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Abstract

- Christopher H. Lieu' - Robert W. Lentz'

Purpose Treatment of metastatic pancreatic neuroendocrine tumors (pancNETSs), particularly grade 2 (G2) and grade 3 (G3),
often presents a dilemma in choosing from multiple similarly efficacious therapies. Data on targeted therapies for these
tumor types is limited, and this report presents BRAF-targeted therapy as a therapeutic option for metastatic pancNET G3.
Methods This is a case report of a patient with G3 pancNET metastatic to the liver, lung, lymph node, and scalp (soft tissue)
treated with dabrafenib/trametinib (D/T) in the presence of a BRAF V600E mutation detected in tumor tissue.

Results This patient has demonstrated an ongoing partial response to therapy at all involved sites for nearly 15 months with

minimal side effects attributable to D/T.

Conclusion Dabrafenib/trametinib therapy for BRAF-mutated metastatic pancNETs provides a novel treatment option and,
especially in the G3 setting, should be considered a first-line option. Tumor testing for actionable mutations should be
undertaken at the time of diagnosis and/or progression to identify novel therapeutic avenues in these rare tumors.
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Introduction

Treatment options for unresectable pancreatic neuroen-
docrine tumors (pancNETs) are diverse, including soma-
tostatin analogues (SSAs), peptide receptor radionuclide
therapy (PRRT), small molecular inhibitors, and systemic
chemotherapy [1]. Since the updated World Health Organi-
zation (WHO) grading system in 2019, well-differentiated,
grade 3 (G3) NETs, defined by a Ki-67 greater than 20%,
present a treatment dilemma with limited supporting data.
Unlike poorly differentiated neuroendocrine carcinoma, G3
well-differentiated NET often does not respond to platinum
plus etoposide (unless Ki-67 is quite high), and unlike well-
differentiated G1-2 NET, G3 NET often does not express
somatostatin receptors rendering SSAs and PRRT ineffec-
tive [2]. Further, PRRT is only FDA-approved for G1-2 NET
[3]. The incidence of gastroenteropancreatic neuroendocrine
neoplasms (GEP-NENS) is on the rise with the most recent
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analyses suggesting 3.5—4 cases per 100,000. G3 NETs are
estimated to make up 5-10% of these cases [4, 5].

Tumor molecular profiling has become routine in other
malignancies. Specifically, the BRAF V600E mutation has
been identified as a relatively prevalent mutation across
multiple solid organ tumors, leading to FDA accelerated
approval for dual BRAF/MEK inhibitor therapy in any solid
organ malignancy once progressed through standard thera-
pies [6]. Response to these therapies in diseases ranging
from melanoma to colorectal carcinoma is well-established
[7, 8]. We present the first report of a significant, durable
response to dabrafenib/trametinib (D/T) therapy in a patient
with G3 pancNET harboring a BRAF V600E mutation who
progressed through prior systemic therapy. The patient pro-
vided informed consent to publish this case report.

Case Report

An 87-year-old man with background type 2 diabetes mel-
litus, cryptogenic cirrhosis, and benign prostatic hyper-
trophy presented with intermittent postprandial vomiting,
15-20 1bs (7-9 kg) weight loss, and fatigue. Baseline imag-
ing showed a pancreatic tail mass (Fig. 1A) and metastatic
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Fig.1 Images of primary pancreatic tumor, gastrohepatic lymph
node metastasis, and pulmonary metastases at diagnosis, immediately
before dabrafenib/trametinib (D/T) initiation, and after 14.5 months
of D/T therapy. A Primary pancreatic neuroendocrine tumor at diag-
nosis (28 X 16 mm). B Gastrohepatic lymph node metastasis at diag-
nosis (15x 11 mm). C Pulmonary metastases at diagnosis (index
lesion 11xX10 mm). D Primary pancreatic neuroendocrine tumor

disease involving the liver (Fig. 1B), lymph nodes (Fig. 1C),
lungs (Fig. 1D), and left occipital scalp. A biopsy of a liver
lesion confirmed a metastatic well-differentiated grade 3
(Ki-67 index of 37%, per WHO criteria) pancNET. Pre-
treatment Gallium-68-DOTATATE PET/CT showed only

before D/T initiation (31X 12 mm). E Gastrohepatic lymph node
metastasis before D/T initiation (19x 13 mm). F Pulmonary metasta-
ses before D/T initiation (index lesion 16 X 15 mm). G Primary pan-
creatic neuroendocrine tumor after 14.5 months of D/T (17X 12 mm).
H Gastrohepatic lymph node metastasis after 14.5 months of D/T
(unmeasurable). I Pulmonary metastases after 14.5 months of D/T
(index lesion 8 X 6 mm)

minimal DOTATATE avidity in sites of disease, which was
felt to be insufficient to benefit from SSA or PRRT. Pre-
treatment chromogranin A (CgA) was 155 ng/ml (normal,
0-103 ng/ml) and proved to be an unreliable tumor marker
during subsequent treatment. After discussing multiple
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treatment options, capecitabine/temozolomide (CapeTem)
was selected as the initial therapy.

After four cycles of CapeTem, interval imaging showed
enlargement of the liver (Fig. 1F), nodal (Fig. 1G), and lung
metastases (Fig. 1H), and palpable growth of the left occipi-
tal scalp nodule (the latter was biopsied and consistent with
known NET). At the time of diagnosis, tumor tissue was
sent for molecular testing (Tempus, Chicago, IL). Results
showed a BRAF V600OE missense mutation (c.1799 T > A,
variant allele fraction 13.4%), NFE2L2 missense variant
(c.101G > A, variant allele fraction 14.9%), microsatellite
stable, and tumor mutational burden 3.7 m/MB. Variants of
unknown significance were identified in KMT2D, ASXLI,
and SLC9A3RI. Based on this result, BRAF/MEK inhibition
was selected as second-line therapy after discussing multiple
options. Of note, circulating tumor DNA testing (Guardant
Health, Palo Alto, CA) was drawn after 8 months of D/T and
did not show a BRAF mutation.

Within 2 weeks of starting D/T, the left scalp cutaneous
metastasis had already decreased in size and totally disap-
peared by 1 month. The first interval abdominal MRI after
two cycles of D/T showed an interval decrease in the size and
number of liver metastases, as well as a change in appearance
to predominantly hypoenhancing liver lesions (previously
lesions all had arterial enhancement). An index liver lesion
decreased from 25 to 17 mm in short axis (32% decrease). CT
scans of the chest, abdomen, and pelvis at the same interval
showed a significant decrease in the size and number of pul-
monary nodules from more than 50 nodules before treatment
to less than 10. There was also resolution of gastrohepatic
ligament lymphadenopathy and regression of periportal and
upper abdominal lymphadenopathy. No new or enlarging
lesions were identified. At the time of publication, the patient
remains on D/T therapy for over 14 months. Updated imaging
at 14.5 months of D/T therapy was obtained showing ongo-
ing response, with the index liver lesion further decreased in
size to 14 mm in short axis (Fig. 1J), decreasing pulmonary
nodules (Fig. 1L), hypoenhancement of the pancreatic tail
lesion with a slight decrease in size (Fig. 11), and resolution
of gastrohepatic lymphadenopathy (Fig. 1K).

The patient has tolerated D/T therapy very well with
minimal symptoms directly attributable to D/T. The patient
experienced intermittent hypophosphatemia (grade 3 at
nadir) attributed to D/T therapy which was corrected with
oral phosphate repletion. He experienced intermittent fevers
and chills, a common potential side effect of D/T, for which
D/T was temporarily held [9]. Ultimately, all episodes of
fevers and chills were attributed to recurrent urinary tract
infections (treated with antibiotics) rather than D/T. At his
last clinic visit, the patient was without anorexia, nausea,
vomiting, diarrhea, or skin rash. He has not required any
D/T dose adjustments.

@ Springer

Discussion

Optimal first-line therapy and treatment sequencing are
subjects of ongoing study in patients with unresectable,
metastatic pancNETSs, particularly in well-differentiated
G3 tumors [3, 5]. Treatment choices can be more limited
in patients such as this with low (or no) uptake on somato-
statin receptor imaging, limiting the potential efficacy of
SSA therapy and PRRT. Consensus guidelines for G3 NET
recommend enrollment in a clinical trial as the preferred
treatment [10].

Existing therapies for G3 NET generally demonstrate a
progression-free survival (PFS) of around 1 year and sta-
bility tends to dominate the response landscape over tumor
regression. CapeTem has perhaps the most inspiring data
specific to GEP-NET G3, demonstrating a median PFS
of 14.1 months but still only a 22.5% objective response
rate (ORR) with the predominant minority of G3 patients
having stable disease (42.5%) [11]. Another study exam-
ining all therapies utilized across a cohort of GEP-NET
G3 showed a median PFS of 9.4 months for CapeTem and
ORR of 35% [3]. In a mixed cohort of NET G3 and NEC,
there was no significant difference in PFS, OS, or ORR
between CapeTem and cisplatin/etoposide (EP), with a
PFS of 12.6 months for CapeTem and 13.6 months for
EP [12]. Although studies specifically in pancNET G3
are limited, FOLFOX carries a median PFS of 6.9 and
13.0 months and ORR of 28.6 and 56.4% across two small
retrospective cohorts, respectively [3, 13]. The potential
toxicities and intravenous administration of FOLFOX, as
well as EP regimens, generally limit their use in NET G3
where other therapies are available with a lower rate of
adverse effects. Everolimus lacks response data specific
to NET G3 but in a large cohort of low- and intermediate-
grade pancNETs, everolimus demonstrated a median PFS
of 11.0 months compared to 4.6 months with placebo [14].
Sunitinib was studied across all GEP-NENs and demon-
strated a median PFS of 11 months across all grades; the
ten patients with NET G3 had a median PFS of 6.0 months
[15]. Dual immune checkpoint inhibitor therapy has been
studied in two mixed cohorts of NET G3 and NEC. With
ipilimumab/nivolumab, ORR was 20% but responses were
only seen in NEC patients [16]. With durvalumab/tremeli-
mumab in a mixed NEC and G3 NET cohort, median PFS
was 2.4 months [17].

In one of the largest tumor-agnostic studies, BRAF/
MEK inhibition with D/T was shown to have a median
PFS of 11.4 months, ORR of 38%, and median duration of
response of 25.1 months [18]. BRAF mutations have been
identified in diverse tumors ranging from melanoma to
hematologic malignancies [19]. Anaplastic thyroid cancer
(ATC) is another malignancy that harbors BRAF mutations
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in 25-45% of cases, and BRAF-targeted therapies have
shown efficacy in this aggressive malignancy with a PFS
around 6 months in a recent meta-analysis [20, 21]. Mela-
noma is another solid organ malignancy with relatively
high rates of BRAF mutation, estimated to occur in about
50% of cases [22]. Most studies show a median PFS of
about 12 months [23]. The 14.5-month ongoing response
discussed in this case is thus already at least as good, if not
outperforming, the PFS estimates in BRAF-mutated NETs,
as well as other solid organ tumors like ATC and mela-
noma. The V60OE mutation is the most common mutation
seen across all malignancies, which leads to constitutive
phosphorylation and thereby activation of the protein
kinase. Acquired resistance to V60OE inhibitors (e.g., dab-
rafenib) has led to the discovery of the MEK-ERK pathway
in circumventing BRAF V600E inhibition. Development
of the MEK inhibitor trametinib has increased response
rates with dual D/T therapy over dabrafenib alone, but
resistance mechanisms still develop, leading to eventual
progression in most malignancies [19].

The largest cohorts of GEP-NEN molecular testing, which
unfortunately often lack specific WHO grading beyond
“high” and “low” grade, show that BRAF mutations occur
between 5 and 15% of the time in GEP-NENs [24, 25]. Other
cohorts specific to well-differentiated GEP-NENs vary, with
one cohort documenting a BRAF mutation in 1/69 patients
(1.4%) and another in 6/80 patients (7.5%) [26, 27]. The first
cohort did not contain any pancNETs, only small bowel and
rectal, perhaps suggesting lower rates of BRAF mutation
in NETSs originating from those sites compared to the pan-
creas [27]. Furthermore, the lower rates of BRAF mutations
in some of these small cohorts of well-differentiated GEP-
NENS suggest that BRAF mutations may be more frequent
in NEC compared to lower-grade NETs of GI or pancreas
origin [28, 29]. This may suggest that BRAF mutation is
more common in more aggressive GEP-NENs such as NET
G3 or NEC. As alluded to above, literature that predates the
most recent WHO grading often lumps NET G3 and NEC
together as “high-grade” NENs, limiting the interpretation
of some of these studies as it pertains to the role of BRAF
in the aggressiveness of the disease. Further study is thus
warranted on the rates of BRAF mutation in various grades
of NET as well as NEC, and if variances in these findings
are clinically relevant to predicting disease behavior beyond
known factors such as Ki-67.

In view of the likely similar efficacy and improved tol-
erability of D/T (with BRAF V600E mutation) compared
to other treatment options for G3 NET (acknowledging
limitations of cross-trial comparisons), and the possibil-
ity of identifying a targetable alteration, routine molecu-
lar testing of pancNETs, and all GEP-NENSs, should be
pursued. Even if other therapies are chosen in the first

or second lines, potentially actionable mutations may be
identified allowing for prolonged treatment and disease
control in subsequent lines of therapy. Specifically for
G3 NETs, BRAF/MEK inhibition should be considered
as first-line therapy. There are occasional case reports of
targeted treatment of BRAF V600E mutated pancNETSs as
well as poorly differentiated neuroendocrine carcinoma
(NEC) of GI origin with varying results; however, this is
the first report of D/T treatment specific to NET G3 of
pancreatic origin [26, 30, 31].

While this case focuses on the utility of BRAF-targeted
therapies in NET, other mutations may be identified if
molecular testing of NETs becomes routine. Specifically,
targeted therapies for mutations in KRAS, BRCA1/2,
ATM, NTRK, FGFR, and RET merit consideration after
progression on early-line therapies when those mutations
are present. Many of these mutations have been identified
in small numbers in the aforementioned cohorts [28, 29].
Data is limited on implementing targeted therapies in this
disease. Further study is warranted to better define the
molecular landscape of potentially targetable alterations in
GEP-NENSs, response to targeted therapies, and integration
of these drugs into existing treatment paradigms.

Conclusion

Dual BRAF/MEK inhibition with dabrafenib/trametinib
therapy led to a significant and durable partial response
in a treatment-refractory patient with unresectable, meta-
static well-differentiated pancreatic neuroendocrine tumor
grade 3. Molecular testing of NET of gastrointestinal and
pancreatic origin should be routinely considered to expand
potential treatment options.

Acknowledgements The authors thank the patient and his family for
their willingness to participate in this report.

Author Contributions All authors contributed to study conception and
design. The first draft of the manuscript was written by Benjamin E.
Ueberroth, M.D., and all authors commented on previous versions of

the manuscript. All authors read and approved the final manuscript.

Funding This project was supported by NIH 5K12CA086913-21
(awarded to R.L.).

Data Availability No datasets were generated or analysed during the
current study.

Declarations
Ethics Approval This is a case report. Ethics committee approval is
not required. The report was discussed with this patient who provided

approval to publish this deidentified case report.

Competing Interest The authors declare no competing interests.

@ Springer



1452

Journal of Gastrointestinal Cancer (2024) 55:1448-1452

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Chang A, et al. Progress in the management of pancreatic neu-
roendocrine tumors. Annu Rev Med. 2022;73:213-29.

2. Popa O, et al. The new WHO classification of gastrointestinal
neuroendocrine tumors and immunohistochemical expression of
somatostatin receptor 2 and 5. Exp Ther Med. 2021;22(4):1179.

3. Liu AJ, et al. Treatment outcomes of well-differentiated high-
grade neuroendocrine tumors. Oncologist. 2021;26(5):383-8.

4. Das S, Dasari A. Epidemiology, incidence, and prevalence of neu-
roendocrine neoplasms: are there global differences? Curr Oncol
Rep. 2021;23(4):43.

5. Lithgow K, et al. Well-differentiated gastroenteropancreatic G3 NET:
findings from a large single centre cohort. Sci Rep. 2021;11(1):17947.

6. FDA grants accelerated approval to dabrafenib in combination
with trametinib for unresectable or metastatic solid tumors with
BRAF V600E mutation. 2022 [cited 2023 Oct 24]; Available
from: https://www.fda.gov/drugs/resources-information-appro
ved-drugs/fda-grants-accelerated-approval-dabrafenib-combi
nation-trametinib-unresectable-or-metastatic-solid

7. Robert C, et al. Improved overall survival in melanoma with com-
bined dabrafenib and trametinib. N Engl J Med. 2015;372(1):30-9.

8. Corcoran RB, et al. Combined BRAF and MEK inhibition with
dabrafenib and trametinib in BRAF V600-mutant colorectal can-
cer. J Clin Oncol. 2015;33(34):4023-31.

9. Thawer A, et al. Management of pyrexia associated with the com-
bination of dabrafenib and trametinib: Canadian consensus state-
ments. Curr Oncol. 2021;28(5):3537-53.

10. Shah MH, et al. Neuroendocrine and adrenal tumors, Version
2.2021, NCCN Clinical Practice Guidelines in Oncology. J Natl
Compr Canc Netw. 2021;19(7):839-68.

11. Spada F, et al. Temozolomide alone or in combination with
capecitabine in patients with advanced neuroendocrine neo-
plasms: an Italian multicenter real-world analysis. Endocrine.
2021;72(1):268-78.

12. EadsJR, Catalano PJ, Fisher GA, Rubin D, Iagaru A, Klimstra DS,
Konda B, Kwong MS, Chan JA, De Jesus-Acosta A, Halfdanarson
TR, Shaib WL, Soares HP, Hong SC, Wong TZ, O’Dwyer PJ.
Randomized phase II study of platinum and etoposide (EP) versus
temozolomide and capecitabine (CAPTEM) in patients (pts) with
advanced G3 non-small cell gastroenteropancreatic neuroendo-
crine neoplasms (GEPNENs): ECOG-ACRIN EA2142. J Clin
Oncol. 2022;40(16):4020.

13. Apostolidis L, et al. Multicenter analysis of treatment outcomes
for systemic therapy in well differentiated grade 3 neuroendocrine
tumors (NET G3). Cancers (Basel). 2021;13(8):1936.

@ Springer

14. Yao JC, et al. Everolimus for advanced pancreatic neuroendocrine
tumors. N Engl ] Med. 2011;364(6):514-23.

15. Mizuno Y, et al. Sunitinib shrinks NET-G3 pancreatic neuroendo-
crine neoplasms. J Cancer Res Clin Oncol. 2018;144(6):1155-63.

16. Al-Toubah T, et al. Efficacy of ipilimumab and nivolumab in
patients with high-grade neuroendocrine neoplasms. ESMO Open.
2022;7(1): 100364.

17. Capdevila J, et al. Durvalumab plus tremelimumab for the treat-
ment of advanced neuroendocrine neoplasms of gastroenteropan-
creatic and lung origin. Nat Commun. 2023;14(1):2973.

18. Salama AKS, et al. Dabrafenib and trametinib in patients with
tumors with BRAF(V600E) mutations: results of the NCI-
MATCH trial subprotocol H. J Clin Oncol. 2020;38(33):3895-904.

19. Holderfield M, et al. Targeting RAF kinases for cancer ther-
apy: BRAF-mutated melanoma and beyond. Nat Rev Cancer.
2014;14(7):455-67.

20. Lang M, Longerich T, Anamaterou C. Targeted therapy with
vemurafenib in BRAF(V600E)-mutated anaplastic thyroid cancer.
Thyroid Res. 2023;16(1):5.

21. Priantti JN, et al. Efficacy and safety of BRAF/MEK inhibitors
in BRAFV600E-mutated anaplastic thyroid cancer: a systematic
review and meta-analysis. Endocrine. 2024. https://doi.org/10.
1007/s12020-024-03845-w. Online ahead of print.

22. Ascierto PA, et al. The role of BRAF V600 mutation in mela-
noma. J Transl Med. 2012;10:85.

23. Yu Q, et al. Clinical outcomes of BRAF plus MEK inhibition in
melanoma: a meta-analysis and systematic review. Cancer Med.
2019;8(12):5414-24.

24. Puccini A, et al. Comprehensive genomic profiling of gastroenter-
opancreatic neuroendocrine neoplasms (GEP-NENs). Clin Cancer
Res. 2020;26(22):5943-51.

25. Zakka K, et al. Blood-based next-generation sequencing analysis
of neuroendocrine neoplasms. Oncotarget. 2020;11(19):1749-57.

26. Allen A, et al. Rare BRAF mutations in pancreatic neuroendocrine
tumors may predict response to RAF and MEK inhibition. PLoS
ONE. 2019;14(6): €0217399.

27. Park HY, et al. Targeted next-generation sequencing of well-
differentiated rectal, gastric, and appendiceal neuroendocrine
tumors to identify potential targets. Hum Pathol. 2019;87:83-94.

28. Liu M, et al. The mutational, prognostic, and therapeutic landscape
of neuroendocrine neoplasms. Oncologist. 2023;28(9):e723-36.

29. van RietJ, et al. The genomic landscape of 85 advanced neuroen-
docrine neoplasms reveals subtype-heterogeneity and potential
therapeutic targets. Nat Commun. 2021;12(1):4612.

30. Burkart J, et al. Targeting BRAF mutations in high-grade neu-
roendocrine carcinoma of the colon. J Natl Compr Canc Netw.
2018;16(9):1035-40.

31. Imperiale A, et al. Metabolic response to BRAF-MEK com-
bination therapy in cecal neuroendocrine carcinoma with
BRAFV600E mutation and refractory lactic acidosis. Clin Nucl
Med. 2018;43(9):701-2.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-dabrafenib-combination-trametinib-unresectable-or-metastatic-solid
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-dabrafenib-combination-trametinib-unresectable-or-metastatic-solid
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-dabrafenib-combination-trametinib-unresectable-or-metastatic-solid
https://doi.org/10.1007/s12020-024-03845-w
https://doi.org/10.1007/s12020-024-03845-w

	Prolonged Response to DabrafenibTrametinib in Grade 3 Metastatic Pancreatic Neuroendocrine Tumor (NET G3) with BRAF V600E Mutation
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Case Report
	Discussion
	Conclusion
	Acknowledgements 
	References


