use all patients use all patients use all patients use all patients use all patients
per month per month per month per month per month

per month

use

n=941
%

per month

n=501
%

n=231
%

n=762
%

n=219
%

n=352

n=2875
%

SD
26.7

Mean
36.7

SD

1.1

Mean

SD
15.2

Mean
7.5

SD
15.5

Mean
19.5

SD
29.5

Mean
34.6

SD
16.0

Mean
20.6

SD
1.0

Mean
2.5

1.8

Months in

phase
Radiological

112 0.92 99 075 043 89 025 0.23 95 0.64 0.38 50 027 044 44 075 145 99 059 037

90

procedures

cT

0.17
0.06
0.14
0.00
0.03
0.07

0.33
0.04
0.06
0.1
0.01
0.04

98
47

0.45
0.14
0.36
0.59
0.05
0.44

0.24
0.03
0.10
0.23
0.00
0.14

29

0.20
0.09
0.1

0.14
0.01
0.03
0.06
0.00
0.03

37

0.16
0.07
0.08
0.17
0.04
0.10

0.41
0.03
0.04
0.1

93

0.12
0.03
0.05
0.08
0.03
0.06

0.15
0.01
0.03
0.04
0.01
0.02

87

0.16
0.09
0.10
0.18
0.04
0.09

0.36
0.06
0.10
0.16
0.02
0.05

98

0.36
0.22
0.29
0.42
0.13
0.23

0.53
0.10
0.12
0.22
0.03

0.1

85

25

25

42

21

MRI

68
84
21

13
24
0.8
15

13
20

43

33

42

76

81

21

us

0.15
0.03
0.16

67

31

XRay
PET

0.01
0.03

14
20

26
46

58

13

32

21

Other®
?Includes interventional radiology and special imaging. CT: computed tomography; MRI: magnetic resonance imaging; PET: positron emission tomography; SD: standard deviation.
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Medical treatments

Hospital pharmacy costs accounted for approximately
39% of the total costs of treating mCRC (Table 2).
Hospital pharmacy costs were significant cost drivers
in phases with tumour-directed treatments, such as in
the curative phase (762€PPPM) and in the palliative
SACT phase (1579€PPPM). These costs include all med-
ical agents distributed by hospital pharmacies, mostly
antineoplastic agents. One line of SACT was adminis-
tered to 39%, two lines to 25%, and three or more
lines to 34%, while 2% received no tumour-directed
therapy. Cetuximab or panitumumab in any line of
treatment were given to 75% (218/290) of patients
with RAS£BRAF wildtype left-sided primaries and in 2+
line of treatment to 83% (29/35) of patients with
right-sided primaries. Bevacizumab was given to 64%
(231/360) of RAStBRAF wildtype, 77% (371/480) of RAS
mutant, and 76% (68/89) of BRAF mutant.

The dosing and costs of antineoplastic drugs in mg,
intravenous and/or oral, was separately analysed for a
subpopulation of 436 patients from Helsinki and
Tampere and priced according to the Tampere univer-
sity pharmacy costs in 2021 (Table 5). During the cura-
tive and palliative SACT phases, most patients (95%
and 98%, respectively), received SACT, and 78% and
88%, respectively, received biologic agents. The most
common cytotoxics were capecitabine, oxaliplatin, and
irinotecan. The most frequently used biologic agents
were bevacizumab, panitumumab, or cetuximab. The
costs for non-hospital drugs, not included in hospital
pharmacy costs, were 4% and 10% of the curative and
palliative SACT phases, respectively.

Discussion

Based on data from this large cohort of mCRC patients,
the estimated costs from a specialist healthcare pro-
vider perspective were €2,300 PPPM under a treatment
strategy that included active metastasectomy/LAT with
curative intent whenever clinically appropriate, as rec-
ommended by current guidelines [6-8]. This real-life
study was able to quantify, day-by-day, the resource
usage in different phases.

Cost drivers in inpatient and outpatient care

Earlier studies have reported a wide range of lifetime
costs (from $12,346 to $293,461) and overall resource
usage on a general level [13-15,28-32]. The total costs
of €85,000 or $92,600 reported in this study are in the
middle of this range, with the caveat that this does
not cover all lifetime costs. In studies that were mainly
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Table 5. Medical treatments among subgroups treated at helsinki or tampere university hospitals.

Curative-intent SACT
n=148

Disease phase

Palliative SACT
n=360

Patients Cycles per Cost for medical Of total Patients Cycles per Cost for medical Of total
with any  patient with any treatment per medical  with any  patient with any treatment per medical
use use treated patient costs use use treated patient costs
% Mean, n SD Mean, € SD % % Mean, n SD, € Mean, € SD %

Chemotherapy 95 24.9 17.9 932 1162 21 98 375 335 3027 5634 25

Fluorouracil 13 103 4.5 286 168 0.9 17 16.8 171 432 427 0.6

(bolus and

infused)

Calcium folinate 13 103 4.5 478 297 15 17 16.8 17.1 759 774 1.1

Capecitabine? 86 12.0 8.6 391 312 8 87 171 13.9 529 464 4

Tegafur, 6 1.9 8.7 321 2368 5 6 1.2 8.2 2600 1983 13

Gimeracil,

Oteracil®

Oxaliplatin 69 6.9 3.9 246 134 4 71 6.8 45 230 165 14

Irinotecan 58 9.6 44 134 347 2 76 13.2 121 191 598 2

Trifluridine, 10 3.0 1.7 7346 4058 6

Tipiracil®

Regorafenib? 21 3.0 34 5181 5936 9
Biological agents 78 8.2 7.6 4241 6864 79 88 17.9 14.7 10,225 15,398 75

Bevacizumab® 72 7.3 7.2 1950 1938 34 84 15.1 12.8 4029 3742 28

Aflibercept 1 2.0 NA 1747 NA 0.3 2 27.2 253 46,333 48,417 6

Cetuximab 4 10.2 59 17,273 10,622 17 9 10.5 1.2 17,534 18,342 14

Panitumumab 7 9.0 57 15,790 10,091 28 20 8.0 6.0 15,761 13,643 27

SD: Standard Deviation.

Drug costs are determined based on the actual usage of the medication and the prices listed in the TAUH 2021 price index if not stated otherwise.
2Outpatient pharmacy drug. Drug price according to outpatient Pharmaceuticals Pricing Boards Reference price system 2021.

52022 Drug Price, 2021 drug price not available.

published before 2015, inpatient care and hospitaliza-
tion costs were the main cost drivers, ranging between
45% and 60% of total costs [13,28-30]. In this study,
the main cost driver was outpatient care (64% of total
costs). The lower impact of inpatient costs, at 34% of
total costs, was slightly surprising as surgery of metas-
tases was actively sought, and three-quarters of
patients underwent surgery with a mean 2.1 proce-
dures per patient, mostly for synchronous primary
tumours (in line with previously published resection
rates) [33,34]. Metastasectomy/LAT was performed in
37% of all patients (in the higher range compared
with the literature, Osterlund et al. 2021), with a mean
1.6 procedures per patient [3]. These lower inpatient
costs may be explained by shortened hospitalisations
after adoption of minimally invasive surgery and
enhanced recovery protocols [35]. Another reason may
be the longer time spent, and thus higher outpatient
healthcare costs, in the palliative SACT phase as more
lines of therapy are available [35,36], emphasized by
34% receiving 3+ lines of SACT in this study.

Costs and resources based on accurate clinical
disease phases

Phases with diagnostic procedures or tumour-directed
therapies had a cost of around €3,000 PPPM. However,
higher-cost disease phases are balanced by less expen-
sive phases with no tumour-directed therapies, such as
treatment breaks and remission phase. For example, a

patient undergoing curative intent treatment spends a
mean of 21 months in the resource-intensive curative
phase with metastasectomy, LAT, perioperative medical
treatment, etc (€3,059 PPPM) and then in follow-up for
35months in the low-cost remission phase (€453
PPPM). The mean number of hospital visits were 94
during these 56 months, with 28 in-hospital days, 63
outpatient visits, 3 ER visits, and 3 surgical and 23
radiologic procedures performed. To the best of our
knowledge, detailed disease phase-specific costs and
resource consumption have not been presented before,
only for specific treatments such as liver resections
[37,38].

Costs per time-period-based categorization of disease
phases have previously been investigated in some
American studies, typically using three-month intervals
to define diagnostics and end-of-life phases. Using this
method [13,17], Song et al. estimated monthly costs in
2009US dollars to be $16,895 (€17,703 PPPM if
adjusted to 2021 euro) in the diagnostic phase, $27,554
(€28,872) in the end-of-life phase, and $8891 (€9316)
in the active treatment phase [17]. Had we applied
similarly rigorous three-month time intervals instead of
clinically determined disease phases, the cost estima-
tions would be €4900 PPPM (SD €4028) for the diag-
nostic phase, €3454 (SD €3720) for the end-of-life
phase, and €2034 PPPM (SD €1478) for the active
treatment phase. When comparing with American
studies, the cost levels in this study reflect the lower
healthcare prices and expenditures outside the USA,



although the relative distribution across time-period-
based phases is broadly similar. The high costs in the
end-of-life phase in the American studies may be
attributed to ongoing chemotherapy and biological
agents [13], as these studies did not, contrary to our
study, use clinical events to define disease phases and
used only time-based approach.

Medical treatment as a cost driver

Treatment with medical agents is one of the most sig-
nificant cost drivers in the management of mCRC,
accounting for 39% of internal billing in this study.
Changes in drug prices and the introduction of new
agents can quickly change the costs of cancer care, as
with the introduction of bevacizumab (used in 73% of
eligible patients in this study), cetuximab/panitu-
mumab (75%-83%), aflibercept (11%), trifluridine/tip-
iracil (34%), regorafenib (42%), and pembrolizumab
(25%) [39,40]. Now, some of the patents for these bio-
logic agents have expired or are due to expire [41,42].
This has already led to a remarkable decrease in the
price of bevacizumab biosimilars and generic capecit-
abine during the time period of this study. If all anti-
neoplastic treatments in this study had been carried
out at the 2021 price level, the cost for antineoplastic
treatment would have been cut by half in the curative
phase (€350 PPPM vs €762 PPPM) and by 30% in the
palliative SACT phase (€1100 PPPM vs €1579 PPPM).

Strengths

Although some data exist on the costs and resource
use of mCRC patients, including a Finnish study by
Farkkila et al. that also considered societal costs, there
remains limited knowledge about disease-phase-spe-
cific costs within the most resource-intensive treat-
ments provided in specialist healthcare settings [14].
The strengths of this study include the use of detailed
clinical data, during the entire disease trajectory, as
the basis for categorising every patient day-to-day into
disease phases to avoid many common challenges
related to the use of claims data for cost analysis [43].
For example, this analysis used precise index dates for
the diagnosis, resections of primary and metastases,
exact dosing chemotherapy and biologics, and death/
end-of-follow-up instead of using proxy measures to
determine these endpoints, as done previously [17,28].
Furthermore, internal billing information was available
for all secondary and tertiary health care visits. Precise
real-world cost data is needed, for example, when
making economic analyses of mCRC treatment costs
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and utilities. So far, cost assumptions in many eco-
nomic models have relied on expert opinions and/or
standardized cost multipliers [11,44]. These outcomes
from the RAXO prospective study are also in line with
nationwide Finnish population-based data for metasta-
sectomy, LAT, and systemic therapy only, although
with slightly higher resection and/or LAT rates (37% vs
30% of actively treated patients) [5]. These findings are
also comparable to the 39% resection rate reported in
the Uppsala region, Sweden [4].

Limitations

This was an analysis of treatable Finnish patients in
the prospective RAXO dataset. Although healthcare
prices and health expenditure in Finland are close to
the OECD mean [45], costs and resource use should be
generalised cautiously beyond countries where special-
ised MDT meetings and metastasectomy are routinely
implemented [45]. In addition, the categorization into
different disease phases used here is open for discus-
sion, especially between curative and remission dis-
ease phases. The curative disease phase includes a
six-month postoperative period, as the aim was to
capture all curative-intent care activities within this
phase, not just surgical interventions, especially since
the majority of patients received adjuvant chemother-
apy. We acknowledge that this may lead to a
‘Will-Rogers’ phenomenon’ with patients having no
adjuvant chemotherapy. There is also a risk of this bias
in other delineations, e.g., between the palliative SACT,
treatment break, and specialist care in end-of-life
phases. However, alternative delineations were not fea-
sible, as we sought to avoid the risk of attributing
SACT or tumour-directed surgery costs to disease
phases without tumour-directed therapy. Such misclas-
sification would likely create greater distortions, partic-
ularly if the data were later used as a basis for
modelling studies. Our chosen categorisation therefore
represents a pragmatic compromise, acknowledging
some risk of misclassification but minimising the likeli-
hood of more substantial errors in cost attribution.
Also, the separation between the curative phase and
the palliative SACT phase may not reflect the intention
of the treatment but rather the end result. Therefore,
patients in the palliative SACT phase may have been
treated more intensively than the general mCRC
patient. Furthermore, primary care costs were not
available for this analysis, and the analyses were there-
fore conducted from a specialist healthcare provider
perspective. For treatment phases with tumour-directed
therapies, the use of primary care services is probably
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low, as shown by Farkkila et al. who reported that pri-
mary care accounts for approximately 3% of total costs
in patients with mCRC [14]. In contrast, during the
end-of-life phase, the use of primary care and hospice
services increases substantially, accounting for up to
47% of total costs [14]. As a result, costs and resource
use in the end-of-life phase are likely underestimated
in our study, and the reported figures mainly reflect
hospital-based  specialist services [16].  Finally,
non-hospital pharmacy costs are not included in the
general cost analysis. When analysed at the 2021 price
level, these agents accounted for approximately 12%
of the total medical costs in the curative phase and
20% in the palliative SACT phase (Table 5).

Conclusions

Resource utilization, costs, and cost drivers varied
8-fold between disease phases. Outpatient care,
accounted for two-thirds of costs while inpatient care
accounted for one-third of overall costs during the
mCRC disease trajectory. The mean overall cost for
treating mCRC with maximised metastasectomies was
€2,323 PPPM. This study provides a new perspective
on resource utilization and costs during clinically
determined disease phases.

Acknowledgements

The authors would like to thank the patients and their fam-
ilies, the investigators, study personnel, and the hospitals
that participated in this study. Additionally, we extend our
thanks to Jarmo Hahl and liro Toppila from Medaffcon Ltd,
and Professor Harri Sintonen from Health Economics at
Helsinki University for their invaluable expertise. Special
appreciation is also due to Kaisa Kinnari from the Pharmacy
of Tampere University Hospital for her assistance in provid-
ing drug cost data. The authors also acknowledge the con-
tribution of a medical writer, Sandy Field, PhD, for English
language editing and formatting of this manuscript. JK, K.L.,
H., TM., B.G. and P.O. developed the analysis plan, inter-
preted the data, and drafted the original manuscript.

Ethical approval

The study was conducted according to the guidelines of the
Declaration of Helsinki and protocol and amendments
approved by the Regional Scientific Ethical Board at Helsinki
University Hospital (number  242/13/03/02/2011 and
HUS/1288/2016).

Consent to participate

An informed consent statement was obtained from all
patients included in the study.

Authors contributions

CRediT: Joel Kontiainen: Conceptualization, Data curation,
Formal analysis, Investigation, Methodology, Software, Writing —
original draft, Writing - review & editing; Kaisa Lehtomaki:
Conceptualization, Data curation, Investigation, Methodology,
Supervision, Validation, Writing - original draft, Writing -
review & editing; Timo Muhonen: Conceptualization,
Methodology, Validation, Writing - original draft, Writing -
review & editing; Eetu Heerva: Investigation, Writing - review
& editing; Annika Algars: Investigation, Writing — review &
editing; Raija Ristamadki: Investigation, Writing - review &
editing; Hanna Stedt: Investigation, Writing — review & editing;
Annamarja Lamminmaki: Investigation, Writing — review &
editing; Raija Kallio: Investigation, Writing - review & editing;
Tapio Salminen: Investigation, Writing - review & editing;
Teijo Kuopio: Investigation, Writing — review & editing; Emerik
Osterlund: Investigation, Writing - review & editing; Sonja
Aho: Investigation, Writing — review & editing; Maarit Barlund:
Investigation, Writing — review & editing; Pdivi Halonen:
Investigation, Writing — review & editing; Leena-Maija Soveri:
Investigation, Writing - review & editing; Aki Uutela:
Investigation, Writing — review & editing; Bengt Glimelius:
Conceptualization, Methodology, Supervision, Writing — origi-
nal draft, Writing - review & editing; Helena Isoniemi:
Conceptualization, Data curation, Investigation, Methodology,
Project administration, Supervision, Writing - original draft,
Writing — review & editing; Pia Osterlund: Conceptualization,
Data curation, Funding acquisition, Investigation, Methodology,
Project administration, Resources, Supervision, Validation,
Visualization, Writing - original draft, Writing - review &
editing.

Disclosure statement

All authors report institutional research funding from Eli Lilly,
Merck KGaA, Roche Finland, Sanofi and unrestricted grants
from Amgen and Servier, during the conduct of the study.
JK, KL, TM, EH, AA, RR, HS, am, RK, TS, TK, EQ, SA,
M.B., PH., L-M.S,, AN., AU, B.G,, H.l, and P.O. report grants,
personal fees or non-financial support from Abbvie, Amgen,
Astellas, Astra- Zeneca, Baxalta/Shire, Bayer, BMS, Celgene,
Eisai/Ewopharma, Eli Lilly, Erythech Pharma, Fresenius, Incyte,
Jansen-Cilag, Medicom, Merck, MSD, Nordic Drugs/Pharma,
Novartis, Nutricia/Danone, Pierre-Fabre, Roche, Sanofi, Servier,
Sobi, Takeda, and/or Varian.

Trial registration

The RAXO study is registered at ClinicalTrials.gov NCT01531621
(date of registration February 3, 2012) and EudraCT 2011
003158-24 (date of registration September 22, 2011).

Funding

This investigator-initiated study was supported by Finska
Lakaresallskapet (2016, 2018, 2019, 2020, 2021, 2022, 2023,
2024, 2025), The Finnish Cancer Foundation (2019-2020,
2021, 2022-2023, 2025), Relander’s foundation (2020-2022),
The Competitive State Research Financing of the Expert



Responsibility Area of Tampere, Helsinki, Turku, Kuopio, Oulu,
and Satakunta Hospitals (2012, 2016, 2017, 2018, 2019, 2020,
2021, 2022, 2023, 2024, 2025), Tampere University Hospital
Fund (Tukisdatio 2019, 2020, 2023, 2024 and OOO-project
2020, 2022), Helsinki University Hospital research fund (2019,
2020, 2021, 2022, 2023, 2024), Mary and Georg C. Ehrnrooth
Foundation (2023), Liv & Halsa (2023), Radiumhemmets
fonder (2022-2023, 2025-2026), Cancerfonden (2023-2024);
and the infrastructure with the database and study nurses
partly supported by pharmaceutical companies: Amgen—
unrestricted grant (2012-2024), Eli Lilly and Company (2012-
2017), Merck KGaA (2012-2020), Roche Oy (2012-2020),
Sanofi (2012-2017), and Servier—unrestricted grant (2016-
2024). J.K. report personal grants from Suomen Laaketieteen
Saatio [2025] and Juhani Ahon Ladketieteen Tutkimussaatio
[2025]. The funders had no role in the study design, analysis,
interpretation of the data or decision to publish.

Data availability statement

The data collected for this study can be made available to
others in a de-identified form after all primary and second-
ary endpoints have been published, in the presence of a
data transfer agreement, and if the purpose of use complies
with Finnish legislation. Requests for data sharing can be
made to the corresponding author, including a proposal that
must be approved by the steering committee.

References

[1] Bray F, Laversanne M, Sung H, et al. Global cancer statis-
tics 2022: GLOBOCAN estimates of incidence and mortal-
ity worldwide for 36 cancers in 185 countries. CA Cancer
J Clin. 2024;74(3):229-263. doi: 10.3322/caac.21834.

[2] XiY, Xu P. Global colorectal cancer burden in 2020 and
projections to 2040. Transl Oncol. 2021;14(10):101174.
doi: 10.1016/j.tranon.2021.101174.

[3] Osterlund P, Salminen T, Soveri L-M, et al. Repeated
centralized multidisciplinary team assessment of resect-
ability, clinical behavior, and outcomes in 1086 Finnish
metastatic colorectal cancer patients (RAXO): a nation-
wide prospective intervention study. Lancet Reg Health
Eur. 2021;3:100049. doi: 10.1016/j.lanepe.2021.100049.

[4] Osterlund E, Hammarstrom K, Nunes L, et al. Primary tu-
mour location, molecular alterations, treatments, and out-
come in a population-based metastatic colorectal cancer
cohort. BJC Rep. 2025;3(1):38. doi: 10.1038/s44276-
025-00156-z.

[5] Heerva E, Ristimaki A, Kytola S, et al. PD-19 Finnish
population-based metastatic colorectal cancer data col-
lection study - comparison with the prospective RAXO
study. Ann Oncol. 2023;34: s 8-S9. doi: 10.1016/j.an-
nonc.2023.04.046.

[6] Cervantes A, Adam R, Rosellé S, et al. Metastatic colorectal
cancer: ESMO Clinical Practice Guideline for diagnosis,
treatment and follow-up. Ann Oncol. 2023;34(1):
10-32. doi: 10.1016/j.annonc.2022.10.003.

[71 Benson AB, Adam M, Chen YJ, et al. NCCN guidelines
for rectal cancer. Version 1.2024 [Internet]. NCCN. 2024
[cited 2024 Apr 10]. https://www.nccn.org.

(8]

[

[10]

(11

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

SCANDINAVIAN JOURNAL OF GASTROENTEROLOGY 1

Benson AB, Adam M, Chen YJ, et al. NCCN guidelines
for colon cancer. Version 1.2024. NCCN. 2024 [cited
2024 Apr 10]. https://www.nccn.org.

Dekker E, Tanis PJ, Vleugels JLA, et al. Colorectal cancer.
Lancet. 2019;394(10207):1467-1480. doi: 10.1016/
S0140-6736(19)32319-0.

Chen S, Cao Z, Prettner K, et al. Estimates and projec-
tions of the global economic cost of 29 cancers in 204
countries and territories from 2020 to 2050. JAMA Oncol.
2023;9(4):465-472. doi: 10.1001/jamaoncol.2022.7826.
Yabroff KR, Borowski L, Lipscomb J. Economic studies in
colorectal cancer: challenges in measuring and compar-
ing costs. J Natl Cancer Inst Monogr. 2013;2013(46):62-
78. (doi: 10.1093/jncimonographs/Igt001.

Degeling K, Vu M, Koffijberg H, et al. Health economic
models for metastatic colorectal cancer: a methodolog-
ical review. Pharmacoeconomics. 2020;38(7):683-713.
doi: 10.1007/s40273-020-00908-4.

Bhimani N, Wong GYM, Molloy C, et al. Cost of treating
metastatic colorectal cancer: a systematic review. Public
Health. 2022;211:97-104. doi: 10.1016/j.puhe.2022.06.022.
Banegas MP, Yabroff KR, O’Keeffe-Rosetti MC, et al.
Medical care costs associated with cancer in integrated
delivery systems. J Natl Compr Canc Netw. 2018;16(4):
402-410. doi: 10.6004/jnccn.2017.7065.

Yabroff KR, Lamont EB, Mariotto A, et al. Cost of care for
elderly cancer patients in the United States. J Natl Cancer
Inst. 2008;100(9):630-641. doi: 10.1093/jnci/djn103.
Farkkila N, Torvinen S, Sintonen H, et al. Costs of col-
orectal cancer in different states of the disease. Acta
Oncol. 2015;54(4):454-462. doi: 10.3109/0284186X.2014.
985797.

Song X, Zhao Z, Barber B, et al. Characterizing medical
care by disease phase in metastatic colorectal cancer. J
Oncol Pract. 2011;7(3 Suppl):255-30S. doi: 10.1200/
JOP.2011.000304.

Petrou S, Gray A. Economic evaluation using decision
analytical modelling: design, conduct, analysis, and re-
porting. BMJ. 2011;342(7808):d1766. doi: 10.1136/bmj.
d1766.

Statistics Finland. Producer price indices for services.
Helsinki: Statistics Finland; 2024 [cited 2024 Jan 3].
https://www.stat.fi/til/pthi/index_en.html

Keskimaki |, Tynkkynen LK, Reissell E, et al. Finland:
health system review. Health Syst Transit. 2019;21(2)1-
166. www.healthobservatory.eu

Ministry of Social Affairs and Health. Finnish health care
act 1293/2013. Finland: Ministry of Social Affairs and
Health; 2013 [cited 2023 Nov 29]. https://www.finlex.fi/
en/laki/kaannokset/2010/en20101326_20131293.pdf
NOMESCO. NOMESCO classification of surgical procedures;
2016 [cited 2023 Nov 29]. https://norden.diva-portal.org/
smash/get/diva2:970547/FULLTEXTO1.pdf.

R Core Team. R: A language and environment for statis-
tical computing. Vienna, Austria: R Foundation for
Statistical Computing; 2023. https://www.R-project.org/
IBM. SPSS statistics for macintosh. Armonk, NY: IBM Corp;
2021. https://www.ibm.com/products/spss-statistics
Uutela A, Osterlund E, Halonen P, et al. Resectability,
conversion, metastasectomy and outcome according to
RAS and BRAF status for metastatic colorectal cancer in


https://doi.org/10.3322/caac.21834
https://doi.org/10.1016/j.tranon.2021.101174
https://doi.org/10.1016/j.lanepe.2021.100049
https://doi.org/10.1038/s44276-025-00156-z
https://doi.org/10.1038/s44276-025-00156-z
https://doi.org/10.1016/j.annonc.2023.04.046
https://doi.org/10.1016/j.annonc.2023.04.046
https://doi.org/10.1016/j.annonc.2022.10.003
https://www.nccn.org
https://www.nccn.org
https://doi.org/10.1016/S0140-6736(19)32319-0
https://doi.org/10.1016/S0140-6736(19)32319-0
https://doi.org/10.1001/jamaoncol.2022.7826
https://doi.org/10.1093/jncimonographs/lgt001
https://doi.org/10.1007/s40273-020-00908-4
https://doi.org/10.1016/j.puhe.2022.06.022
https://doi.org/10.6004/jnccn.2017.7065
https://doi.org/10.1093/jnci/djn103
https://doi.org/10.3109/0284186X.2014.985797
https://doi.org/10.3109/0284186X.2014.985797
https://doi.org/10.1200/JOP.2011.000304
https://doi.org/10.1200/JOP.2011.000304
https://doi.org/10.1136/bmj.d1766
https://doi.org/10.1136/bmj.d1766
https://www.stat.fi/til/pthi/index_en.html
http://www.healthobservatory.eu
https://www.finlex.fi/en/laki/kaannokset/2010/en20101326_20131293.pdf
https://www.finlex.fi/en/laki/kaannokset/2010/en20101326_20131293.pdf
https://norden.diva-portal.org/smash/get/diva2:970547/FULLTEXT01.pdf
https://norden.diva-portal.org/smash/get/diva2:970547/FULLTEXT01.pdf
https://www.R-project.org/
https://www.ibm.com/products/spss-statistics

12 . J.KONTIAINEN ET AL.

[26]

[27]

[28]

[29]

(30]

311

(32]

[33]

[34]

the prospective RAXO study. Br J Cancer. 2022;127(4):
686-694. doi: 10.1038/s41416-022-01858-8.

Lehtomaki K, Stedt HP, Osterlund E, et al. Health-
related quality of life in metastatic colorectal cancer
patients treated with curative resection and/or local
ablative therapy or systemic therapy in the Finnish
RAXO-study. Cancers. 2022;14(7):1713. doi: 10.3390/
cancers14071713.

Osterlund PJ, Kontiainen J, Lehtomaki Kl, et al. Relapse
patterns, risk factors, re-resectability and survival after
curative treatment for metastatic colorectal cancer
(mCRC): A RAXO substudy. J Clin Oncol. 2025;43(16 sup-
pl):3566-3566. doi: 10.1200/JC0O.2025.43.16_suppl.3566.
Paramore LC, Thomas SK, Knopf KB, et al. Estimating
costs of care for patients with newly diagnosed meta-
static colorectal cancer. Clin Colorectal Cancer.
2006;6(1):52-58. doi: 10.3816/CCC.2006.n.021.

Song X, Zhao Z, Barber B, et al. Cost of illness in pa-
tients with metastatic colorectal cancer. J Med Econ.
2011;14(1):1-9. doi: 10.3111/13696998.2010.536870.
Corral J, Borras JM, Chiarello P, et al. Estimation of hospital
costs of colorectal cancer in Catalonia (Spain). Gac Sanit.
2015;29(6):437-444. doi: 10.1016/j.gaceta.2015.07.005.
Lang K, Lines LM, Lee DW, et al. Lifetime and treatment-
phase costs associated with colorectal cancer: evidence
from SEER-medicare data. Clin Gastroenterol Hepatol.
2009;7(2):198-204. doi: 10.1016/j.cgh.2008.08.034.

Alefan Q, Malhees R, Mhaidat N. Direct medical cost as-
sociated with colorectal cancer in north of Jordan. Curr
Probl Cancer. 2017;41(5):371-381. doi: 10.1016/j.curr-
problcancer.2017.05.001.

Vayrynen V, Wirta E-V, Seppédld T, et al. Incidence and
management of patients with colorectal cancer and
synchronous and metachronous colorectal metastases:
a population-based study. BJS Open. 2020;4(4):685-692.
doi: 10.1002/bjs5.50299.

van der Geest LGM, Lam-Boer J, Koopman M, et al.
Nationwide trends in incidence, treatment and survival of
colorectal cancer patients with synchronous metastases.
Clin Exp Metastasis. 2015;32(5):457-465. doi: 10.1007/
$10585-015-9719-0.

[35]

[36]

[37]

[38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

Savikko J, Vikatmaa L, Hiltunen A-M, et al. Enhanced
recovery protocol in laparoscopic liver surgery. Surg
Endosc. 2021;35(3):1058-1066. doi: 10.1007/s00464-020-
07470-2.

Heinemann V, von Weikersthal LF, Decker T, et al.
FOLFIRI plus cetuximab versus FOLFIRI plus bevacizum-
ab as first-line treatment for patients with metastatic
colorectal cancer (FIRE-3): a randomised, open-label,
phase 3 trial. Lancet Oncol. 2014;15(10):1065-1075.
Beard SM, Holmes M, Price C, et al. Hepatic resection
for colorectal liver metastases: a cost-effectiveness anal-
ysis. Ann Surg. 2000;232(6):763-776. doi: 10.1097/
00000658-200012000-00005.

Gani F, Ejaz A, Dillhoff M, et al. A national assessment
of the utilization, quality and cost of laparoscopic liver
resection. HPB. 2019;21(10):1327-1335. doi: 10.1016/j.
hpb.2019.02.005.

Schrag D. The price tag on progress—chemotherapy
for colorectal cancer. N Engl J Med. 2004;351(4):317-
319. doi: 10.1056/NEJMp048143.

Shankaran V. Cost considerations in the evaluation and
treatment of colorectal cancer. Curr Treat Options
Oncol. 2015;16(8):41. doi: 10.1007/s11864-015-0354-4.
Moorkens E, Vulto AG, Huys I. An overview of patents on
therapeutic monoclonal antibodies in Europe: are they a
hurdle to biosimilar market entry? MAbs. 2020;12(1):
1743517. doi: 10.1080/19420862.2020.1743517.

Busse A, Liftner D. What does the pipeline promise
about upcoming biosimilar antibodies in oncology?
Breast Care. 2019;14(1):10-16. doi: 10.1159/000496834.
Birnbaum HG, Cremieux PY, Greenberg PE, et al. Using
healthcare claims data for outcomes research and phar-
macoeconomic analyses. Pharmacoeconomics. 1999;16(1):
1-8. doi: 10.2165/00019053-199916010-00001.

Joranger P, Nesbakken A, Sorbye H, et al. Survival and
costs of colorectal cancer treatment and effects of chang-
ing treatment strategies: a model approach. Eur J Health
Econ. 2020;21(3):321-334. doi: 10.1007/s10198-019-01130-6.
OECD Indicators. Health at a glance 2023. Paris: OECD;
2023. https://www.oecd-ilibrary.org/social-issues-migration-
health/health-at-a-glance-2023_7a7afb35-en


https://doi.org/10.1038/s41416-022-01858-8
https://doi.org/10.3390/cancers14071713
https://doi.org/10.3390/cancers14071713
https://doi.org/10.1200/JCO.2025.43.16_suppl.3566
https://doi.org/10.3816/CCC.2006.n.021
https://doi.org/10.3111/13696998.2010.536870
https://doi.org/10.1016/j.gaceta.2015.07.005
https://doi.org/10.1016/j.cgh.2008.08.034
https://doi.org/10.1016/j.currproblcancer.2017.05.001
https://doi.org/10.1016/j.currproblcancer.2017.05.001
https://doi.org/10.1002/bjs5.50299
https://doi.org/10.1007/s10585-015-9719-0
https://doi.org/10.1007/s10585-015-9719-0
https://doi.org/10.1007/s00464-020-07470-2
https://doi.org/10.1007/s00464-020-07470-2
https://doi.org/10.1097/00000658-200012000-00005
https://doi.org/10.1097/00000658-200012000-00005
https://doi.org/10.1016/j.hpb.2019.02.005
https://doi.org/10.1016/j.hpb.2019.02.005
https://doi.org/10.1056/NEJMp048143
https://doi.org/10.1007/s11864-015-0354-4
https://doi.org/10.1080/19420862.2020.1743517
https://doi.org/10.1159/000496834
https://doi.org/10.2165/00019053-199916010-00001
https://doi.org/10.1007/s10198-019-01130-6
https://www.oecd-ilibrary.org/social-issues-migration-health/health-at-a-glance-2023_7a7afb35-en
https://www.oecd-ilibrary.org/social-issues-migration-health/health-at-a-glance-2023_7a7afb35-en

	Disease-phase-specific resource utilization and healthcare costs in metastatic colorectal cancer: a subgroup analysis of the Finnish RAXO study
	ABSTRACT
	Introduction
	Materials and methods
	Study design and population
	Disease phase definitions
	Cost and resource utilization estimations
	Statistical analysis

	Results
	Demographics
	Duration of disease phases
	Monthly costs and healthcare visits
	Radiological and surgical procedures
	Medical treatments

	Discussion
	Cost drivers in inpatient and outpatient care
	Costs and resources based on accurate clinical disease phases
	Medical treatment as a cost driver
	Strengths
	Limitations

	Conclusions
	Acknowledgements
	Ethical approval
	Consent to participate
	Authors contributions
	Disclosure statement
	Trial registration
	Funding
	Data availability statement
	References


