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abstract

PURPOSE Multidisciplinary molecular tumor boards (MTBs) interpret next-generation sequencing reports and
help oncologists determine best therapeutic options; however, there is a paucity of data regarding their clinical
utility. The purpose of this study was to determine if MTB-directed therapy improves progression-free survival
(PFS) over immediately prior therapy in patients with advanced cancer.

METHODS This single-arm, prospective phase II clinical trial enrolled patients with advanced cancer with an
actionable mutation who received MTB-recommended targeted therapy between January 1, 2017, and October
31, 2020. MTB-recommended both on-label (level 1 evidence) and off-label (evidence levels 2 and 3) therapies.
Of the 93 enrolled patients, 43 were treated frontline and 50 received second-line or greater-line therapy. The
primary outcome was the probability of patients treated with second-line or greater-line MTB-directed therapy
who achieved a PFS ratio≥ 1.3 (PFS on MTB-directed therapy divided by PFS on the patient’s immediately prior
therapy). Secondary outcomes included PFS for patients treated frontline and overall survival and adverse
effects for the entire study population.

RESULTS The most common disease sites were lung (35 of 93, 38%), gynecologic (17 of 93, 18%), GI (16 of 93,
17%), and head and neck (7 of 93, 8%). The Kaplan-Meier estimate of the probability of PFS ratio ≥ 1.3 was
0.59 (95% CI, 0.47 to 0.75) for patients treated with second-line or greater-line MTB-directed therapy. The
median PFS was 449 (range 42-1,125) days for patients treated frontline. The median overall survival was 768
(range 22-1,240) days. There were four nontreatment-related deaths.

CONCLUSIONWhen treated with MTB-directed therapy, most patients experienced improved PFS compared with
immediately prior treatment. MTB-directed targeted therapy may be a strategy to improve outcomes for patients
with advanced cancer.
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INTRODUCTION

Oncology care is shifting toward individualized driver
mutation–directed cancer treatment. The growing num-
ber of companion diagnostic tests, next-generation se-
quencing (NGS) tests, and targeted therapies approved
by the US Food and Drug Administration (FDA) is the
evidence of the focus on these precision medicine
initiatives.1

Although many targeted therapies are more efficacious
and tolerable than cytotoxic chemotherapy,2-4 clinical
use remains challenging because of the complexity of
applying NGS results to patient care.5,6 To overcome
this challenge, many institutions have implemented
multidisciplinary molecular tumor boards (MTBs)7-9 to
prescribe optimal targeted therapies. Furthermore, the
availability of an MTB increases oncologists’ willingness
to use NGS tests.10

Although many institutions have implemented
MTBs, data supporting their clinical utility are
limited. A recent systematic review concluded that
MTBs appear to improve clinical outcomes for
patients with cancer; however, most of the existing
literature is retrospective, observational, and un-
derpowered for efficacy.11 Two prospective studies
demonstrated improvement in survival indices for
patients with a wide variety of tumor types12 and
in patients with non–small-cell lung cancer
(NSCLC).13

We report results from a phase II clinical trial of MTB-
assisted care. We assessed the probability of patients
receiving second-line or greater-line MTB-directed
therapy that achieved a progression-free survival
(PFS) ratio ≥ 1.3 compared with immediately prior
therapy.
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METHODS

Study Design

The Markey Cancer Center (MCC) MTB therapy trial (Clin-
icalTrials.gov identifier: NCT03089554) is a single-institution,
open-label, and single-arm prospective clinical trial. Patients
were followed from time of consent until death.

Patient data were collected and reported using Research
Electronic Data Capture (Nashville, TN)14,15 hosted at the
University of Kentucky and the OnCore Database (Advarra Inc,
Columbia,MD), which is housed on secure serversmaintained
by the MCC Cancer Informatics Shared Resource Facility.

Ethical Considerations

The study was performed in accordance with the US FDA
International Conference on Harmonization Guidelines for
Good Clinical Practice and Declaration of Helsinki. The
Protocol was approved by the University of Kentucky In-
stitutional Review Board (IRB approval #48018). Each
patient provided written informed consent before trial
participation. This trial was regularly monitored by the MCC
Data and Safety Monitoring Committee, and all adverse
event data were recorded.

Study Population

Patients with cancer who had undergone NGS genomic
testing, had an actionable mutation, no curative therapy
options, and received an MTB-recommended therapy were
eligible for inclusion. Initially, patients were required to have
received prior cancer therapy; however, as genomic testing
moved into the frontline setting, the Protocol was amended
to include patients without prior therapy. A list of full eli-
gibility criteria is available in the Protocol.

Study Intervention

Somatic profiling. Before enrollment, patients underwent
physician’s choice somatic tumoral tissue or circulating tumoral
deoxyribonucleic acid NGS testing at a commercial Clinical
Laboratory Improvement Amendments–certified laboratory.

Tumor mutational burden (TMB), defined as the total number
of somatic mutations per megabase (muts/Mb) of DNA, was

classified as low (1-5 muts/Mb), intermediate (6-9 muts/Mb),
or high (≥ 10 muts/Mb) on the basis of accepted ranges at
study inception.16 Biomarker status, including immunohis-
tochemical hormone receptor, microsatellite instability (MSI),
programmed death-1 (PD-1)/programmed death-ligand 1
(PD-L1) expression, and loss of heterozygosity (LOH) scores
were reviewed when available.

MTB structure and review. The University of Kentucky MCC
MTB serves as a consulting service where physicians submit
cases for review. MTB participants include medical and
gynecologic oncologists, genetic counselors, pharmacists,
nurses, pathologists, radiologists, and basic scientists.
Redacted patient history, histopathology, radiology, and
genomic results are discussed. Each genomic pathogenic or
likely pathogenic alteration is reviewed to determine its
function, oncogenicity, availability of any targeted thera-
peutics, or clinical trials. MTB recommendations may in-
clude physician’s choice standard therapy, clinical trial
referral, targeted therapy with an FDA-approved on-label or
off-label therapy, or additional testing, including recom-
mendations for germline testing.

If a targeted therapeutic recommendation is made, on-label
options are prioritized, followed by clinical trials and off-
label options with the highest level of evidence. All rec-
ommendations are provided to the treating oncologist in a
letter that includes evidence levels. The University of
Kentucky Healthcare Pharmacy and Therapeutics Com-
mittee developed a consensus guideline for grading evi-
dence, which is available in the Data Supplement. Level 1
evidence included FDA-approved indications and National
Comprehensive Cancer Network guideline–recommended
therapies. Evidence level 2 included drugs with an FDA-
approved indication for the specific mutation in another
disease type and phase II or III clinical trial evidence for
activity in the disease of interest. Evidence level 3 included
FDA-approved drugs for the specific mutation in another
disease type with case report or phase I clinical trial evi-
dence for activity in the disease of interest. Preclinical
evidence or evidence of pathway inhibition was considered
category 4 and not recommended.

CONTEXT

Key Objective
Do patients with advanced cancer experience survival benefit from molecular tumor board (MTB)–directed targeted therapy?
Knowledge Generated
In this prospective phase II clinical trial, most patients treated with second-line or greater-line MTB-directed therapy ex-

perienced a superior progression-free survival compared with their most recent line of therapy. Patients treated with
frontline MTB-directed therapy also experienced benefit.

Relevance
These findings demonstrate that patients with advanced cancer with targetable mutations experience improved progression-

free survival when treated with MTB-directed therapy.
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Outcome Measures

The prespecified primary end point was the probability of
patients treated with second-line or greater-line MTB-
directed therapy who achieved a growth modulation index
(GMI)≥ 1.3. GMI is calculated as PFS2/PFS1, where PFS2 is
PFS on MTB-directed therapy and PFS1 is PFS on the
patient’s immediately prior therapy. Von Hoff et al17 previ-
ously used this definition to define clinical benefit. PFS was
defined as the time interval between the treatment start date
and the date of clinical or radiographic disease progression
as documented by the treating physician, date of death, or
date of last follow-up, whichever occurred first. As PFS is
expected to decrease with each subsequent therapy, an
improvement in subsequent PFS suggests clinical benefit.18

Prespecified secondary outcomes included overall survival
for all patients and treatment-related adverse events. PFS
for patients treated with frontline MTB-directed therapy was
an additional outcome but was not prespecified because of
the Protocol amendment. Documentation of treatment-
related adverse events included event duration, severity,
temporal relationship to the receipt of study therapy, and if
event resulted in study withdrawal. Toxicities were graded
according to Common Terminology Criteria for Adverse
Events version 5.0.19

Statistical Analysis

Sample size was calculated on the basis of research results
from the study by Von Hoff et al.17 In this study, the null
hypothesis was that≤ 15% of patients had PFS2/PFS1≥1.3
and final results indicated that 27% of patients experienced
PFS2/PFS1 ≥1.3.17 The alternative hypothesis for the
present study was that ≥ 27% of patients had GMI ≥ 1.3
versus a null hypothesis of ≤ 15% of patients had GMI ≥
1.3.17 To obtain 85% power with a 5% significance level, 93
patients were required, with one interim analysis planned on
enrollment of 37 patients on the basis of a two-stage Simon’s
design.20,21 Stopping bound for futility was set at less than or
equal to six patients with GMI ≥ 1.3.

Patient demographic, disease, treatment, and molecular
characteristics were assessed with descriptive statistics.
Separate analyses were performed for patients treated
with MTB-directed second or greater line of therapy
(cohort 1) and patients treated with MTB-directed
frontline therapy (cohort 2). Since ignoring censoring
of PFS2 using a simple proportion could result in an
underestimated probability P = P(GMI . 1.3), the
probability P = P(GMI . 1.3) was assessed by the
Kaplan-Meier method.22 For cohort 2, the Kaplan-Meier
method was used to evaluate PFS with 95% binomial CIs.

RESULTS

Patients

Between January 1, 2017, and October 31, 2020, 679
patients underwent MTB review. Of the 591 patients with
actionable mutations, 98 were enrolled in this study. Before

starting MTB-directed therapy, five patients were deter-
mined to be ineligible; 93 received the intervention (Fig 1).
Accrual was stopped once the planned number of patients
was enrolled. Themedian patient age was 63 (range 18-85)
years; most were female (58 of 93, 62%), non-Hispanic (92
of 93, 99%), and White (88 of 93, 95%). Demographic and
disease characteristics are summarized in Table 1. The
most common disease sites were lung (35 of 93, 38%),
gynecologic (17 of 93, 18%), GI (16 of 93, 17%), and head
and neck (7 of 93, 8%).

Cohort 1 (n = 50) included advanced ovarian, NSCLC, and
head and neck cancers treated with second-line or
greater-line MTB-directed therapy. Cohort 2 (n = 43)
included patients with NSCLC, gastroesophageal, head
and neck, nonmelanoma skin, and other cancers treated
with first-line MTB-directed therapy. Primary tumor sites,
targets, treatments, level of evidence, and individual
patient PFS outcomes are detailed in the Data Supple-
ment (cohort 124 and cohort 2).

Molecular Profiling

Treatment targets were identified using commercial (n = 89),
in-house (n = 2), or trial-specific23 (n = 2) genomic testing
and are detailed in Table 1. Tissue NGS was performed for
92 (99%) patients, and blood circulating tumoral deoxy-
ribonucleic acid was performed for one patient. Ninety-four
percent (87 of 93) of patients were tested for at least one
immunotherapy biomarker, including TMB (n = 81), MSI
(n = 83), and/or PD-1/PD-L1 expression (n = 38).

The most common genetic alterations included those in
TP53 (64 of 93, 69%), CDKN2A (23 of 93, 25%), CDKN2B
(17 of 93, 18%), and EGFR (11 of 93 12%). Among tumors
evaluated for TMB, 24% (19 of 81) were high, 41% (33 of
81) were intermediate, and 36% (29 of 81) were low. MSI
was present in 10% (8 of 83) of tumors tested, and 76% (29
of 38) of tumors evaluated for PD-L1 expression (≥ 1%
combined positive score) were positive.

Tumoral genomics, MTB-recommended targets, and re-
ceived treatments are detailed in Figure 2. Themost common
targets were high TMB (26 of 93, 28%), PD-L1 expression
(12 of 93, 13%), intermediate TMB (12 of 93, 13%), and
ERBB2 amplifications or mutations (11 of 93, 12%).

Treatments

Immune checkpoint inhibitors were recommended for 59%
(55 of 93) of participants, targeted high TMB for 47% (26 of
55), PD-L1 expression for 24% (13 of 55), intermediate
TMB for 22% (12 of 55), and MSI for 9% (5 of 55). Immune
checkpoint inhibitor therapy was recommended for one
patient with PD-1 ligand 2 amplification (1 of 55, 2%)
whose tumor also demonstrated PD-L1 positivity.

Small molecule inhibitors were recommended for 29% (27
of 93) of patients. Tyrosine kinase inhibitors (n = 10) in-
cluded osimertinib (n = 4) and afatinib (n = 1), which
targeted EGFR mutations; alectinib targeted an ALK fusion

JCO Precision Oncology 3

Molecular Tumor Board Care in Patients With Advanced Cancer



(n = 1); crizotinib targeted an ALK rearrangement (n = 1);
pazopanib targeted a BCL2 rearrangement (n = 1); sor-
afenib targeted a FLT3mutation, and lapatinib was used in
combination with trastuzumab to target an ERBB2 amplifi-
cation (n = 1). Poly-ADP ribose polymerase (PARP) inhibitors
were used in eight patients, which targeted BRCA2 (olaparib,
n = 2; rucaparib, n = 1), BRCA1 (rucaparib, n = 2), and
RAD51C (rucaparib, n = 1) mutations and elevated LOH
scores (niraparib, n = 1; rucaparib, n = 1). Mitogen-activated
protein kinase (MEK) inhibitors targeted a KRAS mutation
(cobimetinib, n = 1) and were used in combination with BRAF
inhibitors (dabrafenib and trametinib, n = 3) to target BRAF
V600E mutations. The mechanistic target of rapamycin in-
hibitor everolimus targeted an NF2 mutation (n = 1) and a
PTEN mutation (n = 1). Enasidenib, an isocitrate
dehydrogenase-2 (IDH2) inhibitor, targeted an IDH2mutation
(n = 1), and palbociclib, a cyclin dependent kinase 4/6
(CDK4/6) inhibitor, targeted a CDK4 amplification (n = 1).

Trastuzumab was used in 11 (11 of 93, 12%) patients and
targeted an ERBB2 amplification (n = 9), point mutation
(n = 1), and positive human epidermal growth factor re-
ceptor 2 immunohistochemistry (n = 1).

On-label therapies with level 1 evidence were recommended
for 72% (67 of 93) of patients (cohort 1: 27 of 50; cohort 2:
40 of 43). Seven patients were treated with level
2–recommended therapies, and 19 were treated with level
3–recommended therapies. In cohort 1, five level 2 rec-
ommendations included an ERBB2-amplified salivary gland
adenocarcinoma with trastuzumab and lapatinib, a BRCA2-
mutated pancreatic cancer with a PARP inhibitor, a PD-
L1–positive nonmelanoma skin cancer with pembrolizumab,
and a neuroendocrine lung cancer with nivolumab. Before
the site-agnostic FDA approval of pembrolizumab for high
TMB,25 one patient with anaplastic thyroid carcinoma in
cohort 1 and one patient with squamous cell carcinoma
arising from an ovarian teratoma in cohort 2 were treatedwith

Follow-up patients
Lost to follow-up

Discontinued intervention
  Disease progression
  Adverse effects
  Completed treatment
  Disease progression and adverse effects
  Patient preference
  Unknown
  Worsening functional status

(n = 93)
(n = 0)

(n = 75)
(n = 55)
(n = 10)
(n = 6)
(n = 1)
(n = 1)
(n = 1)
(n = 1)

Analyzed
(n = 93)

Patients discussed at MCC MTB
(N = 679)

Patients with actionable mutations
(n = 591)

Patients enrolled to MCC MTB therapy trial
(n = 98)

Patients not enrolled to MCC MTB therapy trial
  Only clinical trials recommended
  Only standard-of-care options recommended
  Standard of care or clinical trials recommended only
  Did not meet inclusion criteria
  Deceased
  Recommendation not taken
  Under surveillance
  No targeted therapy recommendations
  Pursued clinical trial

(n = 493)
(n = 117)
(n = 97)
(n = 17)

(n = 8)
(n = 91)

(n = 127)
(n = 24)

(n = 7)
(n = 5)

Analysis cohort 1
(second or greater line of therapy;

n = 50)

Analysis cohort 2
(primary therapy;

n = 43)

Found to not meet inclusion
criteria after enrollment

(n = 5)

Received allocated intervention
(n = 93)

FIG 1. Study flow diagram. Flow diagram shows identification of patients who underwent MTB review and subsequent enrollment in this trial.
MCC, Markey Cancer Center; MTB, molecular tumor board.
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pembrolizumab for this indication. One patient with a BRAF
V600E–mutated head and neck sarcoma was treated with
BRAF and MEK inhibitors.

Level 3 recommendations (n = 19) were common in cohort 1
(n = 18) and included treatment of a PTEN-mutated ovarian
cancer (n = 1), anNF2-mutated ovarian cancer (n = 1), and a
PIK3CA-mutated cholangiocarcinoma (n = 1) with mecha-
nistic target of rapamycin inhibitors; an ALK-rearranged
mesothelioma with an ALK inhibitor (n = 1)24; a BRAF
V600E–mutated anaplastic thyroid cancer with BRAF and
MEK inhibitors (n = 1); a KRAS-mutated ovarian cancer with a
MEK inhibitor (n = 1); and a CDK4-amplified liposarcomawith
a CDK4/6 inhibitor (n = 1). Trastuzumab targeted an ERBB2-
mutated neuroendocrine tumor (n = 1). Immune checkpoint
inhibitors were recommended as a level 3 recommendation
for PD-L1 positivity in head and neck mesothelioma (n = 1)
and ovarian cancer (n = 1) and targeted intermediate TMB in
appendiceal (n = 1), large cell neuroendocrine ovarian (n = 1),
breast (n = 1), Hurthle cell thyroid (n = 1) cancers and

TABLE 1. Baseline Demographic and Disease Characteristics in
Patients Treated With MTB-Directed Therapy
Characteristic No. (%)

Median age (years, range) 62 (18-85)

Sex

Male 38 (41)

Female 55 (59)

Race

White 88 (95)

Black or African American 3 (3)

Asian 1 (1)

Native Hawaiian or other Pacific Islander 1 (1)

Ethnicity

Non-Hispanic 93 (100)

Primary site

Lung and bronchus 35 (38)

NSCLC 34 (97)

Small cell lung cancer 1 (3)

Gynecologic 17 (18)

Ovarian, fallopian tube, and peritoneal 13 (77)

Uterine 4 (24)

GI 16 (17)

Gastroesophageal 9 (56)

Pancreatic 2 (13)

Colorectal and appendiceal 3 (19)

Liver 1 (6)

Anus 1 (16)

Head and neck 7 (8)

Thyroid gland 3 (3)

Leukemia 2 (2)

Breast 2 (2)

Nonmelanoma skin 5 (5)

Connective/soft tissue 2 (2)

Urinary tract 1 (1)

Unknown primary site 3 (3)

Stage

I 2 (2)

II 2 (2)

III 10 (11)

IV 72 (82)

Not applicablea 2 (2)

Performance status

ECOG scoreb

0 16 (29)

1 32 (58)

2 7 (13)

(Continued in next column)

TABLE 1. Baseline Demographic and Disease Characteristics in
Patients Treated With MTB-Directed Therapy (Continued)
Characteristic No. (%)

Karnofsky scalec

100 4 (8)

90 22 (45)

80 16 (33)

70 6 (12)

60 1 (2)

NGS type (No. of genes tested)

FoundationOne CDx (324) 52 (34)

FoundationOne (315) 25 (27)

FoundationOne Heme (406) 4 (4)

UK Heme Panel (97) 2 (2)

Caris MI Tumor Seek (592) 2 (2)

Smart genomics (160) 2 (2)

NCI MATCH23 (140) 2 (2)

ARUPd 2 (2)

Caris MI Profile (592) 1 (1)

Guardant360 (73) 1 (1)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; MTB,
molecular tumor board; PD-L1, programmed death-ligand 1; NGS,
next-generation sequencing; NSCLC, non–small-cell lung cancer.

aStaging was not applicable for two patients with hematologic
malignancies.

bECOG score: 0, asymptomatic; 1, symptomatic but completely
ambulatory; 2, symptomatic, , 50% in bed during the day.

cKarnofsky scale: 100, normal, no complaints, no evidence of disease;
90, able to performnormal activity,minor signs or symptoms of disease; 80,
normal activity with effort, some signs or symptoms of disease; 70, cares for
self, unable to perform normal activity or to do active work; 60, requires
occasional assistance, but is able to care for most of personal needs.

dARUP, tests evaluated for PD-L1, expression.
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retroperitoneal (n = 1) and head and neck (n = 1) sarcomas.
Pembrolizumab was recommended for an MSI endometrial
carcinoma (n = 1) before the FDA site-agnostic approval,26

and niraparib was recommended for an ovarian cancer with
an elevated LOH score (n = 1) as a level 3 recommendation
before this FDA approval.27 In cohort 2, one nonmelanoma

skin cancer with an intermediate TMB was treated with
pembrolizumab.

Efficacy and Survival

As of April 15, 2021, the probability of patients treated with
second-line or greater-line MTB-directed therapy achieving
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GMI ≥ 1.3 was 0.54 (27 of 50); 95% CI, 0.40 to 0.68; the
null hypothesis of 0.15 was rejected (P, .0001). A Kaplan-
Meier estimate of P(GMI ≥ 1.3), which accounted for
censoring, was 0.59 (95% CI, 0.47 to 0.75; Fig 3A). The
median baseline PFS1 for this cohort was 145 (range 35-
1767) days, the median PFS2 was 186 (range 22-1,240)
days, and the median GMI was 2.053 as estimated by the
Kaplan-Meier method. Individual patient PFS2/PFS1 ratios
are illustrated in Figures 3B and 4.

We compared survival outcomes for patients treated with
second-line or greater-line MTB-directed therapy by evi-
dence level (level 1 v level 2 or 3 evidence; Data Sup-
plement). The Kaplan-Meier estimate of P(GMI ≥ 1.3) was
0.61 (95% CI, 0.39 to 0.77), and the median PFS ratio was
2.053 (95% CI, 0.85 to 2.88) for patients treated with
therapies with level 1 evidence. The Kaplan-Meier estimate
of P(GMI ≥ 1.3) was 0.57 (95% CI, 0.34 to 0.74), and the
median PFS ratio was 1.551 (95% CI, 0.54 to 2.56) for
patients treated with therapies with level 2 or 3 evidence.
There was no difference between these groups (log-rank
test; P = .54), suggesting that benefit of MTB-directed
therapy was similar regardless of the evidence level.

In cohort 2, the Kaplan-Meier estimate of the median PFS
on MTB-directed frontline therapy was 449 (range 42-1,
125) days (Data Supplement). In the entire cohort, the

median overall survival on MTB-directed therapy was 768
(range 22-1,240) days (Data Supplement).

Exceptional responses were noted in both cohorts. One
patient with head and neck squamous cell carcinoma
treated with pembrolizumab experienced a PFS2/PFS1 of
31.79. Although the indication for this on-label therapy was
PDCD1LG2 amplification, which is predictive of clinical
response in this disease,28 this patient was subsequently
tested for PD-L1 expression, which was also positive. One
patient with a PTEN-mutated ovarian cancer experienced a
PFS2/PFS1 ratio of 5.12 on (evidence level 3) everolimus,
consistent with a previous report suggesting benefit in this
population.29 Before the FDA site-agnostic approval of
pembrolizumab for high TMB,25 one patient with squamous
cell carcinoma arising from an ovarian teratoma was treated
with frontline MTB-directed (evidence level 2) pem-
brolizumab for a TMB of 25 and experienced a PFS of
880 days.

Poor responses were also noted for patients treated with on-
label therapies. These included a PD-L1–positive NSCLC
treated with pembrolizumab (PFS2/PFS1 = 0.02), an
ERBB2-amplified esophageal adenocarcinoma treated
with trastuzumab (PFS2/PFS1 = 0.36), an MSI endometrial
cancer treated with pembrolizumab (PFS2/PFS1 = 0.37),
and two ovarian cancers treated with PARP inhibitors for a
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RAD51C mutation (PFS2/PFS1 = 0.39) and an elevated
LOH score (PFS2/PFS1 = 0.54).

Safety

A summary of adverse event data is available in the Data
Supplement. All-grade adverse events occurred in 23% of
patients (21 of 93). Grade 3 events were experienced by
17% (16 of 93) and included GI (14 events, nine patients)
and respiratory, thoracic, and mediastinal (nine events, five
patients) disorders. Grade 4 events occurred in two patients
(2 of 93, 2%) and included neutropenia (1 of 93, 1%) and
nonfatal respiratory failure (1 of 93, 1%). While on study,
two patients died of progressive disease and two patients
died of sepsis. One patient died of sepsis related to aspi-
ration pneumonia 5 days after pembrolizumab adminis-
tration. A separate patient died of sepsis resulting from a
chronic pelvic abscess 15 days after nivolumab adminis-
tration. Neither of the deaths were determined to be drug-
related on independent reviews by the study investigators
and treating physicians.

DISCUSSION

This prospective phase II trial demonstrated a survival
benefit of MTB-directed therapy over immediately prior
therapy. The probability of patients treated with MTB-
directed second-line or greater-line therapy experiencing
GMI ≥ 1.3 was 0.59. These results are superior to those
previously reported by VonHoff et al,17 where 27% (18 of 66)
of patients demonstrated a PFS ratio ≥ 1.317 and compa-
rable with those reported by Radovich et al,30 which showed
that 43% (19 of 44) of patients achieved a PFS ratio ≥ 1.3.
Differences are likely related to increased availability of
targeted therapies, including immune checkpoint inhibitors.

The patients most likely to achieve a PFS ratio ≥ 1.3 in these
publications were breast and colon cancers17 and
sarcomas.30 Although our study enrolled few patients with
sarcoma and breast cancer, 8 of 9 (89%) patients with GI
cancer, 4 of 5 (80%) patients with head and neck cancer,
and 8 of 14 (57%) patients with gynecologic cancer expe-
rienced PFS2/PFS1 ≥1.3. This demonstrates the benefit of
MTB-directed care across a wide variety of tumor types.

Personalized cancer therapies are quickly becoming ap-
proved for multiple molecular targets and primary disease
sites. This results in more difficult decisions for patients
whose tumors harbor more than one actionable mutation.
MTBs may help oncologists choose the most efficacious
therapy option, especially when multiple options are avail-
able. Although a benefit of the MTB is identifying off-label
therapies, oncologists are more likely to use NGS testing to
support on-label therapies.10 The present study demon-
strates similar evidence of benefit for patients treated with
on-label and off-label therapies, which supports the con-
tinuous practice of MTB off-label recommendations.

Although most MTB studies include few or no patients
treated with up-front targeted therapy, patients treated with
frontline MTB-directed therapy in this study experienced a
median PFS of 14.9 months (449 days). Sixty percent (26
of 43) of patients in this cohort had advanced or metastatic
NSCLC, where NGS sequencing and targeted therapy are
frontline.31 Our findings echo the report of Koopman et al,32

describing a median PFS equal to 6.3 months in patients
with NSCLC receiving MTB-directed frontline therapy. Al-
though 60% of patients treated with frontline MTB-directed
therapy in our study had a diagnosis of NSCLC, the other
40% with varying histologies also benefitted.
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Frequency of adverse events was consistent with previous
MTB studies,33 and toxicities were as expected for the
anticancer agents used in the study.

A strength of this study is its prospective, interventional de-
sign. Asmost previousMTB-related studies are observational,
we provide evidence of benefit of MTB-directed care. The
statistical design with the use of the novel GMI end point and
the Kaplan-Meier method to adjust for censoring is another
strength as it compares MTB-directed therapy with the pa-
tients’ immediately prior therapy, allowing the patient to serve
as their own control. Of the 139 patients whom the MTB
identified to be eligible for at least one clinical trial, five pa-
tients pursued these opportunities. It is important to note that
these patients were excluded from this analysis as we felt that
it was unethical to count their outcomes in two clinical trials.

Limitations include the possibility of selection bias as this
was a single-arm study that only enrolled patients with an
actionable mutation and received MTB-directed therapy;
therefore, benefit is confined to patients with targetable
mutations. This study was conducted at a single-institution
tertiary referral center with a largely rural, Appalachian
population and may not be generalizable to other

populations. Furthermore, this was an unblinded, non-
randomized study with clinical disease assessments and
PFS calculated by the study investigators. This could result
in less precise assessment and bias in ascertaining PFS;
however, patients were usually managed by the same
treating oncologist for both regimens, and measurement
error is likely similar between the MTB-directed and im-
mediately prior regimens. To minimize bias, study inves-
tigators used predefined criteria to assess PFS.

Finally, because of the markedly better-than-anticipated
outcomes demonstrated in the planned interim analysis,
only 50 patients were enrolled into cohort 1 despite initial
sample size calculations requiring 93 patients to detect
GMI ≥ 1.3 in 27% of patients. As a result, an IRB-approved
Protocol modification permitted enrollment of patients
treated with frontline MTB-directed therapy into a second
cohort to total 93 patients.

In conclusion, this prospective study demonstrates that
patients with advanced cancer with targetable mutations
experience survival benefit when receiving MTB-directed
care. Additional trials in disease-specific populations and
with randomized designs are warranted.
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