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About the Enduring Program

• This webinar is being video and audio recorded.

• The proceedings from today will be edited and developed into 
an enduring web-based video/PowerPoint program. 
An email will be sent to all attendees when the activity is available. 

• To learn more about our education programs visit our website, 
www.ResearchToPractice.com



Download the RTP Live app on your smartphone or tablet to access 
program information, including slides being presented during the program:

www.ResearchToPractice.com/RTPLiveApp

Make the Meeting Even More Relevant to You
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Agenda

Part 1: Molecular Tumor Board

Part 2: New Molecular Targets in Thyroid Cancer

Part 3: Targeting the FGFR Signaling Pathway in Cholangiocarcinoma

Part 4: New Options in the Management of GIST Harboring PDGFR Mutations

Part 5: Molecular Tumor Board (Continued)



Agenda

Part 1: Molecular Tumor Board
• Case 1 – Dr Ibrahim: A 77-year-old woman with ER-positive, HER2-negative metastatic breast cancer –

ESR, CHEK2 and RET mutations

• Case 2 – Dr Radovich: A 44-year-old woman with metastatic thymoma – MTOR gain-of-function mutation

• Case 3 – Dr McKenzie: A patient with leiomyosarcoma – BRCA germline mutation

• Case 4 – Dr Ibrahim: A patient with bone-only disease



Case Presentation – Dr Ibrahim: A 77-year-old woman 
with ER-positive, HER2-negative metastatic breast cancer 
– ESR, CHEK2 and RET mutations

• Stage IIA hormone receptor-positive, HER2 non-amplified, left breast cancer about 7 years ago treated 
with neoadjuvant chemotherapy followed by a lumpectomy and adjuvant radiation therapy

• Completed 5 years of adjuvant anastrazole and then presented about 2 years later with multiple bone 
metastases and liver metastasis

• Plasma based NGS obtained and started on palbociclib and letrozole
– No response to therapy. 

• Capecitabine but develops disease progression
• Declining performance status at this and having a discussion on the whether to pursue any further 

systemic therapy

Questions
• Does something in her genomic profile predict rapid progression through a CDK4/6 inhibitor, with no 

response, such as the ESR mutation? Should I have used fulvestrant as a partner?
• Is the RET alteration actionable, with a drug like selpercatinib?
• Are there simple guidelines about how to determine which RET alterations are actionable vs not?
• Is the CHEK2 mutation potentially actionable on any clinical trials?

Sulfi Ibrahim, MD



Case Presentation – Dr Ibrahim: A 77-year-old woman 
with ER-positive, HER2-negative metastatic breast cancer 
– ESR, CHEK2 and RET mutations

Sulfi Ibrahim, MD



Case Presentation – Dr Radovich: A 44-year-old woman with 
metastatic thymoma – MTOR gain-of-function mutation

• HISTORY OF PRESENT ILLNESS: 
• 44-year-old woman with metastatic thymoma. 
• In August 2014, was found to have locally advanced thymoma for which she 

underwent mediastinal resection. This revealed a 9cm WHO type B1 
thymoma. She received postop radiation. 

• In April 2017 she was found to have multiple pleural metastases, and was 
started on PAC chemotherapy. She later developed progressive disease and 
was treated with pemetrexed until April 2018.

• Genomic analysis was performed in April 2018 revealing a gain-of-function 
mutation in MTOR. She subsequently started everolimus, for which she had 
disease response for 1 year.

• PAST MEDICAL HISTORY: None.
• FHx: None.



Case Presentation – Dr Radovich: A 44-year-old woman with metastatic 
thymoma – MTOR gain-of-function mutation



• No clinical data submitted
• Clinician was wondering about
potential germline involvement

Case Presentation – Dr McKenzie: A patient with 
leiomyosarcoma – BRCA germline mutation

Personalized Medicine



Case Presentation – Dr Ibrahim: A patient with bone-only 
disease 

Questions
• What is the best way to do next-generation sequencing on bone-only disease? Should 

techniques such as cell transfer – where the tumor material can be aspirated out – be used?
• For a patient who cannot undergo biopsy on the metastasis is it sufficient to do next-

generation sequencing on tissue from the primary site? Would there be any added value in 
evaluating the metastatic site?

Sulfi Ibrahim, MD



Agenda

Part 2: New Molecular Targets in Thyroid Cancer
• Case 5 – Dr Brose: A 39-year-old woman with RAI-refractory papillary thyroid cancer

• Case 6 – Dr Brose: A 69-year-old man with papillary thyroid cancer

• Case 7 – Dr Brose: An 18-year-old woman with locally advanced medullary thyroid cancer

• Case 8 – Dr Ibrahim: A 77-year-old frail woman with metastatic papillary thyroid cancer 

• Case 9 – Dr Radovich: A 57-year-old man with metastatic thyroid cancer – RET M918T gain-of-function 
mutation

• Case 10 – Dr Ibrahim: A 50-year-old woman with metastatic medullary thyroid cancer
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Case Presentation – Dr Brose: A 39-year-old woman with RAI-refractory 
papillary thyroid cancer

• 39 y.o diagnosed with a papillary thyroid carcinoma, who received 
104 mC of I-131 in November 2006. 

• May 2009 due to rising thyroglobulin levels, she received 155 mCi of 
I-131. She had diffuse uptake in the lungs bilaterally. 

• On follow up CT of the neck, she was found to have a lesion at C2. 
She received 3000 cGy to C2 spine from April through May 10, 2010. 

• On December 6, 2010 she received dosimetry 312 mCi and her 
post-therapy scan showed uptake within the bilateral lung 
metastases as well as subtle uptake within the known C2.



8/2018 Referral to Oncology

• From 2010 to 2018 she had multiple recurrences in her neck 
and progression of metastatic disease in the lungs and hilar 
lymph nodes.

Case Presentation – Dr Brose: A 39-year-old woman with RAI-refractory 
papillary thyroid cancer (cont)



Case Presentation – Dr Brose: A 39-year-old woman with RAI-
refractory papillary thyroid cancer – Systemic treatment options

• Systemic Treatment Options for her in May 2018 Included:
• Sorafenib or Lenvatinib multikinase inhibitors targeting primarily VEGFR 

among others
• Vemurafenib or Dabrafenib for patients whose tumors harbor BRAF V600E 

mutation (up to 50% of patients with papillary histology)

• Prognosis may also be affected by the presence of other mutation
• Genetic analysis was obtained for both point mutations and gene 

fusions.
• ETV6-TRK gene fusion identified – Patient was enrolled in clinical trial for 

larotrectinib



Case Presentation – Dr Brose: A 39-year-old woman with RAI-
refractory papillary thyroid cancer – ETV6-TRK fusion

8/2018

3/2020



So. . . What Testing Method for TRK or RET Fusions Is Best?

Method Pros Cons Comments

IHC Potential local implementation Significant FN, FP
Requires dedicated tissue and 
limits multi-target testing

May be used as screening 
diagnostic, but confirmation of 
NTRK gene fusion is 
recommended

FISH Potential local implementation Interpretation can be challenging
Significant FN, FP
Requires dedicated tissue and 
limits multi-target testing

In order to detect fusions at 
multiple locations, such as the 
3 NTRK genes, multiple FISH 
tests would need to be run

RT-PCR Fast, relatively inexpensive No novel fusion partner detection
May or may not be multiplexed 
with other fusion targets

Designed to identify only 
known translocation partners 
and breakpoints

NGS Sensitive, specific molecular 
testing
Simultaneously get mutation 
information for multiple targets

Expensive and longer turn-around 
time

RNA-NGS testing may be 
preferable to DNA-NGS testing 
because it identifies actively 
transcribed chimeric fusions

Courtesy of Marcia Brose, MD, PhD



Larotrectinib for TRK Fusion Cancers

Courtesy of Marcia Brose, MD, PhD



Diversity of TRK Fusion Cancers Treated With Larotrectinib1,2

Primary Dataset (n = 55) Supplementary Dataset (n = 67)

Subtypes of STS

1. Drilon A et al. New Engl J Med. 2018;378:731-739. 2. Lanssen U et al. ESMO 2018. Abstract 409O. Courtesy of Marcia Brose, MD, PhD



Integrated Dataset: Larotrectinib Is Efficacious 
Regardless of Tumor Type1

1. Lanssen U et al. ESMO 2018. Abstract 409O.

Integrated
(n = 109)

ORR, % (95% CI) 81 (72-88)

Best response, %
PR
CR

63
17

Investigator response assessments, as of July 30, 2018

1. Drilon A et al. New Engl J Med. 2018;378:731-739. 2. Lanssen U et al. ESMO 2018. Abstract 409O.
Courtesy of Marcia Brose, MD, PhD



Case Presentation – Dr Brose: A 69-year-old man with papillary 
thyroid cancer

• 69-year-old man who underwent a thyroidectomy February of 2000 with pathology 
showing multifocal left papillary thyroid carcinoma. From 2000 to 2005 he had multiple 
rounds of RAI but was deemed RAI refractory in 2005.

• From 2001 to 2017 he was followed for progressing disease in his lungs (for which he 
underwent a wedge resection) and a metastatic lesion in C7 which was treated with XRT.

• On May 15, 2017 showed increased size of multiple hilar and pulmonary metastatic 
nodules, most concerning for disease progression. He was referred to Medical Oncology

• As part of his workup, in addition to staging studies, his tumor from his most recent lung 
resection revealed a molecular profile for both point mutations and gene fusions (DNA 
and RNA based NGS) was obtained and detected an NCOA4/RET fusion. He was started 
on Selpercatinib as part of LIBRETTO-001 clinical trial in 3/2019



Case Presentation – Dr Brose: A 69-year-old man with papillary 
thyroid cancer – NCOA4/RET Fusion PTC treated with selpercatinib from 
3/2019 to 7/2020



New Selective RET inhibitors: selpercatinib (Loxo-292) and pralsetinib (BLU-667)

Selpercatinib Pralsetinib

Courtesy of Marcia Brose, MD, PhD



Courtesy of Marcia Brose, MD, PhD



Courtesy of Marcia Brose, MD, PhD



Summary: RAI refractory DTC 2019

• As all patients will ultimately progress on sorafenib and lenvatinib, both agents 
will be needed and will be used sequentially, as well as additional strategies.

• Molecular testing is recommended prior to treatment with systemic therapies for 
thyroid cancer. Testing should include detection of point mutations and gene 
fusions.

• Larotrectinib is FDA and EMA approved for patients with TRK/Fusion cancers

• Selpercatinib (Loxo-292, FDA approved) and pralsetinib (BLU-667) second 
generation RET inhibitors may have a role for RET/PTC DTC.

• Vemurafenib and dabrafenib are both shown to have single agent activity for 
patients with BRAF V600E point mutations. While no large phase III studies have 
been conducted, these should be considered for second line treatment following 
sorafenib and lenvatinib in patients with BRAFV600E mutations

Courtesy of Marcia Brose, MD, PhD



Medullary Thyroid Cancer: Rationale for RET as a Therapeutic Target

• RET is activated by mutations in ~50% of cases (>60% of progressive 
cases presenting for clinical trials)

• Hereditary RET mutations associated with familial MTC and MEN 2B 
are found in 25-35% of the cases and should be screened for in all 
patients

• Somatic mutation of RET associated with poor prognosis in patients 
with metastatic MTC

• Limited expression outside the thyroid provides potentially high 
therapeutic index

Courtesy of Marcia Brose, MD, PhD



Case Presentation – Dr Brose: An 18-year-old woman with locally 
advanced medullary thyroid cancer

• 18 y.o. with medullary thyroid cancer with significant mediastinal invasion. She had an US 
guided bx of thyroid mass. Cytology findings consistent with medullary thyroid carcinoma. 
On imaging her trachea was narrowed by 85%. She states that she first found the lump 
around January or February of 2019.

• She ultimately underwent an FNA of the nodule and cytology on 5/30/2019 as well as a 
core biopsy of the left thyroid revealed medullary thyroid carcinoma 

• She underwent genetic screening for MEN2B and was negative for hereditary RET 
mutation

• Somatic genetic testing for point mutations and gene fusions by DNA and RNA based NGS 
testing revealed RET p.L629_D631delinsH c.1886_1891delTGTGCG or inframe deletion.

• She was started on treatment with pralsetinib on 08/02/19. Symptoms of mild dysphagia 
and shortness of breath on exertion as well as voice changes were reversed in one month.



Case Presentation – Dr Brose: An 18-year-old woman with locally 
advanced medullary thyroid cancer – MTC RET del treated with 
pralsetinib

August 2019 May 2019
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Cabo and Vand-naïve
Prior Cabo or Vand

ARROW (BLU-667, PRALSETINIB): ADVANCED RET-MUTATED MTC
Antitumor Activity: Tumor Response
RET-mutated MTC (400 mg QD starting dose)a

All MTC
(n=32)

Prior Cabo or 
Vand (n=16)

ORR (95% CI) 56% (38–74) 63% (35–85)
Best response:
CR
PRb

SD
PD

1
17
13
1

-
10
5
1

DCR (95% CI) 97% (84–100) 94% (70–100)
Tumor shrinkage 94% 100%

aData for response-evaluable patients enrolled by 14 Nov 2019. Response-evaluable population includes patients with measurable disease and 
≥1 evaluable post-treatment disease assessment. bTwo patients (one previously received vand, one cabo/vand-naïve) are pending confirmation 
of response. Cabo, cabozantinib; DCR, disease control rate (best response of SD or better); ORR, overall response rate; vand, vandetanib. 

56

Courtesy of Marcia Brose, MD, PhD



Courtesy of Marcia Brose, MD, PhD



Courtesy of Marcia Brose, MD, PhD



Summary Targeted Therapy for MTC

• Currently there are two approved FDA drugs for MTC, vandetanib and 
cabozantinib

• New Highly Specific RET inhibitors are in clinical trials and may provide 
strong responses with lesser toxicity which may change the treatment 
landscape for patients with MTC who are in need of systemic therapy.

Courtesy of Marcia Brose, MD, PhD



Case Presentation – Dr Ibrahim: A 77-year-old frail woman 
with metastatic papillary thyroid cancer – CAD

• Papillary thyroid cancer about 3-4 years ago treated with thyroidectomy
• Recently, she developed biopsy-proven metastatic disease in the lungs, bilaterally 
• Radioactive iodine therapy, but progressive disease after a few doses 

Questions
• Lenvatinib would be the standard of care TKI for differentiated thyroid cancer, but it does have 

some cardiac toxicity. Should I consider lenvatinib for her?
• Should I obtain next-generation sequencing looking, for example, for a BRAF alteration? And if 

I do find a BRAF alteration, would it be better to start with BRAF-directed therapy or lenvatinib? 
If she does have BRAF-positive disease, what would be the optimal way to target that? Would 
that be combination BRAF/MEK inhibitor therapy or single-agent BRAF-directed therapy?

• What is the probability of finding a RET fusion alteration in a woman with differentiated thyroid 
cancer? 

Sulfi Ibrahim, MD



Case Presentation – Dr Radovich: A 57-year-old man with metastatic 
thyroid cancer – RET M918T gain-of-function mutation 

• HISTORY OF PRESENT ILLNESS: 
• 57 year old male with metastatic thyroid cancer. 
• Initially underwent a thyroidectomy and central neck dissection. More 

recently he presented with extensive mediastinal lymphadenopathy with 
additional recurrent cervical nodes and at least one pulmonary nodule.

• Was started on vandetanib in August 2019 and remains on this to-date.
• Patient underwent genomic sequencing in October 2019 and was found to 

have a RET M918T gain-of-function mutation with a plan for selpercatinib on 
progression.



Case Presentation – Dr Radovich: A 57-year-old man with metastatic 
thyroid cancer – RET M918T gain-of-function mutation 



• 73yr Male
• Diagnosed 2009 with stage IV medullary thyroid cancer (MTC)

o 5/2009 Total thyroidectomy and lymph node resection

o 2/2010 Supraclavicular lymph nodes removed and metastatic

o 5/2011 Neck lymph nodes removed - positive for metastatic MTC

o 6/2013 4.6 cm Supraclavicular mass s/p left neck dissection and upper spinal accessory LN excision. 
Level V node positive for metastatic MTC

o 8/2014 Removal of 2 metastatic lesions in the mediastinum - positive for metastatic MTC

o Recurrence in mediastinal mass s/p right posterior thoractomy for resection by Dr. Sommers 3/2015 
followed by XRT to the chest 6/2015

o Liver and T9 metastases s/p 6 surgical tumor resections

o Molecular testing positive for RET M918T

Case Presentation – Dr McKenzie: A 73-year-old man with 
metastatic medullary thyroid cancer – RET mutation

Personalized Medicine



Case Presentation – Dr McKenzie: A 73-year-old man with 
metastatic medullary thyroid cancer – RET mutation (cont)

Personalized Medicine

“On a clinical trial LOXO292 (selpercatinib). Since starting 
clinical trial in 7/21/2019 his calcitonin has normalized, 
CEA has improved substantially from 270 range to 90 
range”
– Jul 2020



Case Presentation – Dr Ibrahim: A 50-year-old woman 
with metastatic medullary thyroid cancer

• Metastatic medullary thyroid cancer, involving the lung, liver and bone
• Initially seen at a tertiary care center and started on sorafenib, with response

– Plantar/palmar erythrodysesthesia, managed with a dose reduction 
• Subsequently developed disease progression 
• Cabozantinib

– Difficulty tolerating, even with dose reduction due to plantar/palmar erythrodysesthesia, fatigue, 
and mucositis

• Ultimately passed away from her disease 
– Remembered her vividly because she was still relatively young and motivated to try further therapy

Questions
• If you were to see a patient with metastatic medullary thyroid cancer, would selpercatinib automatically 

be the front-line therapy you would be suggest? 
• Is there any role for next-generation sequencing in patients with metastatic medullary thyroid cancer? 
• Are there any particular findings in a patient with metastatic medullary thyroid cancer that may direct 

you towards any other systemic therapy rather than selpercatinib?

Sulfi Ibrahim, MD



Agenda

Part 3: Targeting the FGFR Signaling Pathway in Cholangiocarcinoma
• Case 11 – Dr McKenzie: A 67-year-old man with metastatic cholangiocarcinoma – FGFR2 fusion

• Case 12 – Dr Radovich: A 58-year-old woman with metastatic cholangiocarcinoma – FGFR2-BICC1 fusion

• Case 13 – Dr McKenzie: A 65-year-old woman with metastatic cholangiocarcinoma – FGFR2 fusion 

• Case 14 – Dr Radovich: A 74-year-old woman with unresectable intrahepatic cholangiocarcinoma – gain-of-
function FGFR2 W290C mutation

Part 4: New Options in the Management of GIST Harboring PDGFR Mutations
• Case 15 – Dr McKenzie: A patient with GIST – PDGFRA

• Case 16 – Dr Radovich: A 61-year-old woman with metastatic GIST – gain-of-function PDGFRA D842Y 
mutation



• 67yr male with metastatic cholangiocarcinoma. 
o 08/2017, biopsy liver lesion showed adenocarcinoma and CAT scans 08/11/2017 showed a right 

hepatic lobe lesion, 5.2 x 5.7 x 5.9 cm.

o 08/2017 to 02/2018 cisplatin and gemcitabine. 

o 10/2018 to 03/2019 FOLFOX and 08/2019 to 12/2019 FOLFIRI.

o 11/20/2019, CAT scans showed progression of intrahepatic metastasis. He has also received 
radiation therapy, local regional therapy, ablation, arterially directed therapies, then sick on 
treatment with side effects while getting FOLFOX/FOLFIRI. The last CAT scan 11/2019 showed 
progression of disease. 

o On 01/24/2020, he had a CT scan showing multifocal pulmonary and hepatic metastases. He 
had a liver mass, 5.8 x 3.2 cm, previously 6.6 x 5.3 cm. Biopsy 01/28/2020.

• NGS testing revealed FGFR2-BICC1 fusion and patient started pemigatinib 05/2020

Case Presentation – Dr McKenzie: A 67-year-old man with 
metastatic cholangiocarcinoma – FGFR2 fusion

Personalized Medicine



Case Presentation – Dr McKenzie: A 67-year-old man with 
metastatic cholangiocarcinoma – FGFR2 fusion (cont)

Personalized Medicine



Case Presentation – Dr Radovich: A 58-year-old woman with 
metastatic cholangiocarcinoma – FGFR2-BICC1 fusion 

• HISTORY OF PRESENT ILLNESS: 
• 58 year old woman with metastatic cholangiocarcinoma.
• She initially presented in March 2020 with a 4 x7 cm left hepatic lobe mass 

with intrahepatic biliary ductal dilatation. CT of the chest showed multiple 
bilateral solid pulmonary nodules. 

• Patient was started on cisplatin and gemcitabine which she continues to date.
• In April 2020, patient was found on NGS to have an FGFR2-BICC1 fusion with a 

plan to start pemigatinib on progression.



Case Presentation – Dr Radovich: A 58-year-old woman with 
metastatic cholangiocarcinoma – FGFR2-BICC1 fusion 



• 65yr Female

• Diagnosed 2012 with metastatic cholangiocarcinoma
o Undergoes mesenteric nodule bx PATH+ metastatic adenocarcinoma, c/w cholangiocarcinoma primary (STAGE IV)

o 3/2014-5/2015 Gemcitabine + Oxaliplatin + CyberKnife XRT to 3 sites 3/4/15 (L lung, R lung, abd wall lesions), best 
response PR, then treatment break (1st Metastatic Tx)

o 4/2016 Undergoes omentectomy with resection omental tumor PATH+ metastatic adenocarcinoma 

o 2/2017 – XRT for new lung lesion

o 4/2018 – new progression and initiation of Nivolumab (7/2018 – 7/2019)

o pemigatinib on trial 9/2019 – 8/2020 until progression

• Blood and tissue-based NGS
o Blood based revealed no actionable alterations

o Tissue based revealed FGFR2 fusion

Case Presentation – Dr McKenzie: A 65-year-old woman with 
metastatic cholangiocarcinoma – FGFR2 fusion (tissue v blood)

Personalized Medicine



Case Presentation – Dr McKenzie: A 65-year-old woman with 
metastatic cholangiocarcinoma – FGFR2 fusion (tissue v blood) 
(cont)

Personalized Medicine



Case Presentation – Dr Radovich: A 74-year-old woman with 
unresectable intrahepatic cholangiocarcinoma – gain-of-function 
FGFR2 W290C mutation
• HISTORY OF PRESENT ILLNESS: 

• 74-year-old woman with unresectable intrahepatic cholangiocarcinoma.
• She initially presented in February 2020 with progressively worsening fatigue, 

anorexia, weight loss, and right upper quadrant pain. Imaging showed 
numerous liver metastases. Further pathology workup confirmed 
cholangiocarcinoma.

• Patient was started on gemcitabine, cisplatin, and nab paclitaxel with disease 
progression in June 2020.

• In July 2020, was started on FOLFOX. 
• Genomic sequencing revealed a gain-of-function FGFR2 W290C mutation
• Plan is to start a clinical trial of infigratinib for FGFR mutated tumors upon 

disease progression.



Case Presentation – Dr Radovich: A 74-year-old woman with 
unresectable intrahepatic cholangiocarcinoma – gain-of-function 
FGFR2 W290C mutation



Pan-Cancer Analysis of FGFR1-3 Genomic Alterations

Krook MA et al. ASCO 2020;Abstract 3620.



FDA grants accelerated approval to pemigatinib for 
cholangiocarcinoma with an FGFR2 rearrangement or fusion 
Press Release – April 17, 2020

The Food and Drug Administration granted accelerated approval to pemigatinib for the 
treatment of adults with previously treated, unresectable locally advanced or metastatic 
cholangiocarcinoma with a fibroblast growth factor receptor 2 (FGFR2) fusion or other 
rearrangement as detected by an FDA-approved test.

The FDA also approved the Foundation One® CDX (Foundation Medicine, Inc.) as a 
companion diagnostic for patient selection.

Efficacy was investigated in FIGHT-202 (NCT02924376), a multicenter open-label 
single-arm trial, in 107 patients with locally advanced unresectable or metastatic 
cholangiocarcinoma whose disease had progressed on or after at least one prior 
therapy and had an FGFR2 gene fusion or rearrangement (clinical trial assay 
performed at a central laboratory). Patients received pemigatinib, 13.5 mg orally, once 
daily for 14 consecutive days, followed by 7 days off therapy.

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-pemigatinib-cholangiocarcinoma-
fgfr2-rearrangement-or-fusion



FIGHT-202: Best Percentage Change from Baseline in Target 
Lesion Size in Patients with FGFR2 Fusions or Rearrangements

Abou-Alfa GK et al. Lancet Oncol 2020;21:671-84. Courtesy of Ghassan Abou-Alfa, MD, MBA

ORR: 35.5%



FIGHT-202: Select Treatment-Related Adverse Events

Adverse Event Grade 1-2 Grade 3 Grade 4

Hyperphosphatemia 55% 0 0

Alopecia 46% 0 0

Dysgeusia 38% 0 0

Diarrhea 34% 3% 0

Fatigue 31% 1% 0

Stomatitis 27% 5% 0

Arthralgia 11% 4% 0

Palmar-plantar 
erythrodysesthesia 11% 4%

Hypophosphatemia 5% 7% 0

Abou-Alfa GK et al. Lancet Oncol 2020;21:671-84.



FIGHT-302 Phase III Study Schema

Clinicaltrials.gov, Accessed Aug 12, 2020 (NCT03656536)

Primary endpoint: Progression-free survival

(N = 432)
• Previously untreated 

unresectable or 
metastatic 
cholangiocarcinoma 
with FGFR2 
rearrangement

Pemigatinib

Gemcitabine + Cisplatin

R
1:1



FGF Landscape

Drug Target Indication Status

Infigratinib (BGJ398) FGFR1-3 TKI Cholangiocarcinoma First line 
Phase III

Pemigatinib FGFR1-3 TKI Cholangiocarcinoma First line 
Phase III

TAS-120 Pan-FGFR TKI Solid tumors Phase I

Derazantinib (ARQ 087) Pan-FGFR TKI Cholangiocarcinoma Phase II

Debio 1347 Pan-FGFR TKI Solid tumors

Courtesy of Ghassan Abou-Alfa, MD, MBA



Phase II Study of Infigratinib (BGJ398) in FGFR-Altered 
Cholangiocarcinoma

Javle, M. et al. Journal of Clinical Oncology 2018;36:276-282. Courtesy of Ghassan Abou-Alfa, MD, MBA

ORR: 14.8%



Agenda

Part 3: Targeting the FGFR Signaling Pathway in Cholangiocarcinoma
• Case 11 – Dr McKenzie: a 67-year-old man with metastatic cholangiocarcinoma – FGFR2 fusion

• Case 12 – Dr Radovich: A 58-year-old woman with metastatic cholangiocarcinoma – FGFR2-BICC1 fusion

• Case 13 – Dr McKenzie: A 65-year-old woman with metastatic cholangiocarcinoma – FGFR2 fusion 

• Case 14 – Dr Radovich: A 74-year-old woman with unresectable intrahepatic cholangiocarcinoma – gain-of-
function FGFR2 W290C mutation

Part 4: New Options in the Management of GIST Harboring PDGFR Mutations
• Case 15 – Dr McKenzie: A patient with GIST – PDGFRA

• Case 16 – Dr Radovich: A 61-year-old woman with metastatic GIST – gain-of-function PDGFRA 
D842Y mutation



• 4/3/2017: Gastrointestinal Stromal Tumor (GIST) (Soft Tissue Sarcoma) -
Pathologic Gastric or Omental Stage IA (AJCCv7) TNM: pT2, pN0, cM0;
Mitotic Rate Category: Low

• 3/31/2017 GIST appearing tumor in the stomach. 4/3/2017: Robotic
subtotal gastrectomy/gastrojejunostomy. Tumor size 2.9 cm, Negative
margins. 5/16/2017: IV ferumoxytol 7/2019: EGD. Gastritis. + H pylori

• Currently being followed every 12 months. 
• Tissue testing revealed PDGFRA mutation that is a target for avapritinib

Case Presentation – Dr McKenzie: A 
patient with GIST – PDGFRA

Personalized Medicine



Case Presentation – Dr McKenzie: A patient with GIST 
– PDGFRA (cont)

Personalized Medicine
Courtesy of Andrew McKenzie, PhD



Case Presentation – Dr Radovich: A 61-year-old woman with 
metastatic GIST – gain-of-function PDGFRA D842Y mutation

• HISTORY OF PRESENT ILLNESS: 
• 61-year-old woman with metastatic GIST. 
• In November 2012, was diagnosed with a 12.4cm epithelioid GIST tumor 

removed by partial gastrectomy.
• She received 3 years of adjuvant imatinib ending in February 2016.
• She did well until November 2019 when she presented with worsening 

abdominal pain. CT scan showed evidence of disease recurrence with a large 
jejunal tumor and peritoneal deposits. Biopsy was consistent with recurrent 
GIST.

• She was started on imatinib and recently had disease progression.
• Sequencing of the recurrent GIST revealed a gain-of-function PDGFRA D842Y 

mutation for which was avapritinib was recently prescribed.



Case Presentation – Dr Radovich: A 61-year-old woman with 
metastatic GIST – gain-of-function PDGFRA D842Y mutation



Ripretinib: A Novel Kinase Switch Control Inhibitor

https://investors.deciphera.com/static-files/6a6e8459-fca8-47fe-947e-991bc2942431



FDA approves ripretinib for advanced gastrointestinal stromal tumor
Press Release – May 15, 2020

The Food and Drug Administration approved ripretinib, for adult patients with advanced 
gastrointestinal stromal tumor (GIST) who have received prior treatment with 3 or more 
kinase inhibitors, including imatinib.
Efficacy was evaluated in INVICTUS (NCT03353753), an international, multi-center, 
randomized (2:1), double-blind, placebo-controlled trial in 129 patients with GIST who 
were previously treated with imatinib, sunitinib, and regorafenib. Patients received 
ripretinib 150 mg or placebo orally once daily until disease progression or 
unacceptable toxicity. Crossover was permitted at disease progression for patients 
randomized to receive placebo.

https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-ripretinib-advanced-gastrointestinal-stromal-tumor



INVICTUS: Response Rate, Time to Response, and Duration of 
Response

Blay JY et al. Lancet Oncol 2020;21:923-34.

ORR
Ripretinib 9% 
Placebo 0%



INVICTUS: Select Treatment-Related Adverse Events

Adverse Event

Ripretiniib
(n = 85)

Placebo
(n = 43)

Grade 1-2 Grade ≥3 Grade 1-2 Grade ≥3
Common AEs
Alopecia 49% 0 2% 0
Nausea 25% 1% 2% 0
Palmar-plantar 
erthrodysesthesia 21% 0 0 0

Diarrhea 20% 1% 5% 2%
Most Frequent Grade 3 AEs
Fatigue 24% 2% 14% 2%
Hypertension 5% 4% 2% 0
Lipase increase 5% 5% 0 0
Hypophosphatemia 4% 2% 0 0

Blay JY et al. Lancet Oncol 2020;21:923-34.



INTRIGUE Phase III Study Schema

Clinicaltrials.gov, Accessed Aug 12, 2020 (NCT03673501)

Primary endpoint: Progression-free survival

(N = 426)
• Advanced GIST
• Prior treatment with 

imatinib

Ripretinib

Sunitinib

R
1:1



Agenda

Part 5: Molecular Tumor Board (Continued)
• Case 17 – Dr Favaro: A 79-year-old man with metastatic pancreatic cancer – EGFR exon 19 deletion

• Case 18 – Dr McKenzie: A patient with metastatic pancreatic cancer and an incidental finding of papillary 
thyroid cancer – BRCA, BRAF

• Case 19 – Dr Ibrahim: A 64-year-old woman with recurrent ameloblastoma – PD-L1 of 100%, FGFR2, SMO 
mutation

• Case 20 – Dr Ibrahim: A 38-year-old woman with ER-positive, HER2-negative metastatic breast cancer –
CHEK2 mutation



FDA Approves First Liquid Biopsy Next-Generation Sequencing 
Companion Diagnostic Test
Press Release – August 7, 2020

The U.S. Food and Drug Administration approved the first liquid biopsy companion diagnostic that 
also uses next-generation sequencing (NGS) technology to identify patients with specific types of 
mutations of the epidermal growth factor receptor (EGFR) gene in a deadly form of metastatic non-
small cell lung cancer (NSCLC). This is the first approval to combine two technologies — NGS and 
liquid biopsy — in one diagnostic test in order to guide treatment decisions.

The Guardant360 CDx assay utilizes two technologies. The first is called liquid biopsy, which uses a 
blood sample to provide health care professionals with genetic information about the patient’s tumor. 
It is less invasive and more easily repeatable in comparison to standard tissue biopsies. 
Furthermore, liquid biopsy tests can be used in cases in which standard tissue biopsies are not 
feasible, for instance, due to the location of the tumor.

The second technology is NGS, which uses large-panel genetic sequencing, known as high-
throughput tumor profiling. Compared to older technologies, NGS requires only one test in order to 
allow clinicians better assessment of tumor composition, giving providers an advantage in evaluating 
which mutations are problematic. The Guardant360 CDx assay uses NGS technology to 
simultaneously detect mutations in 55 tumor genes, rather than one gene at a time.
https://www.fda.gov/news-events/press-announcements/fda-approves-first-liquid-biopsy-next-generation-sequencing-companion-diagnostic-
test?utm_campaign=080720_PR_FDA%20Approves%20First%20Liquid%20Biopsy%20NGS%20Companion%20Diagnostic%20Test&utm_
medium=email&utm_source=Eloqua



Case Presentation – Dr Favaro: A 79-year-old man 
with metastatic pancreatic cancer – EGFR exon 19 
deletion

• 12/2018: Diagnosed with Stage IV pancreatic cancer
- Pancreatic mass, lymphadenopathy, a few lung mets, a supraclavicular node; 

Minimally symptomatic
• NGS: EGFR exon 19 deletion
• Modified FOLFIRINOX, with CR
• Currently, receiving 5-FU, low-dose irinotecan

Questions:
• What is the role of EGFR exon 19 deletion in the biology of this disease?
• What is the role of EGFR TKIs in these patients?
• What treatments should be considered next?

Justin Peter Favaro, MD, PhD 



• Pancreatic Adenocarcinoma (IV mesenteric metastasis)
o Current status: 

§ Gemcitabine monotherapy
§ 7/1/2019: Folfirinox attempted x 1, stopped due to toxicity (fatigue) wishes to watch and wait until 

symptomatic.

§ 1/2020 7/2020: Resumed FOLFIRINOX (abd pain)
§ 7/14/2020 Gemcitabine

• Papillary thyroid cancer
o 6/2019 Incidentally found on PET CT for pancreatic cancer and confirmed on biopsy. 

§ Molecular profiling done and revealed potential germline BRCA2 mutation

§ Deferring intervention until pancreatic cancer treated.

Case Presentation – Dr McKenzie: A patient with metastatic 
pancreatic cancer and an incidental finding of papillary thyroid 
cancer – BRCA, BRAF

Personalized Medicine



Case Presentation – Dr McKenzie: A patient with metastatic 
pancreatic cancer and an incidental finding of papillary thyroid 
cancer – BRCA, BRAF (cont)

Personalized Medicine

National Center for Biotechnology Information. ClinVar; 
[VCV000052924.4], 
https://www.ncbi.nlm.nih.gov/clinvar/variation/VCV000052924.4 
(accessed Aug. 12, 2020).

Allele freq. at 43% and seen in 
ClinVar as pathogenic germline
mutation



Case Presentation – Dr Ibrahim: A 64-year-old woman 
with recurrent ameloblastoma – PD-L1 of 100%, FGFR2, 
SMO mutation

• First presented in 1994 and was treated with surgical resection
• Subsequent local recurrence in 2000 and 2008 both again treated with surgical resection
• Next recurrence was in 2012 which was treated with surgery and adjuvant radiation therapy
• Now with further recurrence, which was resected and NGS was sent on the resection specimen
• Now with further disease progression in the neck. Treating physician attempted to get immunotherapy 

and erdafitinib, both of which were denied by the insurance company
• Referred to our hospital because we had the MATCH trial with vismodegib targeting the SMO mutation

Questions
• What is the SMO mutation and what makes it a target for vismodegib? 
• Assuming we could get access to either single-agent PD-1 therapy or combination CTLA4/PD-1 

inhibitor therapy, given that PD-L1 level of 100%, is that the better way to go for this disease rather 
than targeted therapy with vismodegib? 

• With the FGFR2 alteration, if we could get off-label access to erdafitinib would that be the better way to 
go, rather than targeting the SMO mutation?

Sulfi Ibrahim, MD



Case Presentation – Dr Ibrahim: A 38-year-old woman 
with ER-positive, HER2-negative metastatic breast cancer 
– CHEK2 mutation

• Hormone receptor-positive, HER2-negative left breast cancer treated with mastectomy 
– Could not tolerate tamoxifen

• Develops metastatic disease to liver and bone
• Chooses alternative therapy, then sees me when she has disease progression 
• Abemaciclib and letrozole with initial response and then progression after one year
• Switched to capecitabine with good response in the liver
• Develops metastatic disease to the brain and spinal cord à WBRT
• Plasma based NGS: CHEK2 mutation 
• Seen at tertiary care center and a clinical trial is suggested based on the CHEK2 mutation
Questions
• What is the optimal way to target CHEK2 mutations, either using off-label medications or in 

clinical trials? 
• Is there something about a CHEK2 mutation that might predict for a more aggressive 

disease biology in a patient with hormone receptor-positive disease?

Sulfi Ibrahim, MD



Case Presentation – Dr Ibrahim: A 38-year-old woman with ER-positive, 
HER2-negative metastatic breast cancer – NGS-based recommendation

4. I also spent time discussing a clinical trial OSU 19183 (A Multicenter, Non-Randomized, Open-
Label Phase Ib Study to Determine the Maximum Tolerated and Recommended Phase II Dose of 
the ATR Inhibitor BAY 1895344 in Combination with Pembrolizumab and to Characterize its Safety, 
Tolerability, Pharmacokinetics and Preliminary Anti-Tumor Activity in Patients with Advanced Solid 
Tumors). This study is enrolling patients with tumors that have mutations in DNA damage response 
genes and given prior Foundation Medicine testing she would be a good fit for the study (her tumor 
harbors CHEK2 mutation). I provided her with the informed consent via email. 
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