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ABSTRACT

Biologic factors limiting responsiveness to matched targeted therapies include genomic heterogeneity and complexity. Advanced
tumors with unique molecular profiles can be studied by comprehensive genomic profiling (CGP) and enhance patient outcomes
using principles of precision medicine. The clinical utility of CGP across all cancer types and different therapeutic interventions
using overall survival (OS) and progression-free survival (PFS) data was studied in this systematic literature review. Randomized
controlled, nonrandomized, and observational studies conducted in adult patients with advanced cancer, dated up to September
2022, were searched from PubMed and EMBASE databases following PRISMA guidelines. Of 14 CGP studies, 7 (50%) and 9 (64%)
reported OS and PFS as an outcome, respectively. Improved OS and PFS were reported when CGP guided treatment decisions, but its
clinical utility varied among cancer types. Treatments were assigned based on matching scores and with the involvement of
molecular tumor board (MTB) enhanced OS and PFS. Patients following MTB recommendations had superior treatment outcomes
compared with those on physician’s choice regimens. CGP clinically benefited patients with genomically matched therapies and
yielded better clinical outcomes regardless of cancer type. Further, uniform clinical value-based ranking of actionable mutations can
encourage oncologists to use CGP tests for patients.

Keywords: advanced cancer, comprehensive genomic profiling, precision medicine, overall survival, progression-free survival,
molecular tumor board

BACKGROUND

The past decade has seen a significant transforma-
tion in the approach, treatment, and management of
patients with cancer. This is further characterized by a
paradigm shift from a universal treatment strategy to a
growing emphasis on personalized medicine based on
genomic variants.[1] Precision medicine in cancer empha-
sizes personalized care using the patient’s tumor-specific
information for cancer diagnosis, treatment, and manage-
ment. It uses identification tests like single-gene testing,
multigene hotspot panels, and comprehensive genome
profiling (CGP) assays for disease diagnosis and treatment
prognosis.[2,3] The molecular characteristics of individual
tumors play a crucial role in assisting oncologists in
enhancing the traditional approach to tissue localization

and tumor histology.[4] While single gene-based assays are
routinely used in clinical settings,[4] there is a gradual shift
toward the adoption of next-generation sequencing (NGS)
as a more preferred approach in cancer diagnostics and
treatment.[4] Of all the NGS-based assays, CGP uses a single
genomic panel to assess hundreds of genes, including rele-
vant cancer biomarkers, and, thus, provides broad molecu-
lar coverage of the genome. It offers multiple benefits
compared with the analysis of individual genes, facilitating
the concurrent identification of all categories of genomic
alterations known to promote malignant proliferation.[4]

While conventional molecular tests assess the limited
alteration in the specific set of genes, CGP aims to iden-
tify all the classes of genomic aberrations at a nucleotide
level and genetic signatures, including microsatellite
instability and tumor mutational burden.[3,5] It also
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provides insights into the genomic alterations and bio-
markers that direct the targeted therapy with the efficient
use of tissue samples.[3] Despite these benefits of CGP, the
utility remains limited, primarily due to the limited
access to targeted therapy.
Several individual studies have demonstrated the low

actionability of CGP results. In one study by Cobain
et al.,[6] 80.5% of the profiled patients had actionable
genetic variations, but only 16.2% received targeted
therapy. Further, of the patients who received targeted
therapy, only 37.1% (4.82% of total patients profiled,
n ¼ 1138) reported clinical benefits. Hilal et al.[3] observed
that the CGP assay identified actionable genomic variants
in 92% of patients, but only 12% received targeted ther-
apy, and only 2% derived clinical benefits. In another
study, actionable genomic alterations were found in
40–94% of the patients; however, only a few of them
(10–25%) received genomically matched therapy.[7]

Additionally, studies like the SHIVA trial reported that
using molecularly targeted agents did not improve pro-
gression-free survival (PFS) in patients.[8] Significant dif-
ferences are also seen in the overall survival (OS) after
molecularly targeted therapy.[9]

To address this issue of perceived low actionability,
consolidating data from clinical trials evaluating the
clinical utility of CGP can be beneficial.[10] This system-
atic literature review aims to investigate the clinical
utility of CGP across various cancer types and therapeu-
tic interventions, providing insights into its practical
applications and potential benefits.

METHODS

The systematic literature review search, selection, and
data extraction were conducted and reported using
PRISMA guidelines.[11] Studies published in English up
to September 2022 were searched using PubMed and
EMBASE databases. Appropriate keyword searches and
MESH terms including: advanced cancer, comprehen-
sive genomic profiling, next-generation sequencing,
precision medicine, companion diagnostics, personal-
ized healthcare, overall survival (OS), progression-free
survival (PFS), molecular tumor board (MTB), and qual-
ity of life were employed, along with suitable Boolean
operators for the search.
In assessing the eligibility of studies that passed

screening, we first excluded the following: (1) studies
published in a language other than English, (2) system-
atic literature reviews, meta-analyses, reviews, com-
ments, letters, editorials, case series, case reports, and
thesis, and (3) studies that use models, animals, or in
vitro methods. We subsequently included: (1) random-
ized controlled trials (RCTs), non-RCTs, and observa-
tional studies; (2) studies of adult human patients with
advanced cancer; (3) molecular screening studies by
CGP or hotspot NGS; (4) patients treated with targeted
therapy based on CGP results; and (5) studies that

evaluated survival endpoints as either OS or PFS. The
inclusion and exclusion criteria details are given in Sup-
plementary Figure 1 (available online). After eliminating
the duplicates, titles and abstracts were assessed for eligi-
bility by two independent reviewers; publications that
met the inclusion criteria were further evaluated as full
text.
The clinical utility of CGP in treatment selection was

studied using the data for OS and PFS. All data were ana-
lyzed descriptively.

RESULTS

Overall, 1090 studies were obtained from PubMed
and EMBASE. After removing the duplicates and title
screening (n ¼ 904), 186 studies were screened for
abstracts. Of these, 16 studies were removed as they did
not fit the study design criteria, and the full texts of 170
studies were evaluated further. Based on the inclusion
and exclusion criteria defined above, only 14 studies
were included after two rounds of screening with
35,975 patients across 10 tumor types (Fig. 1). Details of
the baseline characteristics of these studies are given in
Table 1.

Overall Survival (OS) After CGP Testing
In total, 7 of 14 CGP studies (50%) reported OS as an

outcome. All seven studies reported improved OS after
targeted therapy (alone or in combination with conven-
tional chemotherapy or hormonal therapy) over the
prior or comparator therapy.[12–18] One study[15] was con-
ducted in advanced non–small cell lung cancer, while
two studies[12,18] focused on gastric cancers and one
study on colorectal cancers[16]; the rest of the studies

Figure 1. Flowchart of study selection according to PRISMA guidelines.
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involved multiple cancer types.[13,14,17] Three studies
used circulating-tumor DNA (ctDNA) as a testing modal-
ity and its utility for successful targeted therapy.[12,13,18]

Of note is that of the Lee et al. study,[18] which used
CGP for a biomarker-driven disease diagnosis and showed
significantly improved outcomes in patients after bio-
marker-driven treatment than those following conven-
tional therapy. Additionally, the correlation betweenMET-
targeted therapy and increased levels of ctDNA MET
amplification was noted.[18]

No two molecular profiles are identical, and hence, dif-
ferent patients respond differently to the same treatment
regimens. Molecular analysis by CGP testing for a large
panel of cancer-related genes can help investigators
determine the matching scores by calculating the total
number of molecular alterations matched to the drugs
administered and dividing that number by the total
number of characterized genomic aberrations. A study
by Schwaederle et al.[14] demonstrated that OS was signif-
icantly improved in patients with higher matching scores
(. 0.2) than those with lower matching scores (, 0.2)
(matching score was calculated by dividing the number
derived from the direct matched [defined as when � 1
drug directly impacted the gene product of the molecular
alteration or a differentially expressed protein] and indi-
rect matched [a drug that affects a target removed from
the molecular aberration] for each patient by the number
of aberrations. For instance, if a patient harboring six
genomic aberrations received two drugs, the matching
score would be 2/6 or 0.33).[14] The clinical utility of CGP is
increasingly evident in the study conducted by Catenacci
et al.[12] in patients with newly diagnosed advanced gastro-
esophageal adenocarcinoma, wherein a novel study design
was implemented to test an individualized treatment strat-
egy using monoclonal antibodies matched to tumor
molecular profiles in combination with chemotherapy for

up to three lines of sequential treatment versus historical
control. The study demonstrated that excellent outcomes
can be achieved by individually optimizing chemotherapy,
biomarker profiling, and matching targeted therapies at
baseline and over time (OS: 15.7 vs. 9.0 months [historical
controls], p¼ 0.05).[12]

The study conducted by Steuten et al.[17] highlighted
that multigene panel testing detected more actionable
mutations than single-gene mutation testing (30% vs.
23%). This, in turn, increased the probability of patients
being treated with better treatment options and, hence,
better treatment outcomes (21% and 16% of patients
were treated with targeted therapies and immunothera-
pies after multigene panel testing, respectively, in con-
trast to 19% and 7% of patients being treated with
targeted therapies and immunotherapies after single-
gene mutation testing, respectively). Subsequently, the
study showed how appropriate treatment decisions
improved the clinical outcomes of these patients.[17]

This study is one of the few that emphasized that
although the cost-effectiveness of CGP versus single-
gene mutation testing was moderate ($147,000 per life
year gained) compared with commonly cited threshold
values in the United States ($50,000–$200,000 per life
year gained), as the number of available targeted thera-
pies increase over time, and, if the incremental benefit
afforded by those therapies also improves compared
with current treatments, CGP will likely become more
cost-effective in the future.[17]

Progression-Free Survival (PFS) After CGP
Testing
Overall, 9 of 14 studies (64%) involving CGP reported

PFS as an outcome. The majority of these studies (n ¼ 8,
89%) reported improved PFS over the prior therapy or
placebo. Three studies focused on advanced breast can-
cers,[19–21] while one each was reported in ovarian can-
cer[22] and metastatic gastric cancer[18]; the rest reported
multiple cancers.[13,14,23–25] Molecular profiling-guided
treatments yielded 30–56% more benefit in terms of PFS
than the PFS achieved in prior therapies.[26]

In the ARIEL 3 study on recurrent ovarian carcinoma,
it was seen that improvements in PFS in patients receiv-
ing rucaparib (versus placebo) were not just solely
driven by patients with BRCA-mutant carcinoma. How-
ever, the PFS benefit was more pronounced in patients
with a BRCA wild type and high loss of heterogeneity
than those with a BRCA wild type and low loss of het-
erogeneity. This implied how CGP testing could help in
using genes associated with homologous recombination
deficiency as a predictive biomarker for testing treat-
ment sensitivity.[22]

It is also seen that treatments assigned based on
matching scores have better PFS outcomes.[13,24] In the
study by Sicklick et al.[24] higher matching score
(matching score . 50%) was an independent predictor
of longer PFS (median PFS, high matching score versus

Table 1. Basic characteristics of the studies included

Study Characteristics n (%)

Total studies included 14 (100)
Tissue Type
Liquid biopsy 8 (57)
Tumor tissue 14 (100)
Type of Cancer
Breast 3 (21)
Lung 1 (7)
Colorectal 1 (7)
Gastric 2 (14)
Ovarian 1 (7)
Multiple cancers 6 (43)
Involvement of MTB
Yes 7 (50)
Treatment
Targeted immune checkpoint inhibitor þ hormone therapy 1 (7)
Targeted immunotherapy 9 (64)
Targeted immunotherapy þ chemotherapy 2 (14)
Targeted immunotherapy þ hormone therapy 2 (14)

MTB: molecular tumor board.
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low matching score: 6.5 vs. 3.1 months, p ¼ 0.001).
Furthermore, generally, PFS becomes shorter with each
line of therapy administered. When PFS on the study
(PFS2) was compared with the immediate prior line of
unmatched therapy (PFS1), using the patient as their own
control, it was seen that a high matching score was the
only parameter significantly impacting the PFS ratio
(PFS2/PFS1) 1.3 or greater in both the univariable (p ¼
0.026) and multivariable analyses (p ¼ 0.015).[26] Consis-
tent with this, Kato et al.[13] also demonstrated a signifi-
cantly prolonged PFS in patients with high matching
scores compared with patients with the lowest matching
score (matching scores . 50% vs. matching scores, 25%:
hazard ratio [HR], 0.47; 95% CI, 0.32–0.69; p , 0.001).
Another study conducted in patients with metastatic can-
cers demonstrated significant improvements (p ¼ 0.001)
in PFS after treatment in patients with high matching
scores than those with low matching scores, thereby sug-
gesting how molecular screening strategy can lead to a
matched targeted treatment for successfully screened
patients and can help to obtain a PFS ratio above the pre-
defined threshold in these patients.[23]

PFS Benefit andDetection of Less Common
Aberrations or Alternative Pathways
CGP testing helps in detection of less common

aberrations of FGFRs, RET, or targets of antibody-drug
conjugate (ADC) along with well-established action-
able events, such as mutations in PIK3CA, ESR1, and
BRCA1/2, or amplifications and overexpression of the
ErbB family of receptor tyrosine kinases in metastatic
breast cancers, suggesting for the pharmacologic tar-
geting of pathways that are not routinely targeted in
the clinical management of metastatic breast cancers
and can be realized only within clinical trials or with
an off-label use of drugs already approved in a different
setting.[19] In line with this, Hortobagyi et al.[25] indi-
cated that while PIK3CA mutations had minimum
effect on the efficacy of everolimus versus placebo in
the patients with advanced breast cancers when
patients were assigned to subgroups based on muta-
tions in PIK3CA exon 20 (kinase domain) or exon
9 (helical domain), PFS benefit from everolimus was
greater in patients with exon-9 mutations (HR, 0.26;
95% CI, 0.12–0.54) than in those with exon-20 muta-
tions (HR, 0.56; 95% CI, 0.31–1.00). Thus, the study
suggested that tumors dependent on a particular signal
transduction pathway might yield greater treatment
benefits in terms of PFS.[25] CGP is a robust tool to
identify Her2 copy number gain and Her2-activating
mutations in different tumor types (breast, gastric, and
gastroesophageal junction cancers) that could benefit
from treatment with trastuzumab deruxtecan (TDXD),
an ADC-targeting Her2 TDXD therapy. It is theoretically
plausible to identify potential targets for other ADCs,

such as TDM1 and mirvetuximab soravtansine, through
CGP analysis.[27,28]

Role ofMTB in CGP Testing
Overall, seven studies had MTB involvement (Tables 2

and 3).[13,18–20,23–26] All studies confirmed that patients
who received MTB-recommended regimens had better
clinical outcomes and were better matched to ther-
apy.[13,18–20,23–26] In the study conducted by Kato et al.,[13]

although physicians were permitted to choose which
therapy they considered best for their patients regardless
of MTB discussion, it was seen that patients whose physi-
cians adhered to MTB recommendations were more likely
to receive matched targeted therapies covering a larger
fraction of their tumor’s molecular alterations, and thus
had a high matching score. When treated with a match-
ing therapy, such patients (with � 50% matching score)
had significantly improved clinical outcomes (55.8% vs.
4.3%; p , 0.0001) than patients who received a physi-
cian’s choice regimen.
Another study[20] conducted on patients with advanced

breast cancer demonstrated that individual treatment rec-
ommendations based on molecular profiling using CGP
could improve PFS. Of 73 tumor samples analyzed, 53%
had at least one actionable mutation, as classified by the
MTB, and 51% had more than one molecular alteration.
The most common molecular alterations across the
sequenced samples were found in the PIK3CA gene (19%),
followed by the TP53 gene (17%) and FGFR1 gene (15%).
In total, 49% of patients received at least one treatment
recommendation from the MTB, of which 18% obtained
more than one treatment recommendation as their sam-
ples contained more than one actionable alteration. The
most common therapy recommendation (21%) was ever-
olimus, and 19% of patients carrying a now actionable
mutation (PIK3CA) received no therapy recommendation,
as the drug targeting this mutation (alpelisib) was not
approved at the time of MTB presentation. Among those
patients with implemented treatment recommendations,
more than half had a PFS2/PFS1 ratio at NGS application
was more than 1.3 (it should be noted here that NGS was
done at a late line setting). Overall, this study helps to
understand the potential relevance of involving targeted
NGS-guided therapies in metastatic breast cancer settings
and the important role of MTB in guiding the right thera-
pies (Table 3).

DISCUSSION

Improved clinical benefits associated with targeted
and immunotherapy treatments based on results of
molecular diagnosis have increased demand for CGP
assays. With the developments in precision medicine,
complemented by an improved understanding of molec-
ular pathways in oncology and the availability of newer
molecular profiling methods, many clinicians are inves-
tigating the clinical utility of CGP in cancer genomic
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medicine. The Cancer Genome Atlas (TCGA) embarked
on creating a comprehensive catalog of cancer genomic
profiles by exploring major cancer-causing genomic
alterations, analyzing large cohorts of over 30 human
tumors using genome sequencing and multidimensional
analyses. Studies have shown how TCGA information
can be incorporated with CGP test results for treatment
decisions.[29–31] In one study, CGP allowed the molecular
classification of endometrial cancer into four TCGA cate-
gories (POLE ultramutated, microsatellite instable, copy-
number low, and copy-number high) and allowed the
identification of potential biomarkers for matched ther-
apy in a clinical setting.[30] Another study used TCGA
and CGP testing that helped in subtyping thyroid carci-
noma for better treatment decisions.[31] With this
increased understanding of molecular mechanisms, the
clinical utility of the CGP assay for recommending tar-
geted therapy was firmly established.[32]

Our review indicates that CGP, irrespective of the can-
cer type, clinically benefitted patients who received
genomically matched therapy had better clinical out-
comes than those who did not. This was evident in
both outcomes studied (OS and PFS).
Currently, NGS technologies are applied as a screening

strategy to find candidates for genomic-based clinical tri-
als and are accepted by the oncology community.[33] This
was evident in our review as well. Most studies that used
NGS or CGP were either clinical studies testing novel tar-
geted therapies or suggested in patients with failed prior
therapies. Furthermore, while most studies incorporated
CGP testing during the study, the actual treatment based
on CGP testing was limited to subgroup analysis only.
Most results of these subgroup analyses had to be inter-
preted with caution because of the low sample size and
statistical insignificance. Hlevanjak et al.[19] demonstrate
how CGP and RNA sequencing are useful in creating a
deep molecular snapshot of biopsied metastatic breast
lesions to guide clinical decision-making regarding dis-
ease progression. The study demonstrated how the com-
bined strategy enabled maximal detection of genomic
alterations along with concurrent analyses of both tumor
and blood samples to discriminate germline from true
somatic variants and identify candidates required for
human genetic counseling. Furthermore, the study also
demonstrated that measuring expression levels helped
distinguish passengers from drivers in copy number vari-
ant analysis and provided information on whether muta-
tions are expressed or not.[19]

One of the indicators of the clinical utility of the CGP
test is whether patients received the treatment recom-
mended by the CGP report. Several studies have indi-
cated that while CGP in patients with advanced or
metastatic solid tumors has reported a wide range of
actionable genomic alterations per patient, ranging from
40–94%, only 10–25% of patients received genomically
matched therapy.[7]T
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Consistent with the earlier findings, an important
observation noted in the current review is that the clini-
cal utility of genomic profiling is not uniform across all
cancers. The proportion of patients receiving genomi-
cally matched therapy was higher among those with
common cancers than noncommon cancers, thereby
suggesting that the clinical utility of CGP tests may dif-
fer between patients with common and noncommon or
rare cancers. It is also seen that many of these CGP plat-
forms do not prioritize the various targetable mutations
discovered, and it is often left to the oncologist to select
clinically efficient, evidence-based targeted therapy.[21]

Thus, there is a requirement to have a clinical value-
based ranking of actionable mutations similar to the
European Society of Medical Oncology scale for clinical
actionability of molecular targets that would enable
oncologists to select the actionable mutations with
proven clinical benefits. There is also an unmet need for
more discrete global and regional guidelines and recom-
mendations for CGP testing for different cancer types.
CGP has the potential to identify various genomic alter-
ations in a single test that could be targeted for the ther-
apy. However, oncologists have to consider multiple
factors, such as existing comorbidities and toxicity-
related adverse effects, before selecting the targeted
therapy. Furthermore, although the scope of precision
therapies continues to be immense, the patient needs to
be made aware of the clinical reality that only a small
fraction of patients who undergo CGP receive sequenc-
ing-directed therapies, and a smaller fraction benefit
from it. Awareness of these data would help in patient
counseling so that the expectations match the real-
world scenario.
Our review further confirms the significance of MTB

as patient outcomes improve after MTB involvement.
Consistent with our findings, one recent study by
Aoyagi et al.,[34] highlights how a patient whose diagno-
sis was changed in the MTB discussion because of the
CGP results and who was treated based on the new diag-
nosis. In our analysis, only 45% of overall studies had
MTB involvement. MTB plays a very important role in
guiding the right diagnostic testing for appropriate clin-
ical decision-making and can enhance the utility of pre-
cision medicine from laboratory to clinic. It is imperative
not just to set up more MTBs but, more importantly, to
standardize the MTB panel. Furthermore, developing
appropriate digital platforms to integrate the genomic
results and clinical findings in one place is essential for a
complete MTB review. Rothwell et al.[35] developed an
in-house digital solution for efficient and effective inte-
gration of clinical and genomic data and making it avail-
able for MTB review. The digital platform integrated a
single overview of patients’ clinical and genomic charac-
teristics with a web application for data visualization;
thus, it enabled the MTB to review summary patient data
via a single portal (and remotely if required), capture

meeting outcomes in real-time, and upload information
to electronic patient records.[35]

Over the years, using ctDNA and liquid biopsy has
not just enhanced patient experience but also provided
comparable results to tissue biopsy.[36] Results from this
review further encourage routine implementation of
ctDNA testing and restrict tumor analysis only in cases
with lower tumor burden or low ctDNA yields where
blood analysis may be unsuccessful, thereby reducing
invasive procedures for patients and the associated
healthcare system costs.[35] Further studies involving
ctDNA are warranted to ascertain its use across all can-
cer types.
One of the most debatable topics today is related to

the financial burden of precision medicine and CGP
testing, which makes it difficult for clinicians to pre-
scribe these tests for their patients. Stueten et al.[17]

demonstrated that although the financial burden of
CGP testing is moderate today, as the number of available
targeted therapies increases over time, and with improved
incremental benefit afforded by those therapies than con-
ventional treatments, CGP will likely become more cost-
effective in the future. This is consistent with the earlier
published studies, which suggested that financial burden
can be reduced considerably when CGP tests are recom-
mended based onMTB advice.[34,37]

There was heterogeneity in the matching scores for
outcome interpretation, which is a limitation of this
study. Each study employed different scoring methods
to predict the outcome (e.g., Sicklick et al.[24] used a
matching score of . 50%, whereas Kato et al.[36] used 2
scores, namely . 50% and . 25% to predict the treat-
ment outcomes), resulting in a lack of unified interpre-
tation. However, despite the heterogeneity of matching
scores in studies, the outcomes were favorable for the
clinical utility of CGP. Lastly, this review includes publi-
cations up to September 2022; thus, publications after
this date have not been considered.
In a real-world setting, more case discussions are

required to evaluate the feasibility and utility of CGP tests
in front-line settings in patients with advanced or meta-
static solid tumors to ascertain the clinicians’ confidence
in prescribing these tests. Results from ongoing trials
(ClinicalTrials.gov IDs: NCT03061305, NCT02806388),
especially the IMPACT trial, may provide more insights
into the utility of CGP testing in patients with different
solid tumors.

CONCLUSION

To summarize, CGP testing has several advantages.
Treatment outcomes after CGP testing are favorable;
however, these are usually done in a small subset of
patients, and hence, larger trials focusing on treatment
outcomes after CGP versus single-gene mutation testing
are warranted for more clarity on the usefulness of CGP
in clinical decisions. The use of ctDNA for CGP testing
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is promising, and more data on this will further encour-
age its utility in clinical settings.
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