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Therapeutic Potential of Afatinib in NRG1 Fusion-Driven Solid
Tumors: A Case Series
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/ABSTRACT

Background. Neuregulin 1 (NRG1) fusions, which activate
ErbB signaling, are rare oncogenic drivers in multiple tumor
types. Afatinib is a pan-ErbB family inhibitor that may be an
effective treatment for NRG1 fusion-driven tumors.

Patients and Methods. This report summarizes pertinent
details, including best tumor response to treatment, for six
patients with metastatic NRG1 fusion-positive tumors
treated with afatinib.

Results. The six cases include four female and two male
patients who ranged in age from 34 to 69 years. Five of the
cases are patients with lung cancer, including two patients
with invasive mucinous adenocarcinoma and three patients
with nonmucinous adenocarcinoma. The sixth case is a
patient with colorectal cancer. NRG1 fusion partners for
the patients with lung cancer were either CD74 or SDC4.
The patient with colorectal cancer harbored a novel POMK-
NRG1 fusion and a KRAS mutation. Two patients received
afatinib as first- or second-line therapy, three patients

received the drug as third- to fifth-line therapy, and one
patient received afatinib as fifteenth-line therapy. Best
response with afatinib was stable disease in two patients
(duration up to 16 months when combined with local ther-
apies) and partial response (PR) of >18 months in three
patients, including one with ongoing PR after 27 months.
The remaining patient had a PR of 5 months with afatinib
40 mg/day, then another 6 months after an increase to
50 mg/day.

Conclusion. This report reviews previously published meta-
static NRG1 fusion-positive tumors treated with afatinib and
summarizes six previously unpublished cases. The latter
include several with a prolonged response to treatment
(>18 months), as well as the first report of efficacy in NRG1
fusion-positive colorectal cancer. This adds to the growing
body of evidence suggesting that afatinib can be effective in
patients with NRG1 fusion-positive tumors. The Oncologist
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Afatinib in NRG1 Fusion-Driven Solid Tumors

KEy PoINTS

* NRGI fusions activate ErbB signaling and have been identified as oncogenic drivers in multiple solid tumor types. Afatinib
is a pan-ErbB family inhibitor authorized for the treatment of advanced non-small cell lung cancer that may be effective

in NRG1 fusion-driven tumors.

e This report summarizes six previously unpublished cases of NRG1 fusion-driven cancers treated with afatinib, including
five with metastatic lung cancer and one with metastatic colorectal cancer.

e Several patients showed a prolonged response of >18 months with afatinib treatment. This case series adds to
the evidence suggesting a potential role for afatinib in this area of unmet medical need.

INTRODUCTION

Oncogenic gene fusions, such as those involving ALK, ROS1,
RET, and NTRK1/2/3, can lead to deregulated activity and
have been detected across a wide range of solid tumors,
many of which are clinically actionable [1, 2]. NRG1 encodes
the growth factor neuregulin 1 (NRG1). NRG1 contains an
epidermal growth factor (EGF)-like domain, which binds to
human tyrosine kinases of the ErbB/HER receptor family,
particularly ErbB3 and ErbB4, leading to heterodimerization
(ErbB3/HER2 or ErbB3/ErbB4, or ErbB4/HER2) and activa-
tion of ErbB-mediated downstream signaling pathways [3].
NRG1 gene fusions have been identified in multiple tumor
types, including non-small cell lung cancer (NSCLC), pancre-
atic ductal adenocarcinoma (PDAC), colorectal cancer (CRC),
and cholangiocarcinoma [4, 5], and are clinically actionable
oncogenic drivers. The overall estimated frequency of NRG1
fusions is 0.2% across solid tumors [4], with a reported
prevalence of up to 31% in invasive mucinous lung adeno-
carcinomas [6, 7]. Numerous NRG1 fusion partners have
been identified, with CD74 and SDC4 being reported as the
most common 5’ fusion partners in lung cancer [4]. Many
other gene fusion partners have also been detected both in
lung and other solid tumors [4].

NRG1 fusions and their downstream signaling pathways
represent rational targets for therapeutic intervention.
Afatinib, a first-line treatment option for patients with meta-
static epidermal growth factor receptor (EGFR)-mutated
NSCLC [8, 9], is an irreversible pan-ErbB family inhibitor,
which inhibits ErbB signaling. Afatinib irreversibly binds to
EGFR (ErbB1), HER2 (ErbB2), and ErbB4 and blocks trans-
phosphorylation of ErbB3 [10], which makes it a treatment
option for patients with NRG1 fusion-driven tumors. Afatinib
has demonstrated activity in preclinical tumor models har-
boring NRG1 fusions [11, 12]. In addition, crizotinib-resistant
ALK* NSCLC cells harboring a NRG1 fusion were sensitive to
afatinib in vitro [13], in accordance with in vitro data showing
sensitivity to afatinib of ALK" or ROS1" NSCLC cell lines resis-
tant to crizotinib via inhibition of NRG1 signaling [14].

A number of published case reports have described
responses to afatinib in patients with solid tumors harboring
NRG1 fusions (Table 1) [11,12, 15-20]. In this article, we pre-
sent a case series of six additional patients with NRG1
fusion-driven tumors who received treatment with afatinib,
adding to the body of available data regarding the potential
of afatinib as targeted therapy in this setting. To identify rel-
evant published data on NRG1 and NRGI1 gene fusions, we
conducted literature searches with PubMed using the medi-
cal subject headings “Neuregulin-1” and “afatinib” and “gene
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fusion.” We also searched Google Scholar, as well as confer-
ence proceedings from recent major congresses, including the
American Society of Clinical Oncology, European Society for
Medical Oncology, American Association for Cancer Research,
and World Conference on Lung Cancer. Searches were
updated on March 12, 2020.

CASE SERIES

Previously unpublished data from six new cases are
described in detail below, and findings are summarized in
Table 2. The cutoff for data collection was February 2020.

Cases of Lung Cancer

Case 1

A 56-year-old, white, female, never-smoker was diagnosed
in 2004 with nonmucinous lung adenocarcinoma [20-23].
After lobectomy in 2004, the patient relapsed in 2006 with
metastases in the left lung. Between December 2006 and
February 2015, she received 14 lines of systemic therapy
including chemotherapy and EGFR tyrosine kinase inhibi-
tors, with progressive disease (PD) or short durations of
response to each treatment. She received carboplatin plus
gemcitabine (twice), erlotinib, pemetrexed (twice), doce-
taxel (twice), gefitinib, vinorelbine, and weekly paclitaxel.
The patient’s tumor did not harbor alterations in KRAS,
EGFR, ALK, ROS1, or ERRB2.

Left lung metastases close to the chest wall were detected
in December 2011, and the patient received palliative radiation
therapy (30 Gy). From April 2012 to August 2013, she received
six cycles of gemcitabine with stable disease (SD), followed by
10 cycles of pemetrexed, with a partial response (PR) in January
2013. Between November 2013 and July 2014, the patient
received 10 cycles of gemcitabine with SD, and from August
2014 to November 2014, 11 weekly paclitaxel infusions. Pacli-
taxel was stopped because of fever, cough, hypoxia, and diffuse
pulmonary infiltrates on computed tomography (CT) scan lead-
ing to suspicion of intolerability to paclitaxel. She was also
treated with antibiotics and corticosteroids.

Afatinib (30 mg/day) was initiated in February 2015,
escalating to 40 mg/day after 2 weeks; the patient rapidly
achieved a PR shown on CT scan after 2.5 months (Fig. 1)
that was maintained for a total of 24 months before discon-
tinuation in March 2017 because of PD (Fig. 2). Rebiopsy
was performed to screen for a new treatment target, but
nothing actionable was found. Four cycles of pemetrexed
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Table 1. Published cases of patients with metastatic NRG1 fusion-driven solid tumors who were treated with afatinib
Best response,
physician
Age, gender, assessed
ethnicity,? authors’ NRG1 fusion NRG1 fusion (duration in
country of origin Tumor type partner detection method months) Reference
Cases of lung cancer
42 yr, male, white, U.S. Nonmucinous ADC SLC3A2 RNA sequencing PR (12) [15]
62 yr, male, white, U.S. Mucinous ADC CD74 RNA sequencing Durable [15]
response (10)
43 yr, female, Canada Nonmucinous ADC SDC4 WGTA PR (12) [16]
62 yr, female, Asian, Invasive mucinous ADC CD74 NGS solid fusion PR (6.5) [17]
Canada assay
86 yr, male, U.S. Invasive mucinous ADC CD74 MSK-IMPACT PD (19) [12]
81 yr, male, U.S. Invasive mucinous ADC CD74 MSK-Solid Fusion SD (1.4) [12]
Assay,
Archer FusionPlex
56 yr, female, U.S. Invasive mucinous ADC SDC4 MSK-Solid Fusion PD (at 1.2) [12]
Assay
51 yr, male, U.S. Invasive mucinous ADC CD74 MSK-IMPACT PD (at 1.8) [12]
Cases of gastrointestinal cancer
59 yr, male, Canada PDAC ATP1B1 WGTA PR (5.5) [18, 20]
54 yr, male, Canada PDAC APP WGTA PR (9) [18, 20]
30 yr, female, Germany PDAC ATP1B1 WGTA PR (3) [11]
38 yr, female, Canada Cholangiocarcinoma ATP1B1 WGTA and FISH Response (8) [16]
Cases of genitourinary cancers
NA, female, Finland LGS ovarian cancer CLU RNA sequencing Disease [19]

control (>36)°

?If reported.
PTreatment included afatinib monotherapy followed by a combination of trastuzumab and pertuzumab.
Abbreviations: ADC, adenocarcinoma; FISH, fluorescence in situ hybridization; LGS, low-grade serous; NA, not available; NRG1, neuregulin 1;
NGS, next-generation sequencing; PD, progressive disease; PDAC, pancreatic ductal adenocarcinoma; PR, partial response; SD, stable disease;
WGTA, whole-genome and transcriptome analysis.

Table 2. New cases of patients with metastatic NRG1 fusion-driven solid tumors who were treated with afatinib

Best
response,
NRG1 physician
NRG1 fusion Initial assessed
Age, gender, fusion detection afatinib Line of (duration Previous
Patient ethnicity Tumor type partner method regimen treatment in months) presentations
Cases of lung cancer
1 56 yr, female, Nonmucinous NR NanoString™ 40 mg/day 15th PR (24)° [20-23]
white ADC
2 62 yr, female, Nonmucinous CD74 Oncomine™ 40 mg/day Fifth PR (ongoing [20-24]
Asian ADC after 27)
3 68 yr, male, Invasive SDC4 RNA 30 mg/day Third SD (4) [20-23]
white nonmucinous sequencing
ADC
4 43 yr, female, Invasive CD74 RNA 40 mg/day  Third PR (>18) [20-24]
white mucinous ADC sequencing
5 34 yr, female, Invasive SDC4 RNA 40 mg/day  First PR (5, then 6) [26]
African mucinous ADC sequencing (metastatic)
Cases of gastrointestinal cancer
6 69 yr, male, Colorectal POMK Caris® 30 mg/day Second SD (16) [20-22, 24, 27]
white cancer profiling

?NRG1 fusion was identified after afatinib treatment. The patient was rechallenged with afatinib, and best response was PR (4 months).
Abbreviations: ADC, adenocarcinoma; NR, not reported; NRG1, neuregulin 1; PR, partial response; SD, stable disease.
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Figure 1. Computed tomography images of patients with metastatic lung cancer showing response to afatinib treatment. Case 1:
Nonmucinous lung adenocarcinoma. (A): Prior to treatment in February 2015. (B): Partial response (PR) in April 2015 after
2.5 months on afatinib treatment. Case 2: Nonmucinous lung adenocarcinoma. (C): Prior to treatment in December 2017. (D): PR
in November 2018 after 11 months on afatinib treatment. Case 3: Invasive nonmucinous lung adenocarcinoma. (E): Prior to treat-
ment in July 2018. (F): Stable disease for 4 months in December 2018 after 4 months of afatinib treatment in December 2018.
(Scans taken early December 2018 before PD.) Case 4: Invasive mucinous lung adenocarcinoma. (G): Prior to treatment in July
2017. (H): PR in March 2019 after 18 months of afatinib treatment. Case 5: Invasive mucinous lung adenocarcinoma. (l): Prior to
treatment in Jan 2018. (J): PR in March 2018 after afatinib treatment. (K): Progressive disease (PD) in June 2018 while on afatinib.

(L): PR in August 2018 after an afatinib dose increase to 50 mg/day.

followed by three cycles of gemcitabine were administered,
but the disease continued to progress. A rebiopsy and an
extended molecular analysis were performed, given her
previous response to afatinib. An NRG1 fusion was identi-
fied in September 2017 by NanoString™ analysis
(NanoString Technologies, Seattle, WA).

Afatinib treatment (30 mg/day) was reinitiated in October
2017, giving cough relief, and the dose was increased to
40 mg/day after 2 weeks. Treatment led to regression in lung
consolidations 1 month after initiation; however, the patient
discontinued treatment after 4 months because of cough/
fever and pulmonary infiltrates, which were thought to be
afatinib-related. She was treated with corticosteroids and
antibiotics.

Afatinib 30 mg/day was reintroduced in April 2018, giv-
ing cough relief, and the dose was increased to 40 mg/day

© 2020 AlphaMed Press

after 1 month. In August 2018, a CT scan showed PD, and
afatinib treatment was discontinued. The patient was then
given six cycles of atezolizumab between August and
December 2018 but had PD during therapy and died in
May 2019.

Case 2

A 62-year-old, Asian, female, never-smoker with multiple
lung and lymph node metastases was diagnosed with meta-
static nonmucinous lung adenocarcinoma in June 2015
[20-24]. The patient received four lines of treatment prior to
afatinib, and best response to any therapy was SD (Fig. 2).
Between September 2015 and August 2016, she received
four cycles of cisplatin (75 mg/m?) and pemetrexed
(500 mg/m?) followed by 11 cycles of pemetrexed alone.
After PD, between October and November 2016, she

Oncologist
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Case | Timeline
1 56-year-old, white, female, never-smoker NRG1 fusion detected;
diagnosed in 2004 with non-mucinous lung Metastases in left lung; Afatinib; PR NanoString™
adenocarcinoma; underwent lobectomy 30 Gy RT (24 months) Afatinib; regression of
Relapse; metastases in left lung Gemcitabine; SD lung consolidations
Pemetrexed; PR PD
Gemcitabine/carboplatin, erlotinib, o Pemetrexed, [Atezolizumab
pemetrexed, docetaxel, gefitinib, Gemcitabine; SD gemcitabine; PD man
vinorelbine, gemcitabine/carboplatin, Paclitaxel D Patient died
weekly paclitaxel May 2019
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
2 62-year-old, Asian, female, never-smoker CD74-NRG1 fusion detected in As of February 2020, the patient
with multiple lung and lymph node metastases, diagnosed tissue from lung biopsy; Oncomine™ remains on afatinib with ongoing PR
with metastatic, non-mucinous lung adenocarcinoma
Cisplatin and pemetrexed, Nivolumab Nivolumab; PD |Afatinib
Then pemetrexed alone PD PD PR
Docetaxel and
ramucirumab
2015 2016 2017 2018 2019 2020
3 68-year-old, white, male, 20+ pack-year history SDC4-NRG1 fusion detected by RNA
diagnosed with non-mucinous invasive lung adenocarcinoma sequencing of tissue from lobectomy
Right lower lobectomy, mediastinal Afatinib; 4 months SD
lymph node dissection .
. . . . PD. The patient refused
Cisplatin and Nivolumab; PR further treatment, and
pemetrexed died soon after
Recurrent,
metastatic Slow PD
diseasel
2016 2017 2018 2019
4 PD. Leftlung lower lobectomy
43-year-old, white, female, never-smoker CD74-NRG1 fusion detected; :mth Eo‘rjnpletet mediastinal Multiple bone
diagnosed with invasive mucinous lung RNA sequencing 'ymphadenectomy metastases
adenocarcinoma observed
Cisplatin/pemetrexed, plus Afatinib PR .
bevacizumab, then Carboplatin
pemetrexed/bevacizumab plus
maintenance pemetrexed
Nivolumab initiated
v vl
2016 2017 2018 2019 2020
5 34-year-old, African, female, never-smoker Bilateral lung metastases PD; increased to
diagnosed with invasive mucinous lung detected by biopsy; 50 mg afatinib qd;
adenocarcinoma, following right inferior SDC4-NRG1 fusion detected PR until December PD
lobectomy by RNA sequencing
Cisplatin/pemetrexed Afatinib Investigational drug; Afatinib
SD (6 months), then "

PR slow PD (3 months) Pacllta_xel and
bevacizumab
initiated

2016 2017 2018 2019 2020
6 69-year-old, white, male, former smoker POMK-NRG1 fusion Y90 liver directed therapy
diagnosed with stage IVb right-sided colorectal cancer with detected; Caris® SBRT to chestwall
liver and lung metastases; right hemicolectomy performed Afatinib; Trans-arterial
4 months SD chemo-embolization
SBRT to duodenal
i lymph node
FOLFOX; SD Capecitabine - .
Investigational drug:
PD sp/  phase I trial
l slow PD
2017 2018 t 44 209t 4 2020
CEA (ug/ml):  A0r&2q0% 40 N

Figure 2. Timelines for new cases of patients with metastatic NRG1 fusion-driven solid tumors who were treated with afatinib.
Abbreviations: CEA, carcinoembryonic antigen; FOLFOX, 5-fluorouracil, oxaliplatin, and folinic acid; NRG1, neuregulin 1; PD, progres-

sive disease; PR, partial response; qd, every day; RT, radiotherapy; S

received three cycles of nivolumab. After further PD, she
received two cycles of docetaxel and ramucirumab in
December 2016 but discontinued because of grade 3 malaise.
Nivolumab was reinitiated for two cycles between October
and December 2017 but discontinued after progression.

www.TheOncologist.com

BRT, stereotactic body radiation; SD, stable disease.

In December 2017, a CD74-NRG1 fusion was identified
using the Oncomine™ Comprehensive Assay (Thermo
Fisher Scientific, Waltham, MA) in material taken from a
lung biopsy. Afatinib treatment (40 mg/day) was initiated in
the same month. The patient had several afatinib dose

© 2020 AlphaMed Press
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Figure 3. Case 4: Total body positron emission tomography-computed tomography (PET-CT) scan with fusion imaging. (A): May
2019, preoperative PET-CT staging showed a non-RECIST progression of the left lower lobe only residual target lesion (yellow circle)
while the patient received afatinib (40 mg/day). (B): October 2019, the patient was admitted for spine and sacrum pains. PET-CT
showed numerous osteolytic and osteocondensant bone metastatic lesions (red circles). Comparison between May (C) and October

(D) PET-CT fusion centered on the sacrum.

adjustments to a minimum of 20 mg/day because of diar-
rhea and malaise symptoms. The dose was increased from
20 mg to 30 mg after an elevation of carcinoembryonic
antigen (CEA) was detected, and she tolerated the higher
dose. The patient achieved a PR in November 2018, after
11 months on afatinib treatment (Fig. 1). As of February
2020, after 27 months, the patient remains on afatinib
(30 mg/day) with ongoing PR.

Case 3

A 68-year-old, white man with a 20+ pack-year smoking his-
tory, was diagnosed in January 2016 with invasive non-
mucinous lung adenocarcinoma [20-23]. In March 2016, he
underwent right lower lobectomy with mediastinal lymph
node dissection and received two cycles of cisplatin and
pemetrexed until August 2016. A CT scan of the chest
showed signs of recurrent metastatic disease, confirmed by
biopsy from the right lower lobe of the lung, leading to dis-
continuation of chemotherapy. Nivolumab was then admin-
istered at 3 mg/kg every 2 weeks from September until
November 2016. An initial CT scan in December 2016 showed
a good response, but nivolumab was discontinued in March
2017 because of immune-mediated hepatitis and PD. Slow PD
was further observed on CT and positron emission tomogra-
phy (PET)—CT scans from March 2017 to March 2018.

An SDC4-NRG1 fusion was identified by RNA sequencing
in March 2018 using material from the right lower lobec-
tomy performed in March 2016. Afatinib (30 mg/day) was
initiated in August 2018 (Fig. 2). The patient had SD for
4 months (Fig. 1), but rapid PD in December 2018 led to dis-
continuation of treatment. The patient opted to receive no
further treatment and died shortly after in a hospice.

Case 4

A 43-year-old, white, female, never-smoker was diagnosed
with metastatic invasive mucinous lung adenocarcinoma in
August 2016 [20-24] after biopsy of the left lower lung. Ini-
tial testing revealed wild-type ALK and ROS1 (by immunohis-
tochemistry [IHC] and fluorescence in situ hybridization),

© 2020 AlphaMed Press

wild-type EGFR, BRAF, KRAS, MET, and HER2 by next-generation
sequencing (NGS), and no expression of programmed death
ligand-1 (PD-L1) by IHC. Staging studied confirmed a 6.4 cm
primary tumor with bilateral lung nodules (cT3NOM1a, stage
IV). Prior to afatinib, she received pemetrexed, cisplatin, and
bevacizumab, achieving a PR before beginning bevacizumab/
pemetrexed maintenance therapy until July 2017. Subsequently,
she received nivolumab until September 2017, with best
response of PD, when a CD74-NRG1 fusion was detected after
exome and RNA sequencing (ArcherDx, Boulder, CO) during a
secondary evaluation of the original biopsy specimen. Afatinib
40 mg/day was initiated (Fig. 2); the patient achieved a PR
after 13 months of afatinib treatment in November 2018
with further response noted after 18 months of afatinib
treatment (March 2019) (Figs. 1 and 3).

In June 2019, the left lower lobe residual tumor target
increased in size. Brain magnetic resonance imaging (MRI) and
PET-CT were normal. The afatinib plasma concentration was in
the normal range (expected 26 4 22 ng/mL) [25]. A left lung
lower lobe lobectomy with complete mediastinal
lymphadenectomy was performed. Sixteen lymph nodes were
negative, and there was a 3.5 cm diameter residual tumor (30%
tumor, 70% fibrosis). PD-L1 expression was between 0% and
20%. NGS revealed no comutations, and ArcherDx sequencing
confirmed the known NRG1 fusion. Afatinib was continued. In
October 2019, bone metastases in the spine, femoral head, and
sacrum were discovered on PET-CT (Fig. 3). Afatinib was discon-
tinued after a total of 24 months. The patient was rechallenged
with carboplatin plus pemetrexed and received palliative radio-
therapy on the spine and sacrum. A biopsy of the sacrum dur-
ing cementoplasty detected the previously confirmed NRGI
fusion (ArcherDx). PET-CT and MRI showed a dissociated
response with improvement on bone lesion standardized
uptake values; however, a right adrenal gland metastasis was
also detected. The patient is alive and on treatment.

Case 5
A 34-year-old, African, female, never-smoker was diagnosed
with invasive mucinous lung adenocarcinoma after a right

Oncologist
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Lesion 1

Lesion 2

Stable disease

Disease
progression

Increase in metastatic Stable disease
lesion size; treated

with RT

Figure 4. Computed tomography imaging from Case 6 of a patient with metastatic colorectal cancer showing stable disease while
on afatinib treatment. (A): Pretreatment in August 2018. (B): After 2 months of treatment with afatinib in November 2018. (C):
After 4 months of treatment with afatinib in January 2019. (D): After 7 months of treatment with afatinib in April 2019.

Abbreviation: RT, radiotherapy.

inferior lobectomy in December 2016 [26]. The tumor was
pT4AN2MO, and profiling showed no expression of PD-L1
with a low tumor mutation burden (1.26 mutations per
megabase). She was treated with four cycles of adjuvant
cisplatin plus pemetrexed.

In September 2017, 9 months after surgery, she relapsed
with bilateral lung metastases, confirmed by CT-guided
biopsy. Whole-transcriptome sequencing revealed an SDC4-
NRG1 fusion. Afatinib 40 mg/day was initiated in January
2018 as first-line metastatic treatment (Fig. 2). After 6 weeks,
PR was observed on the CT scan, which was confirmed by
PET-CT scan at 3 months. She experienced grade 2 skin toxic-
ity. In June 2018, after 5 months of treatment, lung progres-
sion was observed while skin toxicity disappeared. The
afatinib plasma level was found to be low, and the dose was
increased to 50 mg/day. A PR was again observed that per-
sisted until December 2018.

To understand the mechanism of afatinib resistance,
a repeat CT-guided thoracic biopsy was performed, which again
showed invasive mucinous adenocarcinoma without any histo-
logical transformation. Unfortunately, RNA sequencing was
unsuccessful. Using the AmpliSeq Colon and Lung Research
Panel (ThermoFisher Scientific Inc., Les Ullis, France) and Lung
NGS panels, some differences between the surgical re-
section (before treatment) and the biopsy at progression while
on afatinib were observed. Initially, a SMAD4 p.G386V
c. 1157G > T mutation appeared in a 15% allelic ratio, whereas
at progression on afatinib, the allelic ratio was 1%, suggesting
that the SMAD4-mutated clone had become the minor clone.

In January 2019, she received an investigational drug in
a phase | clinical trial as second-line treatment and experi-
enced SD for 6 months, followed by slow progression over
3 months. Once treatment was stopped, she experienced
rapid progression in the lungs and was rechallenged with
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afatinib at 50 mg/day over 6 weeks without benefit. Pacli-
taxel and bevacizumab were initiated in November 2019,
and treatment is ongoing as of February 2020.

Case of Gastrointestinal Cancer

Case 6

A 69-year-old, white, male, former smoker presented with
gastrointestinal bleeding in June 2017 [20-22, 24, 27]. He
was diagnosed with a KRAS-mutant (G12D), stage Vb, right-
sided CRC with liver and lung metastases. A right hemi-
colectomy was performed, and first-line 5-fluorouracil
(5-FU), oxaliplatin, and folinic acid (FOLFOX) was initiated.
He received four cycles of FOLFOX, but a full 5-FU infusion
was never tolerated, and oxaliplatin was not used in all
cycles. Irinotecan was not tolerated after a single dose. The
lung lesion was stable (0.8-1.0 cm), and there was no hepatic
response. In November 2017, the patient underwent a liver
metastasectomy. A CT scan showed an increase in lung nodule
size. In February 2018, he began capecitabine (500 mg/day
Monday to Friday, titrated to 500 mg b.i.d. Monday to Friday).
In May 2018, the patient underwent lung metastasectomies.
Caris® (Irving, TX) NGS profiling identified a novel POMK-NRG1
fusion in both lung and liver metastases.

Afatinib 30 mg/day was initiated in September 2018,
with a reduction in CEA from 190 pg/mL to 163 pg/mL
observed in October 2018 (Fig. 2). In November 2018, a CT
scan showed SD, and the CEA was 292 pg/mL. In January
2019, PET-CT revealed an increase in metastatic lesion size
(CEA 706 pg/mL), giving approximately 4 months of SD on
afatinib. In March 2019, he received Y90 liver-directed ther-
apy plus stereotactic body radiation (SBRT) to the chest wall
and afatinib (30 mg/day). In April 2019, his CEA level was
230 pg/mL. In September 2019, the patient received
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transarterial chemoembolization using irinotecan beads to
the liver and SBRT to a duodenal lymph node in October
2019. The patient remained on afatinib for 16 months with
stable to slightly increasing disease (last CT November
2019; Fig. 4) until he entered a phase | trial of an investiga-
tional drug in January 2020.

DiscussioN

NRG1 fusions are uncommon genomic events but are enriched
in invasive mucinous lung adenocarcinoma [4]. At this time,
there are no approved targeted treatments for NRG1 fusion-
driven tumors. Encouraging responses with afatinib were
reported across six new cases, which included five patients with
NSCLC (mucinous and nonmucinous) and the first clinical report
in a patient with metastatic CRC (mCRC).

An encouraging response was reported in Case 4 with
invasive mucinous disease (PR ongoing for >18 months) har-
boring a CD74-NRG1 fusion, similar to durable responses
(PR for up to 10 months) previously reported in patients
with CD74-NRGI-positive invasive mucinous adenocarci-
noma [15, 17]. Durable responses of 224 months were also
observed in Cases 1 and 2, heavily pretreated patients with
nonmucinous disease harboring NRG1 fusions. Similar find-
ings were reported in other published case reports, with PR
lasting up to 12 months [15, 18]. It is also noteworthy that
Case 1 had previously received treatment with erlotinib and
gefitinib, with PD as best response, before experiencing a
24-month PR on afatinib. Also of interest is that Case 5 had
a PR lasting 5 months with afatinib 40 mg/day, after which
lung progression was observed. However, afatinib plasma
concentrations were found to be low at that time, and the
patient had a subsequent PR of 6 months after an increase
in afatinib dose to 50 mg/day.

NRG1 fusions may also serve as a mechanism of resis-
tance to other targeted therapies, such as ALK inhibitors in
patients with NSCLC harboring an ALK gene rearrangement
(ALK*) [13]. In a recent study, a RALGAPAI-NRG1 fusion was
detected in the primary tumor of a patient with stage IV
ALK* NSCLC progressing after treatment with crizotinib and
alectinib [13, 28]. The NRG1 fusion was also detected in
samples taken prior to crizotinib treatment, suggesting that
this alteration may coexist with the ALK fusion and may rep-
resent an intrinsic mechanism of resistance to ALK inhibi-
tors [13]. Another example of concurrent ALK and NRGI1
fusions has been observed in a patient with metastatic lung
adenocarcinoma, suggesting that multiple fusions of this
type may not be that uncommon [29].

NRG1 gene fusions have previously been reported in
0.1%—-0.5% of gastrointestinal tumors, including PDAC, CRC,
and cholangiocarcinoma [4]. Although NRG1 fusions are rel-
atively uncommon, there remains a need for new targeted
therapies. In Case 6 of the present series, SD (16 months)
was reported for the first time (to our knowledge) in a
patient with mCRC treated with second-line afatinib. Nota-
bly, this patient also had KRAS-mutated disease. This is in
contrast to some studies that report that NRG1 gene
fusions are mutually exclusive with other oncogenic driver
mutations, including coexistent KRAS mutations in tumors
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[4, 11, 16, 30, 31]. Nevertheless, exceptions to these find-
ings have been described in other studies [4, 6, 7, 13].

We have not discussed the finer molecular details of the
NRG1 fusions in the cases in this report, for example,
whether they were in-frame or retained the EGF-like domain.
These details may prove to be clinically relevant as our
knowledge of the biology of NRG1 fusions grows. Our cases
were from different institutions and were detected using a
variety of techniques, which precludes comparisons between
the cases. Although liquid biopsy— and plasma-based NGS
have emerged as appealing complements or alternatives to
tissue-based genotyping, the NRG1 fusions in these and pre-
viously reported cases were detected from tissue [11, 15, 16,
18] or serous effusion [19] by a variety of detection methods.
A wider, prospective study of NRG1 fusions, with centralized
testing, would be useful to provide more information on the
response of each fusion to various treatments.

Analysis of large data sets suggests that targeted RNA
sequencing protocols may be more robust than hybrid cap-
ture techniques for detecting NRG1 fusions in solid tumors
[4, 12]. Increased screening of patients and new detection
techniques may identify additional niches for potential
targeted treatments.

Approaches for repurposing drugs for use in cancers
with a high unmet clinical need may prove to be a fruitful
strategy. Murumagi et al. have described the clinical imple-
mentation of precision systems oncology in the treatment
of ovarian cancer based on ex vivo drug sensitivity testing,
with a panel of 528 approved and investigational oncology
drugs, and molecular profiling [19]. A CLU-NRG1 fusion was
detected in a metastatic low serous grade ovarian cancer
sample, which conferred sensitivity of the tumor to afatinib.
Based on these data, the patient received afatinib mon-
otherapy, followed by trastuzumab in combination with per-
tuzumab, resulting in disease control for over 3 years.

Recent developments in bispecific antibody technology
may be important to patients with NRG1 fusion-driven
tumors. Zenocutuzumab (MCLA-128) is a bispecific antibody
targeting HER2 and ErbB3 [32]; it may, therefore, be effective
in patients with NRG1 fusions, which preferentially activate
ErbB signaling via ErbB3-containing heterodimers. Three
patients with NRG1 fusions treated with zenocutuzumab have
been reported, including a patient with PDAC who had a PR
for 7 months (ongoing), another patient with PDAC who expe-
rienced SD for 7 months (ongoing), and a patient with NSCLC
who had a PR for 4.5 months (ongoing) [33]. Zenocutuzumab
is currently being investigated in a phase I/1l study in patients
with solid tumors harboring an NRG1 fusion (NCT02912949),
as well as an Early Access Program (NCT04100694).

Other small molecules are also under investigation. Tar-
loxotinib, a prodrug that releases a hypoxia-activated, potent,
irreversible pan-ErB inhibitor, showed greater, more durable
antitumor activity in CLU-NRG1 patient-derived xenografts
than afatinib [34] and is currently undergoing phase Il testing
in patients with NSCLC harboring HER2-activating mutations
and patients with solid tumors harboring NRG1 or ERBB
fusions (NCT03805841).

Although findings from the current case series and previ-
ous case reports are encouraging, such reports may be sub-
ject to publication bias, where only cases with a favorable
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response are published. Prospective clinical trials are needed
to assess the efficacy of afatinib in larger numbers of
patients with NRG1 fusion-driven tumors. Of note, studies
of afatinib in patients with cancer harboring NRG1
rearrangements in the Drug Rediscovery Protocol trial
(DRUP; NCT02925234) are ongoing, and results are awaited
with interest. In addition, the TAPUR (Targeted Agent and
Profiling Utilization Registration; NCT02693535) trial is cur-
rently recruiting patients. This is a nonrandomized, single
group assignment study, the aim of which is to learn from
the real-world practice of prescribing targeted therapies to
patients with advanced cancer whose tumor harbors a geno-
mic variant known to be a drug target, or to predict sensitiv-
ity to a drug. In this study, afatinib will be administered to
patients whose tumors harbor an NRG1 rearrangement.

In conclusion, data from this case series add to the
growing body of evidence suggesting that afatinib may be a
potential treatment option for patients with NRG1 fusion-
positive tumors. This evidence has to be confirmed by
results of ongoing trials and put in the perspective of other
therapeutic approaches.
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