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ABSTRACT

BACKGROUND: Pharmacogenetic testing can provide predictive insights 
about the efficacy and safety of drugs used in cancer treatment. Although 
many drug-gene associations have been reported in the literature, the 
strength of evidence supporting each association can vary significantly. 
Even among the subgroup of drugs classified by the PharmGKB database 
to have a high or moderate level of evidence, there is limited information 
regarding the economic value of pharmacogenetic testing.

OBJECTIVES: To: (a) summarize the available pharmacoeconomic evidence 
assessing the value of pharmacogenetic testing for cancer drugs with clini-
cally relevant drug-gene associations; (b) determine the quality of the stud-
ies that contain this evidence; and (c) discuss the quality of this evidence 
with respect to the level of evidence of the drug-gene associations.

METHODS: The PharmGKB database was used to identify cancer drugs with 
clinically relevant drug-gene associations graded high (1A, 1B) or moderate 
(2A, 2B). A systematic literature review was conducted using these drugs. 
Ovid MEDLINE and Embase databases were searched to identify cost-
effectiveness, cost-utility, or cost-minimization studies comparing phar-
macogenetic testing to an alternative. Cost and effect values from every 
relevant comparison within the studies were extracted, and the incremental 
cost-effectiveness ratio (ICER) was either extracted or calculated for each 
comparison. Quality assessment was conducted for each study using the 
Quality of Health Economic Studies (QHES) instrument. Qualitative synthe-
sis was used to summarize the data.

RESULTS: The search yielded 2,191 citations, of which 35 studies met the 
inclusion criteria. Pharmacoeconomic studies were available for the fol-
lowing drugs from the PharmGKB database: fluoropyrimidine, 6-mercap-
topurine, irinotecan, carboplatin, cisplatin, erlotinib, gefitinib, cetuximab, 
panitumumab, and trastuzumab. The studies were conducted in Asia, 
Europe, Canada, the United States, and Mexico and reported cost-utility, 
cost-effectiveness, and cost-minimization outcomes. The mean QHES 
score was 80 (SD = 22) for the studies of drug-gene pairs with high (1A, 
1B) and moderate (2A, 2B) levels of evidence (1A = 82, 1B = 93, 2A = 71, 
and  2B = 74). There was variation across studies in terms of reporting. 
109 relevant comparisons were identified within the studies. Of those that 
reported cost per life-year or cost per quality-adjusted life-year (n = 58 
comparisons), pharmacogenetic testing was dominant in 21% overall and 
42%, 21%, 17%, and 5% of the comparisons in Asia, Europe, Canada, and 
the United States, respectively. Variability was observed in the ICER values 
regardless of geographic region or drug. Pharmacogenetic testing was cost 
saving in 17 of 19 cost-minimization comparisons and was favored most 
frequently when compared with genetically indiscriminate strategies con-
taining the drug of interest.

CONCLUSIONS: There was mixed evidence regarding the value of pharma-
cogenetic testing to guide cancer treatment. For future pharmacogenomic-
related economic studies, we recommend prioritizing clinically relevant 

SYSTEMATIC REVIEW

Pharmacogenetics, “the study of variations in DNA 
sequence as related to drug response,” is at the forefront 
of precision medicine (i.e., personalized medicine).1 

Precision medicine enables health care providers to use the 
knowledge of biological variations that inherently exist within 
populations to individualize care for patients. Thus, it is espe-
cially relevant in oncology, where heterogeneity among cancer 

• Pharmacogenetics enables health care providers to more appro-
priately select treatments based on a patient’s genes. Clinical 
research comparing drug and gene pairs demonstrates that the 
degree of association with either efficacy or safety outcomes varies  
based on the pairs selected.

• Precision medicine generally shows favorable economic outcomes 
when the aggregate of all therapeutic areas is considered. 

What is already known about this subject

• This systematic literature review summarizes the incremental 
cost-effectiveness ratios (ICERs) of pharmacogenetic testing for 
cancer drugs with clinically relevant drug-gene associations 
based on currently published cost-effectiveness, cost-utility, and 
cost-minimization studies. 

• Since the body of the reviewed published literature was assessed 
at a comparison level rather than a study level, this review identi-
fies and accounts for all ICER values from the evaluated studies, 
including those that the authors did not explicitly summarize, 
thus providing additional insights into the economics of pharma-
cogenetic testing in cancer.

• This study underscores the absence of methodologic consistency 
among the various published studies on the economics of phar-
macogenetic testing, and it also provides suggestions for more 
consistent alignment among future studies in this area. 

What this study adds

drug-gene associations and greater adherence to available best practice 
guidelines for conducting and reporting economic evaluation studies.
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Study Selection
Two reviewers independently screened the titles and abstracts 
using the inclusion criteria established before the start of 
the study. Both reviewers independently assessed full texts 
retrieved for potential inclusion. Studies identified in the 
previous literature review that met the inclusion criteria were 
also reviewed independently for inclusion. All disagreements 
were resolved by discussion between reviewers. Studies were 
included if they met the following criteria: (a) were an origi-
nal research article; (b) assessed a population with a cancer 
in which pharmacogenetic testing affects drug utilization 
outcomes; (c) assessed cancer drugs for which the level of evi-
dence supporting the drug-gene pair association is 1A, 1B, 2A, 
or 2B as determined by PharmGKB Clinical Annotations (see 
the Appendix for drug list and explanation of how drugs were 
selected); (d) used pharmacogenetic testing to guide therapy 
compared with no testing, standard care, or any alternative 
methods; and (e) reported outcomes of cost-effectiveness, 
cost-utility, or cost-minimization analyses. Editorials, letters, 
historical articles, commentaries, meta-analyses, reviews, and 
studies reporting cost of illness, budget impact, or clinical out-
comes only were excluded.

Data Extraction
Data extraction was conducted by 2 authors for each article and 
the items presented in this report include the following: drug, 
gene, gene prevalence, disease, country, costing perspective, 
time horizon, analytic approach, currency, test cost, treatment 
strategies compared, treatment strategy effectiveness, treatment 
strategy cost, and economic outcome of comparison (base-case 
and majority population value reported only when studies 
reported multiple cost/effect and incremental cost-effectiveness 
ratio [ICER] values).

Quality Assessment 
Quality assessment was conducted for each study by 2 authors 
using the Quality of Health Economic Studies (QHES) instru-
ment, and the intraclass correlation coefficient (ICC) was calcu-
lated to assess inter-rater reliability using inputs from 2-factor 
analysis of variance without replication. The QHES instrument 
is validated to assess the quality of cost-effectiveness studies. 
It provides a quantitative overall score for each study on a 
scale ranging from 0 (lowest quality) to 100 (highest quality).12 
We prespecified each criterion of this tool using a previously 
published study that also utilized this instrument.13 Journals 
in which included studies were published were characterized 
as “economic/policy” or “clinical/other” based on their InCites 
Journal Citation Reports descriptions.

Findings Summary
Because of the heterogeneity in the methods, outcomes, and 
settings of included studies, it was inappropriate to conduct a 
meta-analysis. 

types creates a need to develop targeted therapies for biologi-
cally unique populations.2,3 

The PharmGKB database contains a collection of clinically 
relevant drug-gene associations developed using an evidence-
based approach, and the PharmGKB group systematically 
grades the level of evidence that supports such associations as 
high (1A, 1B), moderate (2A, 2B), low, and preliminary. The 
associations are drug-gene relationships with respect to dosage, 
efficacy, toxicity/adverse drug reactions, and metabolism/phar-
macokinetics.4 While there is an evidence basis to identify clin-
ically promising drug-gene associations, there is limited infor-
mation available regarding their economic value. This insight is 
essential in oncology because the cancer treatment paradigm is 
shifting toward individualized therapy.5 The shift is also likely 
to affect the economics of cancer care. For instance, does a 
drug provide relatively more economic value when prescribed 
for cancers based on a specific biomarker or when prescribed 
based on tumor origin and tumor histology?6,7 The former has 
the potential to be a more tissue-agnostic approach.

To our knowledge, only 1 systematic literature review (SLR) 
has attempted to understand the economic value from a drug-
gene relevance perspective.8 Furthermore, no SLRs have been 
conducted to understand the economic value of using predic-
tive pharmacogenetic tests of cancer drugs. To address this gap 
in the literature, we conducted an SLR to (a) summarize the 
available evidence assessing the economic value of pharma-
cogenetic testing for cancer therapies with clinically relevant 
drug-gene associations; (b) determine the quality of the afore-
mentioned studies; and (c) discuss the quality of the evidence 
assessing the economic value of pharmacogenetic testing with 
respect to the level of evidence of the drug-gene pair associa-
tion as determined by PharmGKB.4

■■  Methods
An SLR was conducted based on work from a previous lit-
erature review presented as a poster and reported according 
to PRISMA guidelines.9,10 The previous review reported the 
number and quality of pharmacoeconomic studies on genetic 
testing for selected agents from PharmGKB, comparison of 
the economic evidence, and regulatory agency recommenda-
tions for genetic testing with the drug-gene pair level of evi-
dence.9 The study protocol was registered with PROSPERO, 
an international database of prospectively registered system-
atic reviews.11 The Embase and MEDLINE databases were 
searched for literature published between January 1, 2000, 
and September 15, 2016. The search strategy was composed of 
terms for genetics, economics, and drug names, and the 3 cat-
egories were combined with the “AND” Boolean operator. The 
search was restricted to studies with an available abstract and 
peer-reviewed full report, conducted in human subjects, and 
reported in English. The full search strategy is reported in the 
Appendix (available in online article).
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The findings of this study are reported as a qualitative syn-
thesis of economic outcomes at a comparison level. Unlike a 
synthesis that is conducted at a study level, where each study 
contributes 1 ICER to the synthesis, a comparison-level syn-
thesis enables 1 study to contribute multiple ICERs because 
multiple comparisons can be made among the treatment strate-
gies included in the study. In this comparison-level qualitative 
synthesis of economic outcomes, all comparisons identified 
within the studies for a drug are weighed equally in the sum-
mary of its economic value. Economic outcomes of interest, 
which include ICERs and incremental cost-utility ratios (both 
referred as “ICER” in this study), and cost savings or increases 
were calculated for relevant comparisons using the extracted 
treatment strategy effect/cost values in situations where the 
studies did not report a value or reported “extended domi-
nance.” For example, Behl et al. (2012) included 4 treatment 
strategies in their study assessing the economic value of genetic 
testing for cetuximab. The authors do not report the ICER for 
the comparison between KRAS testing and no testing.14 In this 
study, we used the cost and effectiveness values provided by 

the authors for each treatment strategy to calculate the ICER of 
KRAS testing compared with no testing. Economic results were 
categorized based on willingness-to-pay (WTP) thresholds 
reported in the literature.15-17 The results were summarized 
with respect to geographic region, drug, and treatment strate-
gies compared. Quality assessments of studies were summa-
rized by drug and journal category, and we report the average 
of the scores determined by both authors. Level of evidence for 
drug-gene pairs, as determined by PharmGKB, was also com-
pared with the quality assessment scores.

■■  Results
Search Results
The Embase and MEDLINE database search produced 2,191 
abstracts. Six additional abstracts were identified from other 
sources. Title/abstract screening yielded 61 articles for full-
text review, of which 35 met the inclusion criteria (Figure 1). 
Twenty-five percent of the drugs identified via the Clinical 
Annotations list in PharmGKB had at least 1 article included 
in this study.

Excluded
Conference abstracts

n = 290
Irrelevant topic

n = 1,907

FIGURE 1 PRISMA Flow Diagram

Records identified through Embase  
and MEDLINE database search

n = 2,191

Additional records identified  
through other sources

n = 6

Title/abstract screened
n = 2,197

Is pharmacogenetic testing being compared with either  
no testing or less comprehensive pharmacogenetic testing?

Full text screened
n = 61

Excluded
n = 26

Reason for Exclusion
Noncancer population

n = 15
Nonrelevant drug

n = 5
Not about genetic testing

n = 5
Nonrelevant outcome

n = 1

Included
n = 35
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Study Characteristics
Study characteristics are summarized in Table 1 by analytic 
approach, perspective, time horizon, and geographic region. 
Eighty-one percent of the studies were published between 2010 
and 2016. Respectively, 46%, 26%, and 9% of studies reported 
Markov models, decision trees, and simulation models as the 
analytical approach (i.e., study model). Twenty percent did not 
report an analytical approach. Studies most frequently reported 
the government payer and private payer perspectives (37% and 
31% of studies, respectively), followed by societal (17%) and 
institution/provider (9%). Six percent of studies did not report 
any perspective. Time horizon ranged from < 1 year to lifetime 
and was not reported in 8 studies. Studies were conducted 
most frequently in Europe (public and/or private payers), fol-
lowed by Asia (public and/or private payers), the United States 
(private payer), Canada (public payer), and Mexico (public and 
private payer) and included cost-utility, cost-effectiveness, and 
cost-minimization analyses.18,19

Quality Assessment
The quality assessment results are summarized in Table 2. 
The ICC was determined to be 0.82 (95% confidence interval 
[CI] = 0.46-0.93). Seventeen percent of the studies were pub-
lished in economic/policy journals; these studies had higher 
QHES scores than those published in clinical/other journals 
(mean = 84, range = 58-99 vs. mean = 79, range = 21-99). Overall, 
the mean QHES score was 80 (standard deviation = 22).

Mean QHES scores across the levels of evidence graded 
as high and moderate were 82 for 1A, 93 for 1B, 71 for 2A, 
and 74 for 2B. The drug-gene pairs fluoropyrimidine-DPYD 
for multiple cancers and 6-mercaptopurine-TPMT for acute 
lymphoblastic leukemia had 1A level of evidence, and their 
respective economic studies had mean QHES scores of 86 and 
78 (range = 70-87), respectively.20-22 Erlotinib-EGFR and gefi-
tinib-EGFR for lung cancer had 1B level of evidence, and their 
economic studies had mean QHES scores of 96 (range = 89-99) 
and 89 (range = 83-95), respectively.23-34 The level of evidence 
for drug-gene pairs in colorectal cancer was 2A for irinotecan-
UGT1A1 and 2B for panitumumab-KRAS and cetuximab-
RAS/KRAS/BRAF; the mean QHES scores of their economic 
studies were 71 (range = 25-98), 76 (range = 72-80), and 71 
(range = 20-96), respectively.14,35-47 The drug-gene pairs cisplatin- 
TPMT/COMT for multiple cancers, carboplatin-BRCA-1-like 
gene for resistant triple-negative breast cancer, and trastu-
zumab-HER2 for breast cancer did not have an assessment 
of strength of association per PharmGKB; the mean QHES 
scores of the studies assessing these pairs were 58, 96, and 78 
(range = 58-89), respectively.48-52

Economic Evidence Summary
One hundred nine relevant comparisons were identified within 
the included studies. These included ICER (n = 58) and cost dif-
ference (n = 19) economic outcomes for pharmacogenetic test-
ing.14,20-28,30-36,38-51,53 Furthermore, comparisons were identified 
for cetuximab and trastuzumab where pharmacogenetic testing 
was less effective than the comparator. In these comparisons, 
all patients in the no-testing cohort received cetuximab or 

Category Subcategory
Number of 
Articles (%)

Analytic approach  
(study model)

Simulation modela  3 (9)
Markov model  16 (46)
Decision tree  9 (26)
Not reported  7 (20)

Perspective Private payer  11 (31)
Government payer  13 (37)

Societal  6 (17)
Institution/provider  3 (9)

Not reported  2 (6)
Time horizon < 1 year  2 (6)

1 to < 5 years  6 (17)
5 to < 10 years  2 (6)

≥ 10 years  6 (17)
Lifetime  11 (31)

Not reported  8 (23)
Geographic region United Statesb  8 (23)

Europe  12 (34)
Asia  9 (26)

Canada  5 (14)
Mexico  1 (3)

aDiscrete event simulation, MonteCarlo simulation model, and microsimulation.
bOne article also studied Germany; total studies, n = 35.

TABLE 1 Study Characteristics

Number  
of 

Articles

QHES Score  
Mean  

(Range)

Drug-Gene 
Association 

Strength

Drug/gene 
5-FU; capecitabine/DPYD 1 86 1A
6-mercaptopurine/TPMT 2  78 (70-87) 1A
Erlotinib/EGFR 6  96 (89-99) 1B
Gefitinib/EGFR 6  89 (83-95) 1B
Irinotecan/UGT1A1 4  71 (25-98) 2A
Cetuximab/RAS; KRAS, BRAF 11  71 (20-96) 2A
Panitumumab/KRAS 2  76 (72-80) 2B
Cisplatin/TPMT; COMT 1 58 –
Trastuzumab; HER-2 status 3  78 (58-89) –
Carboplatin, cyclophosphamide/
BRCA-1-like

1 96
–

Journal category
Economic/policy 6  84 (58-99) –
Clinical/other 29  79 (21-99) –

5-FU = fluorouracil; QHES = Quality of Health Economic Studies.

TABLE 2 Study Quality with Respect to Drugs 
and Journal Category
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trastuzumab, whereas patients in the pharmacogenetic testing  
cohort were selected to receive these drugs based on their 
test results. Wen et al. (2015) reported a comparison where 
bevacizumab treatment was dominant when compared with 
cetuximab treatment in the KRAS WT patient population 
(n = 12).14,39,40,43,45,51 Comparisons were also identified where 
the outcome of effectiveness was not reported in life-years or 
quality-adjusted life-years (progression-free survival [n = 1], 

correctly managed cases [n = 18], adverse event-avoided cases 
[n = 1]).29,37,52 The number of comparisons found for each drug 
and in each geographic region varied.

Cost-Effectiveness Studies
Across all geographic regions and drugs, pharmacogenetic 
testing compared with an alternative (no testing or less  
comprehensive testing) was dominant in 21% of the comparisons  

All Regions Canada (n = 6) Asia (n = 12) United States (n = 23) Europe (n = 17)

Predictive for response 
(n = 53)

Cetuximab (n = 17) 
Colorectal cancer

n = 3 n = 5 n = 2 n = 4

Erlotinib (n = 13)  
Lung cancer

None available None available n = 10 n = 1

Gefitinib (n = 5)  
Lung cancer

n = 1 n = 2 None available None available

Trastuzumab (n = 16) 
Breast cancer

None available None available n = 8 n = 5

Panitumumab (n = 1) 
Colorectral cancer

n = 1 None available None available None available

Carboplatin (n = 1) 
Breast cancer

None available None available None available n = 1

Predictive for toxicity 
(n = 5)

None available None available

Irinotecan (n = 4) 
Colorectal cancer

None available None available n = 1 n = 1

6-Mercaptopurine (n = 1) 
Leukemia

None available None available None available n = 1

Legend

Note: This figure is composed of 2 parts: (1) illustration of ICERs as dominant versus not dominant and (2) illustration of ICERs that are not dominant (i.e., ICER > 0) 
using WTP threshold categories. Generally, somatic mutation testing was conducted to predict response, whereas germline mutation testing was conducted to predict toxicity.
Number of interventions compared, n = 58; number of studies, n = 25; 2 effect measures included LYs and QALYs; currency year included years 2002 to 2014; study year 
included years 2004 to 2016.
CAD = Canadian dollar; EUR = euro; ICER = incremental cost-effectiveness ratio; LY = life-year; QALY = quality-adjusted life-year; USD = U.S. dollar; WTP = willingness-to-pay.
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FIGURE 2 ICERs of Genetic Testing Interventions Based on WTP Thresholds of Geographic Regions
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The remaining cost-saving comparison characteristics were 
heterogeneous and included comparisons of patient selection 
using pharmacogenetic testing versus protein expression or 
clinical features. Pharmacogenetic testing was not consistently 
dominant or cost saving for comparisons where the outcome of 
effectiveness was progression-free survival, correctly managed 
cases, or adverse events avoided.

■■  Discussion
This systematic literature review summarizes the available 
evidence for the economic value of pharmacogenetic testing 
for cancer therapies with clinically relevant drug-gene asso-
ciations. We also compared the quality of the evidence assess-
ing the economic value of pharmacogenetic testing with the 
PharmGKB-graded level of evidence for the drug-gene pairs. 
Based on the findings from this study, we concluded that  
(a) pharmacogenetic testing is not a universally dominant strat-
egy, and (b) among the comparisons in which pharmacogenetic 
testing was not a dominant strategy, there was variability in the 
ICER values, with a significant proportion being in the higher 
WTP threshold categories.15-17 Pharmacogenetic testing was 
also the less effective intervention in some comparisons with 
no testing or less comprehensive testing. Furthermore, phar-
macogenetic testing was likely to be dominant when specific 
combinations of treatment strategies were compared. In con-
trast, pharmacogenetic testing was cost saving in most of the 
cost-minimization comparisons. These comparisons typically 
had reduced utilization of the drug of interest with pharmaco-
genetic testing and, therefore, lower costs. Similar to Hatz et al.  
(2014), the cost-effectiveness of genetic testing depended on the 
WTP threshold.54

Pharmacogenetic testing is not consistently a dominant 
strategy for any drug included in this study. Among the 
included drugs, pharmacogenetic testing is dominant in at 
most 50% of the comparisons, and among comparisons in 
which pharmacogenetic testing is not dominant, the variabil-
ity in the ICER favors higher WTP threshold categories. Even 
when geographic regions are accounted for, inconsistencies 
exist; the only exception is cetuximab in the United States, 
where the ICERs are consistently high (> $150,000).14 In some 
cases, the inconsistencies can be attributed to the interventions 
compared; e.g., for irinotecan in both the United States and 
Europe, we see high ICERs because the actionable intervention, 
based on results of pharmacogenetic testing, was the admin-
istration of irinotecan along with the high-cost supplemental 
therapy granulocyte colony-stimulating factor (G-CSF).35,38 This 
granular assessment demonstrates how conclusions regarding 
cost-effectiveness that are based on a broader perspective can 
mask important deviations. For example, previous work has 
indicated that the evidence of cost-effectiveness of genetic 
testing to guide irinotecan therapy is robust, whereas we 
found that cost-effectiveness depends on which test-informed  

providing ICERs. Predictive testing for response, which is gen-
erally testing of somatic mutations, was dominant in 19% of 
the comparisons overall and in 42%, 21%, 17%, and 5% of the 
comparisons in Asia, Europe, Canada, and the United States, 
respectively. Predictive testing for toxicity, which is generally 
testing of germline mutations, was dominant in 40% of com-
parisons overall and in 50% and 33% of the comparisons in the 
United States and Europe, respectively. Only 1 comparison was 
available for the ICER of pharmacogenetic testing for 6-mer-
captopurine, carboplatin, and panitumumab. Comparisons 
involving irinotecan, gefitinib, trastuzumab, cetuximab, and 
erlotinib found pharmacogenetic testing to be dominant in 
50%, 40%, 19%, 18%, and 15% of comparisons, respectively. 
In comparisons where pharmacogenetic testing was not domi-
nant, the ICER values varied across geographic region and 
drug categories. For example, in the case of erlotinib, 85% of 
comparisons were not dominant (n = 11). Of these 11 com-
parisons, 10 comparisons were from the United States and 1 
comparison was from Europe. There was variability in ICERs 
across geographic regions because the ICER of the comparison 
in Europe was in the lowest WTP threshold category, whereas 
ICERs of comparisons in the United States ranged from the 
lowest to the highest WTP threshold category. This pattern 
was also observed for ICER values of cetuximab, gefitinib, and 
trastuzumab, which demonstrated that there was variability 
across drugs as well. The case of irinotecan was an exception, 
for which 1 study in Europe and 1 study in the United States 
were both in the highest WTP threshold category (Figure 2).

These 58 comparisons were also characterized by 1 of 12 
unique treatment strategy combinations. In comparisons of 
patient selection via pharmacogenetic testing versus no test-
ing, where all patients had access to the drug with relevant 
drug-gene association, pharmacogenetic testing was dominant 
in 67% of comparisons. Likewise, pharmacogenetic testing for 
patient selection was dominant in comparisons against other 
patient selection strategies in cases where all patients had 
access to the drug with a relevant drug-gene association. The 
proportions of comparisons within WTP threshold categories 
are illustrated in Figure 3.

Cost Differences and Other Findings
Eighty-nine percent of the comparisons reporting cost differ-
ences were cost saving (n = 17). Pharmacogenetic testing was 
cost saving in studies conducted in the United States (n = 9), 
Europe (n = 6), and Asia (n = 1). Both cost savings (n = 1) and 
cost increases (n = 2) were observed in Canada. Cost increases 
occurred for TPMT testing to guide 6-mercaptopurine use 
compared with no testing and enzymatic testing. Fifty-three 
percent of the comparisons were made between pharmacoge-
netic testing that guided patient selection and no testing, where 
all patients had access to the drug with a relevant drug-gene 
association (n = 10). All these comparisons were cost saving. 
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FIGURE 3 Cost-Effectiveness of Treatment Strategy Comparisons Stratified Based on Categories of  
WTP Thresholds of Geographic Regions

Note: Number of interventions compared, n = 58; number of studies, n = 25. Intervention categories were identified using thematic analysis; the WTP thresholds were 
grouped into 3 categories for each geographic region: dominant, zero to literature-reported upper limit, and greater than upper limit.
CAD = Canadian dollar; EUR = euro; USD = U.S. dollar; WTP = willingness-to-pay.
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association provided VERSUS patient selection via delayed pharmacogenetic 

testing and drug with relevant drug-gene association provided

Patient selection via pharmacogenetic testing and drug with relevant drug-gene 
association provided VERSUS patient selection via pharmacogenetic testing and 

chemotherapy, drug without gene-drug association, or best supportive care provided

Patient selection via protein expression or clinical features and pharmacogenetic testing and 
drug with relevant drug-gene association provided VERSUS patient selection not conducted and 

chemotherapy, drug without gene-drug association, or best supportive care provided

Patient selection via pharmacogenetic testing and drug with relevant drug-gene association 
provided and additional therapy provided VERSUS patient selection via protein expression 

or clinical features and drug with relevant drug-gene association provided

Patient selection via pharmacogenetic testing and drug with relevant drug-gene 
association provided and additional therapy provided VERSUS patient selection not 

conducted and drug with relevant drug-gene association provided

N =22

N =9

N =6

N =4

N =2

N =3

N =2

N =1

N =4

N =3

N =1

N =1
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actionable intervention is selected (i.e., dose reduction of iri-
notecan versus addition of high-cost supplemental therapy 
G-CSF).35,55 It should be noted that for irinotecan, 6-mercap-
topurine, carboplatin, gefitinib, and panitumumab, cost-effec-
tiveness data are limited. More data are needed to understand 
the nuances related to the economic value of pharmacogenetic 
testing with respect to these (and other) drugs. 

Considering that the WTP threshold is often higher for can-
cer drugs than noncancer drugs, it is notable that the majority 
of comparisons containing erlotinib as the gene (EGFR)-
relevant drug had ICERs at least within the second-lowest WTP 
threshold category (i.e., < 80,000 Canadian dollars in Canada; 
< 50,000 U.S. dollars in Asia; < 100,000 U.S. dollars in the 
United States; < 30,000 euros in Europe) for each geographic 
region; however, the majority of comparisons for cetuximab 
and trastuzumab as gene (EGFR and HER-2)-relevant drugs 
had ICERs above this WTP threshold.56 Given that treatment 
approaches in oncology are heterogeneous and dynamic due to 
the nature of the diseases and that use of pharmacogenetic tests 
is reasonable at multiple points of treatment, variability of com-
parisons within cost-effectiveness analyses are expected; such 
variabilities can potentially affect the relative cost-effectiveness 
of pharmacogenetic testing.57,58

Past reviews focused on the main findings of studies and 
concluded that genetic testing is cost-effective in more cases 
than not. Our conclusion is not consistent with this, which in 
part may be due to methodological differences. We identified 
and accounted for every relevant comparison with pharma-
cogenetic testing as permitted from the data reported in each 
publication. This method of reporting provides the capability 
to thoroughly report all relevant data from each study, thus 
reducing the chance of missing negative or neutral findings. For 
example, in studies assessing cost-effectiveness of cetuximab, 
the overall study findings conclude that pharmacogenetic test-
ing is dominant when both interventions include cetuximab; 
however, if pharmacogenetic testing-guided cetuximab treat-
ment is compared against best supportive care, the ICER is no 
longer dominant.40,46 Since we assessed the literature at a com-
parison level rather than a study level, we were able to report 
all ICERs from the included studies, including those that the 
authors did not explicitly summarize. 

The inconsistencies of ICERs align with findings by D’Andrea 
et al. (2015), where 138 identified ICERs ranged from “cost-
saving” to “> 78,000 euros” to “higher cost and less effective.”59 

Similar findings are reported in other reviews on the topic of 
cost-effectiveness of personalized medicine.8,54,60 Furthermore, 
no meta-analysis was identified on this general topic as each 
of the previous review articles note that the included stud-
ies had a high degree of heterogeneity and, therefore, results 
could not be pooled across studies.8,54,55,59,61 Thus, qualitative 
synthesis is the chosen method of analysis.55,61 Our method 
of reporting the findings differed, however, since we decided 

against using narrative synthesis and provided pictorial repre-
sentations of the extracted data. To our knowledge, this is the 
first systematic literature review focused on understanding the 
economic value of cancer drugs with relevant drug-gene pair 
associations. Furthermore, in addition to having this narrower 
focus, the present study used a search term that included the 
names of the drugs and genes of interest, in addition to general 
terms relating to pharmacoeconomics and precision medicine. 
This arrangement enabled us to comprehensively explore the 
published body of literature and reduce the probability of 
missing any relevant articles. A similar strategy was adopted in 
past reviews where the authors focused only on specific drugs 
pertinent to their research question.8,62 While our study con-
tains a heterogenous sample of comparisons, our narrow focus 
on oncology enabled us to draw conclusions that are specific 
to 1 disease area. Furthermore, we highlight heterogeneity that 
may have been masked in past reviews because our methods 
reduce the chances of high-cost diseases being averaged out by 
other lower-cost diseases. Lastly, narrowing the focus to oncol-
ogy enabled us to find that the majority of economic analyses 
of pharmacogenetic testing are for somatic mutation testing to 
predict response. This provides insights for the direction of 
future research. 

Our quality assessment aligned with findings from previous 
reviews focused on precision medicine that used the QHES 
tool.59,61,63 The QHES is a quick and relatively easy way to iden-
tify high-quality studies and has found ready application in 
the field.12,64-66 We reported the QHES score for 2 reasons: as a 
way to characterize the quality of the articles and to provide a 
benchmark for the quality of economic evaluations of pharma-
cogenetic testing. On average, the articles included in this study 
were good-quality studies, with a mean (standard deviation) 
QHES score of 80 (22) and ICC of 0.82 (95% CI = 0.46-0.93). 
This ICC point estimate exceeds the threshold of 0.8, which has 
been suggested as the threshold for excellent agreement between 
raters.67 The 95% CI on the ICC is consistent with intervals seen 
in previous studies. Ofman et al. (2003) suggested using a mini-
mum QHES score of 75 to identify a good-quality economic 
evaluation.12 Using this threshold, 77% (n = 27) of the included 
studies were considered good-quality economic evaluations. 
Similar to findings from previous work, the articles receiv-
ing a lower QHES score in the current study generally lacked 
information regarding the study perspective, analytic method, 
sensitivity analysis, or potential sources of bias.66 

In our study, 1 of 5 papers did not report an analytic 
approach. Incompleteness in reporting technical details of 
modeling studies has been the subject of best practice reports. 
These reports provide guidance that will be relevant for future 
studies on the value of pharmacogenetic testing. The findings 
of this study provide the following insights for the design and 
conduct of future work:
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1. Future economic studies on pharmacogenetic testing should 
follow existing guidelines for the design, conduct, and 
reporting of modeling studies and cost-effectiveness stud-
ies.68 Relevant stakeholders should be consulted so that 
the interventions compared represent real-world use of 
drugs and technologies. Furthermore, sensitivity analyses 
should be conducted because they broaden the generaliz-
ability of results and make findings more useful for deci-
sion makers.69 Among the studies on this topic, differences 
are expected regarding populations, interventions com-
pared, perspectives, and clinical settings, depending on 
the research question being asked. Therefore, it is critical 
to report the results in their most granular form (i.e., cost 
and effect of each intervention, in addition to the calculated 
ICER with a corresponding 95% CI). 

2. Future reviews evaluating the economics of precision 
medicine should provide rationale for the scope of coverage 
(e.g., therapeutic areas included) and granularity of data 
extraction in the study design. Our study demonstrates that 
including 1 therapeutic area and extracting data at a com-
parison level from included studies has implications for the 
conclusion reached.

Limitations
This study has some limitations to consider. First, only a quali-
tative analysis was performed due to significant heterogeneity 
in the articles included. Thus, the results only provide a high-
level representation of the economic value of pharmacogenetic 
testing for cancer drugs. 

Second, this study only included cancer drugs from the 
PharmGKB Clinical Annotations list, which is not a compre-
hensive list of cancer drugs where pharmacogenetic testing 
is relevant. Furthermore, we accessed this list on October 1, 
2016. Therefore, we are only able to provide a broad overview 
on the subject of the economic value of pharmacogenetic test-
ing in clinical oncology using published literature between 
2000 and 2016. 

Finally, quality assessment was conducted using the QHES 
tool, which is a subjective tool that lacks flexibility to award 
partial credit in situations of nuanced technical differences 
between articles (e.g., missing 1 component of a question with 
multiple components). This may have contributed to the vari-
ability in scores across articles and between authors.12,63 

■■  Conclusions
The economic value of pharmacogenetic testing for can-
cer drugs with clinically relevant drug-gene associations is 
unclear—a limited number of studies provided evidence that 
pharmacogenetic testing is a dominant strategy. Among those 
that are not dominant, there is significant variability in ICERs 
across comparisons. The majority of cost-minimization studies 
are cost saving. The current review yielded recommendations 

for conducting economic evaluations of pharmacogenetic test-
ing and for developing reviews of published economic evalu-
ation studies. While future studies may continue the current 
emphasis on somatic mutation testing to predict efficacy, there 
should be greater adherence to available best practice guide-
lines for conducting and reporting economic evaluation stud-
ies. With regard to developing reviews of economic evaluations, 
we recommend focusing on 1 therapeutic area and reporting 
findings at the comparison level. With these recommendations 
in mind, future research can provide evidence to clarify the 
value of pharmacogenetic testing.
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Search Strategy

No. Query Results

#4 #1 AND #2 AND #3 AND [humans]/lim AND [english]/lim AND [abstracts]/lim AND [1-1-2000]/sd NOT [15-9-2016]/sd 2,191
#3 anthracycline OR daunorubicin OR doxorubicin OR idarubicin OR mitoxantrone OR valrubicin OR capecitabine OR carboplatin 

OR cetuximab OR cisplatin OR cyclophosphamide OR docetaxel OR epirubicin OR erlotinib OR etoposide OR fluorouracil OR 
gefitinib OR gemcitabine OR irinotecan OR leucovorin OR mercaptopurine OR methotrexate OR oxaliplatin OR paclitaxel OR 
radiotherapy OR rituximab OR sunitinib OR tamoxifen OR tegafur OR thioguanine OR trastuzumab OR lapatinib OR panitu-
mumab OR fludarabine OR cladribine OR clofarabine OR nelarabine OR pentostatin OR azacitidine OR cytarabine OR decitabine 
OR purine OR pyrimidine

1,408,265

#2 ‘gene mutation’/exp OR ‘genetics’/exp OR ‘genetic screening’/exp OR ‘single nucleotide polymorphism’/exp OR ‘sequence analysis’/
exp OR ‘personalized medicine’/exp OR ‘pharmacogenomics’/exp OR (gene OR genes OR genetic) NEAR/3 (test OR tests OR tested 
OR testing) OR genomic* OR dna NEAR/3 sequenc* OR pharmacogen* OR (individualized OR individualised OR personalized 
OR personalised OR precision) NEAR/3 medicine OR single NEAR/3 nucleotide NEAR/3 polymorphism* OR snp OR dpyd OR 
tpmt OR egfr OR xpc OR mthfr OR gstp1 OR cyp2d6 OR tanc1 OR ugt1a1 OR nqo1 OR slco1b1 OR tyms OR abcb1 OR fcgr3a OR 
ercc1 OR sod2 OR cbr3 OR ugt1a9 OR c8orf34 OR sema3c OR fcgr2a OR egf OR nt5c2 OR xrcc1 OR dync2h1 OR gstm1 OR kras 
OR umps OR fastkd3 OR tp53 OR slc28a3 OR mtrr OR has3 OR hla-dqa1 OR nudt15

2,300,474

#1 ‘pharmacoeconomics’/exp OR ‘cost effectiveness analysis’/exp OR ‘cost utility analysis’/exp OR ‘cost minimization analysis’/exp 
OR ‘cost benefit analysis’/exp OR ‘cost control’/exp OR ‘economics’/mj OR pharmacoeconomic* OR health NEAR/3 economic* OR 
(economic AND evaluation*) OR (economic AND outcome*) OR (analy* NEAR/3 (cost OR costs OR economic*)) OR (cost NEAR/3 
(effective* OR benefit OR utility)) OR ‘cost of illness’

693,472

Drug List and Drug Selection
PharmGKB accessed on October 1, 2016. The following cancer treatment-related drug terms were identified through the PharmGKB Clinical Annotations 
list: Alkylating agents, anthracyclines and related substances, antineoplastic agents, azathioprine, capecitabine, carboplatin, cetuximab, cisplatin, cyclo-
phosphamide, docetaxel, epirubicin, erlotinib, etoposide, fluorouracil, gefitinib, gemcitabine, irinotecan, lapatinib, leucovorin, mercaptopurine, methotrex-
ate, oxaliplatin, paclitaxel, panitumumab, platinum, platinum compounds, purine analogs, pyrimidine analogs, radiotherapy, rituximab, SN-38, sunitinib, 
tamoxifen, tegafur, thioguanine, trastuzumab. 

The following cancer drug terms were included in the search term: Anthracycline, daunorubicin, doxorubicin, idarubicin, mitoxantrone, valrubicin, 
capecitabine, carboplatin, cetuximab, cisplatin, cyclophosphamide, docetaxel, epirubicin, erlotinib, etoposide, fluorouracil, gefitinib, gemcitabine, irinote-
can, leucovorin, mercaptopurine, methotrexate, oxaliplatin, paclitaxel, radiotherapy, rituximab, sunitinib, tamoxifen, tegafur, thioguanine, trastuzumab, 
lapatinib, panitumumab, fludarabine, cladribine, clofarabine, nelarabine, pentostatin, azacitidine, cytarabine, decitabine, purine, pyrimidine. 

When drug classes were listed, all drugs within that class were included as categorized within PharmGKB. The only time this was not done was for anti-
neoplastic agents and alkylating agents because they are a broad class description. The PharmGKB Clinical Annotations page was checked for antineoplastic 
agents with respect to gene TP53 mutations, and relevant agents are on the included drug list: Cisplatin, cyclophosphamide, fluorouracil, paclitaxel. 

PharmGKB Clinical Annotations page was checked for alkylating agents with respect to gene NQO1 mutations and the relevant agent is on the list: cyclo-
phosphamide. 

PharmGKB lists the following as anthracyclines: Daunorubicin, doxorubicin, idarubicin, mitoxantrone, valrubicin. 

PharmGKB lists the following as purine analogs: Azathioprine, cladribine, clofarabine, fludarabine, mercaptopurine, nelarabine, thioguanine, pentostatin. 
Azathioprine is not indicated for cancer treatment and therefore excluded from the list. 

PharmGKB lists the following as pyrimidine analogs: Azacitidine, capecitabine, cytarabine, decitabine, fluorouracil, gemcitabine, tegafur. 

PharmGKB lists the following as platinum compounds: Oxaliplatin, carboplatin, cisplatin. 

Platinum and platinum compounds were not included in the search as only 3 drugs are in this class and inclusion of these terms is redundant. SN-38 is 
excluded because it is the active metabolite of irinotecan and inclusion would be redundant.
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