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abstract

PURPOSE Increasing utilization of comprehensive genomic profiling (CGP) and a growing number of targeted
agents (TAs) have led to substantial improvements in outcomes among patients with cancer with actionable
mutations. We sought to evaluate real-world experience with off-label TAs among Veterans who underwent CGP.

METHODS The National Precision Oncology Program database and VA Corporate Data Warehouse were
queried to identify patients who underwent CGP between February 2019 and December 2021 and were
prescribed 1 of 73 TAs for malignancy. OncoKB annotations were used to select patients who received off-
label TAs based upon CGP results. Chart abstraction was performed to review response, toxicities, and time to
progression.

RESULTS Of 18,686 patients who underwent CGP, 2,107 (11%) were prescribed a TA and 169 (0.9%) were
prescribed a total of 183 regimens containing off-label TAs for variants in 31 genes. Median age was 68 years
and 83% had prior systemic therapy, with 28% receiving three or more lines. Frequency of off-label TA
prescriptions was highest for patients undergoing CGP for thyroid (8.6%) and breast (7.6%) cancers. Most
patients harbored alterations inBRCA1/BRCA2/ATM (22.5%), ERBB2 (19.5%), andBRAF (19.5%). Among the
160 regimens prescribed . 4 weeks, 43 (27%) led to response. Median progression-free survival and overall
survival were 5.3 (4.2-6.5) and 9.7 (7.5-11.9) months, respectively. Patients with OncoKB level 2/3A/3B
annotations had longer median progression-free survival (5.8 [4.5-7] months v 3.7 [1.6-7.7] months; hazard
ratio, 0.45; 95% CI, 0.24 to 0.82; P = .01) compared with those receiving level 4 treatments.

CONCLUSION Although administration of off-label TAs is infrequent after CGP,more than one quarter of treatment
regimens led to response. TAs associated with level 4 annotations lead to worse outcomes than TAs bearing
higher levels of evidence.

JCO Precis Oncol 7:e2200518. © 2023 by American Society of Clinical Oncology

BACKGROUND

The increasing availability of comprehensive genomic
profiling (CGP) and the expanding number of targeted
agents (TAs) have driven a myriad of opportunities to
provide targeted cancer care to patients in routine
oncology practice. For medical oncologists reviewing
CGP results, identifying a mutation bearing level 1
therapeutic level of evidence (LOE), defined as a gene
variant recognized by the Food and Drug Adminis-
tration (FDA) for predicting response to an FDA-
approved drug for a patient’s specific indication, is
most exciting.1 Unfortunately, rates of mutations with
level 1 LOE occur in a minority of patients, and bio-
markers with lower LOE for TAs are more frequently
observed. Nevertheless, for patients harboring ad-
vanced cancers for which traditional systemic thera-
pies have limited benefit, prescribing off-label TAs
based upon the results of CGP offers attractive options
to medical oncologists.

The National Cancer Institute and ASCO have sought
to assess targeted approaches in a tumor-agnostic
fashion by enrolling patients in several arms of the
MATCH and TAPUR trials, respectively.2-4 Through
these comprehensive studies, patients bearing spe-
cific biomarkers can receive TAs, and drugs associ-
ated with improved outcomes may be FDA-approved
across malignancies. Regardless, given the marked
number of mutations that may be targeted and the
numbers of patients who are not candidates for trials or
are not cared for at sites offering basket clinical trials, a
large volume of patients are treated with off-label TAs
based upon CGP results in routine oncology practice.
As such, investigators have recently reported out-
comes with off-label TAs at single institutions, with
median duration of treatment ranging between 3.5 and
3.8 months.5,6

In July 2016, the US Department of Veterans Affairs
(VA) launched the National Precision Oncology
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Program (NPOP) to support the completion of CGP among
Veteran patients with malignancies through external vendor
laboratories.7,8 Consequently, VA medical oncologists
across the country may submit tumor and plasma samples
for CGP and review the results with VA precision oncology
experts. The resulting collection of Veterans who have
undergone CGP provides the opportunity to evaluate the
administration of off-label TAs across a substantial number
of patients in real-world practice. Reporting administrations
of off-label TAs associated with high rates of response for
specific cancers or across cancers bearing companion
gene variants could encourage the use of such targeted
approaches in both investigational and clinical practice.

Consequently, the primary aim of the current study was to
assess the objective response rate (ORR) among Veterans
with solid tumors or hematologic malignances treated with
off-label TA regimens. The secondary aims were to evaluate
the progression-free survival (PFS), overall survival (OS),
and toxicity associated with these regimens. Outcomes
were further categorized based upon therapeutic LOE for
the prescribed off-label TAs after inputting disease histol-
ogy and gene variants in OncoKB, a precision oncology
knowledge database updated in real time.1 The authors
hypothesized that the ORR for Veterans would be ap-
proximately 25%, in line with previously reported results.6,9

Furthermore, patients with OncoKB level 2 evidence for
TAs would have superior outcomes to those with lower LOE.

METHODS

Included Subjects

Patients who were prescribed off-label TAs based upon
CGP for either solid or liquid tumors between February
2019 and December 2021 were selected for inclusion.
Patients who were treated with off-label TAs for more than
4 weeks were eligible for outcomes assessments.

Data Source and Ethical Considerations

A list of 73 anticancer TAs and their FDA-approved indi-
cations was initially compiled after review of the National
Cancer Institute’s website in December 2021 (Data Sup-
plement, online only).10 Hormonal therapies, such as
androgen-deprivation therapy, and immune checkpoint
inhibitors (ICI) were excluded. The VA Corporate Data
Warehouse, a repository comprising data from VA clinical
and administrative systems, was then accessed in De-
cember 2021 to identify Veterans who were prescribed a TA
at any time for any indication.11 Thereafter, patients pre-
scribed TAs were cross-matched with those in the NPOP
database who had a sample undergo CGP using one of the
following Foundation Medicine panels between February
2019 and December 2021: FoundationOne CDx (324
genes), FoundationOne Liquid CDx (324 genes), or
FoundationOne Heme (406 genes for DNA sequencing,
265 for RNA sequencing).12 Patients who had undergone
CGP and were prescribed one of the eligible TAs were then
reviewed by one author (V.V.), and patients who were
prescribed only TAs for an FDA-approved indication that
did not require a companion biomarker detectable by CGP
were excluded (Data Supplement).

Each patient’s OncoTree diagnostic code and gene variants
were then assessed via OncoKB in March 2022. LOE for
TAs were retrieved from OncoKB (Data Supplement), and
patients with TA prescriptions matching any OncoKB LOE
were identified. Patients bearing gene variants associated
with OncoKB level 2-4 evidence for prescribed TAs were
selected. Patients with gene variants associated with level 1
evidence for prescribed TAs were excluded, unless other
TAs were otherwise prescribed related to gene variants
bearing level 2-4 evidence. Patients who were prescribed
off-label TAs that were not associated with any LOE for
detected gene variants were excluded. Finally, the VA’s

CONTEXT

Key Objective
Does off-label administration of targeted agents (TAs) lead to promising real-world outcomes among patients with cancers

bearing actionable mutations? This study sought to evaluate overall response rate and survival outcomes based upon
OncoKb level of evidence for TAs administered within a large-scale precision oncology program.

Knowledge Generated
Of the 18,686 Veterans who underwent comprehensive genomic profiling, 169 were prescribed 183 unique regimens in-

cluding at least one molecular-guided TA. Most patients harbored mutations in BRCA1/BRCA2/ATM, ERBB2, and BRAF.
Among regimens administered for . 4 weeks, the overall response rate was 26.9%. Longer progression-free survival was
observed among patients receiving regimens bearing OncoKB level 2/3A/3B evidence compared with those receiving level
4 treatments.

Relevance
Prescribing off-label TAs for which there is biological rationale but no clinical evidence of response (ie, OncoKB level 4

annotations) is associated with worse outcomes compared with patients treated with therapies supported by clinical
evidence.
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Joint Legacy Viewer, a platform providing access to patient
health information and documentation recorded from any
VA site across the health care system, was additionally
accessed to complete chart abstraction in April 2022.13,14

This study was formally approved by the Durham VA
Medical Center Institutional Review Board as a research
study and the New Mexico VA Medical Center Institutional
Review Board as a quality improvement study.

Data Collection

From the VA Corporate Data Warehouse, structured TA
prescription data and demographic data, including age,
race, sex, and death dates, were extracted. From the NPOP
database, disease histology and dates and results of CGP
were obtained. From OncoKB, LOE for prescribed off-label
TAs were acquired. From Joint Legacy Viewer, oncology
provider visit notes, imaging and pathology reports, and
laboratory results were reviewed by three authors (V.V.,
E.K., and M.P.). From oncology provider notes, off-label TA
prescriptions and treatment durations were confirmed, and
associated toxicities, disease stage at the time of treatment,
dates of clinical progression, and previous, concurrent, and
future systemic therapies administered were recorded.
From imaging reports, dates of radiographic progression
were obtained for patients with solid tumors. The presence
of increasing size of tumors and/or new tumor(s) was used
to identify radiographic progression as per RECIST 1.1
criteria.15 From laboratory results and pathology reports,
response to therapy was obtained for patients with he-
matologic malignancies.

Data Analysis

Baseline demographics, disease features, off-label TA
regimens, toxicities leading to adjustments in TA pre-
scriptions, targeted gene variants and corresponding
OncoKB LOE, and subsequent systemic agents were re-
ported for all patients receiving at least one dose of off-label
therapy. Treatment-altering toxicities were categorized
by those resulting in treatment breaks, dose reductions,
and/or discontinuations (DCs). Outcome assessments were
conducted for patients who received off-label TAs for more
than 28 days. The ORR and median time to response were
computed. For regimens that could not be assessed for
response despite . 28 days of treatment, patients were
considered nonresponders for ORR computation. Kaplan-
Meier (KM) curves were further constructed to compute
median PFS and OS and their 95% CI. A composite PFS
end point was assessed for all regimens administered and
was defined as the time interval between drug initiation and
the earliest of clinical progression, radiographic progres-
sion, or death due to progression. For the PFS KM curve,
patients who discontinued therapy or died due to drug
toxicity or a noncancer etiology, were lost to follow-up, or
had not progressed by April 15, 2022, the completion date
for chart abstraction, were censored. For the OS KM curve,
patients who were lost to follow-up or had not passed away

by April 15, 2022, were censored. For patients receiving
more than one off-label TA regimen, only the first regimen
was included for the OS analysis. Regimens were then
separated by OncoKB LOE, and PFS and OS KM curves
were constructed based upon the same. Given that the KM
curves indicated substantially worse outcomes with TAs
bearing level 4 evidence, median PFS were compared
between patients receiving level 2/3A/3B therapies and
those receiving level 4 therapies using a Cox proportional
hazards model. The hazard ratio and 95% CI were com-
puted for PFS for patients bearing superior OncoKB LOE,
with P , .05 indicating significance.

RESULTS

Selected Patients

A total of 71,886 patients were prescribed 1 of 73 pre-
specified TAs, 18,686 patients underwent CGP between
February 2019 and December 2021, and 2,107 patients
received TAs and underwent CGP in that time frame (Fig 1).
After exclusion of 749 patients who received TAs that were
FDA-approved regardless of CGP results (Data Supple-
ment), 617 patients (3.3% of all completing CGP) were
prescribed OncoKB level 1 therapies, 169 (0.9%) were
prescribed 183 level 2-4 therapies, and 572 patients did
not have level 1-4 evidence for their detected gene variants
or were not prescribed relevant TAs for their CGP results. Of
the 169 patients receiving level 2-4 therapies, the median
age was 68 (range, 60-72) years, 148 (88%) were male,
and 140 (83%) had received prior systemic therapy
(Table 1). Off-label TAs were most prescribed for patients
with gastrointestinal (47; 27.8%), thoracic (26; 15.4%),
and unknown primary (cancer of unknown primary, 25;
14.8%) cancers. Rates of off-label TA prescriptions were
highest for patients undergoing CGP for thyroid (8.6%),
breast (7.6%), and small intestinal (3.3%) cancers.

Actionable Gene Variants and LOE

The most common variants involved BRAF (33 patients,
36 regimens), ERBB2 (33 patients, 38 regimens), and
ATM/BRCA1/BRCA2 (38 patients, 39 regimens; Table 2).
Of the 183 total prescribed regimens, 24 (13.1%) carried
level 2 evidence for at least one TA prescribed, 7 (3.8%)
carried at least 3A evidence, 130 (71%) carried at least 3B
evidence, and 22 (12.0%) carried no LOE . 4. Twelve
regimens included two concurrent off-label TAs bearing
different LOE. Three regimens included off-label TAs that
were not associated with LOE per OncoKB; these regimens
were included as the other TA within the regimens carried
evidence for use. Of the 36 regimens targeting BRAF
mutations, 29 were directed toward V600E mutations, of
which 1 regimen carried level 2 evidence and 28 carried
level 3B evidence for at least one TA prescribed. For the 39
regimens directed toward ERRB2 gene variants, nine had
level 2 evidence and 28 had level 3B evidence for at
least one TA prescribed. For the 38 regimens targeting
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ATM/BRCA1/BRCA2 gene variants, three harbored level
3A evidence for use and 36 harbored level 3B evidence.

Off-Label TA Regimens Prescribed and Toxicities

The most frequently administered off-label TAs included
41 (22.4%) olaparib prescriptions, 38 (20.7%)
trastuzumab-based (trastuzumab, ado-trastuzumab, and
trastuzumab deruxtecan) prescriptions, and 27 (14.8%)
trametinib prescriptions (Data Supplement). Thirty-three
regimens (18%) included two off-label TAs prescribed,
and all combinatorial off-label therapies targeted one
singular gene variant per patient. Sixteen patients received
chemotherapy, nine received hormonal therapy, nine re-
ceived FDA-approved TAs, and four received ICI con-
currently. Fifty-three regimens (28.9%) lead to toxicities
leading to adjustments in off-label TA dosing, with 30
regimens (16.4%) requiring DC. Further systemic therapy
was administered after 58 off-label TA regimens (31.7%),
including 24 future treatments (13.1%) that included
traditional cytotoxic chemotherapy.

Clinical Outcomes With Off-Label TAs

Of the 160 regimens prescribed to 148 patients adminis-
tered for more than 28 days, the ORR was 26.9% (43
regimens), with eight regimens (5.0%) achieving CR. The

median time to response was 2.9 (range, 2.5-3.1) months.
The ORR for regimens targeting (25) BRAF V600E muta-
tions, (36) ERBB2mutations, and (34) ATM/BRCA1/BRCA2
mutations were 32%, 22.2%, and 17.6%, respectively.
Notably, high ORRs were observed for patients receiving
therapy directed toward PIK3CA mutations (10 regimens
received . 28 days, 40% ORR) and MET mutations
(eight regimens, 57.1% ORR). The ORR for 143 regimens
administered for more than 28 days bearing OncoKB level 2/
3A/3B for at least one TA prescribed was 26.5%. The ORR
for 17 regimens harboring nomore than level 4 evidence was
29.4%.

For all 160 regimens administered more than 28 days, the
median PFS was 5.3 (range, 4.2-6.5) months (Fig 2). One
patient was lost to follow-up. From onset of administration
of first off-label regimen for these 148 unique patients, the
median OS was 9.7 (range, 7.5-11.9) months. Patients
with OncoKB level 2/3A/3B annotations had longer PFS
(hazard ratio, 0.45; 95% CI, 0.24 to 0.82; P = .01)
compared with patients bearing no more than level 4
annotations. The OS also appeared to be longer (10.7
[8.4-13.8] months v 4.5 [2.0-5.9] months), although a
statistical comparison for OS was not undertaken, given
the limited number of patients. The swimmer’s plot

Patients who underwent CGP
through NPOP between February

2019 and December 2021
 (N = 18,686)

Total patients who received one of
73 TAs (Data Supplement) for any
indication before December 2021

(n = 71,886)

Patients who underwent CGP and were
prescribed at least one TA for any

indication
(n = 2,107)

Excluded patients who were most likely prescribed TAs
for oncologic indications independent of CGP results

(Data Supplement; n = 749)

Excluded patients who were solely prescribed
TAs for FDA-approved (level 1) CGP

biomarkers
(n = 617)

Selected patients who were prescribed 183 systemic
regimens including off-label (level 2-4) TAs for oncologic

indications based upon CGP results
(n = 169)

Patients for whom OncoKb
LOE was applied

(n = 1,358)

Excluded patients with solely R1/R2 LOE or
no LOE for TAs following CGP

(n = 260)

Excluded patients bearing gene variants harboring
level 1-4 evidence for TAs but were not administered

corresponding TAs (n = 312)

FIG 1. Study selection flowchart. CGP, comprehensive genomic profiling; FDA, Federal Drug Administration; LOE, level of evidence; NPOP, National
Precision Oncology Program; TA, targeted agent.
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conveying treatment duration, time to progression, and
time to treatment-adjusting toxicities for patients harbor-
ing BRAF V600E, ERBB2, and ATM/BRCA1/BRCA2
mutations is conveyed in Figure 3.

DISCUSSION

To our knowledge, this study includes the largest cohort of
patients treated with molecular-guided off-label TAs in real-
world practice. The observed ORR of 26.5% was in general
accord with the findings of the MyPathway basket trial
(23%), a nonrandomized phase IIa prospective study
originally assessing response among patients bearing
mutations in one of four genes or pathways with targeted
therapies approved for other indications, and a recent
single-institutional retrospective study (28.6%) assessing
patients treated with off-label therapies for variants within at
least 21 different genes.6,9 Notably, the reported ORR in-
creased after removing nonevaluable patients (35.1%) in
the latter study. The patients in our study harbored ac-
tionable variants within 31 unique targeted genes, and
consequently, our findings indicate that response remains
acceptably high with an off-label therapeutic approach
despite the inclusion of an expansive diverse set of gene
variants. The ORR in our study reflects only patients who
were treated for more than 28 days, were prescribed off-
label TAs, and had gene variants annotated by OncoKB
with a LOE.

Apart from OncoKB, LOE or tiers of evidence are in-
creasingly being offered by informatics platforms and
cancer societies to prioritize treatment recommendations
after CGP.16,17 In our study, patients prescribed TAs bearing

TABLE 1. Baseline Demographics of Included Subjects (n = 169)
Demographic Variable No.

Median age at the time of CGP, years (IQR) 68 (60-72)

Sex

Male 148

Female 21

Cancer diagnosis

Breast 19

MSK/connective tissue 3

CUP 25

Cutaneous 11

Melanoma 10

SCC 1

GI 46

Biliary tract 6

Colorectal 19

Esophageal 6

Gastric 2

HCC 1

Pancreatic 10

Small intestinal 3

GU 13

Prostate 5

Urothelial 8

Head and neck 6

Heme 4

Neuroendocrine 6

Thoracic 26

Mesothelioma 1

NSCLC 22

SCLC 3

Thyroid (all papillary) 9

Disease stage

I-III 5

IV 160

Heme 4

Form of tumor DNA sequencing

Tissue only 123

Solid tumor panel 119

Heme panel (from BMBx) 4

Plasma only (all solid tumor) 29

Tissue and plasma (all solid tumor) 17

Ethnicity

White 124

Black or African American 29

American Indian or Alaska native 4

Native Hawaiian or other Pacific Islander 2

Asian 2

Unknown 8

(Continued in next column)

TABLE 1. Baseline Demographics of Included Subjects (n = 169)
(Continued)
Demographic Variable No.

Mortality as of May 31, 2022

Alive 42

Dead 127

No. of prior systemic regimens

None 29

1-2 92

3 or more 48

No. receiving any (approved) TA before off-label TA regimen 44 (26%)

No. of off-label TA regimens prescribed

1 158

2 9

3 2

Abbreviations: BMBx, bone marrow biopsy; CGP, comprehensive
genomic profiling; CUP, cancer of unknown primary; GU,
genitourinary; HCC, hepatocellular carcinoma; IQR, interquartile
range; MSK, musculoskeletal; NSCLC, non–small-cell lung cancer;
SCC, squamous cell carcinoma, SCLC, small-cell lung cancer; TA,
targeted agent.
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TABLE 2. Gene Variants and OncoKb LOE per Disease Ontology (Continued)
Gene-Bearing
Variant

Biliary
Tract Breast CUP Colorectal Esophageal Gastric GIST HCC

Head and
Neck Leukemia MDS Melanoma Mesothelioma

Neuroendocrine
Tumor NSCLC Pancreatic Prostate Sarcoma SCLC

Cutaneous
SCC

Small
Intestinal Thyroid Urothelial Total

ROS1 1 (lvl 3B) 1 (lvl 3B) 2 (2 lvl 3B)

SMARCB1 1 (lvl 3B) 1 (lvl 3B)

TSC1 1 (lvl 3B) 1 (lvl 3B)

Totals 6 (6 lvl
3B)

19 (6
lvl 2,
3 lvl
3A,
9 lvl
3B)

25 (1
lvl 3A,
23 lvl
3B,
1 lvl 4)

19 (3 lvl
2, 14 lvl
3B,
2 lvl 4)

6 (6 lvl
3B)

2 (2 lvl
3B)

1 (lvl
4)

1 (lvl
3B)

6 (4 lvl 3B,
2 lvl 4)

2 (1 lvl 3A,
1 lvl 4)

2 (2 lvl
3B)

8 (3 lvl 3A,
1 lvl 3B,
4 lvl 4)

3 (1 lvl 2,
1 lvl 3B,
1 lvl 4)

6 (6 lvl 3B) 22 (9
lvl 2,
8 lvl 3B,
5 lvl 4)

10 (10
lvl 3B)

5 (5 lvl
3B)

2 (1 lvl 2,
1 lvl
3B)

3 (1 lvl 2,
2 lvl
3B)

1 (lvl 3B) 3 (3 lvl
3B)

10 (10
lvl 3B)

8 (5 lvl 3B,
3 lvl 4)

169 (22 lvl 2,
8 lvl 3A,
120 lvl 3B,
19 lvl 4)

Abbreviations: CUP, cancer of unknown primary; GIST, gastrointestinal stromal tumor; HCC, hepatocellular carcinoma; LOE, levels of evidence; lvl, level; MDS, myelodysplastic syndrome; NSCLC,
non–small-cell lung cancer; SCC, squamous cell carcinoma; SCLC, small-cell lung cancer.
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FIG 2. (A) PFS and (B) OS curves for all patients who were treated with off-label TAs for more than 4 weeks. (C) PFS and (D) OS curves based upon
OncoKB therapeutic LOE. The median PFS was 7.5 months (95% CI, 3.5 to 10.3) for LOE = 2 group, 8.0 months (95% CI, 2.8 to NR) for LOE = 3A
group, 5.8 months (95% CI, 3.9 to 6.5) for LOE = 3B group, and 3.7 months (95% CI, 1.6 to 7.7) for LOE = 4 group. The median OS was 16.1 months
(95%CI, 6.2 to NR) for LOE = 2 group, 13.4months (95%CI, 1.1 to 20.1) for LOE = 3A group, 9.9months (95%CI, 7.5 to 13.2) for LOE = 3B group, and
4.5 months (95% CI, 2.0 to 5.9) for LOE = 4 group. (E) PFS and (F) OS curves for LOE two groups: 2/3A/3B versus 4. The median PFS was 5.8 months
(95% CI, 4.5 to 7.0) for LOE = 2/3A/3B group and 3.7 months (95% CI, 1.6 to 7.7) for LOE = 4 group. The HR was 2.24 (95% CI, 1.22 to 4.11; P = .01)
for being in group 4 compared with in group 2/3A/3B. The HR was 0.45 (95% CI, 0.24 to 0.82; P = .01) for being in group 2/3A/3B compared with in
group 4. The median OS was 10.7 months (95% CI, 8.4 to 13.8) for LOE = 2/3A/3B group and 4.5 months (95% CI, 2.0 to 5.9) for LOE = 4 group. HR,
hazard ratio; LOE, level of evidence; NR, not reached; OS, overall survival; PFS, progression-free survival; TA, targeted agent.
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OncoKB level 4 evidence had substantially worse
PFS compared with patients treated with therapies with
level 2/3A/3B evidence, albeit ORRwas similar between the
two groups. Although the classification schema varies
across the available precision oncology information data-
bases, our findings suggest that gene variant annotations
recommending administration of off-label TAs simply

based upon biological evidence likely lead to worse out-
comes compared with annotations supported by some
clinical evidence. Of note, about one third of patients with
BRAF V600E achieved response, and median PFS among
these patients was 5.9 months. Given the outcomes ob-
served among patients treated with off-label dabrafenib and
trametinib across cancers within subprotocol H of the
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FIG 3. Swimmer’s plots for off-label TA
regiments administered to patients with (A)
ATM/BRCA1/BRCA2, (B) ERBB2, and (C)
BRAF V600E mutations. Each entry refers
to an off-label regimen targeting patients
with the companion mutations. Time to first
dose adjustment refers to reduction in dose,
treatment break, or treatment discontinu-
ation. TA, targeted agent.
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MATCH trial (ORR, 38%) and across rare cancers within
the Rare Oncology Agnostic Research basket study (ORR
range, 33%-56%), the FDA recently approved the use of
these two drugs in the second line for all patients with
advanced cancers bearing V600E mutations with no ex-
cellent therapeutic alternatives in June 2022.18-21 Conse-
quently, patients in our study bearing this mutation would
now harbor level 1 evidence for treatment, which would
adjust the overall PFS and OS for all included patients and
for patients classified as those with level 2/3A/3B anno-
tations. Of note, sotorasib was recently granted accelerated
approval for patients with non–small-cell lung cancer
bearing KRAS G12C mutations based upon a single-arm
phase II study, which would have classified one level 3B
treatment regimen to a level 1 regimen in our study.22

Clinical trials have increasingly sought to evaluate out-
comes among patients treated with a combination of sys-
temic agents representing diverse sets of therapeutic
mechanisms.23-25 As a result, TAs are frequently assessed
in conjunction with other TAs, ICIs, or with chemotherapy,
and multimodal therapy often conveys improved outcomes
with acceptable toxicity. Across the 64 regimens involving
more than one systemic agent in our study, 52 were
evaluable for outcomes, of which 30.7% (16) achieved
response. Although 11 of the 64 regimens were dis-
continued because of toxicity, further systemic therapy was
administered after six of these 11 regimens, thereby in-
dicating that toxicities were not entirely detrimental to
further drug administrations. In fact, 40% of all patients
receiving multimodal therapy received further systemic
therapy after DC of off-label TAs. These collective findings
suggest that in real-world practice, clinicians are often
comfortable with combiningmolecular-guided off-label TAs
with either other off-label TAs or approved drugs from other
classes, and that toxicities are often acceptable with these
combinatorial approaches. Specifically, of all 183 regimens
administered, 16 (8.7%) regimens included chemother-
apy, with 11 (6.0%) containing more than one chemo-
therapeutic agent. Thirteen of these 16 regimens were for
patients bearing ERBB2mutations, among whom only one
patient discontinued treatment because of toxicity. These
prescription patterns reflect the familiarity among oncology
providers with administering anti-HER2 therapies across
cancer types in combination with chemotherapy, likely
because of the widespread use of anti-HER2 agents among
patients with HER2-positive breast and gastric cancers.
Interestingly, of all 38 regimens directed toward ERBB2
mutations, 23 included multiagent therapies, 10 included
dual-HER2 blockade, and 11 included newer-generation
anti-HER2 therapies (ado-trastuzumab, lapatinib, ner-
atinib, trastuzumab deruxtecan, and trastuzumab

emtansine). Investigators designing future clinical trials
should consider evaluating the newer anti-HER2 agents
across all patients with solid tumors with ERBB2 patho-
genic genetic variants, given evidence of efficacy in mul-
tiple tumor types and manageable toxicity profiles.

Our study has limitations. First, only patients who were
prescribed TAs based upon gene mutations discovered
throughNPOP and bearing OncoKB level 2-4 evidencewere
included. Veterans with tumors bearing actionable variants
detected through precision testing external to NPOP were
excluded. Additionally, Veterans who may have been pre-
scribed off-label molecular-guided therapy for variants that
were not annotated by OncoKB were excluded. Second,
only off-label TAs administered for. 4 weeks were included
for outcomes assessments. It is possible that patients
progressed with treatment , 4 weeks. However, for our
patient population, which frequently bears several comor-
bidities and socioeconomic restrictions, we felt that most
patients who were treated for, 4 weeks were discontinued
for reasons other than lack of response, and consequently,
were not evaluable. Third, the retrospective evaluation of
real-world practices reflects the limitations from variability in
response and toxicity evaluation and documentation in the
clinical record. Furthermore, multimodal systemic agents
were often administered concurrently, thereby preventing
determination of each agent’s contribution to outcomes and
toxicities. Forth, a small number of patients with liquid tu-
mors were included in our analyses, which may convolute
the overall results, given the heterogeneity of patients se-
lected. Finally, although our work evaluated patients bearing
variants in 31 unique genes, the majority (61%) of patients
had variants of only three gene groups: BRAF V600E,
ERBB2, and ATM/BRCA1/BRCA2.

In conclusion, more than onequarter of systemic regimens
containing molecular-guided, off-label TAs lead to objective
tumor response among patients bearing diverse disease
ontology and genomics. Patients specifically harboringMET
and PIK3CAmutations have promising response rates, and
basket trials should prospectively evaluate these patients in
a tumor-agnostic fashion. In real-world practice, off-label
TAs are often concurrently administered with other FDA-
approved or off-label TAs, particularly among patients
bearing ERBB2 mutations, and rates of DC because of
toxicities are relatively low despite a high rate of prior
systemic therapies. Clinicians should be wary that pre-
scribing off-label TAs for which there is biological rationale
but no clinical evidence of response (ie, OncoKB level 4
annotations) is associated with worse outcomes compared
with patients treated with therapies supported by clinical
evidence.
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