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Abstract

Background. The evidence concerning the cost-effectiveness of UGT1A1*28 genotyping is ambiguous and does not 
allow drawing valid conclusions for Germany. This study evaluates the cost-effectiveness of UGT1A1 genotyping in 
patients with metastatic colorectal cancer undergoing irinotecan-based chemotherapy compared to no testing from the 
perspective of the German statutory health insurance.
Material and methods. A decision-analytic Markov model with a life time horizon was developed. No testing was 
compared to two genotype-dependent therapy strategies: 1) dose reduction by 25%; and 2) administration of a prophy-
lactic G-CSF growth factor analog for homozygous and heterozygous patients. Probability, quality of life and cost 
parameters used in this study were based on published literature. Deterministic and probabilistic sensitivity analyses 
were performed to account for parameter uncertainties.
Results. Strategy 1 dominated all remaining strategies. Compared to no testing, it resulted in only marginal QALY 
increases (0.0002) but a cost reduction of €580 per patient. Strategy 2 resulted in the same health gains but increased 
costs by €10 773. In the probabilistic analysis, genotyping and dose reduction was the optimal strategy in approximately 
100% of simulations at a threshold of €50 000 per QALY. Deterministic sensitivity analysis shows that uncertainty for 
this strategy originated primarily from costs for irinotecan-based chemotherapy, from the prevalence of neutropenia 
among heterozygous patients, and from whether dose reduction is applied to both homozygotes and heterozygotes or 
only to the former.
Conclusion. This model-based synthesis of the most recent evidence suggests that pharmacogenetic UGT1A1 testing 
prior to irinotecan-based chemotherapy dominates non-personalized colon cancer care in Germany. However, as structural 
uncertainty remains high, these results require validation in clinical practice, e.g. based on a managed-entry agreement.

Personalized medicine is considered promising 
because more precise diagnosis and risk assessment 
can increase treatment effectiveness and prevent side 
effects [1]. Also, it has the potential to increase the 
cost-effectiveness of healthcare [2]. However, the 
cost-effectiveness of personalized medicine strongly 

depends on how molecular markers are used for 
stratification so that specific personalization strate-
gies need to be assessed economically [3]. In oncol-
ogy, personalized medicine plays a special role in the 
form of pharmacogenetic approaches [4]. One exam-
ple is the genetic test for the common *28 allele of 
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the UDP-glucuronosyltransferase 1A1 (UGT1A1) 
gene in patients with metastatic colorectal cancer 
(mCRC) undergoing irinotecan-based chemother-
apy [5]. In Germany, colorectal cancer is the second 
most common type of cancer and cause of cancer 
death for both women and men [6]. The Centre for 
Cancer Registry Data in the Robert Koch Institute 
predicted a number of new cases of colorectal cancer 
of about 69 000 for 2012 [7]. Approximately half of 
the patients develop metastatic disease which involves 
high mortality [8]. The treatment options for mCRC 
have significantly improved over the recent years due 
to the introduction of new chemotherapeutic agents, 
such as irinotecan [9]. Among the adverse side effects 
of this drug, however, are neutropenia, a decrease in 
the number of neutrophil granulocytes, and diarrhea 
which both can be life threatening [5].

In the human body, irinotecan is converted into its 
active metabolite SN-38 which causes cell death. 
Excretion takes place via UGT1A1-catalyzed conver-
sion to the inactive metabolite SN-38G [10]. A recent 
meta-analysis based on 16 individual studies concludes 
that both the heterozygous *1/*28 and the homozy-
gous *28/*28 genotypes are associated with increased 
side effects of irinotecan, particularly neutropenia and 
diarrhea [11]. It is believed that the reduced activity of 
the enzyme UGT1A1 in these genotypes and the thus 
increased concentration of the toxic SN-38 in the 
human body is responsible for this effect [12]. Accord-
ingly, it is already recommended in the prescribing 
information of irinotecan, to reduce the starting dose 
by at least one level in ‘patients known to be homozy-
gous for the UGT1A1*28 allele’ [13].

To our knowledge, three cost-effectiveness analy-
ses of UGT1A1 genotyping in irinotecan chemo-
therapy have been published to date. None of these 
studies considers the increased risk for diarrhea in 
UGT1A1 mutation carriers. In 2008, Obradovic 
et al. [14] compared standard therapy with the strat-
egy of dose reduction and another strategy for the 
prevention of neutropenia, the administration of a 
G-CSF analog growth factor (pegfilgrastim). They 
reported the number of prevented cases of neutrope-
nia and life years gained, as well as the costs from 
the perspective of a health care payer in the US. 
Genotyping in combination with dose reduction in 
homozygotes was cost saving in the study, when com-
bined with the administration of growth factors it led 
to costs of approximately $3.8 million per life-year 
gained. Gold et al. [15] evaluated the costs per qual-
ity-adjusted life year (QALY) gained of dose reduc-
tion from the perspective of Medicare in the US. 
They also came to the conclusion that genotyping in 
combination with dose reduction leads to lower costs 
and improved health outcomes when compared with 
standard therapy. Furthermore, the most recent 

study evaluated genotyping in combination with the 
administration of growth factors from a hospital-
perspective in France by Pichereau et  al. in 2010 
[16]. As a measure of effect, the number of prevented 
cases of neutropenia was reported and an incremen-
tal cost-effectiveness ratio (ICER) of about €1000 
per avoided neutropenia was calculated.

If they were explicitly calculated, the study results 
agree regarding the assessment of the cost-effectiveness 
of genotyping in combination with dose reduction. 
Despite these promising results, UGT1A1 genotyp-
ing is not applied on a regular basis in Germany. This 
may be due to the fact that none of the existing eval-
uations described the German situation, which may 
differ greatly from that in other health care contexts 
[17]. Moreover, the results were heterogeneous 
regarding the cost-effectiveness of genotyping in 
combination with the prophylactic use of growth fac-
tors. Also, more evidence of costs and effect param-
eters may have been published in the meantime 
which can have a significant impact on the cost- 
effectiveness of genetic testing [18]. The cost- 
effectiveness of UGT1A1 genotyping in Germany is 
therefore unclear. Hence, the aim of the present 
study was to review the most recent evidence and 
assess the costs per QALY gained on an adapted 
decision-analytic model.

Materials and methods

Model structure

A decision-analytic model was developed from the 
perspective of the German statutory health insurance 
using Tree Age Pro 2011. The patient population of 
interest was mCRC patients who received an irino-
tecan combination therapy (FOLFIRI scheme exist-
ing of folinic acid, fluorouracil and irinotecan) as 
first-line therapy for mCRC.

Included strategies

In Germany, there is a lack of information on the 
optimal modified care pathways after UGT1A1 
genotyping. Therefore, this study assesses the costs 
and QALYs of the two main strategies described in 
the literature [5] as well as the no testing strategy. 
Genotyping identifies not only the homozygous (i.e. 
*28/*28) but also the heterozygous (mainly *1/*28) 
mutation carriers. As a recently published meta- 
analysis reported a significantly increased risk of neu-
tropenia and diarrhea for homozygous (i.e. *28/*28) 
as well as heterozygous (mainly *1/*28) mutation 
carriers [11] the adapted treatment pathways were 
assumed to be applied to both types of patients. The 
following strategies were included:
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events and their immediate consequences by inte-
grating probabilities for different care pathways 
(inpatient or outpatient care), QALY-decrements 
during this time, and probabilities of death from the 
adverse event within one period. Persons who survive 
adverse events leave the bridge model and enter the 
overall Markov state ‘post-neutropenia care’. Here, 
they are assumed to receive a subsequent chemo-
therapy regimen which prevents further cases of neu-
tropenia and diarrhea. The subsequent regimen was 
also administered to those patients that had com-
pleted the first-line FOLFIRI treatment for a maxi-
mum of 26 weeks (13 Markov cycles). This 
corresponds with the medium treatment duration of 
the FOLFIRI regime observed in the multicenter 
CRYSTAL trial [19]. The duration of the subsequent 
therapy line was limited to a maximum of 24 weeks 
based on a Delphi panel reported in a German study 
[20]. The subsequent line of therapy is only assumed 
to influence costs but it does not affect overall sur-
vival and quality of life.

Input parameters

We obtained input parameters from the published 
literature using PubMed searches and reference track-
ing. Due to the study perspective, if available, data 
referring to German populations were used to param-
eterize this model. (Supplementary Appendix 2  
available online at http://www.informahealthcare.
com/doi/abs/10.3109/0284186X.2015.1053983) 
provides additional information about the literature 

Strategy 1: dose reduction (wildtypes receive 1.	
standard dose of irinotecan, hetero- and 
homozygotes receive a dose reduction of iri-
notecan by 25%);
Strategy 2: prophylactic administration of bone 2.	
marrow protective G-CSF growth factor  
analogs (all patients receive standard dose of iri-
notecan, hetero- and homozygotes additionally 
receive the growth factor ‘pegfilgrastim’);
Strategy 3: no genetic test (all patients receive 3.	
standard dose of irinotecan).

Markov model

Lifetime Markov models with a cycle length of two 
weeks were used to estimate cancer related mortality 
and treatment costs of the included strategies. The 
Markov process continued until approximately 99% 
of modeled cohort had died (which was after  
113 Markov cycles).

Figure 1 gives an overview of the model structure 
and (Supplementary Appendix 1 available online at 
http://www.informahealthcare.com/doi/abs/10.3109/
0284186X.2015.1053983) lists all main assump-
tions the Markov structure is based on. All patients 
start in the Markov state ‘initial cancer care’ and can 
then incur an episode of severe neutropenia, severe 
diarrhea, stay without neutropenia and diarrhea or 
die from colorectal cancer. Adverse events are incor-
porated within the overall Markov model by bridge 
models. The bridge models characterize the adverse 

Figure 1. Model structure.
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search and (Supplementary Appendix 3 available 
online at http://www.informahealthcare.com/doi/abs/
10.3109/0284186X.2015.1053983) lists all model 
parameters.

Survival

Transition probabilities for overall survival form 
CRC patients treated with first-line FOLFIRI were 
based on the CRYSTAL study [19]. We digitized the 
published Kaplan-Meier curve reported in this study 
using the Digitizeit software. The digitized product 
was then used to construct curve fits using methods 
developed by Guyot and colleagues [21]. Parametric 
fits were obtained for exponential, lognormal, Weibull, 
loglogistic and Gompertz distributions using R soft-
ware. The Weilbull distribution was selected as the 
best-fitted curve according to visual assessment and 
the Bayesian information criterion.

Probabilities

The population prevalence of the different UGT1A1 
genotypes was derived from a study among 105 Cau-
casian patients [22]. The analytic sensitivity and speci-
ficity of UGT1A1 genotyping was assumed to be 100% 
which is supported by an EGAPP review [23].

Incidences of severe (defined as grade 3 and 4) neu-
tropenia for the respective genotypes were taken from 
a French clinical trial [24], which assumes an incidence 
of 14% for wildtype patients, 23% for heterozygous 
patients and 50% for homozygous patients. Incidence 
of severe diarrhea was taken from a Spanish study 
which reports an incidence of severe diarrhea of 23% 
for wildtype patients, 30% for heterozygous patients 
and 60% for homozygous patients [25]. For both side 
effects conversion to rate was used to convert incidences 
into two-week probabilities assuming that reported 
rates are constant over time [26].

Dose reduction and administration of growth fac-
tors were both assumed to decrease the risk of toxicity 
in heterozygous and homozygous patients without 
affecting the therapeutic effect of irinotecan. This was 
based on the assumption that the mutation leads to 
increased concentration of active molecules and that 
dose reduction reduces these to approximately the 
same level as the initial dose in non-mutated individu-
als. Furthermore, it is assumed that that increasing the 
dose of active molecules above this level does not 
impact treatment effect. Limitations of these assump-
tions are addressed in the discussion section.

Concerning the dose reduction strategy, the asso-
ciated risk ratio was deduced from a clinical trial 
where incidences of severe neutropenia and diarrhea 
were compared between the first cycle and the entire 
course of chemotherapy [27]. The proxy was based 
on the assumption that irinotecan doses were low-

ered for patients encountering an episode of severe 
neutropenia in the first cycle. The resulting risk ratios 
of 33% for severe diarrhea and 30% for severe neu-
tropenia were applied to both heterozygous and 
homozygous patients.

Concerning the growth factors strategy, we could 
not find any evidence from the clinical setting that 
the administration of growth factors does impact the 
risk for diarrhea. Therefore the study assumes that 
the risk for diarrhea does not change when growth 
factors are added to the FOLFIRI regime. However, 
there is published evidence that the administration 
of growth factors has an impact on the risk of neu-
tropenia. The risk ratio for severe neutropenia was 
assumed 31% as reported in a randomized clinical 
trial conducted with the growth factor pegfilgrastim 
[28]. Like in the dose reduction strategy, the risk 
ratio for the growth factor was applied to both 
heterozygous and homozygous mutation carriers.

No study could be identified which reported hos-
pitalization rates due to severe neutropenia and diar-
rhea among mCRC patients with irinotecan treatment. 
Assuming that all cases of febrile neutropenia must be 
treated in hospital, the rate of febrile neutropenia 
among severe neutropenia served as a proxy for the 
hospitalization rate and was drawn from a clinical trial 
[29]. Hospitalization rate due to diarrhea was assumed 
to be 25% based on expert judgment. The remainder 
of patients with severe neutropenia and diarrhea was 
assumed to be treated on an outpatient basis.

Evidence for mortality due to febrile neutropenia 
or diarrhea is limited. Except for the study by Aranda 
et al. [30] which reports on one death due to febrile 
neutropenia among 173 patients treated with the 
FOLFIRI regime, identified clinical trials do not report 
on any treatment related death due to neutropenia or 
diarrhea [31,32]. To provide a conservative estimate of 
effectiveness, the base case analysis of this study there-
fore assumes a zero risk of death due to neutropenia 
and diarrhea. As this assumption is subject to uncer-
tainty, deterministic and probabilistic sensitivity analy-
sis accounts for increased risk of treatment-related 
death due to neutropenia and diarrhea.

Health-related quality of life

Health-related quality of life for patients with mCRC 
was derived from a study based on evaluation with 
the EQ-5D HIS in mCRC patients treated with 
FOLFIRI in a second-line trial [33].

Quality of life associated with adverse events was 
modeled using quality of life decrements which were 
multiplied with the duration of the adverse event to 
estimate the corresponding QALY losses. The Diag-
nostic Assessment report by the National Institute 
for Health and Care Excellence (NICE) summarizes 
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the evidence on quality of life decrements for  
chemotherapy related adverse events [34]. In line 
with this report we assume quality of life decrements 
of 0.074 for diarrhea, of 0.073 for neutropenia and 
of 0.112 for febrile neutropenia.

Costs

Costs were calculated in 2013 euros (€) and both costs 
and effects were discounted at a rate of 3% per annum. 
Adopting the perspective of the German statutory 
health insurance, the health resource consumption was 
evaluated with the current reimbursement rates.

Costs of pegfilgrastim growth factors were esti-
mated from Germans official pharmacists’ price sched-
ule (Lauer-Taxe) [35]. Calculation of costs for 
FOLFIRI treatment was also based on the Lauer-Taxe 
multiplying the drug unit costs with the required num-
bers of units (assuming wastage). Standard dose of 
irinotecan was calculated for a female patient with a 
body surface of 1.5 m2 and for a male patient with  
2 m2. (Supplementary Appendix 4 available online at 
http://www.informahealthcare.com/doi/abs/10.3109/ 
0284186X.2015.1053983) provides calculation details. 
Average cost for chemotherapy was calculated with a 
share of 55% of men and 45% of women [7]. Reduced 
dose of FOLFIRI treatment were calculated likewise 
and then expressed as a fraction of the full dose.

To provide a conservative assessment, costs of sub-
sequent chemotherapy were assumed lower than the 
initial FOLFIRI therapy. Precisely, costs of subsequent 
chemotherapy were taken from Asseburg et  al. [20] 
who provide a weighted cost average for second-line 
chemotherapies according to the frequency of use in 
patients with metastatic colorectal cancer in Germany. 
As Asseburg et al. report costs in 2010 euros, costs of 
second-line treatment were transferred to 2013 values 
based on the consumer price index provided by the 
German Federal Statistical Office [36].

Cost for UGT1A1 genotyping was calculated 
from the German ambulatory fee schedule, based on 
fixed points per type of service multiplied by a base-
line point value [37]. Costs for hospitalization due to 
neutropenia and diarrhea were calculated using 
Diagnosis Related Groups (DRG) multiplied with 
the current German DRG value [38].

Deterministic sensitivity analysis

Univariate sensitivity analyses were performed on all 
input parameters for the two genetic testing strategies 
compared to no genetic testing. Upper and lower  
limits of the 95% confidence intervals were used for 
building the value ranges. Concerning the variable 
‘death from hospitalized neutropenia’ and ‘death from 
hospitalized diarrhea’ the values for the upper limits 
of the confidence intervals were chosen from literature 

[39,40]. The conjoint probabilities of the Dirichlet 
distributions were varied by choosing the probability 
for one category and by holding the proportions of the 
remaining probabilities constant. The 10 variables 
with the highest impact on model uncertainty are pre-
sented in a tornado diagram, expressed in terms of net 
monetary benefit. Net monetary benefit is calculated 
by taking the difference in effectiveness between two 
strategies and multiplying by society’s willingness- 
to-pay, less the difference in costs. Given that there 
exists no explicit cost-effectiveness threshold for  
Germany, net benefits were calculated with the fre-
quently quoted willingness to pay threshold of  
€50 000 for illustration [41].

As the amount of dose-reduction might consider-
ably impact the calculated costs, we also performed 
structural sensitivity analysis, assuming different 
degrees of dose-reduction in heterozygotes.

Probabilistic sensitivity analysis

To assess for overall parameter uncertainty, a probabi-
listic sensitivity analysis based on 100 000 Monte Carlo 
simulations was performed. As proposed by Briggs 
et al. [42] Dirichlet distribution was used to model the 
prevalence of the UGT1A1 genotypes [wildtype 
(*1/*1), heterozygous (*1/*28), homozygous (*28/*28) 
mutation carriers]. Beta distributions were assigned to 
probabilities and quality of life weights and gamma dis-
tributions to costs. The distribution parameters for 
quality of life weights and costs were approximated 
based on their mean values and standard errors. If no 
standard error was available, an estimate was derived. 
Normal distributions were adopted for log risk ratios.

Decision uncertainty is presented by means of 
cost-effectiveness acceptability curves. Furthermore, 
the potential value of collecting further evidence on 
uncertain parameter was quantified using expected 
value of perfect information (EVPI) analysis. Popula-
tion EVPI was based on the assumption that around 
80% of the approximate 30 000 patients diagnosed 
with mCRC each year in Germany (primary findings 
or in the course of disease) [43] received an irinote-
can-based chemotherapy regimen. Given the high 
technology dynamic in personalized cancer care, 
population EVPI was calculated with a discount rate 
of 3% for a time horizon of five years as well as for 
an infinite time horizon.

Results

Effectiveness

According to our model results, approximately 45% 
of the homozygotes, 22% of the heterozygotes and 
13% of the wildtype patients suffer from severe neu-
tropenia if no genetic testing is performed. Moreover, 
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approximately 19% of the homozygotes, 10% of the 
heterozygotes and 8% of the wildtype patients 
develop severe diarrhea. Due to genetic testing and 
dose reduction cases of neutropenia can be reduced 
to 18% among homozygous and 7% among heterozy-
gous patients and severe diarrhea can be reduced to 
9% and 4%, respectively. In the case of genetic test-
ing and administration of growth factors, approxi-
mately 17% of the homozygotes and 7% of the 
heterozygotes develop severe neutropenia and severe 
diarrhea occurs in 24% and 10%, respectively.

Cost-effectiveness

The strategy ‘genetic test and dose reduction’ is the 
cheapest strategy and is associated with costs of  
€23 414 and effects of approximately 1.1292 QALYs. 
The two other strategies are absolutely dominated. 
The strategy ‘no genetic test’ resulted in costs of €23 
995 and 1.1290 QALYs. The strategy ‘genetic test and 
growth factors’ is most expensive with costs of €34 
187 and effects of 1.1292 QALYs. These results are 
illustrated in Figure 2. The QALY differences between 
the three strategies are small (range 1.1290–1.1292) 
which can be explained by the assumption that febrile 
neutropenia and diarrhea does not increase mortality 
and quality of life increments occur for only one week. 
However, compared to the no testing strategy, ‘genetic 
test and dose reduction’ shows a cost-saving potential 
of about €600 per patient. This reduction in costs is 
primarily driven by reduced costs for the FOLFIRI 
chemotherapy. The strategy of growth factors yields 

approximately the same QALY gains as dose reduc-
tion. Due to its high costs, this strategy results in an 
ICER of about €65 million per QALY gained com-
pared to the no testing strategy.

Deterministic sensitivity analysis

Figures 3 and 4 show the impact of varying input 
parameters across wider intervals on net benefits of 
the dose reduction and the growth factors strategies. 
Concerning the dose reduction strategy, especially 
the costs for the FOLFIRI chemotherapy and the 
probability of severe neutropenia in heterozygous 
patients appear to be critical drivers of the net ben-
efits. The costs of growth factors had a considerable 
effect on the net benefit of ‘genetic test and growth 
factor’ versus ‘no genetic test’ (Figure 4). To a lesser 
extent, the net benefit was influenced by the proba-
bility of having a heterozygous genotype.

The study assumed that homozygotes and 
heterozygotes were treated equally which may over-
estimate the cost savings if a dose reduction of 25% 
for heterozygotes was not considered acceptable. 
Given the importance of chemotherapy costs, a sce-
nario analysis was conducted where dose reduction 
and associated costs and effects were restricted to 
homozygotes. In this scenario, the strategy increases 
costs compared to no testing by about €99 and 
results in a QALY gain about 0.0001. Compared to 
the no testing strategy this scenario would result in 
an ICER of €17 040 017 per QALY gained. We also 
investigated an intermediate scenario in which 
homozygous patients receive a full dose reduction of 
25% and heterozygous patients receive a smaller 
dose reduction of only 15%, assuming that this has 
the same effects on the prevention of side effects as 
the full dose reduction. In this scenario, the strategy 
increases costs compared to no testing about €740 
and would result in a QALY gain of about 0.0002. 
The calculated ICER of this scenario compared to 
‘no testing’ is €3 285 545 per QALY gained.

Probabilistic sensitivity analysis

The impact of willingness-to-pay (WTP) on strategy 
selection was negligible in the examined range of 
€0–100 000 per QALY (Figure 5). As the strategy of 
dose reduction dominates the other strategies, cost-
effectiveness is less relevant at this point. Moreover, 
the WTP range does not cover the relevant values 
because significant changes to the cost-effectiveness of 
the different strategies only occur at WTP values of 
approximately €1 500 000 and more per QALY. 
Based on a threshold value of, e.g. €50 000 per QALY, 
the strategy ‘genetic test and dose reduction’ was opti-
mal in 100% of simulations. Mean QALYs and costs Figure 2. Cost-effectiveness.
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(standard deviation of mean QALY and costs) were 
1.1270 QALYs (0.3231 QALYs) and €23 980 
(€6152) for the no testing strategy, 1.1272 QALYs 
(0.3231 QALYs) and €23 374 (€6006) for the strat-
egy with dose reduction, and 1.1272 QALYs (0.3231 
QALYs) and €34 068 (€7339) for the strategy of 
growth factors, respectively.

The high probability that genetic test and dose 
reduction is optimal corresponds with a low EVPI: 
At a threshold of €50 000, the EVPI amounts to 
€0.6 and at a threshold of €0 it accounts to €0.7 
per patient. With a time horizon of five years and a 
WTP of €50 000/QALY, the Population EVPI 

amounts to €67 926 (€480 000 for an infinite time 
horizon).

Discussion

To our knowledge, this is the first study which 
assesses the health and financial impact of UGT1A1 
genotyping on the statutory health insurance in  
Germany. Also, it is the first study which considers 
diarrhea as possible side effect of irinotecan treat-
ment. This study illustrated the results of a recent 
review that the cost-effectiveness of personalized 
medicine strongly depends on which personalization 

Figure 3. Impact of parameter variations on strategy ‘dose reduction’ versus strategy ‘no genetic test’.

Figure 4. Impact of parameter variations on strategy ‘growth factors’ versus strategy ‘no genetic test’.
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strategy is chosen [3]. While the most expensive strat-
egy is associated with about €65 million per QALY 
gained, the strategy ‘genetic test and dose reduction’ 
achieves marginally better results in terms of QALYs 
and saves about €600 per patient tested compared 
to the no testing strategy.

The findings of this study support results of pre-
vious studies from other health care system contexts 
which also indicate that UGT1A1 genotyping in 
combination with dose reduction is beneficial for 
patients and cost saving from a health care system 
perspective. If around 80% of the approximate  
30 000 patients diagnosed with mCRC each year in 
Germany (primary findings or in the course of dis-
ease) [43] received an irinotecan-based chemother-
apy regimen, the estimated annual savings yielded by 
using the genetic test could amount to around  
€14 000 000. For a large German health insurance 
company with five million insures this would imply 
savings of €900 000 per year of UGT1A1 testing 
alongside with health benefits for patients.

Limitations
This analysis is subject to several limitations which 
relate both to model parameters and structure. Regard-
ing the parameters within the chosen model structure, 
there remains a lack of published evidence. In par-
ticular, the variables concerning hospitalization due to 
severe side effects had to be based on assumptions of 
a clinical expert (FO) and proxies. If rates of hospital-
izations were higher as assumed in this study, the costs 
of treating side effects would be underestimated.

Moreover, the variables concerning death from 
hospitalized neutropenia and diarrhea were assumed 
to be zero in the base case. This was because we 
intended to provide a conservative estimate of effec-
tiveness for the new intervention. The identified 
clinical trials among colorectal cancer patients did 
not report any death due to severe diarrhea and only 
one study reported one patient who died due to 
severe neutropenia [30]. These findings are in line 
with observations of zero or very low mortality from 
diarrhea or febrile neutropenia also in other cancers 
like advanced non-small cell lung cancer [44], pan-
creatic cancer [45] or advanced gastric cancer [46]. 
If, nevertheless, the probability of death from severe 
neutropenia and diarrhea in clinical practice is higher 
than assumed in the current study, QALY gains 
through genetic testing prior irinotecan-based che-
motherapy would be higher and thus cost-effective-
ness more favorable.

Moreover, discount agreements between manufac-
turers and health insurance companies as well as pos-
sible copayments by insures have not been taken into 
account. To obtain the best possible cost estimates, the 
cost values were chosen in collaboration with experts 
and conservative estimates were preferred.

Also, quality of life decrements used in this study 
stemmed from the diagnostic assessment report by 
the National Institute for Health and Care Excellence 
(NICE) which summarizes the international evidence 
on quality of life impacts of chemotherapy-related 
adverse events [34]. However, values reported in this 
study might not necessarily reflect the values of the 
German population. This was necessary because no 
German QALY weights could be identified.

Regarding the model structure, we had to make 
a number of simplifying assumptions. In the Markov 
stage ‘post-neutropenia care’, patients receive a sub-
sequent chemotherapy regimen that completely pre-
vents further cases of neutropenia. Also, the base case 
calculation assumes that when identified, heterozy-
gous and homozygous mutation carriers are treated 
identically, which may not meet the requirements of 
the two different patient groups.

Furthermore, the impact of testing on the effec-
tiveness of irinotecan was neglected. There is the pos-
sibility that a reduced dose in hetero- and homozygotes 
will lead to a decreased tumor response to chemo-
therapy, and thus reduced survival. However, the 
results of a recent meta-analysis concerned with this 
issue suggest, that this is not the case [47]. Also, 
Innocenti et al. [48] argue that it is too premature to 
conclude that lower dosage in UGT1A1 patient 
might result in lower efficacy of treatment. However, 
wildtypes might be able to cope with higher FOL-
FIRI dose than they usually receive [49]. If these 
patients are identified by the genetic test and their 

Figure 5. Cost-effectiveness acceptability curve.
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treatment is adjusted, better efficacy of chemother-
apy might be achieved. Further clinical research is 
necessary to provide a better basis for more detailed 
economic analysis.

The homozygous *28/*28 genotype is the genetic 
basis of Gilbert Meulengracht Hyperbilirubinemia 
syndrome. So besides genetic UGT1A1 testing also 
phenotypic testing of serum bilirubin has the poten-
tial to predict irinotecan toxicity [50]. How a genetic 
and a phenotypic test do compare in terms of cost, 
accuracy and efficiency was not part of this investiga-
tion as the genetic test has been more commonly 
used and will have to be investigated in future stud-
ies. Also, it is acknowledged that the DPYD*2A 
mutation is a predictive marker of severe toxicity to 
5-FU based treatment and some severe toxicity in 
the UGT1A1*28 wildtype patients might be related 
to this polymorphism. How this polymorphism would 
impact on the development of further personaliza-
tion strategies is an area of further research.

UGT1A1 genotyping may need to be seen in the 
context of other stratification approaches which may be 
applied in treatment practice but could not be assessed 
within this model. For example, the guidelines of the 
Association of the Scientific Medical Societies in  
Germany (AWMF) recommends an alignment of treat-
ment on the specific side effects of chemotherapeutic 
agents, comorbidities, or the personal and professional 
situation of the patient [9]. Moreover, the European 
Organization for Research and Treatment of Cancer 
(EORTC) recommends the consideration of prophy-
lactic administration of growth factors for chemother-
apy regimens with moderate risk of neutropenia 
(10–20%) as FOLFIRI, dependent on individual risk 
factors, such as age or comorbidities [51].

Implications for further research

Uncertainty about costs and effects is a typical feature 
of personalized interventions [1]. Given that in this 
case, one strategy is expected to be cost saving with a 
very high probability, the population EVPI associated 
with the decision is comparatively low and that 
improved parameter estimates are unlikely to change 
the overall conclusion from the model. However, sub-
stantial structural uncertainty remains: the sensitivity 
analysis has shown that the degree of dose-reduction 
in heterozygotes patients has a high impact on cost-
effectiveness. Also, the cost-effectiveness of UGT1A1 
testing strongly depends on whether in clinical prac-
tice, physicians indeed chose dose reduction in both 
heterozygote and homozygote patients which is diffi-
cult to predict in the face of complex pathways of 
cancer care. This structural uncertainty is not 
accounted for in the EVPI estimates. Given the poten-
tially high cost savings associated with UGT1A1  

testing, therefore, collecting further evidence still 
appears worthwhile.

It has been proposed that managed entry agree-
ments (MEAs) are promising arrangements to resolve 
uncertainty surrounding early value-estimates from 
decision-analytic modeling [52]. The term MEA 
stands for a variety of innovative reimbursement 
mechanisms addressing value uncertainties in cover-
age decisions [53]. For example, additional reim-
bursement for UGT1A1 testing could be offered to 
selected health care providers within ‘coverage with 
evidence development’ (CED) scheme where the 
reported results are verified in the real-world envi-
ronment during a randomized controlled trial. Sick-
ness fund routine data may provide a valuable data 
source for such type of evidence generation [54]. The 
results of the present model, in particular the reported 
differences in costs between the strategies and the 
corresponding standard errors, can provide indica-
tions for the sample size calculation in such a trial. 
Further work is needed to address the statistical 
issues and practical aspects concerning the study 
design such as how to (cluster-) randomize the recip-
ients of the additional funding got UGT1A1 testing 
or how to assess the cost and effectiveness appropri-
ately in sickness fund routine data.

Conclusion

This study assessed the cost-effectiveness of UGT1A1 
genotyping prior to irinotecan-based chemotherapy in 
metastatic colorectal cancer patients. To our knowl-
edge, it is the first study which also includes diarrhea 
as potential side effect of the FOLFIRI regime. The 
results confirm previous results that UGT1A1 testing 
and dose reduction is likely to be more effective and 
cost saving compared with the current standard of no 
testing. For a large sickness fund with five million 
insures this would imply savings of €900 000 per year 
of UGT1A1 testing. However, if physicians administer 
a prophylactic G-CSF growth factor analog instead, 
small QALY gains are associated with costs of about 
€65 million per QALY gained.

The results are subject to substantial structural 
uncertainty. Collecting further evidence within man-
aged entry agreements for UGT1A1 genotyping thus 
appears to be a valuable investment not only from a 
scientific and medical perspective but also from the 
perspective of health care payers with a concern for 
cost containment.

Acknowledgments

We are grateful to Matthias Hunger for valuable 
comments regarding the design of a potential man-
aged-entry agreement as well as Sigrid Adler-Reichel 

B. Butzke et al. 326



	

for her support regarding the appropriate DRG clas-
sification. Furthermore, we are indebted to four 
anonymous reviewers for their comments that helped 
improving the manuscript. The work of WR and FS 
was supported by the grant “Individualized Health 
Care: Ethical, Economic and Legal Implications for 
the German Health Care System” of the German 
Federal Ministry of Education and Research (BMBF, 
grant number 01GP1006B).

Declaration of interest:   Since July 2014 BS, and 
since April 2015, FS are employed by Amgen (Europe) 
GmbH. This had no impact on study design or inter-
pretation of the results. The other authors report no 
conflicts of interest. The authors alone are responsible 
for the content and writing of the paper.

References

Rogowski WH, Grosse SD, Khoury MJ. Challenges of trans-[1]	
lating genetic tests into clinical and public health practice. 
Nature Rev Genet 2009;10:489–95.
Aspinall MG, Hamermesh RG. Realizing the promise of per-[2]	
sonalized medicine. Harv Bus Rev 2007;85:108–17.
Hatz MH, Schremser K, Rogowski WH. Is individualized [3]	
medicine more cost-effective? A systematic review. Pharma-
coeconomics 2014;32:443–55.
Andre F, Ciccolini J, Spano JP, Penault-Llorca F, Mounier N, [4]	
Freyer G, et  al. Personalized medicine in oncology: Where 
have we come from and where are we going? Pharmacoge-
nomics 2013;14:931–9.
Palomaki GE, Bradley LA, Douglas MP, Kolor K,  [5]	
Dotson WD. Can UGT1A1 genotyping reduce morbidity 
and mortality in patients with metastatic colorectal cancer 
treated with irinotecan? An evidence-based review. Genet 
Med 2009;11:21–34.
Robert Koch-Institut (Hrsg.). Verbreitung von Krebser-[6]	
krankungen in Deutschland. Entwicklung der Prävalenzen 
zwischen 1990 und 2010. Beiträge zur Gesundheitsberich-
terstattung des Bundes. Berlin; 2010.
Robert Koch-Institut (Hrsg) und die Gesellschaft der epide-[7]	
miologischen Krebsregister in Deutschland e.V. (Hrsg). 
Krebs in Deutschland 2007/2008; 2012.
Van Cutsem E, Nordlinger B, Cervantes A. Advanced color-[8]	
ectal cancer: ESMO clinical practice guidelines for treat-
ment. Ann Oncol 2010;21(Suppl 5):v93–7.
Leitlinienprogramm Onkologie (Deutsche Krebsgesellschaft [9]	
DK, AWMF). S3-Leitlinie Kolorektales Karzinom, Langver-
sion 1.0. 2013 [updated 2013; cited]. Available from: http://
leitlinienprogramm-onkologie.de/Leitlinien.7.0.htm.
de Jong FA, de Jonge MJ, Verweij J, Mathijssen RH. Role of [10]	
pharmacogenetics in irinotecan therapy. Cancer Lett 2006;234: 
90–106.
Liu X, Cheng D, Kuang Q, Liu G, Xu W. Association of [11]	
UGT1A1*28 polymorphisms with irinotecan-induced  
toxicities in colorectal cancer: A meta-analysis in Caucasians. 
Pharmacogenomics J 2014;14:120–9.
Iyer L, Das S, Janisch L, Wen M, Ramirez J, Karrison T, et al. [12]	
UGT1A1*28 polymorphism as a determinant of irinotecan 
disposition and toxicity. Pharmacogenomics J 2002;2:43–7.
Pfizer Inc. Highlights of prescribing information (CAMP-[13]	
TOSAR). 2012 [updated 2012; cited]. Available from: http://
labeling.pfizer.com/ShowLabeling.aspx?id  533; Zugriff am 
28.06.2013.

Obradovic M, Mrhar A, Kos M. Cost-effectiveness of [14]	
UGT1A1 genotyping in second-line, high-dose, once every 
3 weeks irinotecan monotherapy treatment of colorectal can-
cer. Pharmacogenomics 2008;9:539–49.
Gold HT, Hall MJ, Blinder V, Schackman BR. Cost effective-[15]	
ness of pharmacogenetic testing for uridine diphosphate glu-
curonosyltransferase 1A1 before irinotecan administration 
for metastatic colorectal cancer. Cancer 2009;115:3858–67.
Pichereau S, Le Louarn A, Lecomte T, Blasco H,  [16]	
Le Guellec C, Bourgoin H. Cost-effectiveness of UGT1A1*28 
genotyping in preventing severe neutropenia following FOLF-
IRI therapy in colorectal cancer. J Pharm Pharmaceut Sci 
2010;13:615–25.
Welte R, Feenstra T, Jager H, Leidl R. A decision chart for [17]	
assessing and improving the transferability of economic eval-
uation results between countries. Pharmacoeconomics 
2004;22:857–76.
Rogowski WH. The cost-effectiveness of screening for hered-[18]	
itary hemochromatosis in Germany: A remodeling study. 
Med Decis Making 2009;29:224–38.
Van Cutsem E, Kohne CH, Hitre E, Zaluski J, Chang Chien [19]	
CR, Makhson A, et al. Cetuximab and chemotherapy as ini-
tial treatment for metastatic colorectal cancer. N Engl J Med 
2009;360:1408–17.
Asseburg C, Frank M, Kohne CH, Hartmann JT, Griebsch I, [20]	
Mohr A, et  al. Cost-effectiveness of targeted therapy with 
cetuximab in patients with K-ras wild-type colorectal cancer 
presenting with initially unresectable metastases limited to the 
liver in a German setting. Clin Ther 2011;33:482–97.
Guyot P, Ades AE, Ouwens MJ, Welton NJ. Enhanced sec-[21]	
ondary analysis of survival data: Reconstructing the data 
from published Kaplan-Meier survival curves. BMC Med 
Res Methodol 2012;12:9.
Schulz C, Heinemann V, Schalhorn A, Moosmann N,  [22]	
Zwingers T, Boeck S, et  al. UGT1A1 gene polymorphism: 
Impact on toxicity and efficacy of irinotecan-based regimens in 
metastatic colorectal cancer. World J Gastroenterol 
2009;15:5058–66.
Recommendations from the EGAPP Working Group: Can [23]	
UGT1A1 genotyping reduce morbidity and mortality in 
patients with metastatic colorectal cancer treated with iri-
notecan? Genet Med 2009;11:15–20.
Cote JF, Kirzin S, Kramar A, Mosnier JF, Diebold MD, [24]	
Soubeyran I, et  al. UGT1A1 polymorphism can predict 
hematologic toxicity in patients treated with irinotecan. Clin 
Cancer Res 2007;13:3269–75.
Martinez-Balibrea E, Abad A, Martinez-Cardus A, Gines A, [25]	
Valladares M, Navarro M, et al. UGT1A and TYMS genetic 
variants predict toxicity and response of colorectal cancer 
patients treated with first-line irinotecan and fluorouracil 
combination therapy. Br J Cancer 2010;103:581–9.
Briggs A, Claxton C, Sculpher M. Decision modelling for [26]	
health economic evaluation. Geray A, Briggs A, editors. 
Oxford: Oxford University Press; 2006.
Toffoli G, Cecchin E, Corona G, Russo A, Buonadonna A, [27]	
D’Andrea M, et al. The role of UGT1A1*28 polymorphism 
in the pharmacodynamics and pharmacokinetics of irinotecan 
in patients with metastatic colorectal cancer. J Clin Oncol 
2006;24:3061–8.
Hecht JR, Pillai M, Gollard R, Heim W, Swan F, Patel R, et al. [28]	
A randomized, placebo-controlled phase II study evaluating the 
reduction of neutropenia and febrile neutropenia in patients 
with colorectal cancer receiving pegfilgrastim with every-2-
week chemotherapy. Clin Colorectal Cancer 2010;9:95–101.
Shulman K, Cohen I, Barnett-Griness O, Kuten A, Gruber SB, [29]	
Lejbkowicz F, et  al. Clinical implications of UGT1A1*28 
genotype testing in colorectal cancer patients. Cancer 2011;117: 
3156–62.

Cost-effectiveness of UGT1A1 genotyping  327



�

Aranda E, Valladares M, Martinez-Villacampa M, Benavides M, [30]	
Gomez A, Massutti B, et al. Randomized study of weekly iri-
notecan plus high-dose 5-fluorouracil (FUIRI) versus biweekly 
irinotecan plus 5-fluorouracil/leucovorin (FOLFIRI) as first-
line chemotherapy for patients with metastatic colorectal can-
cer: A Spanish Cooperative Group for the Treatment of 
Digestive Tumors Study. Ann Oncol 2009;20:251–7.
Schultheis B, Folprecht G, Kuhlmann J, Ehrenberg R, [31]	
Hacker UT, Kohne CH, et al. Regorafenib in combination 
with FOLFOX or FOLFIRI as first- or second-line treat-
ment of colorectal cancer: Results of a multicenter, phase Ib 
study. Ann Oncol 2013;24:1560–7.
Ghiringhelli F, Vincent J, Guiu B, Chauffert B, Ladoire S. [32]	
Bevacizumab plus FOLFIRI-3 in chemotherapy-refractory 
patients with metastatic colorectal cancer in the era of bio-
therapies. Invest New Drugs 2012;30:758–64.
Bennett L, Zhao Z, Barber B, Zhou X, Peeters M, Zhang J, [33]	
et al. Health-related quality of life in patients with metastatic 
colorectal cancer treated with panitumumab in first- or second-
line treatment. Br J Cancer 2011;105:1495–502.
Sieper J, Braun J. New treatment options in ankylosing [34]	
spondylitis: A role for anti-TNFalpha therapy. Ann Rheum 
Dis 2001;60(Suppl 3):iii58–61.
Available from: http://www.lauer-fischer.de/ [cited 2015  [35]	
June 04].
Valle E, Gross M, Bickston SJ. Infliximab. Expert Opin Phar-[36]	
macother 2001;2:1015–25.
KVB Kassenärtzliche Bundesvereinigung. Available from [37]	
http://www.kbv.de. [cited 2013 Sept 17]. Available from: 
http://www.kbv.de.
Mansfield E. Academic research and industrial innovation. [38]	
Res Policy 1991;20:1–12.
Lyman GH, Michels SL, Reynolds MW, Barron R, Tomic KS, [39]	
Yu J. Risk of mortality in patients with cancer who experience 
febrile neutropenia. Cancer 2010;116:5555–63.
Rothenberg ML, Meropol NJ, Poplin EA, Van Cutsem E, [40]	
Wadler S. Mortality associated with irinotecan plus bolus 
fluorouracil/leucovorin: Summary findings of an independ-
ent panel. J Clin Oncol 2001;19:3801–7.
Grosse SD. Assessing cost-effectiveness in healthcare: His-[41]	
tory of the $50,000 per QALY threshold. Expert Rev Phar-
macoecon Outcomes Res 2008;8:165–78.
Tumor Registry Munich. [cited 2013 Nov 12]. Available [42]	
from: http://www.tumorregister-muenchen.de/.
Satouchi M, Kotani Y, Shibata T, Ando M, Nakagawa K, [43]	
Yamamoto N, et  al. Phase III study comparing amrubicin 
plus cisplatin with irinotecan plus cisplatin in the treatment 

of extensive-disease small-cell lung cancer: JCOG 0509.  
J Clin Oncol 2014;32:1262–8.
Conroy T, Desseigne F, Ychou M, Bouche O, Guimbaud R, [44]	
Becouarn Y, et  al. FOLFIRINOX versus gemcitabine for 
metastatic pancreatic cancer. N Engl J Med 2011;364: 
1817–25.
Higuchi K, Tanabe S, Shimada K, Hosaka H, Sasaki E, [45]	
Nakayama N, et al. Biweekly irinotecan plus cisplatin versus 
irinotecan alone as second-line treatment for advanced gastric 
cancer: A randomised phase III trial (TCOG GI-0801/BIRIP 
trial). Eur J Cancer 2014;50:1437–45.
Dias MM, McKinnon RA, Sorich MJ. Impact of the [46]	
UGT1A1*28 allele on response to irinotecan: A systematic 
review and meta-analysis. Pharmacogenomics 2012;13: 
889–99.
Innocenti F, Schilsky RL, Ramirez J, Janisch L, Undevia S, [47]	
House LK, et al. Dose-finding and pharmacokinetic study to 
optimize the dosing of irinotecan according to the UGT1A1 
genotype of patients with cancer. J Clin Oncol 2014;32: 
2328–34.
Marcuello E, Paez D, Pare L, Salazar J, Sebio A, del Rio E, [48]	
et al. A genotype-directed phase I-IV dose-finding study of 
irinotecan in combination with fluorouracil/leucovorin as 
first-line treatment in advanced colorectal cancer. Br J Can-
cer 2011;105:53–7.
Ramchandani RP, Wang Y, Booth BP, Ibrahim A,  [49]	
Johnson JR, Rahman A, et al. The role of SN-38 exposure, 
UGT1A1*28 polymorphism, and baseline bilirubin level in 
predicting severe irinotecan toxicity. J Clin Pharmacol 
2007;47:78–86.
Aapro MS, Bohlius J, Cameron DA, Dal Lago L, Donnelly JP, [50]	
Kearney N, et al. 2010 update of EORTC guidelines for the 
use of granulocyte-colony stimulating factor to reduce the 
incidence of chemotherapy-induced febrile neutropenia in 
adult patients with lymphoproliferative disorders and solid 
tumours. Eur J Cancer 2011;47:8–32.
Koerber F, Rolauffs B, Rogowski W. Early evaluation and [51]	
value-based pricing of regenerative medicine technologies. 
Regen Med 2013;8:747–58.
Morel T, Arickx F, Befrits G, Siviero P, van der Meijden C, [52]	
Xoxi E, et al. Reconciling uncertainty of costs and outcomes 
with the need for access to orphan medicinal products: a 
comparative study of managed entry agreements across seven 
European countries. Orphanet J Rare Dis 2013;8:198.
Brandes et al. Evidence generations in managed entry agree-[53]	
ments – When are claims data a suitable source? 2014 Man-
uscript under review

Supplementary material available online

Supplementary Appendix 1-4 available online at 
http://www.informahealthcare.com/doi/abs/10.3109/
0284186X.2015.1053983.

B. Butzke et al. 328




