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Abstract

Background: Tumor molecular profiling from patients experiencing exceptional responses to systemic therapy may provide
insights into cancer biology and improve treatment tailoring. This pilot study evaluates the feasibility of identifying
exceptional responders retrospectively, obtaining pre-exceptional response treatment tumor tissues, and analyzing them
with state-of-the-art molecular analysis tools to identify potential molecular explanations for responses. Methods:
Exceptional response was defined as partial (PR) or complete (CR) response to a systemic treatment with population PR or CR
rate less than 10% or an unusually long response (eg, duration >3 times published median). Cases proposed by patients’
clinicians were reviewed by clinical and translational experts. Tumor and normal tissue (if possible) were profiled with
whole exome sequencing and, if possible, targeted deep sequencing, RNA sequencing, methylation arrays, and
immunohistochemistry. Potential germline mutations were tracked for relevance to disease. Results: Cases reflected a
variety of tumors and standard and investigational treatments. Of 520 cases, 476 (91.5%) were accepted for further review,
and 222 of 476 (46.6%) proposed cases met requirements as exceptional responders. Clinical data were obtained from 168 of
222 cases (75.7%). Tumor was provided from 130 of 168 cases (77.4%). Of 117 of the 130 (90.0%) cases with sufficient nucleic
acids, 109 (93.2%) were successfully analyzed; 6 patients had potentially actionable germline mutations. Conclusion:
Exceptional responses occur with standard and investigational treatment. Retrospective identification of exceptional
responders, accessioning, and sequencing of pretreatment archived tissue is feasible. Data from molecular analyses of
tumors, particularly when combining results from patients who received similar treatments, may elucidate molecular bases
for exceptional responses.
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Rare exceptional responses are recognized in clinical studies
with or without molecular patient selection criteria (1-4). For ex-
ample, in a phase II clinical trial of the mTOR inhibitor everoli-
mus (without molecular selection criteria) for metastatic
bladder cancer, whole exome sequencing (WES) of the tumor of
a patient who sustained an exceptional durable complete re-
sponse revealed loss of function mutations in TSC1 and NF2,
which were associated preclinically with mTORC1 pathway de-
pendence, explaining this unique favorable response (1,2). In a
phase I study of everolimus plus anti-angiogenesis agent pazo-
panib, sequencing of the tumor of a patient with metastatic uro-
thelial cancer who sustained a prolonged complete response
revealed 2 mutations in the mTOR pathway (3).

Based on these and other reports (4,5), the National Cancer
Institute (NCI) Exceptional Responders Initiative pilot study
opened in August 2014. The goal was to assess the feasibility and
potential usefulness of sequencing DNA and RNA from clinical
tumor specimens from patients who had had unusually profound
or durable responses to systemic anticancer therapy (6).

Methods

Case Selection

Eligible cases were proposed by cancer clinicians, primarily
from NCI-supported clinical trials sites (7,8).

Exceptional response (ER) eligibility criteria, developed by in-
formal consensus after several meetings at NCI involving
experts from across the United States, were defined as partial
response (PR) greater than 6 months or complete response (CR)
using RECIST 1.1 or other relevant criteria (9,10) expected to oc-
cur in fewer than 10% of patients who received the treatment.
Responses were adjudicated by a team of expert clinicians for
inclusion based on the CR or PR rate found in literature review
of the same or similar regimens, including standard regimens
and regimens of systemic therapy and radiation and/or surgery.
Unusually long PRs or CRs were also considered exceptional (eg,
more than 3 times longer than the regimen’s published median
response duration in a similar patient population and/or on ex-
pert opinion if there were no applicable publications), even if
criteria of CR or PR greater than 6 months in at most 10% of
patients were not met. Any systemic antineoplastic treatment,
standard or investigational, with or without concurrent radio-
therapy was eligible. Cases proposed without patient identifiers
were reviewed by a committee comprising medical oncologists,
radiologists,  pathologists, and molecular scientists
(Supplementary Table 1, available online). If provisionally ac-
cepted, the clinical site submitted additional clinical data (pa-
thology and imaging reports, any molecular tests, and, if
requested, radiographic images), which were reviewed centrally
to confirm eligibility prior to requesting specimens.

Clinical sites submitted baseline imaging reports from prior
to the treatment that resulted in the exceptional response, im-
aging reports associated with best response, and reports from
either the progression scan or the latest scan if no progression
had occurred. These follow-up scans served as the “subsequent
scans” required (9,10), and the elapsed time from these assess-
ments was used as response duration. We reviewed the reports
and graded the responses by noting the size of the lesions at
each time point by description in the report. For those patients
treated with systemic and local modalities, response was
assessed based on sites that were not subjected to the local mo-
dality. If size was not mentioned, and in most cases proffered as

PRs, we requested the images themselves for central review.
Nonmeasurable lesions were acceptable if they were considered
by reviewers to be evidence of malignancy and could be
assessed to have responded.

Submitted clinical imaging studies were placed in The
Cancer Imaging Archive (11). Participating sites were reim-
bursed for submitting clinical and imaging data.

After study analyses are completed, all clinical and molecu-
lar data (including images) will be deposited in the NCI Genomic
Data Commons (12) and made available to other investigators,
except those data subject to confidentiality agreements from
certain clinical trials (which can be obtained with appropriate
permissions).

Human Subjects’ Protection

Clinical sites obtained institutional review board (IRB) approval.
The protocol (clinicaltrials.gov identifier NCT02243592) was ap-
proved by an NCI central IRB, which could be used as the re-
sponsible IRB by participating sites. Living patients signed a
written consent form. If the patient had died or was lost to
follow-up, we wused the consent approach defined in
Supplementary Table 2 (available online). Clinical data were
submitted without patient identifiers.

Molecular results were not returned. However, if potential
clinically significant likely germline alterations (eg, as described
in the American College of Medical Genetics and Genomics
guidelines) were detected in tumor by these research grade
assays (13), the site clinician was contacted and could consider
genetic counseling and clinical confirmatory testing.

Specimens

Tumor tissues were required from prior to the initiation of the
treatment that produced the exceptional response. Submission
of germline specimens was encouraged. Decalcified bone or
bone marrow aspirate specimens were not accepted. Multiple
specimens were encouraged, particularly matched primary tu-
mor and metastases.

Pathology review at the treating site described percent tu-
mor nuclei and percent necrosis. Formalin-fixed paraffin-em-
bedded (FFPE) or frozen specimens were submitted to the
central Biospecimen Core Resource at Nationwide Children’s
Hospital (Columbus, OH). Sites were reimbursed for provision of
specimens.

Molecular Characterization

Successful WES or targeted sequencing was required. The two
platforms complemented each other: the targeted panel
sequences are deeper and thus more sensitive over a selected
core cancer driver set; the exome sequencing is an unbiased
broad look across the genome. Most clonal driver genes should
be detected by both. Other molecular analyses were conducted
if enough sample was available.

WES (performed at Baylor College of Medicine [BCM],
Houston, TX) provided approximately 100X coverage. Standard
algorithms were used to identify clonal heterozygous or homo-
zygous mutations (14). RNA sequencing was performed at BCM
and employed the Illumina Nextera Rapid Capture Exome v 1.2
protocol, which includes a total target length of 45Mb of se-
lected exonic content and is compatible with low-input (50 ng of
total RNA) and degraded FFPE samples. The CIBERSORT (15) and
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microenvironment cell populations-counter (16) immune
deconvolution algorithms were applied to normalized expres-
sion data to estimate the relative cellular fraction and popula-
tion abundance of tumor-infiltrating immune and stromal cell
populations. Proliferation score was calculated using a list of
proliferation-related signature genes.

Targeted sequencing (Foundation Medicine, Inc, Cambridge,
MA) was accomplished with FoundationOne hybrid capture
based next generation sequencing clinical cancer assay for solid
tumors (gene list can be found online at https://assets.ctfassets.
net/vhribv12lmne/4ZHUEfEiI8iOCk2Q6saGcU/
11dd3b532e30c34f56cb8e9b4a896783/F1CDx_TechSpecs_10-06_
digital.pdf) (17), which sequences the coding region of more
than 300 cancer-related genes plus introns from 28 genes often
rearranged or altered in cancer to a typical median coverage
depth of 500X. The assay detects base substitutions, insertions
and deletions (indels), copy number alterations, and rearrange-
ments. Tumor mutation burden, microsatellite instability, and
homologous recombination deficiency score were calculated.

DNA methylation status was determined by Van Andel
Research Institute (Grand Rapids, MI) and the Josep Carreras
Leukaemia Research Institute (Badalona, Barcelona, Catalonia,
Spain) using bisulfite-converted DNA processed by the Infinium
FFPE restoration process and then hybridized on an Infinium
Methylation EPIC BeadChip array (18).

Immunohistochemistry staining and tumor infiltrating lym-
phocytes were performed by the Pathology and Histology
Laboratory at Frederick National Laboratory for Cancer
Research, NCI (Frederick, MD) by standard laboratory methods.

For each case, the goal was to assess and tabulate mutations,
copy number alterations, gene translocations and transcript
fusions, epigenetic alterations, aberrant transcriptional regula-
tion, immune cell infiltration, summary measures including tu-
mor mutation burden, microsatellite instability, aneuploidy,
and signatures based on immune-related genes or pathways.
Each molecular alteration was categorized by its involvement in
known pathways relevant to cancer (eg, growth factor receptor,
MAPKinase pathway, DNA damage response and repair path-
way, PI3Kinase pathway, cell cycle) and according to potential
therapeutic relevance (responsiveness or resistance to an inves-
tigational or approved drug, drug combination, or radiotherapy),
using literature and available databases.

If results on tumor or germline tissue indicated a likely po-
tentially actionable germline mutation, we communicated
these results to the proposing clinician, with advice to seek a
clinical assay if indicated for the patient’s care.

Statistical Considerations

The overall study goal was to collect interpretable WES or
FoundationOne results on approximately 100 ER cases and to
explore the relationship between those results and the treat-
ment(s) received. The first aim was to show that exceptional
responders can be identified who also have relevant stored tu-
mor from which enough DNA and RNA can be harvested to per-
form high-quality genomic analyses to detect and characterize
the tumor’s molecular changes. The second aim was to explore
associations between identified tumor molecular alterations,
immune features, and the putative mechanisms of action of the
treatments associated with response, or with the biology of the
cancer. For this paper, we focused on the first aim and assessed
the feasibility of obtaining interpretable molecular results on
approximately 100 exceptional responder cases. If 20 of the 100
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Table 1. Demographics of analyzable cases (updated March 13, 2019)

Case descriptions Number of Cases

Total 117
Male 57
Female 60
Age at diagnosis, mean (range), y 59 (22-89)
On clinical trial (%) 31(26.5)
Alive at time of case proposal 107
Consent approach as in Supplementary Table 2 10
(available online)
Tumor histology
Colorectal 22
Esophagogastric adenocarcinoma 18
Lung
Adenocarcinoma 8
Squamous carcinoma 1
Small cell carcinoma 1
Large cell neuroendocrine 1
Central nervous system 10
Breast 10
Ovary 9
Other gynecologic cancer 6
Melanoma 6
Renal 5
Urothelial cancer bladder 4
Pancreas 3
Other 132

2 each: squamous cancer of head and neck, gastrointestinal stromal tumor, ad-
enocarcinoma unknown primary. 1 each: cholangiocarcinoma, small cell cancer
of colon, squamous anal cancer, papillary thyroid, Merkel cell cancer, prostate
cancer, soft tissue sarcoma.

cases yielding interpretable molecular results are judged to
have at least one promising discovery, a 95% confidence for the
promising discovery rate (among successfully performed
assays) is 12.7% to 29.2%. Results pertinent to the second aim
are the subject of another report in preparation.

Planned primary descriptive statistical analyses to assess
feasibility were number of cases identified as potential ER; per-
centage of identified potential cases confirmed as ER; percent-
age of confirmed ER cases for whom adequate tissues with
appropriate informed consent were acquired; and percentage of
acquired cases with tissues for which at least the minimum mo-
lecular characterization was obtained.

All estimated percentages include exact 95% confidence
intervals (CI) (19). For this feasibility assessment, no statistical
adjustment is made for the fact that multiple confidence inter-
vals are computed.

Results

Patient Demographics

Demographics for 117 patients with analyzable tissue are
shown in Table 1. Most ER cases (107 of 117, 91.4%) were living
at the time of case proposal. Median age was 59 (range 22-89)
years. Patients treated on a clinical trial represented 26.5% of
cases (31 of 117).

Types of Exceptional Response

Type of response, tumor type, and treatment regimen for patients
whose tumors had sequencing attempted are shown in
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Figure 1. Antineoplastic agents used in treatments leading to exceptional response. Treatment agents are listed on the left and categorized by mechanism of action as
indicated on the right. It is administered infused in a biodegradable, Gliadel, wafer layered onto the site from which the brain tumor was resected. Treatments involv-
ing standard combinations of drugs are evident from systematic correlation across multiple patients: FOLFOX, 5-FU, folinic acid, oxaliplatin; FOLFIRI, 5-FU, folinic acid,
Irinotecan; FOLFIRINOX, 5-FU, folinic acid, Irinotecan, Oxaliplatin; EOX, Epirubicin, Oxiplatin, Capecitabine (Xeloda). Some agents could be classified in more than one
category, for example, Carmustine alkylates N1 of G and N3 of C but also forms interstrand crosslinks. Note, methoxyamine binds to apurinic/apyrimidinic and blocks
base excision repair leading to double-stranded breaks. It is classified with the alkylating agents because it is often given in combination with alkylating agents. The

mechanism of action of Thalidomide is unknown. CP = cyclophosphamide.

Supplementary Table 3 (available online) (20-109). Of the 117
cases, 37 (31.6%) cases were considered exceptional responses
based only on whether CR or PR was expected to be less than
10%, 54 (46.2%) cases met criteria only for exceptionally long re-
sponse, and 26 cases met criteria for both response and duration
(22.2%).

Most (80 of 117, 68.4%) ER occurred with combination chemo-
therapy regimens. Figure 1 depicts the frequency with which an
antineoplastic drug or combination was associated with an ER.
Of the 117 patients, 34 (29.0%) were treated with one or more
anti-angiogenesis agents, with or without additional chemo-
therapy: 29 patients with bevacizumab, 1 with cediranib, 3 with
sunitinib, and 1 with cabozantinib. Six patients had ER after
treatment with immune checkpoint inhibitors (nivolumab, ate-
zolizumab, or ipilumumab). Examples of exceptional CRs to
standard therapies include a man with metastatic clear cell kid-
ney cancer (Supplementary Table 3, available online, case 94),
who sustained a CR (expected CR rate <10%) of at least
74 months to sunitinib (Figure 2A). An exceptional 41-month CR
(expected CR rate <10%) occurred in a woman with metastatic
squamous lung cancer treated with paclitaxel and carboplatin
(Supplementary Table 3, available online, case 46) (Figure 2B). A
remarkably long 128-month PR to docetaxel and cisplatin
(reported median response duration 24 months) occurred in a
man with esophageal adenocarcinoma. The tumor recurred and

responded for the second time to concurrent chemoradiation
using the same drugs (Supplementary Table 3, available online,
case 37). A woman with metastatic lung adenocarcinoma had
an exceptional 61-month PR (Supplementary Table 3, available
online, case 48) to cisplatin and pemetrexed (expected duration
is 4.1months). Several patients with brain tumors
(Supplemental Table 3, available online, cases 67-76) treated af-
ter maximal resection were considered ER cases because their
progression-free survival was at least 3 times longer than the
median overall survival with these types of tumors (110).

Feasibility

Between August 2014 and July 2017, 520 cases were proposed,
476 (91.5%) were accepted for further review, and 222 of 476
(46.6%) proposed cases met eligibility requirements. Clinical
data were obtained from 168 of 222 cases (75.7%). Tumor was
provided from 130 of 168 cases (77.4%). Of 117 of 130 (90.0%)
cases with sufficient nucleic acids, 109 of 117 (93.2%) were suc-
cessfully analyzed (Figure 3, CONSORT diagram). Most ER
patients (207 of 222, 93.2%, 95% CI=89.2% to 96.2%) supplied
written informed consent. The remainder (6.8%) was accepted
based on criteria for those patients who had died
(Supplementary Table 2, available online). Of 476 proposed
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baseline exam pm

6 yearsand 3 months
ne exam

Figure 2. Computerized Axial Tomography (CT) images from 2 cases evaluating exceptional response to therapy. A) Case 94 (Supplementary Table 3, available online)
with metastatic clear cell carcinoma of kidney, treated with sunitinib continuously beginning approximately 2 weeks after baseline imaging exam. Contrast enhanced
CT scans of the abdomen, soft tissue windows; axial images at the level of the takeoff of the right renal artery. Baseline exam: 1.7 x 2.1 cm retroperitoneal mass and/or
lymph node (mass highlighted in circle) posterior to the mid-right renal artery and immediately lateral to the right iliopsoas muscle. Three months later, the mass
highlighted in circle is smaller, 1.3 x 2.0 cm and does not enhance. Ten months after baseline exam, the same mass is 0.6 x 1.0 cm. Six years and 3 months after base-
line exam, the mass is 0.3 x 1.2 cm without evidence of additional metastatic disease (residual stable imaging changes considered CR). B) Case 46 (Supplementary
Table 3, available online) with metastatic squamous cell lung cancer and biopsy proven metastasis to cecum treated with weekly paclitaxel and carboplatin for 10
months. Baseline imaging also showed metastases in lung, liver, kidney, and mesentery (arrow). Contrast-enhanced CT scans of the abdomen, soft tissue windows;
large mid-upper pelvic mass with lower-density center. Baseline exam (image on left): 5.8 x 8.4 cm with lower density in the center of the mass (arrow). CT scan 3.5
months later (image on right): This partially necrotic mass was not seen. Repeat CT of chest, abdomen and pelvis more than 3 years after the 3.5-month scan demon-
strated no evidence of disease.

cases, 184 (38.7%) were ineligible: 120 patients did not meet ER Molecular Characterization Success Rate
criteria for CR or PR rate or duration, 38 patients had no or inad-
equate tumor tissues, 12 patients had no measurable disease
(includes cases treated with adjuvant therapy), 12 patients had
indolent disease or no response documentation, and 2 patients
had no systemic treatment. In 70 of 476 (14.7%) cases, sites did
not respond to queries for clarifying information.

Of the 117 patients with adequate nucleic acids for shipment to
analysis sites, 13 cases had tissue from both primary and meta-
static diseases, 1 had tissues from both primary and recurrence,
and 30 had matched germline specimens. Six failed to generate
high-quality sequencing libraries. A matched normal sample
was sent for 27 of 111 (24.3%) tumors successfully sequenced.
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Figure 3. CONSORT diagram for the exceptional responders pilot study. ER = exceptional response; IHC = immunohistochemistry.

Table 2 and Supplementary Figure 1 (available online) show the
success rates for the various molecular analyses platforms.

Imaging Results Concordance

In 34 of 40 (85%, 95% CI = 70.2% to 94.3%) cases reviewed, a defi-
nite assessment of stable disease (1 case), PR (17 cases), or CR
(16 cases) was made. One case was discordant between local im-
aging assessment and study review (concordance rate 33 of 34
[97.1%, 95% CI = 84.7% to 99.9%)).

Incidental Findings

Potential clinically relevant germline (American College of
Medical Genetics and Genomics guidelines) mutations were

found in 6 tumors. Pathogenic BRCA1 or BRCA2 mutations were
found in 2 breast cancer patients, 1 non-small cell lung cancer
patient, and 1 rectal cancer patient. One of the breast cancer
patients had a known pathogenic BRCAI germline mutation.
Another patient with breast cancer had a likely germline muta-
tion in CHEK2. One patient with a poorly differentiated lung can-
cer and history of breast cancer had a PALB2 mutation.

Discussion

This study met its main feasibility goal to identify at least 100
analyzable ER cases in less than 3years. Proposed and accepted
ER cases represent a variety of malignancies and treatments
(eg, standard cytotoxic chemotherapy, including multi-agent
chemotherapy) or chemotherapy and radiation combinations,
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Table 2. Numbers of specimens sequenced and success rate for each
platform

No. of samples No. of samples Minimum tumor

Platform tested passed (%) purity, %
WES 119 111 (93.3) 5
Targeted NGS 107 97 (90.6) 10*
mRNA sequencing 113 99 (87.6) —
Methylation array 91 77 (84.6) —
IHC/TIL 67 67 (100) —

“Computational purity assessment. IJHC = immunohistochemistry; Targeted
NGS = FoundationOne targeted next-generation sequencing; TIL = tumor-infil-
trating lymphocytes; WES = whole exome sequencing

as well as some who had single agent or investigational treat-
ment. Only 6 patients were treated with immunotherapy, per-
haps reflecting that accrual ended in 2017, when such
treatment had been approved for relatively few tumor types.
Several cases with exceptionally durable PRs (eg, more than
100 months) may represent actual CRs or tumors with indolent
clinical course. Prolonged responses may suggest an immune
system role (111-113). As analysis proceeds, grouping cases
treated with drugs having similar mechanisms of action may
increase confidence in observed associations between molecu-
lar alterations and response to drugs within a class.

Study limitations include that we did not molecularly char-
acterize tumors from patients who responded poorly to the
same treatment that an ER patient received. We chose not to do
so because the pilot study’s goal was to evaluate the feasibility
of acquiring tumor tissues and identifying relevant molecular
features as a first step. It was unknown which types of tumors
or treatments would be represented in the cases submitted. For
a true comparison, clinical features of nonresponders to the
same regimen, such as primary tumor, performance status, ad-
ditional medications, and line of treatment, would need to be
matched to those in exceptional responders. This level of effort
could not be justified if the pilot study was not feasible. An addi-
tional limitation is that we may not be able to distinguish mo-
lecular alterations that are prognostic for indolent course from
those that truly predict treatment-related prolonged response
duration. We also included patients who had exceptional
responses to multiagent and multimodality treatment, which
may confound definition of molecular determinants of re-
sponse. Acceptance of such cases relied on results from trials of
similar or identical treatments in published clinical trials for the
most part and, for PRs, evaluation of lesions on imaging that
had not been subjected to radiation or surgery.

Although feasible, only about 20%-25% of proposed cases
were able to be analyzed. For improved efficiency, future studies
could utilize completed clinical trials in which tumor and ide-
ally normal tissue were collected prior to treatment and in
which clinical variables are more uniform (114) and could ana-
lyze both responders and nonresponders. Clinical trials ran-
domizing patients to different treatments would inform about
molecular alterations correlating with a more indolent or more
aggressive disease course (prognostic alterations) as well as
alterations that predict a very good or very poor response (pre-
dictive alterations). A commitment to sharing the data will ac-
celerate the ability to discern predictive molecular features that
can guide treatment, as suggested by the recent overview man-
uscript by Saner et al. (115). For example, results from current
clinical studies of exceptional responses in ovarian cancer
(NCT02321735), glioblastoma multiforme (NCT03770468), or
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tumors that either had exceptionally good or exceptionally poor
responses to treatment (NCT03740503) may increase the chance
of finding predictive alterations.

Collaboration between several exceptional responder initia-
tives would allow development of solid hypothesis-generating
data and validation of results from individual studies, as well as
exploration of different types of response (eg, exceptionally
good, recurrent responses, exceptionally poor) (115). A potential
registry would require common infrastructure, established pre-
analytic and accessioning procedures, harmonized agreements,
and standard operating procedures for storage of sequencing
data prior to characterization and analysis. Consideration
should be given to 1) harmonization of eligibility criteria and
definitions of exceptional response, 2) reasonable time frame,
3) identification of sustainable funding, and 4) dedicated clini-
cians, imagers, molecular biologists, computational biologists,
and molecular pathologists to review and confirm all cases.

The value of the NCI Exceptional Responder Initiative lies in
the potential to yield clinically important insights into molecu-
lar features associated with favorable response or outcome
from specific treatments and awaits the completion of the on-
going analysis of each case and potential grouping of similar
treatments or similar tumors. The hypotheses generated by this
study will require testing in preclinical studies or in larger pa-
tient cohorts with the same and different histologies and treat-
ments to validate associations between molecular features and
response. Importantly, all data will be made available to
researchers for generation of new hypotheses or to validate
other findings.
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