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Abstract
Purpose The aim of this study is to assess cost-effectiveness of general practitioner (GP) versus surgeon-led colon cancer 
survivorship care from a societal perspective.
Methods We performed an economic evaluation alongside the I CARE study, which included 303 cancer patients (stages 
I–III) who were randomised to survivorship care by a GP or surgeon. Questionnaires were administered at baseline, 3-, 6-, 
12-, 24- and 36-months. Costs included healthcare costs (measured by iMTA MCQ) and lost productivity costs (SF-HLQ). 
Disease-specific quality of life (QoL) was measured using EORTC QLQ-C30 summary score and general QoL using EQ-
5D-3L quality-adjusted life years (QALYs). Missing data were imputed. Incremental cost-effectiveness ratios (ICERs) were 
calculated to relate costs to effects on QoL. Statistical uncertainty was estimated using bootstrapping.
Results Total societal costs of GP-led care were significantly lower compared to surgeon-led care (mean difference 
of − €3895; 95% CI − €6113; − €1712). Lost productivity was the main contributor to the difference in societal costs (− €3305; 
95% CI − €5028; − €1739). The difference in QLQ-C30 summary score over time between groups was 1.33 (95% CI − 0.049; 
3.15). The ICER for QLQ-C30 was − 2073, indicating that GP-led care is dominant over surgeon-led care. The difference in 
QALYs was − 0.021 (95% CI − 0.083; 0.040) resulting in an ICER of 129,164.
Conclusions GP-led care is likely to be cost-effective for disease-specific QoL, but not for general QoL.
Implications for cancer survivors With a growing number of cancer survivors, GP-led survivorship care could help to allevi-
ate some of the burden on more expensive secondary healthcare services.
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Introduction

In the coming decades, the incidence of colon cancer 
is expected to rise globally [1]. Patients who have been 
curatively treated for colon cancer enter a survivorship 
care program. Survivorship care involves surveillance 
of possible recurrences and also attention to medical 
and psychosocial late effects of cancer and its treatment 
[2]. In most countries, survivorship care is provided by 
a specialist at the outpatient clinic. The growing number 
of patients in need of survivorship care is putting addi-
tional demands on current, hospital-based healthcare 
services [1, 3]. In 2019, the Dutch national healthcare 
costs related to colon cancer were estimated at 558 mil-
lion euros, which included both treatment and survivor-
ship care costs [4]. This accounted for approximately 9% 
of all healthcare costs relating to cancer (6.5 billion). 
Since hospital-based care is costly [5], it is relevant to 
investigate other and potentially more cost-effective 
strategies, such as care by a general practitioner (GP).

Cancer patients frequently contact their GP for problems 
relating to cancer and its treatment. In the first years after 
a colon cancer diagnosis, primary healthcare use is mark-
edly increased compared to the years before the cancer 
diagnosis [6, 7]. GPs are trained to provide patient-cen-
tered, rather than disease-focused care, and provide care in 
the context of other physical, emotional and social needs. 
The patient-centered approach of the GP could increase 
the quality of survivorship care [8]. It has therefore been 
suggested that survivorship care could be provided by a 
GP instead of a specialist [9]. Active involvement of the 
GP is also asked for by patients [10]. Clinical and patient-
reported outcomes of survivorship care by the GP are simi-
lar to those by a specialist, while it can reduce healthcare 
costs [11, 12]. However, the level of evidence regarding 
this topic is generally low due to the limited number and 
quality of studies.

The I CARE study (Improving Care After colon can-
ceR treatment in the Netherlands, personalised care to 
Enhance quality of life) is a randomised controlled trial 
comparing colon cancer survivorship care by a GP to 
care by a surgeon (usual care) [13]. Within the first year 
after surgery, there were no clinically meaningful dif-
ferences in quality of life (QoL) between the two groups 
[14]. Other outcomes, including costs, are important to 
take into consideration [15]. Therefore, we performed an 
economic evaluation alongside the I CARE study com-
paring GP-led to surgeon-led survivorship care from a 
societal perspective. We hypothesized that survivorship 
care by a GP is cost-effective in comparison to surgeon-
led survivorship care.

Methods

Trial

Trial design and setting

The I CARE study is an ongoing 2 × 2 factorial randomised-
controlled trial, comparing colon cancer survivorship care 
by a GP to care by a surgeon, with or without access to 
Oncokompas, a supporting eHealth application [13]. By the 
end of 2023, all patients will have finished their 5-year fol-
low-up period [16]. The I CARE study is conducted in eight 
hospitals in the Netherlands. Patients who have been cura-
tively treated for stage I–III colon cancer were considered 
eligible for the study. The guideline for colorectal cancer was 
summarised into a survivorship care plan and provided to the 
participating GPs [17]. The recommended follow-up sched-
ule was identical in both trial arms. Quality of life (QoL) was 
the primary outcome. Cost-effectiveness of GP-led care was 
a secondary research objective.

Trial procedures

Multiple questionnaires were sent out; at baseline (shortly 
after randomisation), at 3, 6, 12, 24, 36, 48 and 60 months 
after surgery. Castor EDC was used to enter baseline and 
questionnaire data [18]. Depending on the tumour stage, 
patients go for routine check-ups every 3- to 6-months within 
the first 3 years after surgery, and once a year thereafter [17]. 
For the economic evaluation, the protocol pre-specified a time 
horizon up to 5 years after surgery [13]. However, most recur-
rences (> 90%) are detected within the first 3 years after sur-
gery [19] and the frequency of check-up decreases thereafter 
[17]. Because most differences are expected within this time 
period, we restricted the analyses to 3 years of follow-up.

Outcome measures

Effect outcomes

For the economic evaluation, two main effect outcomes 
were used. Disease-specific QoL was measured using the 
EORTC QLQ-C30 summary score for QoL [20] and general 
QoL using the three-level version of the EuroQol instru-
ment (EQ-5D-3L) [21]. The QLQ-C30 summary score has 
a range from 0 to 100 with higher scores indicating better 
quality of life [20, 22]. Overall quality of life was measured 
using the EQ-5D-3L [21]. The Dutch EQ-5D-3L tariff was 
used to convert EQ-5D-3L health states to utility scores [23]. 
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QALYs were then calculated by multiplying the utility score 
of a specific health state with the time spent in that health 
state. Effect outcomes after the first year were discounted 
using a discount rate of 1.5% [5].

Cost outcomes

Costs were measured from a societal perspective, meaning 
that both healthcare costs and lost productivity costs were 
taken into account. The iMTA Medical Consumption Ques-
tionnaire (iMCQ) was used to assess healthcare utilisation 
[24]. Healthcare utilisation was valued using standard prices 
from the Dutch costing guideline [5]. Healthcare utilisation 
included different types of visits to healthcare providers 
(primary and secondary care, and emergency visits), day 
and home care, admissions, and medication. Medication was 
classified into categories based on the mechanisms of action. 
For each category, an average price was calculated using 
pricing data from the Dutch National Health Care Institute 
[25].

Productivity losses were measured using the Short-Form 
Health and Labour Questionnaire (SF-HLQ) [26]. Absentee-
ism costs from paid work were calculated using the friction 
cost approach (FCA). The FCA assumes that sick employ-
ees get replaced after a certain point in time (the friction 
period) and that, consequently, there is no productivity loss 
anymore. We used a friction period of 102 days. Absentee-
ism costs from unpaid work were calculated using a shadow 
price for providing informal care. Presenteeism, which is 
defined as a reduced efficiency at work due to health-related 
problems, was calculated by multiplying (1-efficiency score) 
with the number of hours that the patient was suffering from 
health-related problems. Gender-specific estimates of the 
mean wages of the Dutch population were used to calculate 
the lost productivity costs related to paid work[5]. Costs 
after the first year were discounted using a discount rate of 
4% [5].

Statistical analyses

Missing data

The cost-effectiveness analyses were conducted according to 
the intention-to-treat principle. Missing data were imputed 
using multiple imputation with chained equations (MICE) 
[27]. Cost and effect data were assumed to be missing at ran-
dom, which means that missing observations are explained 
by observed variables [28]. The imputation model included 
outcome variables and predictor variables that differed at 
baseline, were related to missing data or were associated 
with the outcome (see Table 2 for variables included in 
imputation model). To account for the skewed distribution 

of cost data, predictive mean matching was used in MICE 
[29]. The number of imputed datasets was increased until the 
loss of efficiency was less than 5%, resulting in 5 imputed 
datasets [29]. Each of the imputed datasets was analysed 
separately as described below. Results from the multiple 
datasets were pooled using Rubin’s rules [30].

Cost‑effectiveness and cost‑utility analyses

Ordinary least squares regression was used to estimate 
incremental costs and effects between the treatment groups. 
However, for the QLQ-C30 summary score, a mixed model 
was used. Hence, adjustment for the longitudinal nature of 
the data took place. This was done by specifying a two-level 
structure where repeated patients’ observations (i.e. patients’ 
QLQ-C30 summary scores at different time points) were 
nested within patients. This was implemented by allowing 
the intercepts to vary between clusters (i.e. random inter-
cepts model) [31, 32] which allowed for estimation of an 
overall effect over time [33]. In addition, the overall effect 
over time was adjusted for baseline QLQ-C30 scores by 
omitting the baseline QLQ-C30 summary score from the 
mixed model [34]. QALYs were adjusted for baseline utili-
ties [35]. Costs were adjusted for utilities and QLQ-C30 
summary score at baseline. Incremental cost-effectiveness 
ratios (ICERs) were calculated by dividing the incremental 
costs by the incremental effects. Bias-corrected bootstrap-
ping was used to estimate statistical uncertainty (5000 rep-
lications). Statistical uncertainty surrounding ICERs was 
illustrated by plotting the bootstrapped cost-effect pairs on 
a cost-effectiveness plane (CE-plane). Cost-effectiveness 
acceptability curves (CEACs) were also estimated, which 
demonstrate the probability that the intervention is cost-
effective compared to usual care for a range of different 
ceiling ratios (i.e. the willingness-to-pay threshold for one 
point effect extra) [36]. CEACs were estimated using the 
parametric normal-based approach for incremental net-mon-
etary benefits (INMBs) [37]. In the Netherlands, the willing-
ness-to-pay threshold for healthcare interventions is based 
on disease severity [38]. For disease severities between 0.1 
and 0.4, which includes colon cancer, the reference value is 
20,000 € per QALY gained. For outcome measures such as 
the QLQ-C30 summary score, no formal willingness-to-pay 
threshold has been determined. Analyses were performed in 
StataSE 17® (StataCorp LP, CollegeStation, TX, US).

Sensitivity analyses

To check the robustness of the results, seven sensitivity anal-
yses were performed. To assess impact of imputing missing 
data, the economic evaluation was performed on complete 
cases only (SA1). In countries like the UK, the healthcare 
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perspective is used when deciding about the reimbursement 
of new health interventions. Therefore, the economic evalu-
ation was also performed using a healthcare perspective, i.e. 
excluding lost productivity costs (SA2). To assess impact of 
discounting, the economic evaluation was performed with-
out discounting future costs and QALYs (SA3). To assess 
impact of adjusting for covariates, unadjusted regression 
models were used to estimate differential costs and effects 
(SA4). To assess whether cost-effectiveness differed from 
patients who had transferred between trial arms, a per-pro-
tocol analysis was performed (SA5). Finally, because follow-
up of stage I versus stage II/III colon cancer differs [17], 
two subgroup analyses were performed. One analysis used 
data from patients with stage I cancer (SA6) and a second 
analysis data from patients with stage II/III cancer (SA7).

Results

The study population included 303 participants, of which 141 were 
randomised to the GP and 162 to the surgeon. The study population 
had a mean age of 68.0 years (SD 8.4), and included more males 
(67%) than females (Table 1). Employment did not differ between the 
two groups (27% in the GP-led versus 31% in the surgeon-led group). 
Patients in the GP-led group relatively often had stage I tumours 
compared to the surgeon-led group (42% versus 33%). In 22% of all 
cases, patients were treated with adjuvant chemotherapy. During the 
3-year follow-up period, 50 patients transferred from the GP back to 
the surgeon. In most cases, this was due to (suspected) recurrences 
(n = 22) or patients’ preferences (n = 21).

Costs

For most cost categories, costs were lower in the GP-led 
versus surgeon-led group (see Table 2). Day care costs and lost 
productivity costs in the GP-led group were significantly lower 
compared to the surgeon-led group. The largest difference in 
costs between the two groups was found for lost productivity 
costs (i.e. − €3305; 95% CI − €5028; − €1739), while the 
smallest difference was found for hospital costs (i.e. − €8; 95% 
CI − €866; €938). Total societal costs were €3895 lower in the 
GP-led group compared to the surgeon-led group, which was 
statistically significant (95% CI − 6113; − 1712). When adjusted 
for utility and QLQ-C30 summary score at baseline, total 
societal costs were €2759 lower in the GP-led versus surgeon-
led group; this difference was also statistically significant (95% 
CI − €4855; − €557) (Table 3).

Cost‑effectiveness analyses

The difference in QLQ-C30 summary score between the GP- 
and surgeon-led group was 1.33 points, indicating that over 
time GP-led care resulted in 1.33 points more improvement 

on the QLQ-C30 summary score more than surgeon-led care 
(see Table 3). This difference was not statistically significant 
(95% CI − 0.049; 3.15). The ICER for QLQ-C30 summary 
score was − 2073, indicating that GP-led care is dominant over 
surgeon-led care. The CE-plane (Fig. 1) shows that the majority 
of the bootstrapped cost-effect pairs is situated in the south-east 
quadrant of the plane, confirming a larger effect on the QLQ-
C30 summary score and lower costs in the GP-led group as com-
pared to the surgeon-led group. The CEA curve (Fig. 1) shows 
that the probability that GP-led care is cost-effective in compari-
son to surgeon-led care is 0.99, 0.99 and 0.95 at willingness-to-
pay values of 0, 1000 and 10,000 € per point improvement in 
the QLQ-C30 summary score, respectively.

Cost‑utility analyses

The difference in QALYs between the GP- and surgeon-led 
group was − 0.021, which was not statistically significant (95% 
CI − 0.083; 0.040) (see Table 3). The ICER for QALYs was 

Table 1  Baseline characteristics of the participants

SD standard deviation, IQR interquartile range

Surgeon-led 
care (n = 162)

General practi-
tioner-led care 
(n = 141)

Sociodemographic
  Age (years, mean, SD) 68.2 (8.4) 67.9 (8.3)
  Sex (male, %) 105 (65) 98 (70)
  Living situation, together (%) 120 (74) 107 (76)
  Educational attainment (%)
    - Primary or non 13 (8) 14 (10)
    - Secondary 40 (25) 28 (20)
    - Vocational education 71 (44) 75 (53)
    - University 24 (15) 12 (9)
    - Missing 14 (9) 12 (9)
  Employed (%) 50 (31) 38 (27)
  Randomised to Oncokompas (%) 83 (51) 68 (48)

Clinical and pathological
  Comorbidities (%);
    - 0 1 84 (52) 63 (45)
    - ≥ 2 78 (48) 78 (55)
  Cancer diagnosis via (%)
    - Population screening 78 (48) 74 (53)
    - Clinical course 84 (52) 67 (48)
  Tumour stage (%);
    - I 54 (33) 59 (42)
    - II 54 (33) 50 (36)
    - III 54 (33) 32 (23)
  Stoma (%) 7 (4) 6 (4)
  Chemotherapy (%) 41 (25) 27 (19)
  Time between surgery and inclusion 

(months, median, IQR)
3.5 (1.8–6.1) 3.6 (1.8–5.9)
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129,164, indicating that €129,164 is saved in the GP-led group 
in comparison with the surgeon-led group while 1 QALY is 
lost. This large ICER is caused by the relatively small difference 
in QALYs between the groups. The CE-plane (Fig. 1) shows 
that the bootstrapped cost-effect pairs are mainly located in the 
south-west quadrant confirming the smaller effects and lower 
costs in the GP-led group as compared to the surgeon-led group. 
The CEA curve (Fig. 1) shows that the probability that GP-led 
care is cost-effective in comparison with surgeon-led care is 
0.99, 0.94 and 0.78 at willingness-to-pay values of 0, 20,000 
and 50,000 € per QALY gained, respectively.

Sensitivity analyses

Restricting the cost-effectiveness analysis to complete cases 
only (SA1) and performing the analysis without discounting 
(SA3) gives relatively similar results compared to the main 
analysis (Table 3). However, performing the analysis from 
a healthcare perspective instead of societal perspective (i.e. 
excluding lost productivity costs) (SA2) shows that GP-led care 

was more costly than surgeon-led care (€199) instead of being 
cost-saving. However, this cost difference was not significant 
(95% CI − €1115; €1643). Consequently, it notably changed 
the probability that GP-led care is cost-effective in compari-
son with surgeon-led group. At willingness-to-pay values of 0, 
20,000 and 50,000 € per QALY gained the probabilities were 
0.38, 0.28 and 0.26, respectively. The unadjusted analysis (SA4) 
showed larger cost savings and differences in QLQ-C30 sum-
mary score. Also, the difference in QALYs (non-significant) 
became a positive difference compared to a negative difference 
in the main analysis. This means that in term of QALYs, GP-
led care is cost-effective compared to surgeon-led care as it is 
less costly and more effective. The per protocol analysis, which 
only included the patients who had received care as intended 
by randomisation (SA5), resulted in a significant increase in 
QLQ-C30 summary score in the GP-led versus surgeon-led 
group compared to the main analysis (i.e. 2.33 points; 95% CI 
0.35; 4.30). Performing the analysis on patients with stage 1 
cancer resulted in larger cost savings, a non-significant increase 
in QALYs and a smaller non-significant increase in QLQ-C30 

Table 2  Multiply imputed effects and costs

SE standard error, 95% CI 95% confidence interval, QALY quality-adjusted life year, EORTC QLQ-C30 European organization for research and 
treatment for cancer quality of life questionnaire
a Uncertainty around cost differences estimated using the non-parametric bootstrap with 5000 replications (bias-corrected intervals). The pre-
sented effect and cost differences are unadjusted
b Overall effect over time (36 months)
Multiple imputation model consisted of variables that differed at baseline, were related to missing data or were associated with the outcome: 
patient number, hospital, gender, diagnosis, age, stadium of tumour, location of tumour, differentiation grade of tumour, body mass index, costs 
of home care at baseline, costs of absenteeism at baseline, hospital costs at baseline, medication costs at baseline and primary care costs at base-
line. The imputation procedure was stratified for treatment arm

Surgeon-led (N = 162) General practitioner-led 
(N = 141)

Outcomes Mean (SE) Mean difference (95% CI)a

  EORTC QLQ-C30 summary score T0 (baseline)
T1 (3 months)
T2 (6 months)
T3 (12 months)
T4 (24 months)
T5 (36 months)

86.15 (0.87)
88.92 (0.98)
88.90 (0.91)
90.32 (0.89)
90.01 (0.80)
88.97 (0.99)

89.98 (0.79)
88.35 (1.56)
91.05 (0.77)
91.36 (0.76)
91.26 (0.75)
91.75 (0.81)

1.75 (− 0.071; 3.56)b

  QALY 2.68 (0.026) 2.70 (0.026) 0.024 (− 0.050; 0.097)
  QALY discounted 2.64 (0.025) 2.66 (0.026) 0.023 (− 0.049; 0.095)

Healthcare costs
  Primary care
  Hospital care
  Emergency care
  Admission
  Day care
  Medication
  Home care
  Total healthcare costs
  Total healthcare costs discounted

978 (99)
2479 (311)
226 (40)
2 (2)
262 (125)
474 (32)
734 (209)
5209 (530)
5074 (515)

839 (76)
2472 (421)
201 (51)
163 (163)
4 (3)
492 (35)
533 (211)
4531 (594)
4414 (579)

 − 139 (− 370; 83)
 − 8 (− 866; 938)
 − 26 (− 138; 100)
161 (− 6; 514)
 − 258 (− 574; − 68)
18 (− 67; 110)
 − 205 (− 787; 368)
 − 678 (− 2129; 803)
 − 660 (− 2078; 781)

Lost productivity costs 4313 (952) 1008 (350)  − 3305 (− 5028; − 1739)
Total societal costs 9521 (1114) 5539 (707)  − 3982 (− 6238; − 1731)
Total societal costs discounted 9295 (1088) 5400 (690)  − 3895 (− 6113; − 1712)
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summary score compared to the main analysis. In the analysis 
on patients with stages II/III cancer, the effects were amplified, 
but the cost savings were smaller.

Discussion

We performed an economic evaluation from a societal per-
spective alongside the randomised I CARE study. Total 
societal costs were significantly lower in the GP-led ver-
sus surgeon-led group (mean difference of − €3895; 95% 
CI − €6113; − €1712). The largest difference between the two 
groups was found for lost productivity costs (− €3305; 95% 
CI − €5028; − €1739). For the QLQ-C30 summary score, the 
main outcome of the study, GP-led care was dominant over 
surgeon-led care (i.e. less expensive, but more effective). 
However, for QALYs, GP-led care was not cost-effective.

Comparison to existing literature

Costs of a consultation with a GP are substantially lower 
than of an outpatient consultation at the hospital (approximately 
€37 versus €89 euros in the year 2022 in the Netherlands) [5]. It 
is therefore not unexpected that survivorship care by a GP is cost-
saving in comparison to care by a specialist. However, cost savings 
were mostly due to lost productivity costs, which was somewhat 
unexpected. Shortly after randomisation, 50 patients dropped-out, 
of which most patients were randomised to their GP [16]. Poten-
tial selective dropout may explain why lost productivity was the 
main contributor to the difference in total societal costs. Patients 
who experience ongoing problems or symptoms after surgery may 
prefer to remain in specialist care. Previous studies also concluded 
that survivorship care by a GP is less costly, though the level of evi-
dence was low [11, 12]. To our knowledge, only one previ-
ous randomised trial has investigated cost-effectiveness of 

Table 3  Cost-effectiveness results

95% CI 95% confidence interval, CE plane cost-effectiveness plane, ICER incremental cost-effectiveness ratio, NE north-east quadrant, NW 
north-west quadrant, SE south-east quadrant, SW south-west quadrant, QALY quality-adjusted life year, EORTC QLQ-C30 European organiza-
tion for research and treatment for cancer quality of life questionnaire
a Uncertainty around cost differences estimated using the non-parametric bootstrap with 5000 replications (bias-corrected intervals). The pre-
sented cost differences are unadjusted
b The difference in EORTC QLQ-C30 summary score represent an overall effect time (36 months), which means that a correction for repeated 
observations took place
c The regression model for costs was adjusted for utility and EORTC score at baseline. The regression model for QALYs was adjusted for baseline utility

Outcome ΔC (95% CI)a ΔE (95% CI) ICER CE plane

Main analysis NE SE SW NW
  EORTC QLQ-C30 summary score  − 2759 (− 4855; − 557)c 1.33 (− 0.049; 3.15)b  − 2073 1% 92% 7% 0%
  QALYs  − 2759 (− 4855; − 557)c  − 0.021 (− 0.083; 0.040)c 129,164 0% 24% 75% 1%

Complete case analysis (SA1)
  EORTC QLQ-C30 summary score  − 4046 (− 8893; − 52)c 2.21 (0.71; 3.62)b  − 1832 3% 97% 0% 0%
  QALYs  − 4046 (− 8893; − 52)c  − 0.023 (− 0.099; 0.056)c 178,551 2% 26% 71% 1%

Healthcare perspective (SA2)
  EORTC QLQ-C30 summary score 199 (− 1115; 1643)c 1.75 (− 0.044; 3.54)b 114 60% 38% 0% 2%
  QALYs 199 (− 1115; 1643)c  − 0.021 (− 0.083; 0.040)c  − 9296 10% 14% 24% 52%

Undiscounted analysis (SA3)
  EORTC QLQ-C30 summary score  − 2816 (− 4996; − 564)c 1.75 (− 0.044; 3.54)b  − 1612 1% 96% 3% 0%
  QALYs  − 2816 (− 4996; − 564)c  − 0.021 (− 0.084; 0.041)c 131,134 0% 24% 75% 1%

Unadjusted analysis (SA4)
  EORTC QLQ-C30 summary score  − 3895 (− 6060; − 1693)c 1.75 (− 0.044; 3.54)b  − 2230 0% 97% 3% 0%
  QALYs  − 3895 (− 6060; − 1693)c 0.023 (− 0.048; 0.094)  − 167,574 0% 74% 26% 0%

Per protocol analysis (SA5)
  EORTC QLQ-C30 summary score  − 2279 (− 4786; 313)c 2.33 (0.35; 4.30)b  − 979 5% 94% 1% 0%
  QALYs  − 2279 (− 4786; 313)c  − 0.013 (− 0.079; 0.052)c 169,659 1% 33% 62% 4%

Subgroup tumour stage 1 (SA6)
  EORTC QLQ-C30 summary score  − 3296 (− 7037; 243)c 0.85 (− 2.23; 3.93)b  − 3892 3% 68% 28% 1%
  QALYs  − 3296 (− 7037; 243)c 0.051 (− 0.052; 0.15)c  − 65,267 3% 81% 15% 1%

Subgroup tumour stages 2 and 3 (SA7)
  EORTC QLQ-C30 summary score  − 2275 (− 5221; 362) 2.24 (0.028; 4.45)b  − 1016 6% 92% 2% 0%
  QALYs  − 2275 (− 5221; 362)  − 0.064 (− 0.14; 0.0095)c 35,652 0% 4% 90% 6%
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transferring follow-up after colon cancer from the specialist to 
the GP [39]. In this Norwegian trial, there were no significant 
differences in QoL between the trial arms, and therefore a cost 
minimization analysis was performed. The authors showed that 
GP organised follow-up was associated with societal cost sav-
ings over a 24-month period (converted into euros there was a 
mean difference of €2.073). Similarly, a randomised trial among 
breast cancer patients showed cost savings when follow-up was 
provided in primary care instead of in secondary care (mean 
difference of €1.985) [40]. Both trials also demonstrated cost 
savings relating to lost productivity, which is in line with our 
results. Here, we provide additional evidence that GP-led sur-
vivorship care is cost-effective compared to surgeon-led care. 
These results are highly needed to help control the increasing 
healthcare costs for cancer survivors [15].

Implications for practice and research

First, it is important to note that the results for QLQ-C30 
summary score and QALYs were contradictory. Even 

though QLQ-C30 summary score improved over time (1.33), 
QALYs decreased (− 0.021). In our study, the difference in 
QALYs was very small, not statistically significant and 
below the minimally important QALY difference often used 
in cancer research (difference of 0.06 to 0.07) [41]. In this 
study, we used the three-level version of the EQ-5D, but the 
recently developed five-level version of the EQ-5D could 
have been more sensitive than the three-level version to 
pick up changes in general QoL [42]. Because there were no 
important differences in general QoL outcomes, it might be 
more informative to look at disease-specific QoL outcomes. 
The QLQ-C30 summary score is a composite score of 13 
scales, and is likely to be more sensitive to pick up changes in 
QoL of colon cancer survivors [22].

From an economic point of view, survivorship care by 
a GP seems preferable to care by a surgeon and is likely 
to help improve sustainability and affordability of care. 
However, when it comes to evaluating and implementing 
new models of care, it is also important to consider other 
factors, including patient and physician preferences [15]. I 

CE plane EORTC QLC-C30 summary score CEA curve EORTC QLC-C30 summary score

CE plane QALY CEA curve QALY

Fig. 1  Cost-effectiveness figures. CE plane = cost-effectiveness plane, CEA curve cost-effectiveness acceptability curve, QALY quality-adjusted 
life year, EORTC QLQ-C30 European organization for research and treatment for cancer quality of life questionnaire
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CARE participants also mentioned barriers to engaging GPs 
in cancer care [43, 44]. Barriers included, among others, a 
lack of knowledge and experience of GPs and the amount 
of extra work for GPs. Another concern was the timeliness 
and appropriateness of follow-up testing by GPs, resulting 
in potential problems with delayed diagnosis of recurrences 
[45]. GPs will therefore require additional time, additional 
personnel and financial compensation to provide this type of 
care for all cancer patients.

Strengths and limitations

This economic evaluation was performed alongside a large 
randomised-controlled trial comparing colon cancer survivor-
ship care by a GP to care by a surgeon. This allowed for the 
prospective collection of cost and effect data. Compared to 
two previous trials, this study has the longest follow-up dura-
tion (3 years versus 24 and 18 months) [39, 46]. The study had 
a pragmatic design, in which patients and physicians were free 
to organise care as they thought appropriate, thereby mimick-
ing actual clinical practice as closely as possible. We used a 
societal perspective, meaning that many relevant costs were 
included in the analyses and potential cost shifts between sec-
tors or budgets can be identified. Multiple imputation was 
used to impute missing observations, decreasing the magni-
tude of potential bias due to selective dropout.

There are also limitations that need to be addressed. First, 
the study was performed within the Dutch healthcare system. 
All Dutch citizens are required to register with a GP, who acts 
as a gatekeeper to hospital-based care. Differences in health-
care systems around the world limit the transferability of the 
applicability and costs of the new model of care. Even though 
the baseline characteristics were evenly distributed among 
the trial arms, there were slightly more patients with stage 
I tumours in the GP- versus surgeon-led group (33 versus 
42%). Because these patients typically require less follow-
up consultations than patients with stages II/III tumours, it 
may also explain some of the differences in costs. Subgroup 
analyses did show larger cost savings of GP-led care in stage 
I tumours, even though it was not significant. Finally, to 
assess healthcare utilisation and productivity losses, we used 
retrospective self-reported questionnaires which may have 
caused recall bias. However, we assume that this type of bias 
is equally distributed over both trial arms and therefore does 
not affect the differences between groups.

Conclusions

From a societal perspective, GP- versus- surgeon-led colon 
cancer survivorship care results in significantly lower 
costs. For disease-specific QoL, GP-led care is likely to 

be cost-effective (i.e., less expensive, but more effective). 
For general QoL, it is not. Besides cost-effectiveness, it is 
important to think about the extra time and workload for 
GPs. These factors should be taken into consideration when 
discussing a possible transfer of survivorship care from the 
surgeon to the GP.
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