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Introduction

Cancer biomarkers tests, designated as tumor bio-
marker tests (TBTs), can inform oncology treatment
decisions to improve therapeutic outcomes in patients
with cancer.1 The term TBT has been broadened to
refer to any circumstance related to cancer screening,
prevention, diagnosis, prognosis, prediction of thera-
peutic effects, or monitoring. Many TBTs proposed for
clinical use lack proper vetting. In this regard, the
Evaluation of Genomic Applications in Practice and
Prevention Working Group proposed that a clinical
genetic assay must demonstrate analytical validity,
clinical validity, and clinical utility to warrant testing in
clinical practice.2 This set of semantics has been widely
adopted, including by the Institution of Medicine (now
the National Academy of Medicine).1

Analytical validity, that a test accurately measures a
biomarker, and clinical validity, that a TBT divides one
population into one or more groups that have differing
biologic or clinical outcomes, are necessary but not
sufficient for a TBT to be valuable in patient care. By
contrast, clinical utility is defined as “evidence of
improved measurable clinical outcomes, and [a test’s]
usefulness and added value to patient management
decision-making compared with current management
without [omics] testing.”1 Clinical utility implies that the
TBT can be useful to inform treatment decisions in that
clinical context.3,4

Recently, one of us (D.F.H.) published a commentary
proposing that six interdependent factors need to be
considered to determine the clinical utility of a TBT:
analytical validity, end point, decision option (previ-
ously referred to as use context or intended use),
magnitude of difference (effect size) in the end point of
interest between patients for whom the biomarker test
results differ (high v low, positive v negative, etc), risk
tolerance, and stakeholders.5 This perspective fo-
cused primarily on tumor characteristics that are in-
formative for cancer prognosis or prediction of
treatment benefits.5 There are additional cancer TBTs
that are not measured within the tumor, and are
therefore not technically TBT, but can be assessed for
clinical utility through similar considerations. For ex-
ample, inherited genetic variants within the patient’s

germline genome in BRCA1 or BRCA2 have clinical
utility to estimate a patient’s risk of developing cancer6

or to predict their response to poly (ADP-ribose) po-
lymerase inhibitors.7

Germline Indicators of Toxicity Risk: An Overview

Inherited germline genetic variants may also serve as
biomarkers to predict a patient’s likelihood of treatment-
related toxicity.8 We will refer to these biomarkers as
germline indicators of toxicity risk (GITR). These germline
variants often take the form of single nucleotide poly-
morphisms (SNPs), but GITR can include tests that
detect other forms of germline genetic variation such as
insertion/deletions and copy number variations.

GITR can be divided into two mechanistic categories.
If a SNP affects systemic or cellular drug concen-
trations, or pharmacokinetics, we designate a test for
it as a GITR-pharmacokinetic (GITR-PK, Fig 1A).8 For
example, failure to metabolically eliminate the drug
because of a SNP in a gene encoding a drug-
metabolizing enzyme will cause toxicity by increas-
ing systemic exposure of the drug. Alternatively, if the
SNP directly enhances the sensitivity of a patient’s
nonmalignant tissues to toxicity, via a pharmacody-
namic (PD) effect, then we refer to the test as a GITR-
PD (Fig 1C). A GITR-PD indicates whether a patient is
more susceptible to the toxic effects of therapy
without affecting drug concentrations.9

Outside of oncology, GITR have clearly demonstrated
clinical utility and are part of the standard of care
(SOC). For example, genetic screening for HLA-
B*5701 before the administration of abacavir is re-
quired to prevent fatal hypersensitivity reactions.10

Within oncology, some GITR have confirmed clinical
validity (Table 1), but few have been demonstrated to
have clinical utility. TPMT testing to prevent severe
thiopurine toxicity is used within the Children’s On-
cology Group protocols and recommended within
National Cancer Center Network guidelines.34 Simi-
larly, DPYD testing to prevent severe fluoropyrimidine
toxicity has been recommended by European Society
of Medical Oncology guidelines35 and adopted
throughout Europe. However, DPYD testing has not
been recommended by the National Cancer Center
Network or adopted within the United States.36
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The US Food and Drug Administration (FDA) has used a
patient safety rationale for recommending the GITR HLA-
B*5701 for abacavir and the somatic TBT kRAS for
cetuximab. kRAS mutations indicate a lack of cetuximab
benefit, and thus, a patient can forego cetuximab to avoid
toxicity without sacrificing efficacy. However, the FDA has
not used this patient safety rationale to recommend testing
for TPMT, DPYD, or other GITR in oncology. The lack of a
framework for evaluating the clinical utility of GITR is an
important contributor to their inconsistent approval and
utilization. The intent of this article is to build upon the
previously published framework for assessing clinical utility
of TBT5 to discuss specific considerations relevant to the
evaluation of clinical utility of GITR. These principles should
facilitate discussions of study designs that might be used to
establish clinical utility of GITR and eventually enhance the
adoption of GITR in clinical practice to improve treatment
outcomes in patients with cancer.

Consideration of Factors Important to Determine Clinical

Utility of GITR

To assess the clinical utility of a TBT, one must consider the
end point that will be affected by taking action indicated by
the result.5 In the treatment of cancer, there are two primary
clinical end points: improvement in overall survival (OS) and
quality of life (QOL).37 OS and other efficacy indicators are of
paramount concern when evaluating the clinical utility of a
therapeutic agent or a somatic TBT. By contrast, QOL is
affected by both efficacy and toxicity of treatment. Toxicities

can be separated into those that are unpleasant but usually
manageable and reversible (National Cancer Institute’s
[NCI’s] Common Terminology Criteria for Adverse Events
grade 1-2) and those that are potentially persistently life-
altering, life-threatening, or life-taking (grades 3-5). Toxicity
can also be assessed via patient-reported outcomes scales,
which provide a more detailed description of the toxicity
severity, frequency, and symptomology38 and reveal differ-
ences in patient’s tolerability to toxicities.39

The primary reason to incorporate a GITR into clinical care
is to reduce toxicity (ie, benefit); however, there may be
undesirable secondary effects (ie, risks) of doing so. These
undesirable effects include potential reductions of efficacy
or enhancement of a different toxicity including cost (ie,
financial toxicity). Both the benefits (of reduced toxicity)
and risks (of reduced efficacy or enhanced other toxicity)
must be considered when evaluating the clinical utility of a
GITR.

The magnitude of these potential risks can be broadly
predicted on the basis of the GITR category (GITR-PK v
GITR-PD) and the GITR decision option (previously referred
to as use context).5 There are at least three decision op-
tions: Opt-In, Opt-Out, or Opt-Alt, each of which is based on
the effect of the TBT result on the existing SOC paradigm for
the patient.5,40 If the SOC is to do nothing further, but the
results could indicate that further testing or treatment
should be pursued, then the biomarker test is used to Opt-
In to the subsequent strategy. By contrast, an Opt-Out test
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FIG 1. Dose reduction prevents toxicity via different mechanisms in GITR-PK and GITR-PD. (A) GITR-PK increase systemic drug exposure. (B) Decreasing
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will result in the clinician not using some SOC strategy.
Finally, if there are several SOC options, then an Opt-Alt test
will guide the clinician to choose one option.

We propose a modified version of these semantics specific
to GITR. In general, a positive GITR result indicates that a
patient has elevated toxicity risk. Thus, it is difficult to
conceive of an Opt-In GITR. However, a clinicianmight use a
GITR to Opt-Out of a therapy that is associated with unac-
ceptable toxicity, particularly if the efficacy reduction is
expected to be limited. A theoretical example of an Opt-Out
GITR involves the risk of anthracycline-related cardiotoxicity.
SNPs have been identified, which may be associated with
higher risk of congestive heart failure caused by anthracy-
clines in patients with early-stage breast cancer.41 If these
can be validated, the small benefit from adding anthracy-
clines to adjuvant chemotherapy in breast cancer42 would
probably be outweighed by the risk of congestive heart failure
in such patients, and they could be treated without the
anthracycline component.

A GITR will most commonly be an Opt-Alt biomarker,
allowing the clinician to select a safer alternative in a patient
at high risk of toxicity. We propose that there are at least
three Opt-Alt strategies available for a GITR: Opt-Alt-Drug,
Opt-Alt-Dose/Schedule, and Opt-Alt-Support (Table 2). In

an Opt-Alt-Drug circumstance, the GITR indicates that drug
A1 has unacceptable toxicity, but other drugs, either within
the same class (Drug A2) or from a different class (Drug B
or C), are less likely to cause that toxicity. A substitution
within drug class (A1 → A2) will likely,43 although not al-
ways,44 be similarly effective and have similar toxicities and
costs. A substitution to an alternative drug class (A1 → B)
will have greater concern for decreased efficacy, although
there are clinical situations for which multiple similarly
effective regimens are available,45 and for increasing risk of
other toxicities.

In the Opt-Alt-Dose/Schedule circumstance, the GITR in-
dicates that adjustment of the dose or schedule of Drug A1
would decrease toxicity risk. The risks for decreased efficacy
and increased toxicity depend on the GITR category (GITR-
PK or GITR-PD) and whether the dose or schedule is
changed. There are several examples of GITR-PK that have
sufficiently high levels of evidence to implement in clinical
practice, including TPMT/NUDT15/thiopurines13 andDPYD/
fluoropyrimidines.16 Both these GITR can guide dose re-
duction to normalize systemic drug concentrations in
GITR-positive patients with those observed in GITR-negative
patients receiving SOC doses (Fig 1B), resulting in an ex-
pected normalization in efficacy and toxicity. Such a

TABLE 1. Germline Indicators of Antineoplastic Agent Toxicity Risk (GITR) Currently Considered to Have Clinical Validity
Interaction
Mechanism Gene Drug

Type of
Toxicity Category of GITR Alternative Treatment Alternative Treatment Benefit

Pharmacokinetic
(GITR-PK)

TPMT, NUDT15 Thiopurines H11,12 Opt-Alt-Dose/
Schedule

Decrease dose13 Decreased toxicity without
decreasing efficacy14

DPYD Fluorouracil,
capecitabine

H, G, O,
D15

Opt-Alt-Dose/
Schedule or
Opt-Alt-Drug

Decrease dose or switch to
nonfluoropyrimidine16

Decreased toxicity and
normalized drug
concentrations17

UGT1A1 Irinotecan H, G18 Opt-Alt-Dose/
Schedule

Decrease dose19 Decreased toxicity, increased
efficacy, and normalized drug
concentrations20-22

UTG1A1 Belinostat H23 Opt-Alt-Dose/
Schedule

Decrease dose24 Decreased toxicity and
normalized drug
concentrations24

UGT1A1 Nilotinib,
pazopanib

Hep25,26 Opt-Alt-Support Enhanced monitoring27 NA

UGT1A1 Sacituzumab
govitecan-hziy

H28 Opt-Alt-Support Enhanced monitoring28 NA

Pharmacodynamic
(GITR-PD)

HLA-B*51-01 Pazopanib Hep29 Opt-Alt-Support Enhanced monitoring27 NA

HLA-DRB1*07:
01, HLA-
DQA1*02:01

Lapatinib Hep30 Opt-Alt-Support Enhanced monitoring31 NA

CEP72 Vincristine PN32,33 Opt-Alt-Dose/
Schedule

Decrease dosea Unknown

Abbreviations: D, dermatologic; G, lower GI, principally diarrhea; GITR-PD, germline indicators of toxicity risk-pharmacodynamic; GITR-PK, germline
indicators of toxicity risk-pharmacokinetic; H, not only hematopoietic, principally neutropenia, but also thrombocytopenia and anemia; Hep, hepatotoxicity;
NA, not applicable; O, oral mucositis; PN, peripheral neuropathy.

aAn ongoing prospective clinical trial (ClinicalTrials.gov identifier: NCT03117751) includes an embedded substudy testing the clinical benefit of decreasing
vincristine doses in CEP72 homozygous variant patients.
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personalized dosing strategy is conceptually similar to
therapeutic drug monitoring, a technique commonly used
outside of oncology in which systemic drug concentrations
are monitored to guide personalized dosing to achieve target
exposures that optimize treatment outcomes.46

By contrast, dose reductions dictated by a GITR-PD in a
toxicity-sensitive patient will reduce tumor exposure as well,
causing greater concern for decreased treatment efficacy
(Fig 1D). However, it is possible that the GITR-PD could
also render the tumor hypersensitive to the drug. If so,
decreasing drug exposure would still result in high levels of
antitumor activity,47 as has been proposed, but not con-
firmed, for the sensitivity to vincristine-induced neuropathy
caused by CEP72 genotype.48

A third strategy within Opt-Alt-Dose/Schedule is to reduce
the frequency of dosing or total number of doses admin-
istered. It would be expected that reducing dosing frequency
would cause minimal efficacy reduction, whereas reducing
administered doses could have a larger effect, but the actual
effect may be drug-dependent and context-dependent.49

In an Opt-Alt-Support scenario, the high toxicity risk could
be abrogated by addition of an ancillary supportive care
strategy. For example, patients with germline deleterious
SNPs in UGT1A1*28 who receive irinotecan are at high risk
for severe neutropenia and diarrhea, which could be ame-
liorated with hematopoietic growth factor support and an
antidiarrheal agent, respectively.18 Alternatively, one might
simply enhance clinical monitoring for toxicity, such as that
recommended by the FDA for patients with UGT1A1*28
receiving pazopanib.27 The addition of toxicity prophylaxis or
monitoring should not affect antineoplastic dosing, exposure,
or efficacy, but may increase treatment cost or burden.

The next consideration for determining clinical utility of a
TBT is the magnitude of difference, or effect size, in

testing, specifically, the absolute risk reduction in the end
point(s) that result from switching SOC to biomarker-
guided treatment.5 Again, we note that the primary ob-
jective for a somatic TBT is to estimate the expected
efficacy, and the major consideration is whether the SOC
or alternative treatment is more effective in one TBT-
identified subgroup than another (eg, TBT-positive v TBT-
negative). However, clinical utility of GITR is determined
by the benefit from toxicity reduction and risk, primarily
from the loss of treatment effect. Furthermore, estimation
of the benefit of reducing toxicity must consider both the
relative risk for and severity (ie, unpleasant but reversible
v life-changing/life-threatening/life-taking) of the toxicity,
as described above.

Figure 2 illustrates how these considerations may affect the
clinical utility of using a GITR. The spectrum of possible
clinical utilities ranges from very high (upper green region) to
very low (lower red region). A GITR has the greatest clinical
benefit if its use substantially reduces severe toxicity and
minimally reduces efficacy (green area). By contrast, a GITR
that indicates switching to an alternative strategy that sub-
stantially reduces an unpleasant but manageable toxicity,
marginally reduces a severe toxicity, or substantially reduces
efficacy would have a much smaller clinical benefit and
would be less likely to have clinical utility (red area).

The clinical context in which the GITR will be used is critical,
as has been discussed for somatic TBT.5 For example, in
patients with metastatic breast cancer harboring a DPYD
SNP, switching from a fluoropyrimidine to an equally ef-
fective chemotherapeutic alternative (Opt-Alt-Drug), such as
a taxane, avoids excessive toxicity without sacrificing efficacy
(Fig 2, green area and black indicator A).50 Alternatively,
switching adjuvant fluoropyrimidine to a less effective al-
ternative (Opt-Alt-Drug) in a DPYD SNP carrier with early-
stage colon cancer has greater risk of reduced efficacy and

TABLE 2. Opt-Alt Strategies and Anticipated Effect on Other Clinical Outcomes

Opt-Alt Strategy Alternative Treatment Strategy Risk of Decreased Efficacy
Likely Effect on Other

Toxicities Including Cost

Opt-Alt-Drug Use an alternative agent with a similar drug class
or mechanism (Drug A2)

None to limited Limited decreases
or increases

Use an alternative agent with a different class and
mechanism (Drug B)

None to large Large decreases or
increases are possible

Opt-Alt-Dose/Schedule Reduce dose to normalize systemic exposure (GITR-PK) None to limited Likely decrease

Alter dosing schedule to normalize systemic exposure
(GITR-PK) or allow toxicity resolution

None to limited Decrease toxicity,
no effect on cost

Reduce dose that does NOT normalize exposure in
toxicity-sensitive patients (GITR-PD)

Likely large, unless
tumor is also inherently
sensitive to drug

Likely decrease

Opt-Alt-Support Add or increase toxicity prophylaxis None Large increases
in cost are possible

Enhance toxicity monitoring None Large increases
in cost are possible

Abbreviations: GITR-PD, germline indicators of toxicity risk-pharmacodynamic; GITR-PK, germline indicators of toxicity risk-pharmacokinetic.
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thus only moderate clinical benefit (Fig 2, yellow area and
black indicator B). By contrast, clinical dosing guidelines16

recommend lowering the fluoropyrimidine dose in DPYD
carriers (Opt-Alt-Dose/Schedule) and preserving the sys-
temic exposure and efficacy of the drug while reducing
toxicity risk (Fig 2, green area and black indicator C). In cases
A and B, the same test (ie, DPYD) and strategy (Opt-Alt-
Drug) have differing clinical utility because of the differing
clinical contexts, whereas in cases A and C, the same test (ie,
DPYD) leads to a different strategy (Opt-Alt-Drug v Opt-Alt-
Dose/Schedule), but these have similarly high clinical utility.

A second example illustrates a theoretical GITR for cisplatin,
which is palliative in metastatic non–small-cell lung cancer
(NSCLC) but curative in metastatic testicular cancer. A SNP
in MYH14 (rs1377817) has been reported to be associated
with higher risk of cisplatin-induced neuropathy.51 If vali-
dated, this GITR-PDmight be useful to avoid cisplatin in some
patients with NSCLC, given the availability of other palliative
agents for this disease (Fig 2, yellow area and black indicator
D). On the other hand, men with testicular cancer would be
unlikely to forego cisplatin to avoid neuropathy because of its
90% cure rate (Fig 2, black indicator E). Thus, the clinical
utility of this SNP, if validated, would vary by clinical context
because of differences in cisplatin effectiveness.

Clinical utility of GITR with moderate clinical benefit will
depend upon the risk tolerance of the decision maker.5

Consider again the theoretical patient with NSCLC for whom
MYH14 may predict cisplatin-induced neuropathy, but for

whom an alternative agent would be somewhat less ef-
fective (black indicator D). If the patient prioritizes QOL over
a small OS benefit, then the alternative agent might be
preferred and GITR testingmay have clinical utility. Another
patient in a similar clinical context who prioritizes OS over
QOL may prefer the SOC regardless of their GITR status, in
which case, there is no clinical utility of testing. In addition
to different prioritization of efficacy and QOL, different
patients may have different tolerance for cost. Patients with
comprehensive insurance may not consider cost when
making treatment decisions, whereas those with limited
resources and high co-pays, or no insurance at all, will
almost certainly make cost an important component in their
decisions to avoid financial toxicity.52

Moreover, these decisions may not be consistent between
different stakeholder groups. In general, patients seek to
maximize treatment outcomes, whereas payers tend to
maximize financial interests, and regulatory bodiesmaximize
societal utility.5 Although an insured patient may wish to
undergo a GITR that would recommend adding a costly
supportive treatment, such as hematopoietic growth factor
support, their payer may not cover expensive ancillary
treatments to prevent non–life-altering toxicities53 and would
therefore not cover testing.

Levels of Evidence to Support Clinical Utility of GITR

Determination of clinical utility of a cancer biomarker test
depends on the quality and strength of evidence that testing
patients to inform treatment provides a clinical benefit.54 The
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National Academy of Medicine has adopted two pathways
for demonstrating clinical utility of a cancer biomarker1: a
prospective clinical trial in which the biomarker guides
treatment55,56 or multiple well-conducted retrospective an-
alyses of prospective clinical trials, so-called prospective-
retrospective studies.1,57

Several trial designs have been proposed for prospective
clinical trials in which the TBT is the primary objective of the
trial (Fig 3 and Table 3).55-59 The biomarker-strategy design
incorporates random assignment of patients to either use or
not to use the TBT results for their care (Fig 3A).55,56 Al-
though intuitively appealing, this trial design is inherently
inefficient, especially if the frequency of GITR-positive
patients is low, since most enrolled patients (eg, all pa-
tients in the arm in which the GITR is not used and the large
subset of GITR-negative patients in the arm in which the
GITR is used) will be treated with the identical SOC.60

A biomarker-enrichment design tests all potential patients
for the TBT, and only those who are positive (or negative,
depending on the intended use) are enrolled and randomly
assigned to SOC or alternative treatment (Fig 3B). This
design of randomly assigning TBT-positive (eg, human
epidermal growth factor receptor 2 [HER2]–positive breast
cancer) patients to SOC (eg, chemotherapy) versus TBT-
guided alternative (eg, adding trastuzumab to chemo-
therapy) treatment has been used to demonstrate clinical
utility for the majority of somatic TBTs with companion
diagnostics. The application of this design to GITR evalu-
ation has major ethical concerns since patients who are
GITR-positive and receive SOC treatment have already
been demonstrated to have high risk of severe toxicity.61

A third prospective clinical trial design is the biomarker-
stratified design, in which patients are tested for the TBT
and both the TBT-positive and TBT-negative strata are
randomly assigned to SOC or alternative treatment (Fig 3C).
This design was used recently to test the clinical benefit of the
poly (ADP-ribose) polymerase inhibitor veliparib in patients
who carry BRCA variants and included a BRCA noncarrier
group to assess the potential benefit in those patients as
well.62 This design is also problematic for testing GITR. As in
the enrichment design, randomly assigning a known GITR-
positive patient to SOC treatment from which they have a high
risk of severe toxicity raises serious ethical concerns. In
addition, this design randomly assigns known GITR-negative
patients to an alternative treatment that is expected to be
worse than the SOC in those patients (eg, reduced dose in a
patient with normal metabolic activity for a GITR-PK).

In the absence of equipoise concerning trade-offs between
toxicity and potential efficacy reduction related to GITR re-
sults, none of the above randomized trial designs would be
ethical. In that circumstance, the only option might be a less
optimal, but potentially acceptable, nonrandomized pro-
spective trial (Fig 3D). A prospective trial of GITR-based
treatment could demonstrate that alternative treatment in

GITR-positive patients is similarly toxic and effective com-
pared with SOC treatment in GITR-negative patients. There
are potential concerns about confounding factors, such as
unequal distribution of prognostic characteristics, when di-
rectly comparing two different patient groups receiving two
different treatments. Nevertheless, in a situation in which
GITR-positive patients have unacceptable toxicity to SOC
treatment, an alternative treatment with acceptable toxicity for
these patients and similar efficacy to SOC treatment in GITR-
negative patients should surpass a reasonable threshold of
clinical utility, depending on the clinical context and stake-
holder perspective. A possible derivative of this design would
be to exclude GITR-negative patients and conduct a single-
arm trial of alternative treatment in GITR-positive patients.
The toxicity and efficacy of treatment could be compared with
a prespecified, context-appropriate consensus threshold on
the basis of historical controls and/or clinical judgment. This
approach has been used recently to demonstrate adequate
efficacy of adjuvant paclitaxel and trastuzumab in patients
with very low anatomic risk (node-negative, relatively small)
HER2-positive breast cancers.63 This example represents the
same strategy of treatment de-escalation to avoid toxicity
while maintaining apparent benefit, in the context of a TBT
(HER2) that may also be acceptable for GITR.

Considering the resource intensiveness of prospective
clinical trials, alternative study designs should be explored to
evaluate the potential clinical utility of GITR. Investigators
could leverage large databases of real-world evidence col-
lected from sites that are conducting GITR testing and using
results to guide treatment. Although this is lesser quality
evidence,64 this information could be useful to glean evi-
dence of the efficacy and toxicity of alternative treatment in
GITR-positive patients. Relatedly, there may be an oppor-
tunity to use these real-world data to conduct synthetic
clinical trials65 that mimic a prospective randomized trial to
estimate the reduced toxicity and/or efficacy from alternative
treatment compared with SOC. A similar strategy was pur-
sued using real-world SEER data to evaluate clinical utility of
the TBT Oncotype Dx for patients with hormone receptor–
positive, HER2-negative breast cancer.66 Although such
studies are subject to both anticipated and unanticipated
biases, they are being used for TBT and might provide in-
sights into the impact of GITR-guided changes to therapy.

Prospective-retrospective studies of previously conducted
prospective treatment trials with available specimens for
retrospective biomarker testing are another appealing ap-
proach for biomarker validation.57,67 This approach has been
pursued successfully for somatic TBTs, including the previ-
ously discussed example of activating kRASmutations to Opt-
Out of cetuximab treatment.68 Importantly, these prospective-
retrospective studies were possible because specimens were
collected, processed, and archived for future correlative
studies and because both SOC (ie, no cetuximab) and
biomarker-informed alternative treatment (ie, cetuximab)
were represented within the clinical trial arms. Few large
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prospective clinical trials collect blood or sputum for
germline genetic analyses or detailed drug toxicity data, both
of which are needed. In addition, few prospective clinical

trials compare SOC with a relevant alternative treatment,
particularly for Opt-Alt-Dose/Schedule or Opt-Alt-Support
strategies.

A

Patients
scheduled to

receive
relevant drug  

Estimate reduction in
toxicity and efficacy

SOC

Alternative
treatment

SOC

R

GITR
test

No GITR
test 

B

R

GITR
test

Patients
scheduled to

receive
relevant drug

Estimate reduction in
toxicity and efficacy

Alternative
treatment 

SOC

Off study

C

R

GITR
test

Patients
scheduled to

receive
relevant drug

Estimate reduction in
toxicity and efficacy

Alternative
treatment

SOC

R

Alternative
treatment

SOC

D

GITR
test

Patients
scheduled to

receive
relevant drug

Estimate reduction in
toxicity and efficacy

Alternative
treatment

SOC

FIG 3. Prospective clinical trial designs to test clinical utility of GITR: (A) biomarker strategy design, (B)
biomarker-enrichment design, (C) biomarker-stratified design, and (D) nonrandomized biomarker-guided
design. See the text and Table 3 for description and limitations of each study design. Black box (R) indicates
randomization. GITR, germline indicators of toxicity risk; SOC, standard-of-care.

Journal of Clinical Oncology 1727

GITR Clinical Utility



Nonetheless, given the increasing interest in applying
precision medicine in oncology and remarkable ad-
vances in genetic sequencing technology, we support
efforts for future trials to collect these two critical ele-
ments: samples for germline genetic analysis and
sufficient, well-justified drug toxicity data. Of interest,
we and others have demonstrated acceptable accuracy
of germline SNP analysis conducted within banked
tumor samples69 although this strategy has been
questioned70 and should be pursued cautiously. It
would also be useful to establish a system similar to
ClinicalTrials.gov to register prospective-retrospective
biomarker studies with prespecified definitions of the
GITR, primary end point, and formal analysis plan, as
has been suggested for somatic TBTs.71 The Core
Correlative Science Committee Review within the NCI
Navigator system, which requires a prespecified anal-
ysis plan to access stored specimens from NCI-funded

oncology clinical trials, could be adapted to serve this
registration function.72

Special Considerations in the Setting of Existing

GITR Information

Frameworks for determining clinical utility ofmedical tests, and
therefore value and reimbursement strategies, typically as-
sume that the tests would need to be ordered, as is routinely
done for somatic TBT in cancer.5,40 However, unlike somatic
TBTs, which may change as the tumor evolves, the germline
genome is stable. Thus, germline information collected within
the context of other genetic testing, such asmatched germline
testing during somatic analysis or hereditary cancer predis-
position testing,73,74 canbeused indefinitely for a patient. Since
repurposing of existing GITR information has no testing cost,
societal or payer concerns for resource allocation are irrelevant
and only the expected benefits and risks of altering treatment
need to be considered.75

TABLE 3. Advantages and Disadvantages of Trial Designs to Test Clinical Utility of GITR
Trial Design Description Advantages Disadvantages

Biomarker strategy Randomly assign patients to (A) GITR testing
and GITR-guided treatment versus (B) no
testing and SOC treatment

Purely prospective randomized
controlled trial with eligibility
requirements and concurrent
control

Inefficient for demonstrating the difference in
the end point, especially if prevalence/
frequency of the positive test result is low

Require extremely large numbers to be
accrued

Biomarker
enrichment

Enroll only GITR-positive (or negative)
patients and randomly assign them to (A)
SOC treatment versus (B) alternative
treatment strategy

Only randomly assign the cohort of
interest (GITR-positive)

Use advantages of concurrent control

Unethical for GITR of severe toxicity
Lose information from GITR-negative
Require screening large numbers (especially

if prevalence/frequency of targeted test
results is low)

Biomarker-
stratified

Enroll GITR-positive and GITR-negative
patients and randomly assign both to (A)
SOC treatment and (B) alternative
treatment strategy

Allow for direct comparison of the
standard and alternative treatment
in both the GITR-positive and GITR-
negative subgroups

Require large numbers to be screened
Unethical for GITR of severe toxicity
Unethical for GITR for which alternative

treatment is known to be less effective in
GITR-negative patients (eg, GITR-PK)

Require screening large numbers (especially
if prevalence/frequency of targeted test
results is low)

Nonrandomized Enroll all patients and treat GITR-positive
patients with alternative treatment and
GITR-negative patients with SOC

Highly efficient design that treats all
patients with their hypothesized
optimal treatment

No ethical concerns

Missing the optimal control group needed to
demonstrate the benefit of one treatment
over the other in each GITR group

Cannot distinguish the treatment effect from
the potential prognostic effect of GITR
results (eg, presence or absence of a SNP)
or factors correlated with it

Prospective/
retrospective
study

Conduct retrospective testing of the
association between GITR-positive (as
compared with negative) and the clinical
end point according to a prospectively
established analysis plan

Gain efficiency by using data already
collected within a trial that is
otherwise being conducted or
already completed

Permit flexibility to adjust planned
assay(s)

May not be properly powered to address
GITR questions since it is powered on
therapeutic question.

Increase expense of therapeutic trial for
specimen and toxicity data collection

Only if randomized treatments in the
completed trial include the treatment
options that the GITR is intended to inform
will benefit (toxicity reduction) and risk
(efficacy reduction) be directly assessable
in a rigorous randomized comparison

NOTE. See Figure 3.
Abbreviations: GITR-PK, germline indicators of toxicity risk-pharmacokinetic; SNP, single nucleotide polymorphism; SOC, standard-of-care.
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Conclusion and Future Directions to Confirm Clinical

Utility of GITR

This article proposes a system for consideration of the
clinical utility of GITR in patients with cancer. One of the
biggest challenges is estimation of the reduction of toxicity
and, perhaps more importantly, efficacy caused by
changing SOC to alternative treatment on the basis of the
GITR. There are considerable logistical and ethical chal-
lenges in using widely accepted study designs for gener-
ating evidence of clinical utility. Further discussion among
stakeholders is needed to determine what trial designs are
necessary and practical to demonstrate clinical utility for

GITR, potentially including prospective nonrandomized
trials or synthetic trials using real-world data. Consideration
of these issues would assist clinical guidelines committees
and regulatory agencies with determining whether
GITR have demonstrated clinical utility and should be
recommended. This would provide clinicians with clear
guidance for using GITR and activate implementation
scientists to determine how best to integrate GITR within
clinicalpractice.76 This road map for moving strong asso-
ciations into clinical practice will assist oncologists and their
patients with making evidence-based treatment decisions
to improve clinical outcomes in patients with cancer.
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