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and the Anti-ErbB3 Monoclonal Antibody CDX-3379:
Results of a Pilot Clinical Trial

Vatche Tchekmedyian,1,* Lara Dunn,1,2 Eric Sherman,1,2 Shrujal S. Baxi,1,{ Ravinder K. Grewal,3

Steven M. Larson,3 Keith S. Pentlow,4 Sofia Haque,3 R. Michael Tuttle,1,2 Mona M. Sabra,1,2 Stephanie Fish,1,2

Laura Boucai,1,2 Jamie Walters,1 Ronald A. Ghossein,5 Venkatraman E. Seshan,6 Jeffrey A. Knauf,7,{

David G. Pfister,1,2 James A. Fagin,1,2,7 and Alan L. Ho1,2

Background: Oncogenic activation of mitogen-activated protein kinase (MAPK) signaling is associated with
radioiodine refractory (RAIR) thyroid cancer. Preclinical models suggest that activation of the receptor tyrosine
kinase erbB-3 (HER3) mitigates the MAPK pathway inhibition achieved by BRAF inhibitors in BRAFV600E

mutant thyroid cancers. We hypothesized that combined inhibition of BRAF and HER3 using vemurafenib and
the human monoclonal antibody CDX-3379, respectively, would potently inhibit MAPK activation and restore
radioactive iodine (RAI) avidity in patients with BRAF-mutant RAIR thyroid cancer.
Methods: Patients with BRAFV600E RAIR thyroid cancer were evaluated by thyrogen-stimulated iodine-124
(124I) positron emission tomography–computed tomography (PET/CT) at baseline and after 5 weeks of treat-
ment with oral vemurafenib 960 mg twice daily alone for 1 week, followed by vemurafenib in combination with
1000 mg of intravenous CDX-3379 every 2 weeks. Patients with adequate 124I uptake on the second PET/CT
then received therapeutic radioactive iodine (131I) with vemurafenb+CDX-3379. All therapy was discontinued
two days later. Treatment response was monitored by serum thyroglobulin measurements and imaging. The
primary endpoints were safety and tolerability of vemurafenib+CDX-3379, as well as the proportion of patients
after vemurafenb+CDX-3379 therapy with enhanced RAI incorporation warranting therapeutic 131I.
Results: Seven patients were enrolled; six were evaluable for the primary endpoints. No grade 3 or 4 toxicities
related to CDX-3379 were observed. Five patients had increased RAI uptake after treatment; in 4 patients this
increased uptake warranted therapeutic 131I. At 6 months, 2 patients achieved partial response after 131I and 2
progression of disease. Next-generation sequencing of 5 patients showed that all had co-occurring telomerase
reverse transcriptase promoter alterations. A deleterious mutation in the SWItch/Sucrose Non-Fermentable
(SWI/SNF) gene ARID2 was discovered in the patient without enhanced RAI avidity after therapy and an RAI-
resistant tumor from another patient that was sampled off-study.
Conclusions: The endpoints for success were met, providing preliminary evidence of vemurafenib+CDX-3379
safety and efficacy for enhancing RAI uptake. Preclinical data and genomic profiling in this small cohort
suggest SWI/SNF gene mutations should be investigated as potential markers of resistance to redifferentia-
tion strategies. Further evaluation of vemurafenib+CDX-3379 as a redifferentiation therapy in a larger trial is
warranted (ClinicalTrials.gov: NCT02456701).
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Introduction

BRAF
V600E

is associated with radioactive iodine (RAI;
131I)–refractoriness in follicular cell-derived thyroid

cancers. In RAI-refractory (RAIR) preclinical models,
mutant BRAF abolishes RAI uptake through activation of the
mitogen-activated protein kinase (MAPK) signaling path-
way and suppression of the transcriptional program required
for iodine concentration (1,2). Pharmacologic MAPK path-
way inhibition can restore thyroid-specific gene expression
and tumor RAI avidity (‘‘redifferentiation’’).

In a proof-of-principle clinical trial with the MEK1/2
inhibitor selumetinib and quantitative iodine-124 (124I) posi-
tron emission tomography–computed tomography (PET/CT)
lesional dosimetry, we demonstrated that RAI uptake and
efficacy could be restored in a subset (8/20) of patients with
RAIR thyroid cancer (3). However, only one of nine partic-
ipants with BRAFV600E tumors benefited (3). With the BRAF
inhibitor vemurafenib, we observed enhanced 124I uptake in 4
of 10 patients; after 131I, 2 patients achieved partial response
(PR) and 2 stable disease (SD) (4). Paired biopsies showed
that the tumor with the most robust MAPK pathway inhibi-
tion, and restoration of thyroid gene expression also had the
highest enhancement of RAI avidity (4). Similar clinical
outcomes were reported in a trial with the BRAF inhibitor
dabrafenib and in retrospective series (5–7).

Preclinical data suggest that only incremental increases
in MAPK inhibition (*10–15%) is necessary to evince sig-
nificantly enhanced redifferentiation (2). Inhibitors that
selectively inhibit monomeric BRAFV600E release negative
feedback signals leading to increased expression of epider-
mal growth factor receptor 3 (ERBB3; or HER3), which in
the context of high neuregulin-1 (HER3 ligand) levels het-
erodimerizes with ERBB2 (HER2) to induce MAPK and
PI3K/Akt pathway reactivation (8). Lapatinib, an inhibitor of
ERBB2/ERBB3, extinguishes these rebound signaling events
and enhances vemurafenib antitumor effects (8).

We hypothesized that potent inhibition of MAPK signaling
through combined targeting of BRAF and ERBB3 would
enhance iodine avidity in BRAFV600E RAIR thyroid cancer
patients. CDX-3379 (formerly KTN3379; Celldex), a human
monoclonal antibody with specificity for the extracellular
domain of ERBB3, locks the protein into an inactive con-
formation to inhibit both ligand-dependent and ligand-
independent pathway activation (9). We conducted a pilot
trial to evaluate the safety, tolerability, and redifferentiation
potential of vemurafenib plus CDX-3379 in BRAFV600E

RAIR patients.

Materials and Methods

Patients

The Memorial Sloan Kettering Cancer Center (MSK)
Institutional Review Board (IRB) approved this research. All
patients provided written informed consent. Eligible patients
had RAIR thyroid carcinoma of follicular cell origin with
BRAFV600E and measurable disease defined by the Response
Evaluation Criteria in Solid Tumors, version 1.1 (RECIST
v1.1). Tumors were classified according to the World Health

Organization classification of endocrine tumors (10), except
for poorly differentiated thyroid carcinoma (PDTC), which
was diagnosed using MSK criteria (11). RAIR disease was
defined as: (a) a non-RAI-avid metastatic lesion on a diag-
nostic scan £2 years before enrollment; (b) an RAI-avid
lesion of stable size or which progressed despite thera-
peutic RAI ‡6 months before study entry; or (c) ‡1 18F-
fluorodeoxyglucose-avid lesion(s) with SUVmax ‡5. Full
eligibility criteria are given in Supplementary Figure S1.

Study design

This was a single-arm, single-center trial. Figure 1 provides
the study schema. Patients underwent thyrogen-stimulated
(Sanofi Genzyme) 124I PET/CT for lesional dosimetry on a
low-iodine diet and then received oral vemurafenib 960 mg
twice daily. After a 1-week vemurafenib run-in, 1000 mg
CDX-3379 was concurrently administered intravenously
(IV) during weeks 3 and 5 (vem+CDX-3379). During week 6,
patients underwent a second (on-treatment) thyrogen-
stimulated 124I PET/CT scan; if lesional dosimetry met the
threshold to warrant therapeutic 131I (‡2000 cGy could be
delivered to ‡1 tumor using £300 mCi of 131I), patients
received a third dose of CDX-3379 during week 7 while
continuing vemurafenib. These patients underwent whole
body and blood 131I dosimetry to determine 131I maximum
tolerated activity (MTA). Each patient’s clinical data, 124I
PET lesional dosimetry results, and MTA were reviewed in a
multidisciplinary meeting to determine the 131I activity to
be administered. 131I was given on week 8. Vemurafenib was
discontinued two days after 131I or discontinued after the
second 124I PET/CT for patients who did not meet the lesional
dosimetry threshold.

Tumor imaging (CT without contrast or MRI) was per-
formed at baseline, before therapeutic 131I, and 3 months
(–1 month) and 6 months (–1 week) post-131I. Patients who
did not receive 131I had imaging performed £3 weeks after
the second 124I PET/CT scan. Analyses of research biopsies
and associated tumor genetic data for two patients obtained
in this trial have been published previously (12).

Next-generation sequencing

Five cases were evaluated using the next-generation
sequencing (NGS) MSK-IMPACT (MSK-Integrated Muta-
tion Profiling of Actionable Cancer Targets) platform, an
FDA-approved assay for evaluating genetic alterations in
>300 cancer-related genes (13,14). Genomic data were ana-
lyzed through the cBioPortal for Cancer Genomics (15,16).

Data analysis

The primary objectives were to determine the propor-
tion of BRAF-altered RAIR thyroid cancer patients who
had sufficiently increased tumoral iodine incorporation after
vem+CDX-3379 to warrant therapeutic 131I as determined
by 124I PET/CT lesional dosimetry, and to evaluate the safety
and tolerability of vem+CDX-3379. Secondary objectives
were to evaluate whether vem+CDX-3379 enhanced 131I
activity as assessed by overall response and progression-free
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survival rates at six months by RECIST v1.1, and to evaluate
changes in serum thyroglobulin in patients treated with 131I.
Toxicity was assessed through 30 days following the last dose
of CDX-3379 using the Common Terminology Criteria for
Adverse Events version 4.0 (CTCAE v4.0).

Statistical considerations

Target accrual for the study was 10 patients. For the
redifferentiation primary objective, the prespecified thresh-
old for a positive study was 2 of 10 patients with sufficiently
increased tumoral iodide incorporation to warrant therapeu-
tic 131I. If the true response rate in the population was <5%,
the probability of seeing ‡2 responses in 10 patients would
be <10%, making the threshold of ‡2 responses indicative
of study drug activity. For the safety primary objective, a
run-in phase was planned such that if ‡2 of the first 6 patients
developed a grade 3 or 4 toxicity attributed to CDX-3379,
then the regimen would be deemed unsafe and accrual would
be halted.

Results

Patient baseline characteristics

After enrolling seven patients with RAIR BRAFV600E

thyroid cancer between August 2015 and June 2016 (Sup-
plementary Fig. S2), the study was terminated before target
accrual was met owing to sponsor decision. Table 1 sum-
marizes the clinicopathological characteristics of patients
enrolled. The median age was 67 years (range, 50–83 years);
6 patients were male and 1 was a female patient. Four patients
had papillary thyroid carcinoma (PTC; two classical variant,
two tall cell variant); three had PDTC (11). Six patients had
prior 131I (one treatment each; range, 29.4–241.9 mCi). One
patient who had locally aggressive tumor with tracheal and

FIG. 1. Study schema. Vem or V, vemurafenib; C, CDX-3379; D/C, discontinue; B, research biopsy; I, tumor imaging;
124I PET-CT, iodine-124 positron emission tomography–computed tomography; 131I, radioactive iodine; IV, intravenous;
mos, months; PO, orally once a day; rhTSH, recombinant human thyrotropin or thyrogen; T, serum thyroglobulin (TSH-
suppressed); Wk, week.

Table 1. Baseline Clinicopathological

Characteristics of All Patients (n = 7)

Characteristic n (%)a

Age, years
Median 67
Range 50–83

Sex
Male 6 (86)
Female 1 (14)

Tumor histology
Classical variant papillary thyroid cancer 2 (29)
Tall cell variant papillary thyroid cancer 2 (29)
Poorly differentiated thyroid cancerb 3 (42)

Tumor genotype
BRAFV600E mutation 7 (100)

Prior treatments of 131I per patient
0 1 (14)
1 6 (86)

Other prior treatments for thyroid cancer
Doxorubicin (concurrently with RT) 2 (29)
VEGFR-targeted TKI 0 (0)

Sites of disease
Local (thyroid bed, neck nodes or mediastinal

extension/nodes)
7 (100)

Lungs 6 (86)
Distant nodes (hilar, paraaortic, subcarinal) 2 (29)
Soft tissue nodules 1 (14)
Bone 1 (14)

aValues are given as number of patients (%) unless otherwise
specified; percentages are calculated based on the total number of
patients enrolled (n = 7).

bPoorly differentiated thyroid carcinoma was defined by mitoses
and tumor necrosis (11).

131I, radioactive iodine; RT, radiation therapy; TKI, tyrosine kinase
inhibitor; VEGFR, vascular endothelial growth factor receptor.

ENHANCING RAI UPTAKE WITH VEMURAFENIB AND CDX-3379 275



esophageal invasion had been treated with surgical resection
followed by doxorubicin plus intensity-modulated radiation.
Only one other patient was previously treated with doxoru-
bicin chemoradiation, and none had prior exposure to tyro-
sine kinase inhibitors. The trial did not require progressive
disease (PD) for enrollment, although all seven patients had
evidence of increased tumor growth or appearance of new
tumor deposits within one year of baseline study imaging.

Safety analysis

All seven patients were treated with vemurafenib. One
patient had a grade 3 maculopapular rash on vemurafenib
alone in the context of an infectious respiratory illness and
was removed from the study before receiving CDX-3379
(Patient 6); 3 received three doses of CDX-3379 and thera-
peutic 131I (Patients 2, 4, and 5); 1 received four doses of
CDX-3379 and therapeutic 131I because of a vemurafenib-
related toxicity delay (Patient 1); and 2 did not qualify for
therapeutic 131I and received only two doses of CDX-3379
(Patients 3 and 7). Vemurafenib dosing was modified for
three patients, including a hold followed by reduction to
720 mg twice daily for grade 3 maculopapular rash/mucositis
and grade 2 hand-foot syndrome (HFS; Patient 1); reduction
to 720 mg twice daily for grade 3 diarrhea (Patient 4); and a
hold for grade 1 fever but later resumed at full dose (Patient 3)
(Table 2). The most frequent CDX-3379-related toxicities

were diarrhea, nausea, arthralgia, HFS, alkaline phospha-
tase elevation, and maculopapular rash (Table 3). No dose
reductions or delays were required for CDX-3379-related
toxicity, and no grade 3 or 4 toxicities were attributable to
CDX-3379. The most common toxicities overall were mac-
ulopapular rash, diarrhea, arthralgia, HFS, nausea, and alka-
line phosphatase elevation.

Efficacy

All seven enrolled subjects had multiple tumors negative
for 124I uptake at baseline, including three patients without
any detectable RAI avidity, verifying RAIR disease status
(Table 4). Six patients were evaluable for redifferentia-
tion and response to vem+CDX-3379 with or without 131I
(Table 4). Imaging was repeated in three patients on treat-
ment before therapeutic 131I; all had minor tumor regres-
sions (-10%, -13%, and -21%) after vem+CDX-3379 alone.
Of the 5 patients (83%) with increased 124I avidity after
vem+CDX-3379 alone, 4 (67%) had sufficient change to
warrant therapeutic 131I (Fig. 2); they underwent whole-body
and blood dosimetry and were treated with a range of 131I
doses below the calculated MTA (range, 197–299 mCi; 30–
97% of MTA) (Table 4).

Two of these patients had a confirmed PR 6 months after
receiving therapeutic 131I (-42%, -50%) while remaining off
other therapy for >3 years (Patient 1, > 36 months [lost to

Table 2. Toxicity Attributable to Vemurafenib

Toxicity possibly, probably, or definitely
related to vemurafenib Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Total

Maculopapular rash 3 2 5
Nausea 4 4
Diarrhea 2 1 3
Arthralgia 2 1 3
Alanine aminotransferase elevation 2 2
Alkaline phosphatase elevation 2 2
Fatigue 2 2
Plantar-palmar erythrodysesthesia syndromea 1 1 2
Pruritus 2 2
Acneiform rash 2 2
Actinic keratosis 1 1
Alopecia 1 1
Anemia 1 1
Anorexia 1 1
Aspartate aminotransferase elevation 1 1
Bloating 1 1
Creatinine increased 1 1
Dehydration 1 1
Dry skin 1 1
Dysgeusia 1 1
Elevated bilirubin 1 1
Fever 1 1
Hoarseness 1 1
Hypophosphatemia 1 1
Mucositis 1 1
Myalgia 1 1
Pain with swallowing 1 1
Watering eyes 1 1
Weight loss 1 1
Hypokalemia 1 1

aPlantar-palmar erythrodysesthesia syndrome is also known as hand-foot syndrome.
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follow-up]; Patient 4, >47 months [surveillance ongoing]).
Patient 2 had SD at three months post-therapeutic 131I but was
designated PD owing to initiating new thyroid cancer treat-
ment before the six-month response assessment. Patient 5 had
PD at three months; details of that case are described below.
Patient 3 had increased 124I avidity, including a thyroid bed
focus that met criteria for therapeutic 131I and new/increased
iodine uptake in lung metastases, but was not treated because
a structural correlate for the former could not be identified on
CT imaging. Outcomes for all three patients not treated with
131I are detailed in Table 4. Table 5 provides the changes
in serum thyroglobulin and thyrotropin values for all vem+
CDX-3379-treated patients.

NGS analysis and redifferentiation

Genetic analysis of primary thyroid samples from Patients
2, 3, 5, and 6 detected three genetic mutations per patient,
whereas analysis of a neck lymph node sample from Patient 7
detected seven genetic alterations (Table 6). All five patients
evaluated by NGS had telomerase reverse transcriptase
(TERT) promoter alterations, which portend poor prognosis
in patients with the BRAFV600E sequence variant (17,18). The
two patients who did not receive 131I had noteworthy genetic
alterations: Patient 3 had an inactivating RMB10Q915* non-
sense variant, which has been associated with increased risk
of death related to thyroid cancer (19); Patient 7 had an in-
activating ARID2Q1462* variant, which is a SWItch/Sucrose
Non-Fermentable (SWI/SNF) chromatin remodeling gene
mutation that mediates insensitivity to MAPK inhibitor–
induced redifferentiation in mouse models (12).

Serial genomic analysis of tumor samples from Patient 5
further demonstrated the potential role for ARID2 inactiva-
tion in mediating resistance to MAPK inhibitor redifferen-
tiation (Table 7). Enrolled on study <1 year after undergoing
resection of an invasive primary tumor into the trachea/
esophagus and requiring tracheal stent placement with che-
moradiation, Patient 5 received vem+CDX-3379 and showed
a heterogeneous but promising response, including intense

locoregional uptake and shrinkage of 124I-negative left flank,
soft tissue, and obturator lymph node metastases. Specifica-
lly, this patient had, enhanced 124I uptake in paratracheal and
thyroid bed tumors relative to baseline, but no detectable
avidity in mediastinal/hilar/obturator lymph node, lung, and
left flank soft tissue metastases.

As predicted by 124I PET/CT lesional dosimetry, three
months after therapy was discontinued Patient 5 had a
mixed response, including neck disease regression (36 mm
/30 mm) and off-therapy growth of 131I nonavid tumors
(soft tissue metastatic lesion: 14 mm /25 mm); growth of
the nontarget lesions resulted in the overall PD designation.
Patient 5 received another drug treatment that produced
tumor regression except in the obturator node; biopsy of
this RAI-resistant node >7 months after study completion
revealed anaplastic thyroid cancer (ATC) transformation,
including emergence of new alterations such as an inacti-
vating ARID2-truncating mutation not previously detected in
the primary tumor. These findings and preclinical modeling
suggest that inactivating SWI/SNF mutated genes, such as
mutant ARID2, may contribute to resistance to MAPK in-
hibitor redifferentiation.

Discussion

The premise of this study is that intrinsic resistance of
thyroid cancers to BRAF inhibitors is mediated by adaptive
HER3 upregulation, which leads to HER3/HER2-mediated
reactivation of MAPK signaling (8). We hypothesized that
combined BRAF/HER3 targeting with vem+CDX-3379
would potently inhibit MAPK signaling to enhance 131I
efficacy. Despite early termination of accrual, the study met
the prespecified threshold for safety and redifferentiation.
None of the six patients who received ‡1 dose(s) of combi-
nation therapy developed grade ‡3 CDX-3379-related tox-
icity, and 4 patients (67%) met 124I lesional dosimetry criteria
for 131I. These outcomes compare favorably with the 40%
of patients who qualified for 131I with vemurafenib alone
using the same 124I lesional dosimetry criterion (4).

Table 3. Toxicity Attributable to CDX-3379

Toxicity possibly, probably, or definitely related
to CDX-3379 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Total

Diarrhea 2 1 3
Nausea 3 3
Arthralgia 2 2
Plantar-palmar erythrodysesthesia syndromea 1 1 2
Alkaline phosphatase elevation 2 2
Maculopapular rash 2 2
Acneiform rash 1 1
Actinic keratosis 1 1
Anorexia 1 1
Dehydration 1 1
Dysgeusia 1 1
Fever 1 1
Hoarseness 1 1
Pain with swallowing 1 1
Weight loss 1 1
Bloating/PT = abdominal distension 1 1
Hypokalemia 1 1

aPlantar-palmar erythrodysesthesia syndrome is also known as hand-foot syndrome.
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Another trial with the BRAF inhibitor dabrafenib reported
that 60% of patients with RAIR tumors developed new 131I
uptake on whole-body scintigraphy (20). Results from a
redifferentiation trial of dabrafenib plus the MEK inhibi-
tor trametinib (MERAIODE trial; ClinicalTrials.gov:
NCT03244956) has reported promising results in abstract
form: *65% redifferentiation rate and 6-month 38% overall
response rate (21). The vem+CDX-3379 study results here
should be considered preliminary given the small sample
size; potential selection biases make cross-trial comparisons
with other small studies difficult and precludes adopting these
results as definitive evidence of efficacy. The promising
findings do justify conducting a full phase II evaluation to
establish efficacy. A randomized trial comparing BRAF in-
hibition alone versus in combination with either MEK or
HER3 targeting will be required to establish the advantage of
combination therapy for redifferentiation.

While all patients had multiple RAI nonavid tumors on
the baseline 124I PET to verify RAIR disease status, four of
seven patients also had at least one lesion with some evidence

of RAI uptake before drug therapy. Susceptibility to redif-
ferentiation may differ between RAIR patients with com-
pletely RAI nonavid tumors versus those with a mix of RAI
avid and nonavid disease. This also highlights a need to
revisit how RAIR disease is defined in the context of our
evolving understanding of the clinical and biologic basis of
RAI susceptibility.

In addition to more conventional RAIR criteria, this study
allowed RAIR disease to be defined as having a tumor with
an FDG PET SUVmax ‡5 based on the inverse correlation
between FDG and RAI tumor avidity (22). Of the two
patients who were enrolled based only on the FDG-PET cri-
terion, both had RAI nonavid tumors that failed to redif-
ferentiate on study: one failed to qualify for 131I (Patient 7)
and the other experienced ATC transformation in the refrac-
tory tumors (Patient 5). Further study is required to guide
how FDG avidity may be used as a marker of RAIR disease,
and if SUVmax thresholds should be used.

Among the four patients who met lesional dosimetry cri-
teria and received vem+CDX-3379 and 131I, 50% (2/4) had a

FIG. 2. Imaging of 124I
avidity in Patient 4 at base-
line and after combination
vemurafenib plus CDX-
3379. Baseline imaging of
Patient 4 from the first 124I
PET-CT lesional dosimetry
showed no avidity in either
the (A) thyroid bed, meta-
static lymph node, or
(B) lung metastases. Imaging
from the second 124I PET-CT
lesional dosimetry showed
increased avidity after ve-
murafenib plus CDX-3379 in
both the (C) thyroid bed,
metastatic lymph node, and
(D) lung metastases.

Table 5. Serum Thyroglobulin and Thyrotropin Levels in Six Patients Who Received Vemurafenib

Plus CDX-3379

Patient
no.

Tg at
baseline
(TSH)

Tg on
W6D1 V+C

(TSH)

Tg at *5 weeks
post-tx with
131I (TSH)

Tg at *3 months
post-tx with
131I (TSH)

Tg at *6 months
post-tx with
131I (TSH)

131I treated
1 18.7 (2.30) 22.9 (6.22) 75.6 (17.89) 19.8 (0.87) 11.3 (0.02)
2 101.3 (0.25) 79.1 (1.56) 118.4 (0.47) 132.3 (0.4) NA
4 196.8 (0.88) 11.5 (0.53) 25.8 (5.44) 6.7 (2.40) 3.7 (0.05)
5 0.2 (0.14) 0.1 (3.48) 0.1 (0.26) <0.1 (0.19) NA

No 131I given
3 549.0 (0.02) 176.3 (0.19) NA NA 323.8 (0.02)b

7 <0.1* (0.09) <0.1* (0.40) NA <0.1* (3.87)c NA

aLevels of serum Tg (TSH) are expressed as the following units: ng/mL (mIU/mL).
bChecked *7 months after study.
cChecked *3 months after study.
*Patient 7 Tg was undetectable owing to the presence of thyroglobulin antibodies.
NA, not available; post-tx, post-treatment; Tg, thyroglobulin; TSH, thyrotropin; V+C, vemurafenib plus CDX-3379; W6D1, week 6 day 1.
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confirmed PR at 6 months post-therapy; the other 2 patients
had PD at 3 months (Patient 5) and initiation of systemic
therapy after the 3-month scans (Patient 2). Both patients
received <50% of the determined 131I MTA (34% and 30%),
while the two responders received higher percentages (97%
and 52%). Higher 131I doses relative to predicted MTA may
mediate better clinical responses by overcoming the potentially
short effective half-lives of 131I. Alternatively, serial admin-
istration of redifferentiation therapy followed by 131I may be
more effective than giving just one high-activity bolus of 131I.

Another important consideration is tumor-to-tumor het-
erogeneity. This is illustrated by the genomic profiles of two
tumors from Patient 5, which revealed that the RAI-negative
ATC tumor possessed a higher mutation burden and an in-
activating ARID2 mutation that was not present in the PDTC
primary tumor. Patient 7, the only patient whose tumors
failed to demonstrate any enhanced 124I uptake on vem+
CDX-3379, had an ARID2 mutation that was identified
before trial enrollment (Table 6). Mutated SWI/SNF genes
such as ARID2 are enriched in PDTC and ATC, which sug-
gests that these alterations may lead to dedifferentiation.
Studies in BrafV600E-mutant thyroid cancer mouse models
showed that concomitant SWI/SNF loss-of-function rendered
tumors refractory to the redifferentiation effects of MAPK
pathway inhibition (12). This preclinical observation is
consistent with an analysis of serial research biopsies ob-
tained from a responder (Patient 2, wild-type ARID2) and
nonresponder (Patient 7, ARID2 alteration) to vem+CDX-
3379 on this study; despite achieving MAPK pathway
inhibition with study treatment in both patients, thyroid dif-
ferentiation (quantified with the enhanced Thyroid Differ-

entiation Score) increased only in the responder (12). Hence,
some SWI/SNF mutations may mediate resistance to redif-
ferentiation and serve as biomarkers to identify patients who
will not benefit from this strategy. Analysis of larger datasets
is necessary to validate this hypothesis.

TERT promoter alterations are associated with increased
mortality when co-occurring with BRAF alterations in pati-
ents with PTC (23); all five patients whose tumors were
analyzed using the NGS platform had TERT promoter
mutations. Of interest, Patient 3, who did not qualify for 131I,
had a truncating alteration in RBM10, a tumor suppressor
that regulates alternative mRNA splicing. RBM10 loss-of-
function mutations are enriched in fatal forms of non-ATC
thyroid cancer (19), suggesting that they could contribute to
increased thyroid cancer virulence. While it is not known if
mutant RBM10 would alter mRNA splicing programs to
prevent MAPK pathway inhibitors from restoring the
thyroid-specific gene expression programs requisite for re-
differentiation, mutant RBM10 has been associated with ve-
murafenib resistance in vitro (24).

In summary, data from this small pilot trial suggest that
HER3-targeting combined with vemurafenib is a promising
redifferentiation approach, although the findings are prelim-
inary given the small sample size. A phase II and/or ran-
domized clinical trial is necessary to definitively demonstrate
the advantage of this combination. These data also illus-
trate that beyond optimizing the redifferentiation approach,
determining the optimal level of 131I incorporation needed
for efficacy and identifying molecular markers to predict
redifferentiation success will be critical for maximizing the
benefit of this treatment strategy for patients.

Table 6. Genomic Profiles of Enrolled Patients

Patient
no. BRAF

TERT promoter
mutation Other mutations

2 V600E C228T CD274 L190V
3 V600E C228T RBM10 Q915*
5 V600E C228T 9p21 loss (CDKN2B, CDKN2Ap16INK4A, CDKN2Ap14ARF), SMO D255N
6 V600E C228T DNMT3A F752L
7 V600E C228T ARID2 (A1318*, Q1462*), APC P119A, HIST1H3D E98Q, MDC1 P342S,

TSHR V558M

The bolded genes are alterations with known implications re: patient prognostics and impact on thyroid differentiation, as discussed in the text.
TERT, telomerase reverse transcriptase.

Table 7. Genomic Profiles of the Poorly Differentiated Thyroid Carcinoma

and Anaplastic Thyroid Cancer Tumors from Patient 5

Tumor site profiled
Total no. of
alterations BRAFV600E

TERT
C228T

9p21
loss

SMO
D255N

ARID2
E108* Other mutations

PDTC (RAI-positive
primary)

4 X X X X None

ATC (RAI-negative
pelvic lymph node)

20 X X X X X RB1 X738_splice, SOX9 K398N, APC
D1570N, CSF1R *973Sext*43,
EPHA5 E657K, IDH1 R343K,
JAK1 S397C, PTCH1 E1428Q,
KMT2D E4781K, NCOA3 H618D,
RAD54L E297K, NUP93 E19Q,
CDK12 D962H, PBRM1 Q170E,
ASXL1 S62C

ATC, anaplastic thyroid carcinoma; PDTC, poorly differentiated thyroid carcinoma; RAI, radioactive iodine.
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