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This evidence update report is based on research conducted by the Center for Evidence-based
Policy (Center) under contract to the Washington State Health Care Authority (HCA). This report
is an independent assessment of the technology question(s) described based on accepted
methodological principles. The findings and conclusions contained herein are those of the
authors, who are responsible for the content. These findings and conclusions do not necessarily
represent the views of the Washington HCA, and thus no statement in this report shall be
construed as an official position or policy of the HCA.

The information in this assessment is intended to assist health care decision makers, clinicians,
patients, and policymakers in making evidence-based decisions that may improve the quality and
cost-effectiveness of health care services. Information in this report is not a substitute for sound
clinical judgment. Those making decisions regarding the provision of health care services should
consider this report in a manner similar to any other medical reference, integrating the
information with all other pertinent information to make decisions within the context of
individual patient circumstances and resource availability.

About the Center for Evidence-based Policy

The Center is recognized as a national leader in evidence-based decision making and policy
design. The Center understands the needs of policymakers and supports public organizations by
providing reliable information to guide decisions, maximize existing resources, improve health
outcomes, and reduce unnecessary costs. The Center specializes in ensuring that diverse and
relevant perspectives are considered and appropriate resources are leveraged to strategically
address complex policy issues with high-quality evidence and collaboration. The Center is based
at Oregon Health & Science University in Portland, Oregon.

Conflict of Interest Disclosures: No authors have conflicts of interest to disclose. All authors
have completed and submitted the Oregon Health & Science University form for Disclosure of
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Bottom Line

This evidence update includes studies published since the original evidence review?! conducted in
2018 that informed the coverage policy for gene expression profiling (GEP) for cancer, as
adopted by the Washington State Health Technology Clinical Committee (HTCC) in May 2018.
After summarizing the effectiveness, harms, and economic outcomes from eligible studies in this
evidence update, we have determined that these outcomes may change the conclusions of the
2018 evidence report in specific cancers (namely colon and colorectal cancer, lung cancer, and
skin cancer).

Background

GEP uses the differential multigenic patterns of messenger RNA (mRNA\) levels transcribed in
diverse cell types to identify cellular changes, such as those in diseased cells with cancer-causing
mutations. Those mMRNA expression patterns respond to the environmental and internal status of
the cells, as various genes are transcriptionally up- or down-regulated in response to the cell
circumstances. Thus, GEP can be used to help diagnose a disease or condition, such as cancer.? It
can also be used to help plan treatment, assess how well treatment is working, or determine
disease prognosis.?

The use of GEP tests for cancer tissue is increasing, with the potential for better patient
outcomes and more appropriate treatment decisions, including avoidance of unnecessary
treatments and subsequent treatment-related side effects and costs.®

The current coverage determination, made in 2018, states GEP testing is*:
e A covered benefit with conditions for breast or prostate cancer
e Not a covered benefit for multiple myeloma or colon cancer

Limitations of coverage include the use of 1 test per 12 months and only when test results will
impact treatment decisions, along with additional conditions specified for each individual test
(Oncotype DX, EndoPredict, Prosigna, MammaPrint, Mammostrat, and Breast Cancer Index (BCI)
for breast cancer; Oncotype Dx, Polaris, and Decipher for prostate cancer).*

Policy Context

Due to recent legislative changes in Washington state, topics subject to certain coverage
conditions need to be assessed for new evidence (i.e., via a signal search) on an annual basis.
Therefore, to meet the new legal requirements, this signal search will focus on GEP testing of
solid tumor cancer tissues.

Objectives

The primary aim of this assessment is to determine whether there is new evidence that would likely
change the conclusions of the most recent health technology assessment (HTA) report in 2018.1

Methods

To identify studies published since the 2018 evidence update,’ we conducted updated searches
of Ovid MEDLINE All, Cochrane Database of Systematic Reviews, and the Cochrane Controlled
Trials Register database (from December 2017 through June 2024). We updated the search




strategies used in previous reports to reflect newer searching methods and improve the
efficiency of the strategies (Appendix A). We also searched ClinicalTrials.gov and ScanMedicine
registries for upcoming and ongoing studies that would likely be included in an updated evidence
review. Further, we searched the reference lists of all identified systematic reviews, meta-
analyses, and guidelines for relevant studies. Additionally, we searched the Agency for
Healthcare Research and Quality, National Institute for Health and Care Excellence, and
Veterans Affairs Evidence Synthesis Program websites and the websites of commercial GEP test
providers for relevant studies.

To determine if a signal exists (i.e., there is new evidence that may change the current coverage
determination), we followed a modified Ottawa method (Figure 1) and examined full texts of new
systematic reviews published in the past 5 years. If a treatment or technology was not covered,
the signal search centered on efficacy and looked at peer-reviewed abstracts of trials for newly
identified randomized controlled trials (RCTs) or comparative nonrandomized studies (NRS)
published since any relevant systematic reviews. Conversely, if a treatment or technology was
already covered based on a previous HTCC decision, the signal search was on harms as reported
in systematic reviews only.

To assess whether the conclusions might need updating, we used an algorithm based on a

modification of the Ottawa method (Figure 1). Our approach to screening and reviewing eligible

studies was as follows:

e We screened the retrieved references and ongoing study records against the inclusion
criteria (Appendix B).

e We assessed the likelihood, by indication, of recent evidence triggering an update to the
2018 coverage determination for GEP testing in cancer.

Figure 1. Algorithm of the Modified Ottawa Method of Identifying Signals for Update

New SR published?

v 3

Yes No
¢ *A-1. Opposing findings: Pivotal trial or SR including at least
Pivotal trials? one new trial that characterized the treatment in terms
Ivotal trials: opposite to those used earlier
¢_‘_¢ A-2. Substantial harm: Pivotal trial or SR whose results called
into question the use of the treatment based on evidence of
Yes No harm or that did not proscribe use entirely but did potentially
l affect clinical decision making
A-3. Superior new treatment: Pivotal trial or SR whose results
All relevant new identified another treatment as significantly superior to the one
studies evaluated evaluated in the original review, based on efficacy or harm
v l 1B-1. Important changes in effectiveness short of “opposing
findings”
Criteria: B-2. Clinically important expansion of treatment
C. Potentially invalidating change in evidence™ B-3. Clinically important caveat

B-4. Opposing findings from discordant meta-analysis or

D. Major changes in evidencet e E s




We summarized the findings of any eligible published systematic reviews and health technology

assessments in the following manner:

e |f there were 2 or more comparable reviews identified and 1 is more recent or more
comprehensive, then the other review(s) was not summarized, and the rationale for selection
was documented.

We did not assess the risk of bias of the eligible reviews or primary studies.

We reported a narrative description of the search results along with the following key study

characteristics of the included reviews and primary studies:

e The number of studies (for systematic reviews) and number of participants (for all study
designs)

e The intervention studied

e Comparators to the intervention

e Relevant outcomes reported in the publication

We also highlighted any discrepancies and differences across systematic reviews and individual
primary studies.

For each indication, we assessed the evidence of effectiveness and harms, depending on
coverage status, and the potential impact on the 2018 coverage decision.* The summary
assessment aims to give the Washington State HTA Team and their Agency Medical Directors’
Group information on whether there is new evidence that may warrant a reconsideration of the
existing coverage policy.

PICO

Appendix B provides detailed inclusion and exclusion criteria used to guide the selection of
eligible studies.

Populations
e Adults with cancer (specifically solid tumors)

Interventions
e Multigene commercially or clinically available GEP tests of cancer tumor tissue

Comparators

e Another GEP test

e Other clinicopathological forms of testing to guide treatment decisions
e No tumor tissue GEP testing

e Usual care

Outcomes

e Patient management decisions
e Clinical outcomes

e Harms of testing

e Cost and cost-effectiveness




Key Questions

KQ1. What is the clinical utility of GEP testing of cancer tissue to inform treatment
decisions for patients with cancer?

a. lIs there evidence that test results affect treatment decisions?

b. Do treatment decisions guided by GEP testing of cancer tissue result in clinically
meaningful improvements in patient outcomes?

KQ2. What harms are associated with GEP testing of cancer tissue?

KQ3. Compared with usual care, do treatment decisions, patient outcomes, or harms
after GEP testing of cancer tissue vary by:

a. Patient demographics (e.g., age, sex, race/ethnicity)?

b. Clinical history (e.g., means of diagnosis, stage or grade of cancer, results of other
testing, previous treatments, chronicity)?

c. Medical comorbidities?
d. Provider type or care setting?

KQ4. What are the cost-effectiveness and other economic outcomes of GEP testing
used to inform treatment management decisions?

Findings

We identified 2,335 unique publications in our updated searches, with 239 articles screened at
the full-text stage. Of these, 21 publications, including systematic reviews, guidelines and
primary studies, were eligible for inclusion in this signal search report.>*?> The list of studies
excluded at the full-text level, with exclusion reasons, is in Appendix C. Although studies of
effectiveness in covered tests was not the focus of this report, we have provided a list of studies
of interest evaluating the use of GEP testing in breast and prostate cancers in Appendices D and
E.{Barni, 2022 #73;Berdunov, 2023 #28;Canfield, 2017 #43;Carbunaru, 2023 #27;Chang, 2019
#59;Chin-Lenn, 2018 #75;Cognetti, 2021 #74;Curtit, 2019 #76;Dannehl, 2022 #47;Dieci, 2018
#86;Dieci, 2019 #77;Dinan, 2019 #57;Eichler, 2019 #40;Ettl, 2017 #44;Fallowfield, 2018
#78;Gaffney, 2019 #68;Gore, 2020 #71;Gustavsen, 2020 #55;Hassan, 2022 #52;Hu, 2018
#65;LeVasseur, 2022 #79;Licata, 2023 #26;Lynch, 2018 #69;Marascio, 2020 #66;Mariotto,
2020 #49;Mokbel, 2018 #60;Murphy, 2021 #33;Perez Ramirez, 2020 #35;Picado, 2022
#48;Retel, 2020 #36;Sanft, 2019 #80;Seiden, 2022 #67;Thangarajah, 2019 #39;Thibodeau,
2019 #84;Torres, 2018 #81;Tsai, 2018 #87;Viale, 2018 #50;Voelker, 2018 #90;Wang, 2019
#58;Wuerstlein, 2019 #38;Zambelli, 2020 #56;Zhang, 2020 #85}

Breast Cancer

GEP testing of breast cancer tissue is a covered benefit at a rate of 1 test per 12 months per

index cancer and when test results will impact treatment decisions.* The 2018 HTCC decision

was limited to the particular named tests with specific conditions for coverage.* Additional

conditions are as follows*:

e Oncotype Dx, EndoPredict, Prosigna, and MammaPrint tests are covered for stage | or |l
cancer when the tumor tissue is:




o Estrogen receptor positive and human epidermal growth factor receptor 2 (HER2-NEU)
negative.
o Lymph node negative or 1 to 3 lymph nodes positive.
e Mammostrat and BCl are covered only for patients with stage | or Il cancer who are deciding
about hormone therapy.

For this evidence update, we therefore focused on harms only for the covered tests and both
effectiveness and harms for tests currently not covered.

Since the evidence review in 2018, we identified 1 systematic review and 1 newly published
eligible study evaluating GEP testing in breast cancer (specifically, ductal carcinoma in situ [DCIS]
breast cancer).1®2° We also identified 3 guidelines on the harms of GEP testing for breast
cancer.®’4

Effectiveness

We identified 1 scoping review identifying and characterizing decision impact studies in genomic
medicine in cancer, including in breast cancer.!® The review by Parker and colleagues identified
87 studies in 11 cancer types, including breast cancer.'® Overall, the 87 studies evaluated the use
of 18 proprietary and 1 generic assay for multiple measures of clinical decision making on breast,
lung, prostate, colon, pancreaticobiliary, melanoma, sarcoma, glioma, and unknown cancers.!®
The tests included GEP testing along with other DNA-based tests, and the majority of the
studies were conducted in Europe and North America.® The authors identified 22 discrete
measures of clinical decision making related to the impact of testing on the diagnostic process,
clinical management, patient benefit, and societal outcomes, such as cost-effectiveness and
societal acceptability.'®

The majority of studies (63 of 87; 72%) evaluated the use of GEP testing in breast cancer.’® Of
these 63 studies, of which only 5 were conducted in the United States, the specific tests were as
follows®®:
e Oncotype Dx (Genomic Health/Exact Sciences)
o 44 studies
e Prosigna (Veracyte)
o 9 studies
e BCI (Biotheranostics)
o 3studies
e EndoPredict (Myriad Genetics)
o 2 studies
e MammaPrint (Agendia)
o 2 studies
e CanAssist Breast (OncoStem)

o 1 study

e DCISionRT Test (PreludeDx)
o 1 study

e FoundationOne (Foundation Medicine)
o 1 study




Of these 8 different GEP tests, Oncotype Dx, Prosigna, BCI, EndoPredict, and MammaPrint are
currently covered with conditions. Of the remaining 3 tests—CanAssist Breast (OncoStem),
DCISionRT Test (PreludeDx), and FoundationOne (Foundation Medicine)—only DCISionRT Test
and FoundationOne are available in the United States.

The 2 studies evaluating FoundationOne and DCISionRT Test were both conference abstracts
and, without the availability of peer-reviewed full publications, would therefore not provide a
sufficient signal for an updated evidence review.®*¢” We did not identify any other new primary
studies evaluating tests currently not covered for breast cancer. Additionally, FoundationOne is a
DNA-based test, so it does not meet our inclusion criteria.

We did identify 1 new nonrandomized study (NRS) in 217 patients with DCIS (a noninvasive
breast cancer) treated with breast-conserving surgery.?° Rakovitch and colleagues found that the
addition of the Oncotype Breast DCIS 12-gene score led to a change in treatment
recommendations in 35.2% of patients.?’ Radiotherapy recommendations decreased significantly
from 79% pre-assay to 50% post-assay, due to a significant increase in the proportion of patients
with a predicted low local recurrence rate (less than 10% over 10 years) post-assay and the
subsequent recommendation to omit radiotherapy for these patients.?° Additionally, the score
led to a change in patient-treatment preferences in 28.2% of cases, with 22.1% of those being a
change from preferring radiotherapy to no radiotherapy.?° Decisional conflict scores measure
personal perceptions of uncertainty when choosing options, modifiable factors contributing to
uncertainty (such as feeling uninformed, unclear about personal values, or unsupported in
decision making) and effective decision making (such as feeling the choice is informed, values-
based, and likely to be implemented and expressing satisfaction with the choice).?® In this study,
the use of GEP testing decreased decisional conflict scores post-assay from 26.4 to 13.1; a
change in 5 points is generally considered to be a meaningful change.?%¢?

Harms

We did not identify any eligible systematic reviews or primary studies on the harms of GEP
testing in breast cancer. We did identify 1 long-term follow-up publication for the MINDACT
RCT on the use of MammaPrint to determine genomic risk in patients with histologically
confirmed unilateral primary nonmetastatic (MO) invasive breast cancer (clinical stage T1 or T2 or
operable T3) with O to 3 positive axillary lymph nodes, an RCT previously included in the 2018
evidence report.” The 2021 publication focused on overall survival and other clinical outcomes;
harms were not reported.”°

We identified a further 33 studies on the utility or cost-effectiveness of currently covered GEP
tests for breast cancer; however, none reported on harms associated with the various tests

(Appendix D).

In the guideline recommendations from the European Commission Initiative on Breast Cancer
regarding the use of multigene testing to guide the use of adjuvant chemotherapy in patients
with early breast cancer, Giorgi Rossi and colleagues state that the undesirable effects of using
the 21-gene recurrence score (Oncotype Dx) were trivial and the undesirable effects of using the
70-gene signature assay (MammaPrint) were trivial in patients with low clinical risk and small in
patients with high clinical risk.* However, no definition of trivial or small was provided.'* They




considered these data to have a very low certainty of evidence and to be conditional, as the
downstream effects of avoiding chemotherapy were not quantified.'* Meanwhile, the guidelines
on GEP for early-stage invasive breast cancer, developed by Ontario Health (Cancer Care
Ontario)’s Program in Evidence-Based Care (PEBC), reported that patients in the consultation
rated adverse events as critical outcomes when considering the recommendations; however, no
details of adverse events were provided in the guideline or in the underpinning systematic
review.” The 2022 ASCO guideline on biomarkers for early breast cancer reported the same lack
of studies reporting adverse events for GEP testing as the Ontario guideline.®

Costs and Cost-Effectiveness

We did not identify any eligible cost or cost-effectiveness studies for GEP tests currently not
covered.

Bottom Line

Based on the lack of newly identified evidence, we conclude that at this time the conclusions of
the 2018 evidence review are unlikely to change.

Prostate Cancer

GEP testing of prostate cancer tissue is a covered benefit at a rate of 1 test per 12 months per

index cancer and when test results will impact treatment decisions.* The 2018 HTCC decision

was limited to the particular named tests with specific conditions for coverage.* Additional

conditions are as follows*:

e Oncotype Dx and Prolaris are covered only for low-risk or favorable intermediate-risk
disease.

e Decipher is covered for patients deciding between active surveillance and adjuvant
radiotherapy after radical prostatectomy.

For this evidence update, we therefore focused on harms only for the covered tests and both
effectiveness and harms for tests currently not covered.

Since the evidence review in 2018, we identified 1 systematic review evaluating GEP testing in
prostate cancer and no newly published eligible studies.!®

Effectiveness

We identified 1 scoping review identifying and characterizing decision impact studies in genomic
medicine in cancer, including in prostate cancer.'® None of the other identified systematic
reviews evaluated the effectiveness of GEP tests for prostate cancer available in the United
States, other than the 3 tests already covered with conditions.”*””

Of the 87 included studies in the review by Parker and colleagues, 4 (5%) were in prostate
cancer and all were conducted in the United States.'® The following tests were evaluated?®:
e Decipher (Veractye) in 3 studies’88°

e ExoDx Prostate (Exosome Diagnostics) in 1 study®!

The 1 new study published since the 2018 evidence review is evaluating ExoDx; while this test is
available in the United States, this publication is a conference abstract and, without a full peer-
reviewed publication, would therefore not provide a sufficient signal for an updated evidence




review.®! We did not identify any other new primary studies evaluating tests currently not
covered for prostate cancer.

Harms

We did not identify any eligible systematic reviews or primary studies on the harms of GEP
testing in prostate cancer. We did identify 11 studies on the utility or cost-effectiveness of
currently covered GEP tests for prostate cancer; however, none reported on harms associated
with the various tests (Appendix E).

Costs and Cost-Effectiveness

We did not identify any eligible cost or cost-effectiveness studies for GEP tests currently not
covered.

Bottom Line

Based on the lack of newly identified evidence, we conclude that at this time the conclusions of
the 2018 evidence review are unlikely to change.

Colon and Colorectal Cancer
GEP is currently not a covered benefit for colon or colorectal cancer.*

For this evidence update, we therefore focused on both effectiveness and harms for GEP testing
in colon or colorectal cancer.

Since the evidence review in 2018, we identified 2 systematic reviews and 2 newly published
eligible primary studies evaluating GEP testing in colon or colorectal cancer.?1917:18

Effectiveness

We identified 1 scoping review identifying and characterizing decision impact studies in genomic
medicine in cancer, including in colon and colorectal cancer.!®

Of the 87 included studies, 3 (3%) were in colon or colorectal cancer, and none of the studies

were conducted in the United States.'® The following tests were evaluated®®:

e Oncotype Dx Colon Cancer Assay (Genomic Health/Exact Sciences) in 2 studies in colon
cancerd283

e A nonspecific next generation sequencing (NGS) test in 1 study in colorectal cancer (23%),
lung cancer (56%), or melanoma (21%)°

Of the 2 studies in Oncotype Dx, 1 was included in the 2018 evidence report,? leaving only
1 new publication evaluating the use of Oncotype Dx in people with colon cancer.®® This new
publication is a conference abstract and would therefore not provide a sufficient signal for an
updated evidence review.®?

The study by Coquerelle and colleagues’ evaluated how the use of NGS could modify care
pathways in an observational retrospective impact study conducted in France.” While NGS is
primarily a DNA-based technique, it can be used for RNA-based cDNA sequencing. We have
therefore included for this report given the authors' comprehensive coverage by multiple cancer
types.? In people with colorectal cancer, there were?’:




Missing data or no results for 0.8% of people
A genetic alteration identified in 92.8% of people, with 72.0% of alterations being actionable
(see Table 1)

Table 1. Genotype-Matched and Nonmatched Treatments Before and After NGS Analyses in

Colorectal Cancer?

Genotype-matched 21(11.4) 60 (32.8)
Targeted therapies prescribed 10 (5.5) 9(4.9)
Clinical trials proposed 11 (6.0) 51(27.9)
Non-genotype matched 119 (65.0) 109 (59.6)
Chemotherapy 21(11.5) 10 (5.4)
Radiotherapy 2(1.0) 2(1.0)
Chemotherapy 1 (radiotherapy or surgery) 6(3.3) 0
Surgery 20 (10.9) 0
Clinical surveillance 6(3.3) 2(1.0)
Palliative care 0 0
Complementary test or examination 0 1(0.5)
Other treatment 0 5(2.7)
No treatment or no modification of treatment 11 (6.0) 6(3.3)
Unknown treatment 53(28.9) 83 (45.3)
Missing data 43 (23.5) 14 (7.6)

Note. 9 No statistical testing was reported between groups.

Davey and colleagues conducted a systematic review and meta-analysis of the impact of the
Oncotype Dx 12-gene recurrence score (12-gene RS) on decision making regarding adjuvant
chemotherapy in stage Il or Il colon cancer.® In total, the following 4 NRSs with a total of 855

patients were selected and included in the meta-analysis'®:

e Aretrospective analysis in 269 people with stage Il colon cancer who underwent the 12-

gene RS testing®?

e A survey of 346 oncologists asking about the use of the 12-gene RS in their most recent
patient with stage Il colon cancer and the impact on treatment recommendations®*

e A prospective study evaluating the impact of the 12-gene RS on physician recommendations

before and after testing for 275 people with stage IIIA/1IIB or stage Il colon cancer?’
e A prospective study evaluating the impact of the 12-gene RS before and after testing on

physician recommendations for 141 people with stage lIA colon cancer®

Study results indicate the following:

e Overall, 79.2% of patients had stage Il disease and 20.8% had stage Ill disease.'©

e For patients with any stage of disease:

o Concordant results between the 12-gene RS and the tumor board were significantly more
likely than discordant (odds ratio [OR], 0.38; 95% confidence interval [Cl], 0.25 to 0.56).

o Patients were significantly more likely to have chemotherapy omitted than escalated
when using the test findings (OR, 9.76; 95% Cl, 6.72 to 14.18).

e For patients with stage Il disease:




o Concordant results between the 12-gene RS and the tumor board were significantly more
likely than discordant (OR, 0.30; 95% Cl, 0.17 to 0.53).

o Patients were significantly more likely to have chemotherapy omitted than escalated
when using the test findings (OR, 7.39; 95% Cl, 4.85 to 11.26).

The authors concluded the use of the Oncotype Dx 12-gene RS decreased the use of adjuvant
chemotherapy in colon cancer patients, thus reducing overtreatment in some people when
relying on tumor board decisions alone.'®

Of the 4 studies included in the review by Davey and colleagues,’® 2 were included in the 2018

evidence report.828> The newly eligible NRS by Oki and colleagues!” included 275 people with

stage IlIA/IIIB or stage Il colon cancer and evaluated whether treatment recommendations

changed after receipt of the test results.” Overall, the findings were as follows®’:

e Treatment recommendations changed in 40% of all patients with colon cancer.

e Patients with stage IlIA/B cancer had significantly more change than those with stage Il
cancer after receipt of the test results (45% vs. 30%; P = .01).

e The percentage of patients whose physicians reported being confident in their treatment
recommendations significantly increased from 54% to 81% in stage lIA/B and from 65% to
83% in stage Il (both P < .001).

Harms

We did not identify any eligible systematic reviews or primary studies on the harms of GEP
testing in colon cancer.

Cost and Cost-effectiveness

We identified 1 eligible cost-effectiveness modeling study comparing 3 GEP tests (Oncotype Dx,
ColoPrint, and ColDx) with a non-GEP assay (Immunoscore).? The analysis was based on a
hypothetical cohort of 1,000 people aged older than 50 years diagnosed with stage Il colorectal
cancer, who underwent tumor resection, and who were waiting for treatment decisions based on
marketed genomic tests.? In total, the following 4 strategies were compared®:

e Strategy 1:

o 12-gene assay (Oncotype Dx) followed by either adjuvant chemotherapy if patients were
classified into the high-risk category or no chemotherapy if patients were classified into
the low-risk category

e Strategy 2:

o 18-gene expression assay (ColoPrint) followed by either adjuvant chemotherapy if
patients were classified into the high-risk category or no chemotherapy if patients were
classified into the low-risk category.

e Strategy 3:

o 482-gene signature (ColDx) followed by either adjuvant chemotherapy if patients were
classified into the high-risk category or no chemotherapy if patients were classified into
the low-risk category

e Strategy 4:

o Immunoscore assay followed by either adjuvant chemotherapy if patients were classified
into the high-risk category or no chemotherapy if patients were classified into the low-
risk category

10



Based on a 5-year Markov model, use of the Immunoscore assay was found to be a more cost-
effective strategy than the other 3 GEP tests at a threshold willingness-to-pay of $50,000 per
quality-adjusted life-year (QALY).2 When the 12-gene assay (Oncotype Dx) and the 18-gene
expression assay (ColoPrint) were compared, Oncotype Dx was found to be less costly than the
ColoPrint test (with a cost saving of $3,829) but was less effective (with a reduction of

0.054 fewer QALYs).8

Bottom Line

Based on limited newly identified evidence (2 NRSs and 1 cost-effectiveness analysis), we
conclude that at this time the conclusions of the 2018 evidence review may change; there is
some signal that the use of the 12-gene recurrence score (Oncotype DX Recurrence Score) may
change treatment plans in people with colon and colorectal cancer. However, the use of the test
may not be cost-effective when compared with other testing options.

Lung Cancer

GEP is currently not a covered benefit for lung cancer.* For this evidence update, we therefore
focused on both effectiveness and harms for GEP testing in lung cancer. Since the evidence
review in 2018, we identified 1 systematic review evaluating GEP testing in lung cancer and

5 newly published eligible NRSs.>?:1318.21.23

Effectiveness
We identified 1 scoping review identifying and characterizing decision impact studies in genomic
medicine in cancer, including in lung cancer.'® Of the 87 included studies, 8 (9%) were in lung
cancer, and the following tests were evaluated®®:
e Percepta (Veracyte)

o 5 studies!®2386-88
e FoundationOne (Foundation Medicine)

o 1 study®

e VeriStrat (Biodesix)
o 1 study®

e A nonspecific NGS test
o 1 study’

Of these 8 studies, 3 were conference abstracts and would not provide a sufficient signal for any
updated evidence review.2¢-88 Additionally, one paper reviewed FoundationOne which is a DNA
test not eligible for this signal search. Thus, 4 NRS may be eligible for an evidence review of GEP
testing in lung cancer (Table 2).>91321.23

Table 2. Summary Characteristics of Eligible Primary Studies of GEP for Lung Cancer

Percepta (Veracyte)

Ferguson et al., 202 pulmonologists To determine if a negative Randomized,
20161 providing 1,523 case genomic classifier result that prospective
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PIONEER (based on
patient cases from
NCT01309087 and
NCT00746759)
United States

evaluations on

36 patients undergoing
workup for lung cancer
who had an inconclusive
bronchoscopy

down-classifies a patient from
intermediate risk to low risk

(< 10%) for lung cancer would
reduce the rate that physicians
recommend more invasive
testing among patients with an
inconclusive bronchoscopy

decision impact
survey study

Sethi et al., 202223
NR (based on
patient cases from
NCT01309087 and
NCT00746759 and
the Percepta
registry)

United States

101 pulmonologists
providing 1,341 case
evaluations on

37 patients undergoing
workup for lung cancer
who had an inconclusive
bronchoscopy and the
pre-bronchoscopy risk
was high

To determine if an up-
classification of risk of
malignancy from high to very
high will increase the rate of
referral for surgical or ablative
therapy without additional
intervening procedures while
increasing physician confidence

Randomized,
prospective
decision impact
survey study

20207
NR
France

cancer

VeriStrat (Biodesix)

Akerley et al., 226 physicians who To assess the impact of a Prospective,

2013 ordered 403 tests for serum-based proteomic test for | nonrandomized

NR people with NSCLC NSCLC on physician treatment | decision impact

United States recommendations study (before and
after receipt of GEP
results)

Nonspecific NGS Test

Coquerelle et al., 683 patients with lung To evaluated how NGS can Retrospective,

modify care pathways

nonrandomized
decision impact
study (before and
after receipt of GEP
results)

Abbreviations. ALK: anaplastic kinase lymphoma gene; GEP: gene expression profiling; NCT: National Clinical
Trial; NGS: next generation sequencing; NR: not reported; NSCLC: nonsmall cell lung cancer; TKI: tyrosine kinase

inhibitor.

Percepta

The study by Ferguson and colleagues found the following?3:
e Invasive procedure recommendations:
o Reduced from 57% without Percepta to 18% with a negative (low risk) GEP result

(P <.001).

o Increased from 50% to 65% with a positive (intermediate risk) Percepta result (P < .001).

e When stratified by ultimate disease diagnosis:

o Invasive procedure recommendations reduced significantly in patients with benign
disease when Percepta results were reported (54% to 41 %; P < .001).13

e For patients ultimately diagnosed with malignant disease:

12



o Invasive procedure recommendations increased significantly when Percepta results were
reported (50% to 64%; P = .003).

The study by Sethi and colleagues found the following?3:

¢ In the independent arm, recommendation for surgical resection was significantly higher in
patients with a Percepta result compared to patients without a Percepta result (45% vs. 17%,
P <.001).

e In the pre-post cross-over cohort, recommendation for surgical resection increased from
17%to 56% (P < .001) following the review of the Percepta result.

e Up-classification from high to very high risk of malignancy with Percepta increased
pulmonologists’ confidence in decision making following a nondiagnostic bronchoscopy.

VeriStrat

In the single study evaluating VeriStrat (a multivariate, serum-based proteomic test), pre- and
post-test treatment recommendations were prospectively collected from ordering physicians on
a voluntary basis.> After receiving the test results, 90% of patients who tested as having a
significantly better prognosis received erlotinib treatment recommendations compared with 10%
of patients who tested as having a poorer prognosis (P < .001).> Overall, 90% of post-test
treatment recommendations positively correlated with test results, with 40% showing a change
from pre-test considerations.’

Nonspecific Next Generation Sequencing Test

Coquerelle and colleagues’ evaluated how the use of NGS could modify care pathways in an

observational, retrospective impact study conducted in France.” While NGS is primarily a DNA-

based technique, it can be used for RNA-based cDNA sequencing. Therefore, we are considering

NGS for this study, given the authors' comprehensive coverage of the effect of this procedure

for multiple cancer types.’In people with lung cancer, there were?’:

e Missing data or no results in 0.3% of people

e An alteration identified in 82.7% of people, with 56.5% of alterations being actionable (see
Table 3)

Table 3. Genotype-Matched and Nonmatched Treatments Before and After NGS Analyses in
Lung Cancer’

Genotype-matched 37 (10.1) 133 (36.2)
Targeted therapies prescribed 18 (5.0) 33(8.9)
Clinical trials proposed 19 (5.1) 100 (27.2)
Non-genotype matched 191 (52.0) 199 (54.2)
Chemotherapy 50 (13.6) 31(8.4)
Radiotherapy 7(1.9) 11 (2.9)
Chemotherapy plus radiotherapy or surgery 19 (5.2) 4(1.1)
Surgery 21(5.7) 4(1.1)
Clinical surveillance 3(0.8) 9 (2.4)
Palliative care 1(0.2) 5(1.3)
Complementary test or examination 0 0
Other treatment 0 0
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No treatment or no modification of treatment 52 (14.2) 5(1.1)
Unknown treatment 38 (10.3) 130 (35.4)
Missing data 139 (37.8) 35 (9.5)

Note. 9 No statistical testing was reported between groups.

Harms

We identified 1 study reporting on harms.?® Overall, there were 44 individual instances where
confidence in the treatment plan decreased following a Percepta result compared with

297 instances where confidence remained the same or increased.?® No significant demographic
differences were observed, and the decrease in confidence in was not specific to any case or any
individual physician.?3

Cost and Cost-effectiveness
We did not identify any eligible cost or cost-effectiveness studies for GEP testing in lung cancer.

Bottom Line

Based on some newly identified evidence (5 NRSs), we conclude that at this time the conclusions
of the 2018 evidence review may change; GEP testing in lung cancer was not considered in the
prior evidence review.

Pancreatobiliary Cancer

GEP is currently not a covered benefit for pancreatobiliary cancer.* For this evidence update, we
therefore focused on both effectiveness and harms for GEP testing in pancreatobiliary cancer.
Since the evidence review in 2018, we identified 1 systematic review evaluating GEP testing in
pancreatobiliary cancer and 1 newly published eligible study.'>'8

Effectiveness

We identified 1 scoping review identifying and characterizing decision impact studies in genomic
medicine in cancer, including in pancreatobiliary cancer.!®

Of the 87 included studies, 2 (2%) were in pancreatobiliary cancer; both were conducted in the
Israel and evaluated the use of Target Now (Caris Life Sciences).*® Of the 2 studies, 1 is a
conference abstract®” and would therefore not provide a sufficient signal for an updated
evidence review.

The other study by the same research team evaluated the use of impact of molecular profiling
using Target Now in 30 people with advanced pancreaticobiliary cancer.'? The retrospective
study found that in the 27 patients for whom treatment decisions were available before testing,
20 (74.1%) experienced a treatment decision change in the first line after testing.? The changes
were as follows?:
e Omitting, replacing, or adding agents to the specific regimen that was recommended before
testing in 12 patients
¢ Changing a specific regimen where the physician had been unsure prior to testing in
2 patients
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e Changing from recommended best supportive care to treatment with an anticancer therapy
after testing in 6 patients

Harms

We did not identify any eligible systematic reviews or primary studies on the harms of GEP
testing in pancreaticobiliary cancer.

Costs and Cost-Effectiveness

We did not identify any eligible cost or cost-effectiveness studies for GEP testing in
pancreaticobiliary cancer.

Bottom Line

Based on the very limited newly identified evidence (1 NRS), we conclude that at this time the
conclusions of the 2018 evidence review are unlikely to change.

Sarcoma

GEP is currently not a covered benefit for sarcoma.* For this evidence update, we therefore
focused on both effectiveness and harms for GEP testing in sarcoma. Since the evidence review
in 2018, we identified 1 systematic review.'>8

Effectiveness

We identified 1 scoping review identifying and characterizing decision impact studies in genomic
medicine in cancer, including in sarcoma.'® Of the 87 included studies, 1 (1%) involved sarcoma,
but evaluated the DNA-based FoundationOne test which is not an eligible test for this signal
search.

Harms

We did not identify any eligible systematic reviews or primary studies on the harms of GEP
testing in sarcoma.

Costs and Cost-Effectiveness
We did not identify any eligible cost or cost-effectiveness studies for GEP testing in sarcoma.

Bottom Line

Based on the lack of identified evidence, we conclude that at this time, the conclusions of the
2018 evidence review are unlikely to change.

Skin Cancer

GEP is currently not a covered benefit for skin cancer. For this evidence update, we therefore
focused on both effectiveness and harms for GEP testing in skin cancers. Since the evidence
review in 2018, we identified 1 systematic review and 6 newly eligible primary studies evaluating
GEP testing in skin cancer.?11:161819.2224 \We 3|so identified 1 recently published guideline on the
use of GEP in the management of cutaneous squamous cell carcinoma (cSCC).?
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Effectiveness

We identified 1 scoping review identifying and characterizing decision impact studies in genomic

medicine in cancer, including in skin cancer.'® Of the 87 included studies, 3 (3%) were in skin

cancer; 2 studies were conducted in the United States and 1 in France.*® The following tests

were evaluated®®:

e DecisionDx-UM (Castle Biosciences)in 2 studies!??°

e A nonspecific NGS test in 1 study in melanoma (21%), lung cancer (56%), or colorectal cancer
(23%)°

Only 1 of the 2 studies evaluating DecisionDx-UM is a peer-reviewed journal publication?’; the
other study is a conference abstract and would therefore not provide a sufficient signal for an
updated evidence review.”®

Plasseraud and colleagues evaluated the use of DecisionDx-UM in 70 people with uveal
melanoma (melanoma in the eye).!? The NRS was prospective and multicenter and aimed to
assess patient management differences associated with low-risk class 1 and high-risk class 2
results, as indicated by DecisionDx-UM testing.'? Patients with high-risk results received
significantly higher-intensity monitoring and more oncology or clinical trial referrals compared to
patients who had low-risk results.'” However, no analysis of how the testing results changed or
not after the test results was reported.'?

Coquerelle and colleagues’ evaluated how the use of NGS could modify care pathways in an

observational, retrospective impact study conducted in France.” While NGS is primarily a DNA-

based technique, it can be used for RNA-based cDNA sequencing. Therefore, we are considering

NGS for this study, given the authors' comprehensive coverage of the effect of this procedure

for multiple cancer types.’ In people with melanoma (no further details on the specific type),

there were?:

e Missing data or no results in 52.3% of people

e An alteration identified in 38.3% of people, with 25.0% of alterations being actionable (see
Table 4)

Table 4. Genotype-Matched and Nonmatched Treatments Before and After NGS Analyses in
Melanoma’®

Genotype-matched 6(9.4) 39 (60.9)
Targeted therapies prescribed 5(7.8) 12(18.7)
Clinical trials proposed 1(1.5) 27 (42.2)
Non-genotype matched 58 (90.6) 23 (35.9)
Chemotherapy 0 0
Radiotherapy 1(1.5) 0
Chemotherapy plus radiotherapy or surgery 0 0
Surgery 34 (53.1) 9 (14.0)
Clinical surveillance 2(3.1) 6(9.4)
Palliative care 0 2(3.1)
Complementary test or examination 0 1(1.5)
Other treatment 0 0
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No treatment or no modification of treatment 21 (32.8) 5(7.8)
Unknown treatment 0 NR
Missing data 0 2(3.1)

Note. 9 No statistical testing was reported between groups.
Abbreviation. NR: not reported.

We also identified 2 primary studies evaluating GEP testing in skin cancer (Table 5).11:22

Table 5. Summary Characteristics of Eligible Primary Studies of GEP for Skin Cancer

DecisionDx-Melanoma (Castle Biosciences Inc.)

Dillon et al., 2018 247 patients To evaluate the test impact on Prospective decision
NR with melanoma | clinical management of melanoma impact study (before
us and after receipt of
GEP results)
DecisionDx-SCC (Castle Biosciences Inc.)
Saleeby et al., 2022%2 | 59 people aged | To demonstrate patterns of test Prospective decision
NR 65 and older utilization, including the impact on impact study (before
uUs with ¢SCC clinician recommendations for clinical | and after receipt of
management of high-risk cSCC GEP results)

Abbreviations. cSCC: cutaneous squamous cell carcinoma; GEP: gene expression profiling; NCT: National Clinical
Trial; NR: not reported.

In 247 patients with primary melanoma, Dillon and colleagues found that management
recommendations changed in 122 people (49%) with the addition of the DecisionDx-Melanoma
test results (36% of low-risk melanoma cases and 85% of high-risk melanoma cases).*! In
addition, GEP class was a significant factor for change in care (P < .001), with low-risk status
accounting for 91% of people with decreased management intensity and high-risk status
accounting for 72% of people with increased management intensity.!?

In the study by Saleeby and colleagues, 24% of clinicians made changes to their treatment plan
for cutaneous squamous cell carcinoma (cSCC) with the addition of the DecisionDx-SC test
results, and 59% reported an increased confidence in their original treatment plan.?? Overall,
42% of clinicians reported the DecisionDx-SC test results as being the most influential factor in
deciding the management plan.?? By risk status, 64.7% of clinicians reported increased
confidence in their pre-test treatment plan and 17.6% reported a direct impact on treatment
decisions for their patients receiving a low-risk status result; for clinicians whose patients
received a moderate-risk status result, 14.3% of clinicians reported increased confidence in
their pre-test treatment plan and 71.4% reported a direct impact on treatment plans.??
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In the 2024 guidelines, developed by 8 dermatologists with expertise in the diagnosis and
management of cSCC, published studies and consensus were used to draft the following
recommendations?>:

e There is data to support that specific genes influence cSCC clinical behavior (Level A, defined
as being based on consistent and good quality patient-oriented evidence)

e The data supports the 40-GEP test's ability to identify a subset of cSCCs that are at high risk
for metastasis (Level A)

e The 40-GEP test provides clinically useful data for cSCC prognosis independent of the
AJCC8 and BWH staging systems (Level A)

e Adding 40-GEP data to the AJCC8 and BWH staging systems enhances the prognostic
assessment of cSCC (SOT Level A)

e The 40-GEP test results can increase the precision and confidence in cSCC management
decisions (Level A)

e The 40-GEP test should be considered for use on cSCC tumors with at least 1 high-risk
feature per AJCC8 and/or BWH and/or NCCN guidelines (Level A)

e The 40-GEP test is not recommended to be used on cSCC in situ or invasive ¢SCC without
high-risk features, or for patients that are not candidates for additional procedures or
therapies (Level C, defined as being based on consensus, usual practice, opinion, disease-
oriented evidence, or case series)

Each of the recommendations were unanimously approved for adoption into clinical practice.?

Harms

We did not identify any eligible systematic reviews or primary studies on the harms of GEP
testing in skin cancer.

Costs and Cost-Effectiveness

We identified 1 cost-benefit analysis and 1 claims-based analysis on GEP testing in skin
cancer.1624

Hu and colleagues used a Markov model to model the clinical impact and cost of implementing a

GEP test, using DecisionDx-Melanoma, to guide adjuvant therapy for people with resected stage

[IIA melanoma.® The 3 treatment options were as follows?!¢:

o Observation

e Adjuvant pembrolizumab for all patients

e Selective adjuvant therapy, where only high-risk patients based on GEP stratification were
treated with pembrolizumab

The primary outcome was cost per death avoided at 10 years.'® Based on this analysis (Table 6),
Hu and colleagues concluded routine adjuvant pembrolizumab was costly, and risk stratification
by GEP testing only marginally improved the value of this therapy in stage [lIA melanoma.®

Table 6. Incremental Cost and Effect by Treatment Strategy Over 10 Years'®

Observation 0.68 $77.2K Reference Reference
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Selective pembrolizumab 0.73 $182.1K $2.10M $583.0K
Routine pembrolizumab 0.76 $272.4K $2.44M $697.1K

Abbreviations. K: thousand; M: million.

Somani and colleagues analyzed Medicare claims data for new diagnoses of cSCC for 12 months

(ending June 2022).2* The total direct annual cost for radiation therapy for Medicare patients
was estimated at approximately $1.4 billion, with the cost of GEP testing being approximately
$195 million.?* Using the distribution of GEP results, specifically DecisionDx-SCC, from
published studies, the analysis estimated that avoidance of adjuvant radiation therapy based on
risk status could save up to $972 million in the Medicare-eligible population per year.?*
Sensitivity analysis showed for every additional 10% of moderate-risk test results, an extra

$38 million to $66 million in annual savings could be expected through avoiding adjuvant

radiation therapy.?*

Bottom Line

Based on some newly identified evidence (4 NRSs and 2 cost analyses), we conclude that at this
time the conclusions of the 2018 evidence review may change; GEP testing in skin cancer was
not considered in the prior evidence review.

Ongoing Studies

We identified 6 ongoing clinical studies (Table 7). There are 5 cohort studies and one quasi-
experimental pre-post-test study (PROMMIS). In total, 4 studies include patients with prostate
cancer and 1 study includes patients with bladder and urothelial cancer. We have been inclusive
when selecting these ongoing studies, and some of these may not meet our strict inclusion

criteria once published.

Table 7. Summary Characteristics of Ongoing Studies of GEP for Cancer

Prostate Cancer

NCT04396808°1
G-MAJOR
Decipher, Prolaris or

Oncotype Dx Genomic
Prostate Score

Genomics in Michigan to Adjust
Outcomes in Prostate Cancer
(G-MAJOR) for Men With Newly
Diagnosed Favorable Risk
Prostate Cancer

Impact of GEP testing on rate of
potentially unnecessary surgery,
predicting adverse pathology and
predicting biochemical recurrence

July 2025
NCT05424783%2 MRI and GPS Informing Choices Proportion with active surveillance
MAGIC for Prostate Cancer Treatment prostate biopsy by 18 months

Oncotype Dx Genomic
Prostate Score

December 2025

(MAGIC)

Proportion with reclassification
within 18 months
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NCT02783950%°
G-MINOR
Decipher Prostate Cancer
Classifier

Genomics in Michigan Impacting
Observation or Radiation
(G-MINOR)

Number receiving adjuvant
therapy

Time to treatments

Time to biochemical recurrence or
metastasis

August 2024

Patient-reported outcomes
NCT04476537% RNA Precision Oncology in Number assigned therapy with
HIPPOCRATES Advanced Pancreatic Cancer OncoTreat compared to usual care
OncoTreat (HlPPOCRATES)
August 2024

Bladder or Urothelial Cancer

ISRCTN17378733%
GUSTO

Decipher Bladder
September 2027

GUSTO: Gene Expression
Subtypes of Urothelial Cancer:
Stratified Treatment and
Oncological Outcomes

Pathological complete response

rate by gene expression subtype
in the gene expression subtype-

guided arm post-cystectomy and
in standard care arm

Abbreviations. GEP: gene expression profiling; NCT: National Clinical Trial identifier; RNA: ribonucleic acid.

Summary

In this evidence review, we identified studies on the use of GEP for adults with cancer. After
summarizing the effectiveness, harms, and economic outcomes from eligible studies in this evidence
update, we have determined that these outcomes may change the conclusions of the 2018 evidence
report in specific cancers—namely, colon and colorectal cancer, lung cancer, and skin cancer.
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display™* or microarray* or panel* or profil* or sequencing or signature* or test*)) or GEP).ti,ab kf.
104581

3 (multi-gene* adj3 (analys?s or assay* or classifi* or differential display* or microarray* or

panel* or profil* or sequencing or signature* or test*)).ti,ab,kf. 1046

4 ((genom™ or multi-genom*) adj3 (analys?s or assay* or classifi* or differential display* or

microarray™* or panel* or profil* or sequencing or signature* or test*)).ti,ab,kf. 170190

5 ((mRNA* or messenger RNA or RNA-seq* or single-cell gene or single-cell RNA or sc-

RNA*) adj3 (analys?s or assay* or classifi* or differential display* or microarray* or panel* or
profil* or sequencing or signature* or test*)).ti,ab,kf. 111348

6 ((cDNA* or copy DNA) adj3 (analys?s or assay* or classifi* or differential display* or
microarray™* or panel* or profil* or sequencing or signature* or test*)).ti,ab,kf. 19840

7 Exome Sequencing/ 8546

8 ((exome™* or exomic*) adj3 (analys?s or assay™* or classifi* or differential display* or
microarray* or panel* or profil* or sequencing or signature* or test*)).ti,ab,kf. 31971

9 Transcriptomes/ 69278

10 transcriptom*.ti,ab,kf. 162143

11 exp "Transcription, Genetic"/ 244753
12 or/1-11 755797

13 (Oncotype* or 21-gene or EndoPredict* or 12-gene or MammaPrint* or 70-gene or
Mammostrat* or Breast Cancer Ind* or Prosigna* or PAM50* or 50-gene or 46-Gene or 17-gene
or 40-gene or Prolaris* or Oncogram™* or DecisionDX* or Decision DX*).mp. 7004

14 (decipher* adj3 (assay* or classifier* or panel* or profil* or prostate or signature* or
test™*)).mp. 494

15 (PanCancer adj3 (Pathway* or assay* or classifier* or panel* or profil* or prostate or
signature* or test*)).mp. 159

16 or/13-15 7626
17 exp *neoplasms/ 3539990

18 (cancer* or neoplas* or tumo?r* or carcinom* or adenocarcinom* or malig* or
metasta*).ti,kf,kw. 2827645

19 or/17-18 4160007
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20 exp Decision Support Techniques/ 82878
21 Decision Support Systems, Clinical/ 9804
22 exp Clinical Decision-Making/ 17103
23 exp Decision Making/ 238639

24 (Decision-making or decision making).mp. 296704

25 (decision* adj3 (aid$1 or aiding or assist* or guide or guides or guiding or guidance or

impact* or implication* or influenc* or manage* or managing or tailor* or support*)).mp.
135933

26 ((adjust* or approach$2 or influenc* or path$4) adj3 (adjuvant or care or chemoradi* or

chemotherap* or drug$1 or immunotherap* or medicine or neoadjuvant or pharmacotherap* or
radiation™ or radiotherap* or therap™* or treatment*)).mp. 376124

27 ((choice or choose™ or optim* or recommend* or select* or tailor*) adj3 (adjuvant or care
or chemoradi* or chemotherap* or drug$1 or immunotherap* or medicine or neoadjuvant or
pharmacotherap* or radiation* or radiotherap™* or therap™* or treatment*)).mp. 411890

28 (decision* adj3 (adjuvant or care or chemoradi* or chemotherap* or drug$1 or
immunotherap* or medicine or neoadjuvant or pharmacotherap* or radiation* or radiotherap* or
therap* or treatment™*)).mp. 69625

29 ((effect™ or efficac* or impact* or implication*) adj3 (adjuvant or care or chemoradi* or
chemotherap* or drug$1 or immunotherap* or medicine or neoadjuvant or pharmacotherap* or
radiation™ or radiotherap™* or therap* or treatment*)).mp. 4332278

30 ((guidance or guide or guides or guiding) adj3 (adjuvant or care or chemoradi* or
chemotherap* or drug$1 or immunotherap* or medicine or neoadjuvant or pharmacotherap* or
radiation™ or radiotherap™* or therap™* or treatment*)).mp. 50146

31 ((individual* or person-cent* or personal* or precision) adj3 (adjuvant or care or
chemoradi* or chemotherap* or drug$1 or immunotherap* or medicine or neoadjuvant or
pharmacotherap* or radiation* or radiotherap* or therap™* or treatment*)).mp. 210559

32 ((manage* or managing) adj3 (adjuvant or care or chemoradi* or chemotherap* or drug$1
or immunotherap* or medicine or neoadjuvant or pharmacotherap* or radiation* or radiotherap*
or therap™* or treatment*)).mp. 186066

33 (decision* adj3 (clinical* or clinician® or physician* or oncologist* or practitioner*)).mp.
87879

34 ((clinical* or medical*) adj3 (action* or benefit* or impact™ or significan* or utility or
utili?ation)).mp. 386737

35 or/20-34 5974170
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36 (12 and 19 and 35) or (16 and 35) 48177

37 (exp Animals/ not Humans/) or (baboon$1 or bovine$1 or canine$1 or cat$1 or
chimpanzee$1 or cow$1 or dog$1 or feline$1 or fish or goat$1 or hens or macque$1 or mice or
monkey$1 or mouse or murine$1 or ovine or pig$1 or porcine or primate$1 or sheep or rabbit$1
or rat or rats or rattus or rhesus or rodent$1 or zebrafish).ti.5708056

38 36 not 37 44440

39 (201709* or 201710* or 201711* or 201712* or 2018* or 2019* or 2020* or 2021* or
2022* or 2023* or 2024* or 2025*).dp,dt,ep.9887662

40 38 and 39 24113

41 limit 40 to english language 23886

42 Randomized Controlled Trial/ 614044

43 Random Allocation/ 107235

44 Control Groups/ 2130

45 Placebos/ 35960

46 (random* or sham or placebo* or head-to-head).ti,ab,kf. 1694501
47 Single-Blind Method/ 33533

48 Double-Blind Method/ 178721

49 ((singl* or doubl*) adj (blind* or dumm™* or mask*)).ti,ab,kf. 204020
50 ((tripl* or trebl*) adj (blind* or dumm* or mask?*)).ti,ab,kf. 1839

51 Controlled Clinical Trial/ 95541

52 exp "Controlled Clinical Trials as Topic"/ 180301

53 (control* adj3 (study or studies or trial* or group*)).ti,ab,kf. 1301567
54 (non random™ or non-random™* or quasi-random®).ti,ab,kf. 33675
55 allocated.ti,ab,kf. 89307

56 ((open label or open-label) adj5 (study or studies or trial*)).ti,ab,kf. 47987

57 ((equivalence or superiority or non-inferiority or noninferiority) adj3 (study or studies or
trial®)).ti,ab,kf. 12736

58 (pragmatic study or pragmatic studies).ti,ab,kf. 653

59 ((pragmatic or practical) adj3 trial*).ti,ab,kf. 6667
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60 (quasi-experimental adj3 (study or studies or trial*)).ti,ab,kf. 13332

61 "Clinical Trials, Phase Il as Topic"/ 9426

62 ((phase adj3 (Il or "2") adj3 (study or studies or trial*)) or phase2).ti,abkf. 67471

63 "Clinical Trials, Phase Il as Topic"/ 11445

64 ((phase adj3 (Il or "3") adj3 (study or studies or trial*)) or phase3).ti,ab,kf. 54080

65 "Clinical Trials, Phase IV as Topic"/ 397

66 ((phase adj3 (IV or "4") adj3 (study or studies or trial*)) or phase4).ti,ab,kf. 3059

67 Comparative Effectiveness Research/ 4030

68 (compar* adj3 (effectiveness or efficacy)).ti,ab,kf. 107213

69 (active adj1 (comparator* or control$1 or treatment* or intervention*)).ti,ab,kf. 25238

70 (Randomized Controlled Trial or Controlled Clinical Trial or Pragmatic Clinical Trial or
Equivalence Trial or clinical trial, phase ii or Clinical Trial, Phase Il or clinical trial, phase iv).pt.
736635

71 or/42-70 2848966
72 41and 71 1515
EBM Reviews - Cochrane Central Register of Controlled Trials <April 2024>

1 exp Gene Expression Profiling/ 885

2 (((gene-expression or gene expression) adj3 (analys?s or assay* or classifi* or differential

display* or microarray* or panel* or profil* or sequencing or signature™ or test*)) or GEP).ti,ab kf.
2386

3 (multi-gene* adj3 (analys?s or assay* or classifi* or differential display* or microarray* or

panel* or profil* or sequencing or signature* or test*)).ti,ab,kf. 39

4 ((genom™ or multi-genom*) adj3 (analys?s or assay* or classifi* or differential display* or

microarray* or panel* or profil* or sequencing or signature* or test*)).ti,ab,kf. 2025

5 ((mRNA* or messenger RNA or RNA-seq* or single-cell gene or single-cell RNA or sc-

RNA¥) adj3 (analys?s or assay* or classifi* or differential display* or microarray* or panel* or
profil* or sequencing or signature* or test*)).ti,ab,kf. 1425

6 ((cDNA* or copy DNA) adj3 (analys?s or assay™* or classifi* or differential display* or
microarray™* or panel* or profil* or sequencing or signature* or test*)).ti,ab,kf. 62
7 Exome Sequencing/ 56
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8 ((exome™* or exomic*) adj3 (analys?s or assay™* or classifi* or differential display* or
microarray™* or panel* or profil* or sequencing or signature* or test*)).ti,ab,kf. 427

9 Transcriptomes/ 461

10 transcriptom™.ti,ab,kf. 1698

11 exp "Transcription, Genetic"/ 609
12 or/1-11 7240

13 (Oncotype* or 21-gene or EndoPredict* or 12-gene or MammaPrint* or 70-gene or
Mammostrat* or Breast Cancer Ind* or Prosigna* or PAM50* or 50-gene or 46-Gene or 17-gene
or 40-gene or Prolaris* or Oncogram* or DecisionDX* or Decision DX*).mp. 778

14 (decipher* adj3 (assay* or classifier* or panel* or profil* or prostate or signature* or
test*)).mp. 40

15 (PanCancer adj3 (Pathway* or assay* or classifier* or panel* or profil* or prostate or
signature* or test*)).mp. 21

16 or/13-15 832
17 exp *neoplasms/ 75572

18 (cancer* or neoplas* or tumo?r* or carcinom* or adenocarcinom* or malig* or
metasta*).ti,kf,kw. 209360

19 or/17-18 228316

20 exp Decision Support Techniques/ 4478

21 Decision Support Systems, Clinical/ 646

22 exp Clinical Decision-Making/ 685

23 exp Decision Making/ 6437

24 (Decision-making or decision making).mp. 19227

25 (decision* adj3 (aid$1 or aiding or assist* or guide or guides or guiding or guidance or
impact* or implication* or influenc* or manage* or managing or tailor* or support*)).mp. 10686

26 ((adjust* or approach$2 or influenc* or path$4) adj3 (adjuvant or care or chemoradi* or
chemotherap* or drug$1 or immunotherap* or medicine or neoadjuvant or pharmacotherap* or
radiation* or radiotherap* or therap* or treatment*)).mp. 32984

27 ((choice or choose™ or optim™ or recommend* or select* or tailor*) adj3 (adjuvant or care
or chemoradi* or chemotherap* or drug$1 or immunotherap* or medicine or neoadjuvant or
pharmacotherap* or radiation™ or radiotherap* or therap* or treatment*)).mp. 51801
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28 (decision* adj3 (adjuvant or care or chemoradi* or chemotherap* or drug$1 or
immunotherap* or medicine or neoadjuvant or pharmacotherap* or radiation* or radiotherap* or
therap* or treatment®)).mp. 8484

29 ((effect™ or efficac* or impact™ or implication*) adj3 (adjuvant or care or chemoradi* or
chemotherap* or drug$1 or immunotherap* or medicine or neoadjuvant or pharmacotherap* or
radiation™ or radiotherap™* or therap™* or treatment*)).mp. 440680

30 ((guidance or guide or guides or guiding) adj3 (adjuvant or care or chemoradi* or
chemotherap* or drug$1 or immunotherap* or medicine or neoadjuvant or pharmacotherap* or
radiation™ or radiotherap* or therap* or treatment*)).mp. 4584

31 ((individual™® or person-cent* or personal* or precision) adj3 (adjuvant or care or
chemoradi* or chemotherap* or drug$1 or immunotherap* or medicine or neoadjuvant or
pharmacotherap* or radiation™ or radiotherap* or therap* or treatment*)).mp. 24636

32 ((manage* or managing) adj3 (adjuvant or care or chemoradi* or chemotherap* or drug$1
or immunotherap* or medicine or neoadjuvant or pharmacotherap* or radiation* or radiotherap*
or therap™* or treatment™)).mp. 27999

33 (decision* adj3 (clinical* or clinician* or physician* or oncologist* or practitioner*)).mp.
8725

34 ((clinical* or medical*) adj3 (action* or benefit* or impact™ or significan* or utility or
utili?ation)).mp. 65746

35 or/20-34 587542
36 (12 and 19 and 35) or (16 and 35) 1859

37 (exp Animals/ not Humans/) or (baboon$1 or bovine$1 or canine$1 or cat$1 or
chimpanzee$1 or cow$1 or dog$1 or feline$1 or fish or goat$1 or hens or macque$1 or mice or
monkey$1 or mouse or murine$1 or ovine or pig$1 or porcine or primate$1 or sheep or rabbit$1
or rat or rats or rattus or rhesus or rodent$1 or zebrafish).ti. 11905

38 36 not 37 1853

39 limit 38 to (yr="2017 -Current" and english language) 1373

40 limit 39 to (trial registry record or conference proceeding or dissertation thesis) 866
41 38 not 40 508

Economic Evaluations
Searches run June 3, 2024.

Ovid MEDLINE(R) ALL <1946 to May 30, 2024>

1 exp Gene Expression Profiling/ 165682
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2 (((gene-expression or gene expression) adj3 (analys?s or assay* or classifi* or differential
display* or microarray* or panel* or profil* or sequencing or signature* or test*)) or GEP).ti,ab kf.

104581
3 (multi-gene* adj3 (analys?s or assay* or classifi* or differential display* or microarray* or
panel* or profil* or sequencing or signature* or test*)).ti,ab,kf. 1046
4 ((genom™ or multi-genom*) adj3 (analys?s or assay* or classifi* or differential display* or
microarray™* or panel* or profil* or sequencing or signature* or test*)).ti,ab,kf. 170190
5 ((mRNA* or messenger RNA or RNA-seq* or single-cell gene or single-cell RNA or sc-

RNA*) adj3 (analys?s or assay* or classifi* or differential display* or microarray* or panel* or
profil* or sequencing or signature* or test*)).ti,ab,kf. 111348

6 ((cDNA* or copy DNA) adj3 (analys?s or assay* or classifi* or differential display* or
microarray™* or panel* or profil* or sequencing or signature* or test*)).ti,ab,kf. 19840

7 Exome Sequencing/ 8546

8 ((exome™* or exomic*) adj3 (analys?s or assay™* or classifi* or differential display* or
microarray™* or panel* or profil* or sequencing or signature* or test*)).ti,ab,kf. 31971

9 Transcriptomes/ 69278

10 transcriptom*.ti,ab,kf. 162143

11 exp "Transcription, Genetic"/ 244753
12 or/1-11 755797

13 (Oncotype* or 21-gene or EndoPredict* or 12-gene or MammaPrint* or 70-gene or
Mammostrat* or Breast Cancer Ind* or Prosigna* or PAM50* or 50-gene or 46-Gene or 17-gene
or 40-gene or Prolaris* or Oncogram™* or DecisionDX* or Decision DX*).mp. 7004

14 (decipher* adj3 (assay™* or classifier* or panel* or profil* or prostate or signature* or
test*)).mp. 494

15 (PanCancer adj3 (Pathway* or assay* or classifier* or panel* or profil* or prostate or
signature® or test*)).mp. 159

16 or/13-15 7626
17 exp *neoplasms/ 3539990

18 (cancer* or neoplas* or tumo?r* or carcinom* or adenocarcinom* or malig* or
metasta®).ti,kf,kw. 2827645

19 or/17-18 4160007

20 Economics/ 27534
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21
22
23
24
25
26
27
28
29
30

expenses or financial or finance or finances or financed).ti,kf.

exp "Costs and Cost Analysis"/
Economics, Nursing/ 4013
Economics, Medical/ 9280

Economics, Pharmaceutical/ 3137

exp Economics, Hospital/ 25856
Economics, Dental/ 1922
exp "Fees and Charges"/ 31454

exp Budgets/ 14217

budget*.ti,kf. 9436

270815

(economic* or cost or costs or costly or costing or price or prices or pricing or
pharmacoeconomic* or pharmaco-economic* or expenditure or expenditures or expense or

296589

(cost* adj2 (effective* or utilit* or benefit* or minimi* or analy* or outcome or

31

outcomes)).ti kf. 59612

32 (value adj2 (money or monetary)).ti kf.
33 exp models, economic/ 16345
34 economic model*.ti,ab kf. 4873
35 markov chains/ 16186

36 markov.ti,ab,kf. 30865

37 monte carlo method/ 32904

38 monte carlo.ti,ab,kf. 63260

39 exp Decision Theory/ 13673

40 or/20-39 601855

41 (12 and 19) or 16)and 40 670

465
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Appendix B. Detailed Inclusion and Exclusion Criteria

Populations

Table B1. Detailed Inclusion and Exclusion Criteria

Adults with cancer

Studies in children with cancer
Studies in adults without cancer

Interventions

Multigene commercially or clinically
available GEP testing of cancer tumor
tissue

Genetic testing other than that
stated

Genetic testing of nonsolid tumor
tissues (liquid biopsy, saliva, urine,
bronchoalveolar lavage)
Molecular testing of other types
(DNA, protein, noncoding RNAs)
Radiomics

Mixed/multi “omics”

Molecular tumor typing (cancer type
identification)

setting in countries categorized as very
high on the UN Human Development
Index

Comparators Another GEP test o Comparators other than those
Other clinicopathological forms of stated
testing to guide treatment decisions, e No comparator
without GEP
No tumor tissue GEP testing
Usual care
Outcomes Patient management decisions o Studies that do not report outcomes
Clinical outcomes of interest
Harms of testing e Risk of cancer in patients not
Cost and cost-effectiveness diagnosed with cancer
e Outcomes in cancer survivors
o Economic outcomes from studies
performed in non-United States
countries
e Economic outcomes from studies
performed in the United States that
were published more than 5 years
ago
Timing Post-cancer diagnosis o None stated
e Pre-cancer diagnosis
o Longterm survivors
Setting Any outpatient or inpatient clinical o Emergency settings

Nonclinical settings (e.g., studies in
healthy volunteers, animal models of
disease, cell culture, xenografts,
organoids)

Countries categorized other than
very high on the UN Human
Development Index
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Study Design

Systematic reviews and meta-analyses
Comparative primary studies

Abstracts, conference proceedings,
posters, editorials, letters

Studies without a comparator
Noncomparative association or
correlation studies

Development of novel GEPs
Proof-of-principle studies (e.g.,
device development or surgical
technique modification)

Sample Size o None specified Studies that do not meet the
minimum sample size
Publication e Publication Published, peer-reviewed, English-

language articles

Abbreviations. DNA: Deoxyribonucleic Acid; GEP: gene expression profiling; KQ: key question; RNA: Ribonucleic
Acid; UN: United Nations.
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Appendix C. Excluded Studies With Reasons

Precision medicine improves outcomes in metastatic breast cancer. Nature. 2022. #volume#:#pages# Publication Type
10.1038/d41586-022-02276-9
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10.1186/513058-019-1195-z
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Health Care. 2023. 39:€76 10.1017/50266462323002751
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Alderdice, M., Richman, S. D., Gollins, S., Stewart, J. P, Hurt, C., Adams, R., McCorry, A. M., Roddy, A. C., Aim
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Invasive Breast Cancer: Which Biomarkers Could Help? Cancer Manag Res. 2019;11:10353-10373. doi: Review Available
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Aragaki, A. K., Jing, Y., Hoffman-Censits, J., Choi, W., Hahn, N. M., Trock, B. J., McConkey, D. J., Johnson, B. A., 3rd. Outcomes
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Bao, X,, Shi, R., Zhao, T., Wang, Y. Mast cell-based molecular subtypes and signature associated with clinical outcome [Aim
in early-stage lung adenocarcinoma. Mol Oncol. 2020. 14:917-932 10.1002/1878-0261.12670
Barlesi, F., Tomasini, P., Karimi, M., Michiels, S., Raimbourg, J., Daniel, C., Janicot, H., Madroszyk, A., Audigier-Valette, |Comparator
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Patients With Metastatic Non-Small Cell Lung Cancer: The Precision Medicine Phase Il Randomized SAFIR02-
Lung/IFCT 1301 Trial. Clin Cancer Res. 2022. 28:4018-4026 10.1158/1078-0432.CCR-22-0371

Bartlett, J. M. S., Sgroi, D. C., Treuner, K., Zhang, Y., Ahmed, |, Piper, T., Salunga, R., Brachtel, E. F., Pirrie, S. J., Study Design
Schnabel, C. A., Rea, D. W. Breast Cancer Index and prediction of benefit from extended endocrine therapy in breast
cancer patients treated in the Adjuvant Tamoxifen-To Offer More? (aTTom) trial. Ann Oncol. 2019. 30:1776-1783
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