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ABSTRACT

RESILIENT (CTRI/2018/02/011808) was a single arm, open label, phase II/II1
study to test if label agnostic therapy regimens guided by Encyclopedic Tumor Analysis
(ETA) can offer meaningful clinical benefit for patients with relapsed refractory
metastatic (r/r-m) malignancies. Patients with advanced refractory solid organ
malignancies where disease had progressed following =2 lines of systemic treatments
were enrolled in the trial. Patients received personalized treatment recommendations
based on integrational comprehensive analysis of freshly biopsied tumor tissue and
blood. The primary end points were Objective Response Rate (ORR), Progression Free
Survival (PFS) and Quality of Life (QoL). Objective Response (Complete Response +
Partial Response) was observed in 54 of 126 patients evaluable per protocol (ORR =
42.9%; 95% CI: 34.3%-51.4%, p < 0.0001). At study completion, Disease Control
(Complete Response + Partial Response + Stable Disease) was observed in 114 out
of 126 patients evaluable per protocol (CBR = 90.5%; 95% CI: 83.9% - 95.0%, p <
0.00001) and Disease Progression in 12 patients. Median duration of follow-up was
138 days (range 31 to 379). Median PFS at study termination was 134 days (range
31 to 379). PFS rate at 90 days and 180 days were 93.9% and 82.5% respectively.
The study demonstrated that tumors have latent vulnerabilities that can be identified
via integrational multi-analyte investigations such as ETA. This approach identified
viable treatment options that could yield meaningful clinical benefit in this cohort of
patients with advanced refractory cancers.

INTRODUCTION

It has been popularly believed [1] that analyzing
the molecular structure of cancer would yield definitive
strategies and therapeutic direction for improved
outcomes. However, translation of this seemingly
axiomatic deduction into meaningful improvements in
systemic therapy has proved to be persistently elusive.
While platforms and solutions for molecular analysis of

tumors have become ubiquitous, widespread adoption
of treatment strategies based on evidence of molecular
hallmarks appears to be stymied for want of definitive data
and lack of demonstrable, quantifiable clinical benefits.
Targeted treatments have been confined to
their labelled indications and efforts at replication of
therapeutic benefit in an organ-agnostic setting [2, 3]
appear to be limited, the most notable example yet being
of the checkpoint inhibitor Pembrolizumab, which was
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recently approved for solid organ malignancies with
mismatch repair deficiency (AMMR). It is also pertinent
to mention the pan-cancer drug Larotrectinib [4] which
has been approved for use across solid organ malignancies
with neurotrophic receptor tyrosine kinase (NTRK) gene
fusion, and Tisotumab vedotin [5], which has shown
promise in clinical trials to treat all tumors that express
tissue factor.

There have been other [6—13] efforts to improve
outcomes in hard to treat cancers using a putative
correlation between molecular analysis and treatment
selection in off-label or organ agnostic settings. However,
these studies were either based on univariate analysis of
biomarkers and/or constrained in design by restricting
inclusion to patients who were positive for a predefined
molecular feature of the tumor. Most of these studies
[6, 7, 9] also treated patients with single agents selected
on the basis on available molecular indications, even
in instances where multiple drug indications may have
been available. Though there is evidence [14—18] from
prior trials that multi-drug combinations of cytotoxic and
targeted agents may yield improved therapeutic benefit,
fewer prior studies [8, 11, 12] appear to have evaluated
multi-drug combinations based on tumor molecular
profiling. As a consequence of these restrictions, the
outcomes reported in prior precision medicine trials (such
as the ones enlisted above) have either fallen short of
expectations [6] or have merely suggested equivocal to
incremental improvements in efficacy [7—12], and have
indicated the need for further evaluation of molecular
guided therapy selection approach. Only the IPREDICT
Study has reported a significantly higher ORR [13].

Presently, no evidence exists on treatment strategies
for r/r m-cancers based on comprehensive, multi-
analyte molecular analysis with synchronous in vitro
chemo-sensitivity profiling, in a label-agnostic manner.
Accordingly, we designed the RESILIENT Study, where
label-and organ-agnostic treatment strategies for patients
with r/r m-cancers were based on an integrative, multi-
analyte Encyclopedic Tumor Analysis (ETA) which
captures in depth information about the multi-layered
tumor interactome. In the RESILIENT Study, participants
received personalized multi-drug therapy recommendations
based on inputs from multiple molecular biomarkers as
well as in vitro chemosensitivity testing on viable tumor
cells. We present the study outcomes which demonstrate
the efficacy of ETA-guided treatment options which target
latent vulnerabilities of the tumor to afford meaningful
clinical benefit to patients.

RESULTS

Patients

Between December 2017 and October 2018, 231
patients were screened for recruitment, of whom, 190

patients were recruited and 143 patients eventually started
treatment as per ETA; 47 patients were excluded prior to
start of treatment for various reasons including withdrawal
of consent (n = 23), death (n = 16), deterioration
of Eastern Cooperative Oncology Group (ECOG)
performance status (n = 6) or unavailability of lesions
measurable on a CT/PET-CT scan (n = 2). Treatment
for the first patient commenced on January 05, 2018 and
for the most recent patient on November 16, 2018. Out
of the 143 patients who started treatment, 17 patients
were excluded prior to any follow-up evaluation for
various reasons including patient being lost to follow-up
(n =17), death (n = 5), withdrawal of consent (n = 4) and
deterioration of health (n = 1). A total of 126 patients
were evaluable as per study criteria and 65 patients were
continuing treatment in accordance to the TR as on the
lock-in date of January 25, 2019. The CONSORT diagram
(Figure 1) depicts the study structure and flow. Patient
demographics, cancer types and prior treatments are
indicated in Table 1 with expanded and additional details
in Supplementary Table 1 and Supplementary Table 2
Patient-wise extent of disease and sites of metastases are
indicated in Supplementary Table 3. The distribution of
cancer types among the study population was an accurate
representation of the locoregional prevalence rates [19].

Landscape of genomic alterations

Figure 2 depicts the landscape of genomic
alterations in the Intent to Treat (ITT) population. Point
mutations in TP53 were most frequently encountered
(56%) gene variations in the ITT population, which also
included two instances of copy loss. Similarly, point
mutations in PTCH1 (16%) and PIK3CA (15%) were the
second and third most frequently encountered variants.
Gain of gene copy was observed most often in MYC,
ERBB2, NBN, PDE4DIP, EXT1, NCOA2, RUNXITI,
UBRS5, CCNE1, PLAG1, PRKDC and RECQLA4. Loss
of gene copy was most frequently encountered in genes
such as ARID1A, KRAS, ATM, NF1, LAMPI1, APC, RBI,
FLT3, FGFR3, ERCCS5, PTEN, SMARCA4 and JAK3.
Patient-wise actionable gene alterations that formed the
basis for therapy selection are indicated in Supplementary
Table 4. Additionally, gene expression data in terms of
mRNA as well as immunohistochemistry (IHC) were also
considered for therapy selection and are also indicated
(where actionable) in Supplementary Table 4.

Treatments

Among the 143 patients who received ETA-guided
treatment under RESILIENT, 45 patients received
combinations of cytotoxic agents, 5 patients received
combinations of targeted agents and 93 patients received
combinations of cytotoxic and targeted agents. Endocrine
therapy agents were administered to 21 patients in
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Figure 1: CONSORT diagram.
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Table 1: Baseline characteristics of Intent to Treat (ITT) and evaluable patients

ITT Evaluable
Parameter
Number (%) Number (%)
Ethnicity
South Asian (Indian) 143 (100%) 126 (100%)
Gender
Male 73 (51.0%) 65 (51.6%)
Female 70 (49.0%) 61 (48.4%)
Age
Min 25 24
Max 75 72
Median 50 50
Cancer Types and Organs
Bone 4 (2.1%) 3 (2.4%)
Breast 26 (18.2%) 21 (16.7%)
Cervical 5(3.5%) 5 (3.9%)
Colorectal 14 (9.8%) 14 (11.1%)
Oesophagus 2 (1.4%) 2 (1.6%)
Gastric 7 (4.9%) 6 (4.8%)
Head and Neck 36 (25.2%) 31 (24.6%)
Hepatobiliary 7 (4.9%) 6 (4.8%)
Kidney 4 (2.8%) 4 (3.2%)
Lung 7 (4.9%) 5 (4.0%)
Neuroendocrine tumors 3(2.1%) 3 (2.4%)
Ovarian 9 (6.3%) 8 (6.3%)
Pancreatic 8 (5.6%) 8 (6.3%)
Prostate 1 (0.7%) 1 (0.8%)
Sarcoma 5(3.5%) 4 (3.2%)
Skin 3 (1.8%) 3 (2.4%)
Testes 2 (1.2%) 2 (1.6%)
Grade of Tumor
1 (Well-differentiated) 13 (9.1%) 11 (8.7%)
2 (Moderately differentiated) 54 (37.8%) 50 (39.7%)

3 (Poorly differentiated/undifferentiated)
(Grade unevaluable)
Total Prior Lines of Therapy
1-2
34

>5

52 (36.4%)
24 (16.8%)

43 (34.1%)
22 (17.5%)

38 (26.6%) 36 (28.6%)
61 (42.7%) 52 (41.3%)
44 (30.8%) 38 (30.2%)

addition to cytotoxic and/or targeted agents. Patients were
administered treatments as per institutional protocols
and treatments were continued until study completion or
dose-limiting toxicity or progression or any other end-

point, such as patient opting out/defaulting. Patient-wise
details of prior treatments received, ETA-guided treatment
combinations, and rationale for ETA guided agents are
indicated in Supplementary Table 4.
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Response to treatment

Among the 126 patients who underwent follow-up
scans and were thus evaluable per protocol, Objective
Response was observed in 54 patients (ORR = 42.9%),
including 3 Complete Responses (CR) and 51 Partial
Responses (PR). At study completion, 3 patients
(2.4%) had continued CR, 45 patients (35.7%) had
PR, 66 patients (52.4%) had Stable Disease (SD),
and 12 patients (9.5%) showed Disease Progression.
The Clinical Benefit Rate (CBR) was determined to
be 90.5%. Response Evaluation in the Intent to Treat
(ITT) population, which included 17 patients who
were excluded prior to any follow-up scans, indicated
an ORR of 37.8%, which was not significantly lower
than the patients evaluable per protocol. Similarly, CBR
was determined to be 68.5% when evaluated in the ITT
population, in those patients where SD was determined
to be >60 days. Characteristics of response are indicated
in Table 2. Waterfall Charts depict the best radiological
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response (Figure 3A) and radiological response at study
termination (Figure 3B) of all 126 patients. A Swimmer
Plot (Figure 4) depicts temporal trends in response and
duration of response.

Progression free survival (PFS)

Patients were followed up for a median duration
of 138 days (range 31 to 379 days). The Kaplan Meier
plot of PFS is depicted in Figure 5. PFS rates at 90 days
and at 180 days were 93.9% and 82.5% respectively. A
comparison of PFS on RESILIENT (PFS2) with that on
last prior systemic line of treatment (PFS1) for the relevant
patient was ascertainable as per trial criteria (PFS1
<90 days) in 62 patients where median PFS1 was 72 days
(range 22 to 111) and PFS2 was 120 days (range 34 to
374). Of these 62 patients, 22 patients (35.5%) achieved
a PFS2: PFSI ratio of >2.5 and 47 patients (75.8%)
achieved and PFS2: PFS1 ratio of >1.3.
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Figure 2: Landscape of genomic alterations in the Intent to Treat (ITT) population. Each vertical column indicates a single
patient (5-digit numeric identifier in the bottom X-axis). Vertically stacked grey boxes in each column indicate individual genes (gene
names on right Y-axis). Black dots within each box indicates a point mutation (single nucleotide variation), whereas blue and red shaded
boxes indicate gain or loss of gene copy respectively. Patients are grouped according to cancer types — colour coded boxes immediately
above the grey stacked boxes. Gender is indicated above the cancer type. Patients who were evaluable per protocol are indicated in the
topmost row of colour-coded boxes. Bar graph on the top indicates combined variant frequency (%) per patient. Bar graph to the right
indicates total frequency of occurrence of alterations in that particular gene in the ITT population.
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Table 2: Clinical activity of ETA-guided therapies in patients with r/r-m solid organ malignancies

Parameter Value
Objective Response Rate

Number of patients 54

% of cohort (95% CI) 42.9 (34.3-51.5)

P value <0.00001
Status at Study Completion

Complete Response (%) 3 (2.4%)

Partial Response (%) 45 (35.7%)

Stable Disease (%) 66 (52.4%)

Disease Progression (%) 12 (9.5%)
Time to Objective Response (days)

Median 64

Range 28-309
Duration of Follow-Up (days)

Median 138

Range 31-379
Progression Free Survival (days)

Median 134

Range 31-379

Metastases related AEs was observed approximately up to 1 week,

Among the evaluable patients, (n = 126), the most
commonly observed sites of metastases at baseline were
lymph nodes (n = 84, 66.7%), lungs (n = 35, 27.8%), bones
(n =30, 23.8%) and liver (n = 31, 24.6%). Central nervous
system involvement as brain metastases was observed
in 9 patients (7.9%) and bone marrow involvement was
observed in 3 patients (2.4%). Presence or absence of
metastases in vital organs such as brain, lung or liver did
not appear to impact outcomes in response to ETA-guided
therapy; ORR or CBR in patients with brain, lung or liver
metastases were not found to be significantly different
from patients who did not have metastases to these organs
(Supplementary Table 5). Significantly, all brain metastases
were observed to be stable (n = 7) or had regressed (n =
2) at the most recent evaluation for these patients; none
of the patients reported new or increase in size of brain
metastases. At RESILIENT Study completion, 12 patients
(9.5%) had progressed, among whom 9 patients (7.1%)
progressed with no new distant metastases which were
observed only in the other 3 patients (2.4%).

Therapy related adverse events

Adverse Events (AEs) were recorded as per the
National Cancer Institute - Common Terminology Criteria
for Adverse Events (NCI-CTCAE) v5.0 [20] (Table 3).
All the 143 patients in the Intent to Treat (ITT) population
were evaluated for therapy-related AEs. Onset of therapy

post therapy and time to resolution ranged between 1 to
2 weeks. The most common AEs (any grade) reported
in >10% patients were Fatigue, Anorexia, Mucositis
Oral, Edema, Diarrhoea, Pyrexia, Neutropenia, Myalgia,
Vomiting, Anemia, Constipation, Thrombocytopenia and
Pruritis/Rash. The only grade 3 AE in >10% patients was
neutropenia (11.3%). Haematological toxicities of any
grade were observed in 47 patients (32.9%) while grade
3 haematological toxicities were observed in 28 patients
(19.6%). Patients with metastases to bone marrow (2.4%)
did not appear to be at greater risk of haematological
therapy-related toxicities as compared to the entire
cohort. Overall, grade 3 and above therapy-related AEs
were reported in 57 patients (39.9%) among whom dose
readjustment or interruptions were necessitated in 47
(32.9%) patients due to Anemia, Edema, Hypotension,
increased blood bilirubin, Mucositis Oral, Neutropenia,
Thrombocytopenia and Vomiting. No grade 4 treatment-
related AEs were reported in any of the patients.
There were no mortalities that could be ascribed to
treatments received. Owing to the patients receiving
unique combinations of treatment agents, as well as
individualized management of dosage and schedule,
there were no discernible patterns in adverse events
(or categories of adverse events) that could be ascribed
to specific mechanistic classes (e. g., TKI/platins) or
categories (e. g., cytotoxic/targeted/endocrine) of drugs.
All AEs were managed by administration of standard of
care agents or procedures as required.
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Quality of Life (QoL)

Quality of Life was measured based on a brief
questionnaire that evaluated the patients’ functional and
symptomatic status which are innately linked to the ECOG
status. Patients’ feedback was obtained on functional,
symptomatic and overall health status at baseline and
at most recent follow-up or at study termination. 83.9%
patients indicated stable to improved functional status,
74.2% patients indicated stable to decreased symptomatic
status and 90.3% patients indicated stable to improved
overall health status.

DISCUSSION

Data from RESILIENT shows that r/r m-cancers
have unexplored vulnerabilities amenable to treatment.
Consequently, it is possible to obtain durable objective
response and disease control in a significant proportion
of the total patient population, by guiding treatments
based on ETA. Contrary to the discouraging or equivocal
data from previous studies, the ORR and CBR observed
in RESILIENT demonstrates the clinical impact of ETA
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Figure 3: Summary of outcomes in RESILIENT. (A) Waterfall chart of best response. Treatment response was evaluated as
per RECIST 1.1. Percent change in dimensions of target lesions (Sum of Largest Diameters, SLD) between baseline and at evaluation
are graphically represented. Patients are arranged in descending order of change (%) in SLD. (B) Waterfall chart of response at study
completion. Treatment response was evaluated as per RECIST 1.1. Percent change in dimensions of target lesions (Sum of Largest
Diameters, SLD) between baseline and at evaluation are graphically represented. Sequence of patients is same as in Figure 2A to indicate

change in status (if any) at study completion.
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and potential benefits or label- and organ-agnostic therapy
selection in clinical practice.

The discouraging outcomes of prior trials have been
often used as a benchmark for vocal skepticism [21, 22]
and to dissuade label-agnostic individualized treatment
selection. A comparison of RESILIENT with 6 such widely
reviewed studies/trials is hence relevant (Supplementary
Table 6). The SHIVA trial [6] targeting 3 molecular
pathways with Molecular Targeting Agents (MTAs)
reported weak outcomes and went on to discourage
the use of MTAs outside their current indications. The
MyPathway trial [7] reported ORR of 23% across 14
different tumor types. A pilot study by Von Hoff et al [§]
showed PFS ratio of >1.3 in 27% of patients treated with
cytotoxic and targeted/endocrine agents based on limited
molecular profiling. The MOSCATO trial [9] reported
ORR of 11% in patients following molecular profiling
and treatment with cytotoxic, targeted and endocrine
therapies. The M. D. Anderson Cancer Center reported
[10] an ORR of 27% in a retrospective analysis of several
Phase-I clinical trials in personalized medicine where a
limited set of molecular aberrations were targeted using
approved cytotoxic, targeted and investigational agents.
Interim data from 4 arms of the NCI - MATCH [11] study
showed an aggregate ORR of 7.5% among patients who
received targeted therapy based on molecular changes.
More recently, the IPREDICT study [12] was significant
in that it indicated an ORR of 45% and 75% of patients
indicated a potential gain in PFS by ~30% based on
molecularly matched treatments. The WINTHER study
[13] reported an ORR of 13% and 9% respectively in
the two arms where patients were treated on the basis of
molecular features in DNA and RNA respectively.

While these studies relied on univariate molecular
marker analysis for therapy selection, they also generally
had restrictive inclusion criteria which recruited only
those patients who had a predefined molecular target
for treatment with preselected choice of agents. This
inclusion qualification rate was factored in for an indexed
comparison between results of some of these trials [6—11]
and RESILIENT (Supplementary Table 7) to evaluate
the parameters of the various studies which necessitated
bias correction in their reported ORRs. The advantage
of an ETA-guided approach to therapy selection, as
in RESILIENT, is evident in absence of prequalifying
molecular features, due to which potentially all patients
with solid organ malignancies stand to benefit rather
than just the limited proportion of the real-world patient
population where tumors harbor the predefined feature.
Analysis of differentially (over) expressed genes based
on mRNA or IHC provided additional therapy options
for several patients, including those where actionable
gene alterations were unavailable. As opposed to the
WINTHER trial [13] where actionable information from
DNA and RNA competed with each other for efficacy
analysis, they were complementary to one another in the
RESILIENT protocol. Similarly, in vitro chemosensitivity
analysis using viable tumor cells provided direct functional
evidence of drug efficacy which aided therapy selection.
There have been concerns about the suitability of in vitro
chemosensitivity analysis for therapy selection [23] in
cancers based on outcomes of prior studies. However, prior
efforts appear to be based on single agents and regimens
included in Standard of Care (SoC) for the cancer types.
On the other hand, we evaluated a comprehensive panel
of FDA-approved agents in an organ agnostic setting
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Table 3: Therapy-related adverse events in intent to treat population

Any grade Grade >3
Adverse events
No of patients % No of patients %
Fatigue 121 84.6% 9 6.3%
Anorexia 92 64.3% 6 4.2%
Mucositis Oral 57 39.9% 13 9.1%
Edema 39 27.3% 4 2.8%
Pyrexia 35 24.5% 8 5.6%
Diarrhoea 35 24.5% 0.7%
Neutropenia 32 22.4% 16 11.2%
Myalgia 30 21.0% 3 2.1%
Vomiting 26 18.2% 6 4.2%
Anemia 22 15.4% 12 8.4%
Constipation 20 14.0% 1 0.7%
Thrombocytopenia 18 12.6% 12 8.4%
Pruritis/Rash 16 11.2% 1 0.7%
Nausea 14 9.8% 2 1.4%
Peripheral neuropathy 11 7.7% 2 1.4%
Pain at site of biopsy 9 6.3% 3 2.1%
Hyper-/Hypotension 5.6% 6 4.2%
Alopecia 6 4.2% 0 0.0%
L?fiﬁs;d blood 4 2.8% 3 2.1%
Eletrolyte Imbalance 3 2.1% 2 1.4%
Hoarseness 2 1.4% 1 0.7%
Pneumonitis 2 1.4% 1 0.7%
Dysuria 1 0.7% 0 0.0%
Any Event 143 100% 57 39.9%
based on which optimum agent (s) were selected. Thus, Most of the study population had experienced
the outcomes in RESILIENT were superior to the next progression of disease with new distant metastases of the
line SoC treatment options and indicated the possibility last failed treatment, whereas on the RESILIENT protocol,
of viable alternatives to checkpoint inhibitors [24-28] appearance of distant metastases on progression was well
(Supplementary Table 8) for representative cancer types. controlled; out of the 12 patients where progression was
The durability of response in RESILIENT, in seen, local progression was observed in 9 patients while only
terms of the 90-day PFS rate, appears to be significant as 3 patients presented new distant metastases. The suppression
deduced from Kaplan Meier plots (Supplementary Table 9). of metastatic tendency of the disease is significant and its
It is generally believed that PFS decreases with every impact cannot be overemphasized in view of the shifting
subsequent line of therapy. Thus, contemporary precision appreciation of late stage disease management as recognized
oncology trials have benchmarked PFS (while on trial) to the in Prostate cancer where Metastasis Free Survival (MFS)
last failed systemic line of treatment to determine therapeutic has been described as a relevant clinical trial endpoint [29].
advantage. While a 30% increase has been indicated as Though objective response is a desirable aim
significant, outcomes of RESILIENT show that it is possible at every treatment threshold, an equally relevant
to achieve significant (2.5x) increase in PFS as compared to consideration for treatment of advanced refractory
the last line. A significant number of patients were progression cancers is achievement of stable disease (SD) with
free at study completion, and hence the median reported PFS associated improvements not only in time-dependent
in RESILIENT reflects the status at study completion and not end points but in quality of life measures. In this respect,
the final outcome. Duration of Response (DoR) and Overall the disease control achieved in RESILIENT is clearly
Survival (OS) are presently not mature for reporting. encouraging.
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Though there have been several reports [14—18] of
de novo combinations of targeted and cytotoxic agents
yielding improved therapeutic benefits, patients in most
prior studies received single agents. Only a few precision
medicine studies included combination treatments which
were administered to all (or limited set of) patients based
on molecular profiling. The MD Anderson Study [10]
retrospectively evaluated patients from several drug trials
where patients received single agents and combinations
of approved as well as experimental agents. In case of the
WINTHER trial [13], though genomic and transcriptomic
molecular marker data were evaluated, majority of patients
were treated with single agents based on either DNA or
RNA in the respective study arms. In the RESILIENT
Study, all patients received combinations of cytotoxic,
targeted or endocrine agents based on cellular and
molecular evidence evaluated by the ETA. The authors
seek to draw attention of the reader to the fact that none
of the study patients received experimental or unapproved
drugs. All patient-specific therapy combinations
recommended through the ETA included only those drugs
that have already been approved for treatment of (same/
different) cancers with well characterized toxicity profiles.
Thus, AEs were well controlled even in this heavily pre-
treated population with tumor evolution and systemic
deterioration following multiple prior lines of treatments.
Notably, there were no grade 4 treatment related AEs in
RESILIENT; for comparison a prior meta-analysis of
Phase I trials between 2001 to 2012 of cytotoxic drugs
reported Grade 4 AEs in 19.9% in patients [30].

Having discussed the benefits of ETA, an insight
into the limitations is also pertinent. ETA requires fresh
tissue from a de novo biopsy tissue where the quality and
quantity of biopsied tissue could be of concern. Patients
who have progressed on multiple lines of treatment are often
psychologically fatigued for further invasive procedures and
possible hospitalization. The impact of previous treatments
on the overall health of the patients, especially on the bone
marrow reserve can impede compliance with ETA guided
treatments. However, adoption of ETA-guided approach at
an earlier treatment stage could obviate limitations associated
with less beneficial SoC treatments. In the ITT population
(n = 143), among the 17 patients who were excluded prior
to any follow-up, 6 patients were lost to follow-up due to
inability to travel from other cities for treatment. Similarly,
among the 17 patients who were excluded after the first
evaluation, 12 patients were lost to follow-up for the same
reason. Due to these early exclusions, the median follow-up
duration appears underrepresented in the study population.
As a corrective action, for all subsequent enrolments into
RESILIENT, priority and preference were given to patients
living within the same city, or within a reasonable distance
with access to direct transportation. Another significant
impediment towards achieving improved outcomes was
the non-availability of USFDA or EMA approved treatment
agents for incorporation in the TR, as several such drugs

are not approved in India and possibly in several other
countries. RESILIENT is also confined to the south Asian
— Indian population, although it seems unlikely that the
outcomes would vary across ethnicities.

METHODS

All laboratory processes were conducted at a CAP
and ILAC accredited institution.

Study design

RESILIENT was a single arm, single centre, non-
randomized phase II/III prospective trial for evaluation
of treatment response to therapy based on ETA
recommendation in r/r m-cancers patients. The Ethics
Committees of the participating institutes had approved the
trial. The design of the trial acknowledged the rationale
[8] that owing to the diversity in cancer types and unique
treatment history of each patient, there can be no accurate
external control for each patient. Therefore, rather than a
randomised two arm trial design, a single arm design would
more accurately evaluate and represent treatment benefits
from the ETA guided approach, when benchmarked
against the patients last (failed) line of treatment. Thus,
prior treatment response of patients served as the virtual
control arm [8]. The Progression Free Survival (PFS) on
ETA-guided treatment (PFS2) was benchmarked against
that (PFS1) on the last (failed) line of systemic treatment
in those patients where PFS1 was < 90 days.

Patients

RESILIENT recruited patients with solid organ
malignancies who had either failed at least two prior
lines of Standard of Care (SoC) treatments or where
SoC treatment options were unavailable or further
unviable. Eligible patients had radiologically evident
and measurable disease, an Eastern Co-operative
Oncology Group (ECOG) performance status of <2
and who consented to provide tissue and blood/fluid
samples. Patients who fulfilled the above criteria were
counselled regarding the potential benefits and risks of the
trial. Thereafter, willing patients provided duly signed,
informed consents. The complete eligibility criteria are
available at http://apps.who.int/trialsearch/Trial2.aspx?T
rialID=CTRI/2018/02/011808.

Encyclopedic tumor analysis (ETA)

Tumors employ myriad mechanisms, feedback
loops and redundancies at each of the functional
layers of coding, transcription, regulation and protein
synthesis, such as reactivation of signalling pathways,
cross-talk between various pathways, post-translational
modification, heterogeneity of tumors, clonal evolution
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of resistant variants and more [31, 32]. Consequently,
each functional layer influences the processes towards
sustaining survival and proliferation singularly and
cumulatively. Thus, any drug - feature conjugation that
looks towards a single layer of the process will inevitably
miss the interactions and context in the other layers of this
interactome. The ETA captures and contextualizes data
from multi-layered tumor interactome, including in vitro
response/resistance of viable cells. Individual procedures
as part of the ETA are described in the sub-sections below.

Tissue and blood collection

Approximately 5 x 5 x 5 mm freshly biopsied
tumor tissue was transferred into 5 mL transport medium
and stored at 4°C during transit. Fresh tissue was either
processed immediately or cryopreserved at —80° C.

10 mL peripheral blood was collected by venous
puncture in Cell-Free DNA BCT® and EDTA vacutainer
tubes. Blood was stored and transported at 4° C. Plasma was
separated by centrifugation at 3000% g for 20 min at 4° C,
followed by 16000x g for 10 min at 20-25° C. Plasma
samples without hemolysis were processed immediately.

Histopathology and immunohistochemistry

Formalin-Fixed  Paraffin-Embedded  (FFPE)
blocks were prepared as per standard procedures.
Histopathological (HPE) and immunohistochemical (IHC)
analyses were carried out as per standard procedures.
Tumor content of freshly biopsied tissue was determined by
HPE evaluations. Tissue samples with >80% tumor content
were considered as acceptable for molecular evaluations.

DNA isolation

Genomic DNA was isolated from fresh tissue samples
using the PureLink® Genomic DNA Mini Kit and MagMAX
FFPE DNA isolation kit (Thermo Fisher Scientific, USA)
as per the manufacturer’s instructions. DNA was quantified
at 260 nm and quality was determined by measuring the
ratio of absorbance at 260/280 nm using a NanoDrop 2000
(Thermo Fisher Scientific, Waltham, USA).

Total ctDNA was purified from 2 mL plasma using
a Circulating Nucleic Acid kit (QIAGEN, Germantown,
USA) as per the manufacturer’s protocol. ctDNA
was quantified using an HS DNA Qubit assay (Life
Technologies, Carlsad, USA).

RNA isolation

Total tumor RNA was isolated from fresh tumor
tissue by using mirVana miRNA isolation kit (Ambion,
Austin, USA) as per the manufacturer’s instruction. Total
RNA was quantified using a Qubit 2 Fluorometer (Thermo
Fisher Scientific, Waltham, USA) with the manufacturer’s
RNA assay kit.

RNA from exosomes were isolated from peripheral
blood plasma. Plasma samples (2 ml) from EDTA tubes
were centrifuged at 16000x g for 10 min at 4° C and
filtered via a 0.45 pm membrane to remove larger vesicles.
The filtrate was used for the extraction of total exosomal
RNA using an ExoRNeasy serum/plasma kit (QIAGEN,
Germantown, USA) according to the manufacturer’s
protocol [17]. Purified exosomal RNA was quantified using
an miRNA Qubit assay (Life Technologies, Carlsad, USA).

Tumor DNA profiling

Tumor DNA was sequenced for 453 genes using
Oncomine Comprehensive Assay v3 and Ion AmpliSeq
Comprehensive Cancer Panel (Thermo Fisher, USA) as
per user recommended protocols. Briefly, 40 ng DNA was
used for NGS library preparation via PCR-based Ampliseq
target enrichment protocol. Libraries of 100 pmol were
sequenced using lon Proton (Thermo Fisher Scientific,
Waltham, USA). Torrent Suite™ v5.2 (Thermo Fisher
Scientific, Waltham, USA) software was used to perform
primary analysis, including signal processing and base
calling. Primary QC parameters were: minimum read length
of 25 bases, read quality trimming of 17 QV, window size
for quality trimming 30 bp. The processed sequenced data
were aligned to the reference genome GRCh37/hgl9 to
generate Binary Alignment/Map (BAM) files. Sequencing
data were considered for downstream analysis with coverage
at >10,000x depth and >80% amplicons with at least 600
reads. The aligned data were analyzed using Torrent Variant
Caller software with optimized parameters such as minimum
allele frequency (0.003), minimum mapping quality (4),
minimum coverage (600), down sample to coverage
(10,000) and position bias (1). Reported somatic variants of
>0.5% allele frequency (AF) were compared to the reference
genome hg19. The Integrative Genomics Viewer (IGV) was
used to visualize the read alignment and the presence of
variants against the reference genome and to confirm the
veracity of the variant calls by checking for possible strand
biases and sequencing errors. All the germline variants found
in the 1000 Genomes Project or The Exome Aggregation
Consortium (ExAC) with a frequency of >0.1% were
excluded. All somatic mutations were annotated, sorted and
interpreted using COSMIC and/or TCGA data. Variants with
<0.5% AF were confirmed orthogonally with digital droplet
polymerase chain reaction (ddPCR, BioRad) using the rare
mutation assay as per the manufacturer’s protocol.

Targeted whole transcriptome analysis

The Ion AmpliSeq™ Transcriptome Human Gene
Expression Research Panel was used to determine the
expression of 20,802 genes including 18,574 coding
genes and 2228 non-coding genes based on University
of California Santa Cruz (UCSC) hgl9 annotation.
Historical RNA from normal adjacent tissue was used as
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a control for transcriptome analysis. A barcoded cDNA
library was generated with a SuperScript® VILO™ c¢cDNA
Synthesis kit from 40 ng of total RNA. The cDNA was
amplified using lon AmpliSeq™ technology as per the
manufacturer’s instructions (Thermo Fisher Scientific).
Amplified cDNA libraries were evaluated for quality on
a Bioanalyzer 2100E using a high sensitivity DNA 1000
chip (Agilent Technologies) and quantified using an Ion
Library TagMan™ Quantitation Kit (Thermo Fischer
Scientific. Pooled libraries of 100 pM were amplified using
emulsion PCR on an Ion Torrent OneTouch2 and enriched
as per the manufacturer’s instructions. Templated libraries
were sequenced on an lon Torrent Proton™ sequencing
system, using an Ion PI sequencing kit and an Ion PI chip
(Thermo Fisher Scientific). Analysis of AmpliSeq RNA
sequencing data was performed using the AmpliSeq-RNA
plugin available for Ion Torrent sequencing platforms.
This plugin uses the Torrent Mapping Alignment Program
(TMAP—https://github.com/iontorrent/ TMAP), which is
optimized for aligning raw sequencing reads (from lon
Torrent) against the hg19 transcriptome reference sequence
against regions defined in the Browser Extensible Display
(BED) file (hgl9 AmpliSeq Transcriptome 21K vl.
bed). The quality of the raw data was evaluated based
on three parameters: number of reads, mean read length
and target detected (% of all amplicons that had >10
assigned reads). Differential gene expression analysis was
performed using R/Bioconductor package edgeR with raw
read counts from AmpliSeq. Read count normalization
was performed using the Counts Per Million (CPM).
Significant differential expressed genes were called using
the following threshold: absolute log fold-change >2 and
Benjamini—Hochberg adjusted p < 0.05. The commercial
software iPathway Guide (Advaita) was used for pathway
analysis to explore significantly affected pathways.

In vitro chemosensitivity profiling of viable
tumor cells

Viable tumor cells were isolated from freshly biopsied
tumor tissue by standard procedures and maintained in vitro.
Viable cells were seeded into multi-well plates and allowed
to adhere. Adherent viable cells in vitro were treated with
a panel of FDA-approved anti-cancer drugs for 24 hours
after which apoptotic cell death events were determined.
All assays included positive and negative controls as well as
untreated cell controls to determine baseline apoptotic events.
Response to each drug was determined after subtracting
baseline apoptosis in untreated controls. Data from all
investigations were integrated to identify agents and their
combinations with maximum projected efficacy and safety.

Therapy recommendation

An interdisciplinary tumor board comprising of
oncologists, pathologists, other clinicians, molecular
biologists, and bioinformaticians evaluated tumor-data

including somatic and germline mutations in DNA
for actionable gene alterations, pharmacogenetics
analysis of alterations in drug metabolism enzymes
(DME), differentially expressed genes and pathways
for targeting, immunohistochemistry and in vitro
chemosensitivity profiling of viable tumor derived cells.
Drug indications derived from all evaluations were
integrated and harmonized to create a drug preference list
based on maximum projected efficacy and identification
of potential risks due to alterations in DME. All drugs
in the preference list were evaluated for further safety
and efficacy based on information in published literature
and public databases, and included sources such as (i)
safety and efficacy findings from Phase I/II/III trials and
meta analyses, (ii) analyses of multi-drug combinations
[14-16] including targeted-cytotoxic drug combinations,
(iii) pharmacokinetic and pharmacodynamics studies,
and (iii) reported drug-interactions. This approach
yielded patient-specific priority list of drugs and their
combinations with projected efficacy and safety profiles,
i. e., the Therapy Recommendation (TR). Availability
of treatment agents in India was also considered in
design of patient-specific regimens. The patient-specific
TRs did not exclude drugs or combinations that may
have been indicated in Standard of Care (SoC) for
that cancer; ETA did not aim to deny regimens merely
because of indication in SoC, rather ETA sought to
identify optimum regimens with putative benefit for the
patient, irrespective of the empirical nature of existing
guidelines.

Treatments

Patient specific TRs were submitted to the treating
clinician within 7 to 10 days of receipt of patient samples.
The treating clinician evaluated the suitability of the
suggested treatments and oversaw therapy administration.
Being a single site study, TRs and treatments for all patients
were evaluated by the Principal Investigator and other
treating clinicians, due to which there were no subjective
differences in interpretations for therapy management.
Clinicians and patients were not blinded to the treatment.
The treating clinicians exercised their discretion with
regard to the optimum starting dose on a case by case
basis considering patient safety, risk of therapy related
adverse events (AEs), prior treatments and history of AEs.
Treatments were administered/continued as per the standard
practice and protocols of the treating institution until
guideline-imposed limitations for duration of treatment
were encountered, or until dose-limiting toxicity or disease
progression or in the event of patient exclusion.

Evaluations

The baseline status of the disease was determined by
a "®F-Fluorodeoxyglucose Positron Emission Tomography
— Computed Tomography (FDG PET-CT) scan before
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initiation of treatment. A baseline MRI scan was also
performed to identify any brain metastases. Response
was evaluated on the lines of RECIST 1.1 criteria [33]
through a further scan after the patient completed at least
two treatment cycles or 60 days of treatment, except in
cases where the treating clinician advised evaluation in the
interim. Thereafter, follow-up scans were performed every
6 to 10 weeks. Status of brain metastases was determined
by follow-up MRI scans. All scans were independently
reviewed by a panel of external expert radiologists.

Patient monitoring

All  study participants underwent periodic
investigations such as complete blood counts, hepatic and
renal function tests, urinalysis and left ventricular ejection
fraction (LVEF) to determine fitness to receive or continue
treatment as per study protocol. Other investigations such
as ultrasonography, x-ray or endoscopy was carried out on
recommendation of the treating oncologist. Adverse events
were recorded during patient admissions as well as via
telephonic follow-up during those weeks where patients
did not visit the hospital. All adverse events were reported
as per NCI-CTCAE v5 criteria. All grade 3 adverse
events were flagged and followed up on a daily basis
until resolution. Patients received printed instructions
of subsequent treatment and imaging appointments
as well as telephonic reminders. Patients had 24-hour
telephonic access to study-coordinators as well as access
to emergency/ambulance services.

Endpoints

The primary efficacy end point of the study was
Objective Response Rate (ORR) defined as the percentage
of patients who achieved Complete Response (CR) or Partial
Response (PR) during the active study phase. Other end
points were Clinical Benefit Rate (CBR) and Progression
Free Survival (PFS). CBR was defined as the percentage
of patients who achieved CR, PR or Stable Disease (SD).
PFS was defined as time from commencement of treatment
under ETA to disease progression or death during the active
study phase. PFS on ETA-guided treatment (PFS2) was
compared against that (PFS1) on the last (failed) systemic
line. The qualitative end point was Quality of Life (QoL),
based on patient’s feedback on symptomatic and functional
status at baseline and at study termination or most recently
available follow-up.

Statistical methods and analysis

The sample size of the study was determined on the
basis of the ORR, assuming that the ORR in such refractory
advanced stage cancer patients is <10%. Simon’s 2-stage
design was used to validate adequacy of cohort size for
assessment of ETA based therapy. The null hypothesis
that the true response rate is 10% was tested against a one-

sided alternative. Initially, at least 21 patients were required
to accrue; if there were 2 or fewer responses, the study
was required to be stopped. Else, at least 45 additional
patients were required to accrue for a total minimum of
66 patients. The null hypothesis would be rejected if 11
or more responses were observed in 66 patients. With 66
evaluable patients, this design yields a type I error rate
of 5% and power of 90% when the true response rate is
25%. The 95% CI of ORR was constructed using binomial
distribution (Clopper-Pearson estimation method). Patient
demographics were analysed with descriptive statistics.
Contingency tables described the categorical data with
counts and percentages. Continuous data was summarized
using median and range. CONSORT diagram, waterfall plot
and bar graphs were used to summarize the data. Kaplan-
Meier estimator was used to estimate survival function.

Abbreviations

ETA: Encyclopedic Tumor Analysis; r/r-m: relapsed
refractory metastatic; ORR: Objective Response Rate;
PFS: Progression Free Survival; QoL: Quality of Life;
dMMR: mismatch repair deficiency; NTRK: neurotrophic
receptor tyrosine kinase; ECOG: Eastern Cooperative
Oncology Group; RECIST: Response Evaluation Criteria
in Solid Tumors; CONSORT: Consolidated Standards of
Reporting Trials; CR: Complete Responses; PR: Partial
Responses; SD: Stable Disease; CBR: Clinical Benefit
Rate; AE: Adverse Events; NCI: National Cancer Institute;
CTCAE: Common Terminology Criteria for Adverse
Events; ITT: Intent to Treat; DoR: Duration of Response;
MFS: Metastasis Free Survival; SoC: Standard of Care
(SoC); DCGL: Datar Cancer Genetics Limited; HCG-
MCC: HCG Manavata Cancer Centre; CAP: College of
American Pathologists; cfDNA: cell free DNA; PCR:
Polymerase Chain Reaction; NGS: Next Generation
Sequencing; mRNA: messenger RNA; FFPE: Formalin
Fixed Paraffin Embedded; IHC: immunohistochemistry;
SNP: Single Nucleotide Polymorphisms; TR: Therapy
Recommendations; FDG:  '"®F-Fluorodeoxyglucose;
PET-CT: Positron Emission Tomography — Computed
Tomography; MRI: Magnetic Resonance Imaging.

Author contributions

RN: Principal Investigator, Overall Study
Oversight, Counselling of Patients, Review of Treatment
Recommendations and Clinical Management; DP:
Design of Study Protocol, Review of Treatment
Recommendations, Review of AEs, Data Analysis and
Drafting; TC: Review of Clinical Data and Drafting;
VD: Review of Data and Drafting; SB: Counselling
of Patients, Review of Treatment Recommendations
and Clinical Management; SD: Counselling of
Patients, Review of Treatment Recommendations and
Clinical Management; VP: Counselling of Patients,

www.oncotarget.com

5618

Oncotarget


www.oncotarget.com
www.oncotarget.com

Review of Treatment Recommendations and Clinical
Management; SR: Counselling of Patients, Review of
Treatment Recommendations and Clinical Management;
PP: Counselling of Patients, Review of Treatment
Recommendations and Clinical Management; AG:
Review of Study by Ethics Committee and Approvals; RP:
Review of in vitro Chemosensitivity Protocols, Review
of Data, Drafting; AS: Data Compilation, Data Analysis
and Drafting; DA: Design of Study Protocol, Design
of Encyclopedia Tumor Analysis Protocols, Review of
Treatment Recommendations, Data Analysis.

ACKNOWLEDGMENTS

The authors express gratitude towards the patients as
well as families of patients who consented to participate in
the RESILIENT study; the staff at HCG-MCC for patient
care and management; Dr. Navin Srivastava, Dr. Pradip
Devhare, Dr. Revati Patil, Dr. Smita Wagh, Dr. Shalom
Syed, Mr. Pradip Fulmali, Mr. Sachin Apurwa, Mr. Sanket
Patil, Mr. Sushant Pawar, Ms. Swati Deshpande, Ms.
Prachi Inamdar, Ms. Ashwini Pawar, Ms. Rimple Shah,
Ms. Mohini Garte, Mr. Pankaj Porje, Mr. Milind Agnihotri
and Mr. Rajan Datar for managing various critical
operational aspects of the trial.

CONFLICTS OF INTEREST

TC and HK have no conflict of interest to declare.
RP receives consultation fees from time to time from the
sponsor. DP, VD, AG, AS and DA are in the employment
of the sponsor. The entire team from HCG-Manavata
Cancer Centre, Nasik, viz. RN, SB, SD, VP, SR and PP
report grants from DCGL during the conduct of the study;
multiple research grants from Novartis, Dr. Reddy’s
Laboratories, Celltrion Healthcare, Intas Pharmaceutical
Industries, Sun Pharmaceuticals, Amgen, Zydus Cadilla,
US Vitamins and Lupin Laboratories, outside the submitted
work, and educational support from Intas Pharmaceuticals,
Fresenius Kabi and Dr. Reddy’s Laboratories.

FUNDING

No external or public funding was received for this
study. The study was funded wholly by Datar Cancer
Genetics Limited (DCGL).

REFERENCES

1. Hanahan D, Weinberg RA. Hallmarks of cancer: the
next generation. Cell. 2011; 144:646-74. https://doi.
org/10.1016/j.cell.2011.02.013. [PubMed]

2. Lacombe D, Burock S, Bogaerts J, Schoeffski P,
Golfinopoulos V, Stupp R. The dream and reality of
histology agnostic cancer clinical trials. Mol Oncol. 2014;

10.

8:1057-63. https://doi.org/10.1016/j.molonc.2014.06.002.
[PubMed]

Yan L, Zhang W. Precision medicine becomes reality-tumor
type-agnostic therapy. Cancer Commun (Lond). 2018; 38:6.
https://doi.org/10.1186/s40880-018-0274-3. [PubMed]

Drilon A, Laetsch TW, Kummar S, DuBois SG, Lassen
UN, Demetri GD, Nathenson M, Doebele RC, Farago AF,
Pappo AS, Turpin B, Dowlati A, Brose MS, et al. Efficacy
of Larotrectinib in TRK Fusion-Positive Cancers in Adults
and Children. N Engl J Med. 2018; 378:731-39. https://doi.
org/10.1056/NEJMoal714448. [PubMed]

de Bono JS, Concin N, Hong DS, Thistlethwaite FC,
Machiels JP, Arkenau HT, Plummer R, Jones RH, Nielsen
D, Windfeld K, Ghatta S, Slomovitz BM, Spicer JF,
et al. Tisotumab vedotin in patients with advanced or

metastatic solid tumours (InnovaTV 201): a first-in-human,
multicentre, phase 1-2 trial. Lancet Oncol. 2019; 20:383—
393. https://doi.org/10.1016/S1470-2045(18)30859-3.
[PubMed]

Le Tourneau C, Delord JP, Gongalves A, Gavoille C, Dubot
C, Isambert N, Campone M, Trédan O, Massiani MA,
Mauborgne C, Armanet S, Servant N, Biéche I, et al, and
SHIVA investigators. Molecularly targeted therapy based
on tumour molecular profiling versus conventional therapy

for advanced cancer (SHIVA): a multicentre, open-label,
proof-of-concept, randomised, controlled phase 2 trial.
Lancet Oncol. 2015; 16:1324-34. https://doi.org/10.1016/
S1470-2045(15)00188-6. [PubMed]

Hainsworth JD, Meric-Bernstam F, Swanton C, Hurwitz H,
Spigel DR, Sweeney C, Burris H, Bose R, Yoo B, Stein
A, Beattie M, Kurzrock R. Targeted Therapy for Advanced
Solid Tumors on the Basis of Molecular Profiles: Results
From MyPathway, an Open-Label, Phase Ila Multiple
Basket Study. J Clin Oncol. 2018; 36:536—42. https://doi.
org/10.1200/JC0O.2017.75.3780. [PubMed]

Von Hoff DD, Stephenson JJ Jr, Rosen P, Loesch DM,
Borad MJ, Anthony S, Jameson G, Brown S, Cantafio N,
Richards DA, Fitch TR, Wasserman E, Fernandez C, et al.
Pilot study using molecular profiling of patients’ tumors
to find potential targets and select treatments for their
refractory cancers. J Clin Oncol. 2010; 28:4877-83. https:/
doi.org/10.1200/JC0.2009.26.5983. [PubMed]

Massard C, Michiels S, Ferté C, Le Deley MC, Lacroix
L, Hollebecque A, Verlingue L, Ileana E, Rosellini S,
Ammari S, Ngo-Camus M, Bahleda R, Gazzah A, et al.
High-Throughput Genomics and Clinical Outcome in
Hard-to-Treat Advanced Cancers: results of the MOSCATO
01 Trial. Cancer Discov. 2017; 7:586-95. https://doi.
org/10.1158/2159-8290.CD-16-1396. [PubMed]
Tsimberidou AM, Iskander NG, Hong DS, Wheler JJ,
Falchook GS, Fu S, Piha-Paul S, Naing A, Janku F, Luthra
R, Ye Y, Wen S, Berry D, Kurzrock R. Personalized
medicine in a phase I clinical trials program: the MD

Anderson Cancer Center initiative. Clin Cancer Res. 2012;

www.oncotarget.com

5619

Oncotarget


www.oncotarget.com
www.oncotarget.com
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1016/j.cell.2011.02.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21376230&dopt=Abstract
https://doi.org/10.1016/j.molonc.2014.06.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25349876&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25349876&dopt=Abstract
https://doi.org/10.1186/s40880-018-0274-3
https://www.ncbi.nlm.nih.gov/pubmed/29764494
https://doi.org/10.1056/NEJMoa1714448
https://doi.org/10.1056/NEJMoa1714448
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29466156&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29466156&dopt=Abstract
https://doi.org/10.1016/S1470-2045(18)30859-3
https://www.ncbi.nlm.nih.gov/pubmed/30745090
https://doi.org/10.1016/S1470-2045(15)00188-6
https://doi.org/10.1016/S1470-2045(15)00188-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26342236&dopt=Abstract
https://doi.org/10.1200/JCO.2017.75.3780
https://doi.org/10.1200/JCO.2017.75.3780
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29320312&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29320312&dopt=Abstract
https://doi.org/10.1200/JCO.2009.26.5983
https://doi.org/10.1200/JCO.2009.26.5983
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20921468&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20921468&dopt=Abstract
https://doi.org/10.1158/2159-8290.CD-16-1396
https://doi.org/10.1158/2159-8290.CD-16-1396
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28365644&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28365644&dopt=Abstract

11.

12.

14.

15.

16.

17.

18.

19.

18:6373-83. https://doi.org/10.1158/1078-0432.CCR-12-
1627. [PubMed]

Harris L, Chen A, O'Dwyer P, Flaherty K, Hamilton
S, McShane L, Gray R, Li S, Mitchell E, Dragaud D,
Williams M, Sklar J, Iafrate AJ, et al. Abstract B0O80:
Update on the NCI-Molecular Analysis for Therapy
Choice (NCI-MATCH/EAY 131) precision medicine trial.
Mol Cancer Ther. 2018 (Suppl 1); 17:B080. https://doi.
org/10.1158/1535-7163. TARG-17-B080.

Sicklick JK, Kato S, Okamura R, Schwaederle M, Hahn
ME, Williams CB, De P, Krie A, Piccioni DE, Miller VA,
Ross JS, Benson A, Webster J, et al. Molecular profiling of

cancer patients enables personalized combination therapy:
the [-PREDICT study. Nat Med. 2019; 25:744-50. https://
doi.org/10.1038/541591-019-0407-5. [PubMed]

Rodon J, Soria JC, Berger R, Miller WH, Rubin E, Kugel A,
Tsimberidou A, Saintigny P, Ackerstein A, Brafia I, Loriot

Y, Afshar M, Miller V, et al. Genomic and transcriptomic
profiling expands precision cancer medicine: the
WINTHER trial. Nat Med. 2019; 25:751-58. https://doi.
0rg/10.1038/s41591-019-0424-4. [PubMed]

Liu S, Nikanjam M, Kurzrock R. Dosing de novo
combinations of two targeted drugs: towards a customized
precision medicine approach to advanced cancers.
Oncotarget. 2016; 7:11310-20. https://doi.org/10.18632/
oncotarget.7023. [PubMed]

Nikanjam M, Liu S, Kurzrock R. Dosing targeted and

lessons learned
reported 2010
139:2135-41.

cytotoxic two-drug combinations:
from analysis of 24,326 patients
through 2013. Int J Cancer. 2016;
https://doi.org/10.1002/ijc.30262. [PubMed]

Nikanjam M, Liu S, Yang J, Kurzrock R. Dosing Three-Drug
Combinations That Include Targeted Anti-Cancer Agents:
analysis of 37,763 Patients. Oncologist. 2017; 22:576—84.
https://doi.org/10.1634/theoncologist.2016-0357. [PubMed]
Rugo HS, Stopeck A, Joy AA, Chan S, Verma S, Lluch
A, Liau KF, Kim S, Bycott P, Soulieres D. A randomized,
double-blind phase II study of the oral tyrosine kinase
inhibitor (TKI) axitinib (AG-013736) in combination with
docetaxel (DOC) compared to DOC plus placebo (PL)
in metastatic breast cancer (MBC). J Clin Oncol. 2007;
25:1003-1003.

Ganesan P, Moulder S, Lee JJ, Janku F, Valero V, Zinner
RG, Naing A, Fu S, Tsimberidou AM, Hong D, Stephen
B, Stephens P, Yelensky R, et al. Triple-negative breast
cancer patients treated at MD Anderson Cancer Center
in phase I trials: improved outcomes with combination
chemotherapy and targeted agents. Mol Cancer Ther. 2014;
13:3175-84. https://doi.org/10.1158/1535-7163.MCT-14-
0358. [PubMed]

Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Pifieros M,
Znaor A, Soerjomataram I, Bray F. (2018). Global Cancer
Observatory: Cancer Today. Lyon, France: International
Agency for Research on Cancer. Available from: https://
gco.iarc.fr/today, accessed [30 Dec 2018].

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

NCI, NIH, DHHS. Common Terminology Criteria for
Adverse Events v5.0. 2017. Available from: https://ctep.
cancer.gov/protocolDevelopment/electronic_applications/

ctc.htm#ctc_50.

Tannock IF, Hickman JA. Limits to Personalized Cancer
Medicine. N Engl J Med. 2016; 375:1289-94. https://doi.
org/10.1056/NEJMsb1607705. [PubMed]

Prasad V. Perspective: the precision-oncology illusion.
Nature. 2016; 537:S63. https://doi.org/10.1038/537S63a.
[PubMed]

Burstein HJ, Mangu PB, Somerfield MR, Schrag D,
Samson D, Holt L, Zelman D, Ajani JA, and American
Society of Clinical Oncology. American Society of

Clinical Oncology clinical practice guideline update on
the use of chemotherapy sensitivity and resistance assays.
J Clin Oncol. 2011; 29:3328-30. https://doi.org/10.1200/
JCO.2011.36.0354. [PubMed]

Chow LQ, Haddad R, Gupta S, Mahipal A, Mehra R, Tahara
M, Berger R, Eder JP, Burtness B, Lee SH, Keam B, Kang
H, Muro K, et al. Antitumor Activity of Pembrolizumab
in Biomarker-Unselected Patients With Recurrent and/
or Metastatic Head and Neck Squamous Cell Carcinoma:
Results From the Phase Ib KEYNOTE-012 Expansion
Cohort. J Clin Oncol. 2016; 34:3838-45. https://doi.
0rg/10.1200/JC0O.2016.68.1478. [PubMed]

Ferris RL, Blumenschein G Jr, Fayette J, Guigay J, Colevas
AD, Licitra L, Harrington K, Kasper S, Vokes EE, Even C,
Worden F, Saba NF, Iglesias Docampo LC, et al. Nivolumab
for Recurrent Squamous-Cell Carcinoma of the Head and
Neck. N Engl J Med. 2016; 375:1856-67. https://doi.
org/10.1056/NEJMo0a1602252. [PubMed]

Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H,
Eyring AD, Skora AD, Luber BS, Azad NS, Laheru D,
Biedrzycki B, Donehower RC, Zaheer A, et al. PD-1
Blockade in Tumors with Mismatch-Repair Deficiency. N
Engl J Med. 2015; 372:2509-20. https://doi.org/10.1056/
NEJMo0al500596. [PubMed]

Overman MJ, Lonardi S, Leone F, McDermott RS, Morse
MA, Wong KY, Neyns B, Leach JL, Garcia Alfonso P, Lee
JJ, Hill A, Lenz HJ, Desai J, et al. Nivolumab in patients
with DNA mismatch repair deficient / microsatellite

instability high metastatic colorectal cancer: update from
CheckMate 142. J Clin Oncol. 2017; 35:519-519. https://
doi.org/10.1200/JC0O.2017.35.4 suppl.519.

Overman MJ, McDermott R, Leach JL, Lonardi S, Lenz
HJ, Morse MA, Desai J, Hill A, Axelson M, Moss RA,
Goldberg MV, Cao ZA, Ledeine JM, et al. Nivolumab in
patients with metastatic DNA mismatch repair-deficient or
microsatellite instability-high colorectal cancer (CheckMate
142): an open-label, multicentre, phase 2 study. Lancet
Oncol. 2017; 18:1182-91. https:/doi.org/10.1016/S1470-
2045(17)30422-9. [PubMed]

Beaver JA, Kluetz PG, Pazdur R. Metastasis-free Survival
- A New End Point in Prostate Cancer Trials. N Engl

www.oncotarget.com

5620

Oncotarget


www.oncotarget.com
www.oncotarget.com
https://doi.org/10.1158/1078-0432.CCR-12-1627
https://doi.org/10.1158/1078-0432.CCR-12-1627
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22966018&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22966018&dopt=Abstract
https://doi.org/10.1158/1535-7163.TARG-17-B080
https://doi.org/10.1158/1535-7163.TARG-17-B080
https://doi.org/10.1038/s41591-019-0407-5
https://doi.org/10.1038/s41591-019-0407-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31011206&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31011206&dopt=Abstract
https://doi.org/10.1038/s41591-019-0424-4
https://doi.org/10.1038/s41591-019-0424-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31011205&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31011205&dopt=Abstract
https://doi.org/10.18632/oncotarget.7023
https://doi.org/10.18632/oncotarget.7023
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26824502&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26824502&dopt=Abstract
https://doi.org/10.1002/ijc.30262
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27389805&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27389805&dopt=Abstract
https://doi.org/10.1634/theoncologist.2016-0357
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28424323&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28424323&dopt=Abstract
https://doi.org/10.1158/1535-7163.MCT-14-0358
https://doi.org/10.1158/1535-7163.MCT-14-0358
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25253784&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25253784&dopt=Abstract
https://gco.iarc.fr/today
https://gco.iarc.fr/today
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_50
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_50
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_50
https://doi.org/10.1056/NEJMsb1607705
https://doi.org/10.1056/NEJMsb1607705
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27682039&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27682039&dopt=Abstract
https://doi.org/10.1038/537S63a
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27602743&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27602743&dopt=Abstract
https://doi.org/10.1200/JCO.2011.36.0354
https://doi.org/10.1200/JCO.2011.36.0354
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21788567&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21788567&dopt=Abstract
https://doi.org/10.1200/JCO.2016.68.1478
https://doi.org/10.1200/JCO.2016.68.1478
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27646946&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27646946&dopt=Abstract
https://doi.org/10.1056/NEJMoa1602252
https://doi.org/10.1056/NEJMoa1602252
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27718784&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27718784&dopt=Abstract
https://doi.org/10.1056/NEJMoa1500596
https://doi.org/10.1056/NEJMoa1500596
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26028255&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26028255&dopt=Abstract
https://doi.org/10.1200/JCO.2017.35.4_suppl.519
https://doi.org/10.1200/JCO.2017.35.4_suppl.519
https://doi.org/10.1016/S1470-2045(17)30422-9
https://doi.org/10.1016/S1470-2045(17)30422-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28734759&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28734759&dopt=Abstract

30.

31.

J Med. 2018; 378:2458-60. https://doi.org/10.1056/
NEJMp1805966. [PubMed]

Fukuda Y, Huang E, Finnigan S, Ivy SP, Rubinstein L,
Takebe N. Risks and benefits of phase 1 oncology trials,
2001 through 2012. J Clin Oncol. 2014; 32:2552-2552.
https://doi.org/10.1200/jc0.2014.32.15 suppl.2552.

Groenendijk FH, Bernards R. Drug resistance to targeted
therapies: déja vu all over again. Mol Oncol. 2014;
8:1067-83. https://doi.org/10.1016/j.molonc.2014.05.004.
[PubMed]

32.

33.

Lemmon MA, Schlessinger J. Cell signaling by receptor
tyrosine kinases. Cell. 2010; 141:1117-34. https://doi.
org/10.1016/].cell.2010.06.011. [PubMed]

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH,
Sargent D, Ford R, Dancey J, Arbuck S, Gwyther S,
Mooney M, Rubinstein L, Shankar L, Dodd L, et al. New
response evaluation criteria in solid tumours: revised
RECIST guideline (version 1.1). Eur J Cancer. 2009;
45:228-47.  https://doi.org/10.1016/j.ejca.2008.10.026.
[PubMed]

www.oncotarget.com

5621

Oncotarget


www.oncotarget.com
www.oncotarget.com
https://doi.org/10.1056/NEJMp1805966
https://doi.org/10.1056/NEJMp1805966
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29949489&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29949489&dopt=Abstract
https://doi.org/10.1200/jco.2014.32.15_suppl.2552
https://doi.org/10.1016/j.molonc.2014.05.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24910388&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24910388&dopt=Abstract
https://doi.org/10.1016/j.cell.2010.06.011
https://doi.org/10.1016/j.cell.2010.06.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20602996&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20602996&dopt=Abstract
https://doi.org/10.1016/j.ejca.2008.10.026
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19097774&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19097774&dopt=Abstract

