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ABSTRACT

Undifferentiated carcinoma with osteoclast-like giant cells (UCOGC)
of the pancreas is a rare and potentially aggressive variant of pan-
creatic ductal adenocarcinoma. Data on this disease are sparse, and
despite genetic similarities to pancreatic ductal adenocarcinoma,
UCOGC clinical outcomes can be markedly different. We report
on a female patient aged 62 years who presented with UCOGC
with pulmonary metastases initially treated with 2 lines of cytotoxic
chemotherapy. After rapid disease progression with both cytotoxic
treatments, the patient’s tissue was sent for next-generation se-
quencing, which revealed a high tumor mutation burden (32 muta-
tions per megabase), as well as somatic mutations in BRAF, NF1,
PIK3CA, CDKN2A, TERT, and TP53. Pancreatic cancers have pre-
viously demonstrated suboptimal responses to immunotherapeutic
approaches. However, given the high tumor mutation burden and
distinctiveness of the tumor class, the patient began third-line
pembrolizumab monotherapy after palliative radiation to the rap-
idly progressing and painful abdominal mass from her primary tumor.
She had a marked response in her primary UCOGC tumor and
metastatic sites, and she remains on pembrolizumab monotherapy
with ongoing response after 32 months of therapy. Recent evidence
showing significant PD-L1 enrichment on neoplastic cells of un-
differentiated carcinomas (including UCOGC) may indicate a role
for immunotherapeutic approaches in these patients. Rare cancers
such as UCOGC and other undifferentiated carcinomas may benefit
from next-generation sequencing to inform treatment decisions
when standards of care are absent, as in this report.
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Background
Undifferentiated carcinoma with osteoclast-like giant
cells (UCOGC) of the pancreas is a rare pancreatic
neoplasm, constituting an estimated 1.4% of pancreatic
cancer diagnoses.1 UCOGC is a clinically distinct variant
of pancreatic ductal adenocarcinoma (PDAC).2 UCOGC
is also cytologically distinct from PDAC because of the
presence of nonneoplastic osteoclast-like giant cells, which
contain.20 nuclei andmimic the giant cell tumors often
found in bone and the commonly present neoplastic,
pleomorphic mononuclear giant cells and histiocytoid or
spindle cells.3,4 Furthermore, it is common for many
UCOGCs to have amixed histologic component of PDAC.
Although it has strong genetic similarities to PDAC,2

UCOGC can have distinct clinical outcomes requiring
additional treatment considerations.

Much of the publishedUCOGC literature exists in case
reports and small case series, making prognostication
difficult. Commonly cited data suggest that UCOGC neo-
plasms may have a poorer prognosis than PDAC.5 How-
ever, the 2 largest case series to date paint a more complex
picture. Muraki et al1 found that patients with UCOGC
were typically younger when diagnosed (mean age, 57.9 vs
65.0 years; P5.0059) and that overall survival (OS) was
significantly longer compared with patients with conven-
tional, poorly differentiated PDAC. Further, Reid et al6

showed that patients with UCOGC found on fine-needle
aspiration before resection had poor survival, similar to
those with conventional PDAC. However, for those who
did not undergo fine-needle aspiration before resection
and were found to have UCOGC incidentally, outcomes
seemed better than expected. The authors noted that
selection bias, perhaps due to patient symptoms requiring
additional diagnostic procedures, may help explain their
findings. In our experience, patientswithUCOGC typically
have poor clinical outcomes.

The preferred treatment for localized UCOGC is
surgical resection when feasible, as with PDAC. This
modality has led to good clinical responses in multiple
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instances,7,8 with some patients going on to have long-term
OS postresection (19–84 months). In other patients, ad-
juvant chemotherapy and radiation therapy (RT) have
been added to surgery, and such efforts have also shown a
wide range of survival for patients with UCOGC (19–72
months).9,10 In the metastatic setting, no prospective data
are available to support any particular systemic therapy.

In this report, we present a patient with chemo-
refractory metastatic UCOGC of the pancreas with a high
tumor mutation burden (TMB) identified during next-
generation sequencing (NGS). Third-line pembrolizumab
monotherapy markedly reduced the primary pancreatic
tumor and metastases in the lung and brain. Despite
recent clinical trial data demonstrating poor responses
to pembrolizumab in standard PDAC,11 we hypothesize that
the differing biology of the undifferentiated carcinoma
tumor classmayhave allowed for such a durable response.

Case Report
An African American female patient aged 62 years with a
history of asthma and a 24 pack-year smoking history
presented with worsening right upper quadrant abdominal
and back pain. Her familymedical history included a father
who died of lung cancer, a mother who died of Alzheimer
disease and stroke, and a brother and sister with lung
cancer who were both smokers. Chest imaging of the pa-
tient revealed a 3.73 2.2-cm right upper lobe pleural-based
mass concerning for malignancy. After referral to thoracic
surgery, PET/CT results showed avidity in the right upper
lobe lesion and an avid ill-defined soft tissue density in the
left upper quadrant of the abdomenmeasuring 4.73 3.9 cm
(Figure 1). A CT-guided biopsy of the lung lesion revealed
undifferentiated carcinoma with spindle cell malignant
neoplasm with osteoclast-like giant cells consistent with
UCOGC (Figure 2A, B). A dedicated abdominal CT found an
enlarging exophytic 4.9-cmpancreatic tail mass. Subsequent
percutaneous biopsy of the pancreatic mass was consistent
with malignant spindle cell neoplasm, most consistent with
UCOGC (Figure 2C). Given the specimen’s morphologic
similarity to the lung biopsy, it was determined that the
pancreatic mass likely represented the primary disease
site and that the lung mass was a metastasis.

The patient began palliative first-line chemother-
apy with 5-fluorouracil, oxaliplatin, and leucovorin, with a
plan to escalate to 5-fluorouracil, oxaliplatin, irinotecan,
and leucovorin as tolerated. After 4 doses of 5-fluorouracil/
oxaliplatin/leucovorin with intermittent treatment delays
related to neutropenia and Clostridioides difficile in-
fection, CT imaging revealed substantial progression
of the pancreaticmass, nowmeasuring 13.03 8.5 cm. The
patient was then transitioned to second-line gemcita-
bine 1 nab-paclitaxel. This course was complicated by
thrombocytopenia, requiring dose reductions. Due to
concern for early progression after a large and expanding

abdominal mass was found extending from the left upper
quadrant to almost the right lower quadrant of the ab-
domen, imaging was performed at 6 weeks, which again
revealed substantial disease progression; the pancreatic
mass nowmeasured 21.63 17.1 cm (Figure 3A). The large
abdominal mass was causing organ compression and
pain, reducing the patient’s ability to eat. She was referred
for palliative RT to mitigate her symptom burden due to
mass effect. Given limiteddata regarding the efficacy of RT
in UCOGC histology, but due to the presence of spindle
cell features, her radiation oncologist opted for treatment
as for sarcoma, which favors aggressive palliative dosing
via intensity-modulated RT (IMRT).

While the patient was undergoing IMRT, tissue from
her lung metastasis was sent for NGS (FoundationOne,
Foundation Medicine), which revealed alterations to the
BRAF oncogene and the tumor suppressor genes NF1,
PIK3A, CDKN2A, TERT promoter, and TP53. The tumor
was microsatellite-stable with a high TMB (32 mutations
per megabase [mut/Mb]). The patient completed IMRT
(3,600 cGy in 12 fractions), which provided some symptom
relief. Given the tumor’s chemorefractory nature and high
TMB, third-line pembrolizumab at 200 mg every 3 weeks
was initiated; it had previously shown efficacy in other
cancers with a high TMB.12,13 Routine CT imaging after 3
doses of pembrolizumab showed a decrease in the main
pancreatic mass and the right upper-lobe pulmonary

Figure 1. Initial fused coronal PET/CT images showing a large,
FDG-avid pancreatic tail primary tumor and lung metastasis.
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metastasis. At the time of pembrolizumab initiation,
the patient was unable to eat because of her large tumor
bulk and she had transfusion-dependent anemia; after
treatment initiation, her oral intake quickly improved
and her anemia normalized within 5 months.

During cycle 6, the patient developed headaches and
auditory hallucinations. A brain MRI scan revealed a 3.3 3
3.0-cm right posterior temporal mass of unknown age
because no prior brain imaging had been performed. The
mass was considered a likely metastasis given the aggres-
sive nature of her cancer, and neither biopsy nor resection
for pathologic confirmation were considered in the pa-
tient’s best interest.While continuing pembrolizumab, the
patient underwent palliative stereotactic radiosurgery to
the brain lesion (3,000 cGy in 5 fractions), which resulted
in a reduction of the lesion on MRI and resolution of
her reported neurologic symptoms. She subsequently

developed radiation-induced necrosis, which was man-
aged successfully with bevacizumab, and her brain
metastasis has not recurred at the time of writing.

The patient continued pembrolizumab cycles 8 through
19 with continued reduction of the pancreatic primary and
brain metastasis and complete resolution of the pulmonary
metastasis biopsied at diagnosis. Cycles 20 through 46
showed continued response in all lesions (Figure 3B). The
patient remains on pembrolizumab monotherapy and
overall continues to do well 32 months after initiating
immunotherapy.

Discussion
Rare cancers such as UCOGC present unique clinical
challenges for oncology treatment teams. Treatments are
often derived from more commonly diagnosed diseases,
with the hope that they will be effective and provide
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Figure 2.Histologic confirmation of UCOGC: (A) lung biopsy (H&E, original magnification3100), (B) lung biopsy (H&E, original magnification3400),
(C) pancreas biopsy (H&E, original magnification 3200), (D) pancreas biopsy touch preparation (Giemsa stain, original magnification 3400).
Abbreviations: H&E, hematoxylin-eosin; UCOGC, undifferentiated carcinoma with osteoclast-like giant cells.
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benefit.14 Given the low disease incidence and paucity of
available clinical outcomes data, evidence-based guide-
lines for the treatment ofUCOGCdonot exist, even as part
of broader PDAC treatment guidelines. In the United States,
neither the NCCN Clinical Practice Guidelines in Oncology
(NCCN Guidelines) for PDAC nor the ASCO guidelines for

curable or metastatic PDAC offer guidance on UCOGC
treatment.15–17 Similarly, the ESMO recommendations
mention UCOGC’s variance but do not discuss possible
treatments in either the localized or themetastatic setting.18

When faced with rare and aggressivemalignancies, treating
physicians must use all available clinical data to guide

B

A

Figure 3. (A) Coronal CT reconstruction showing primary tumor bulk at initiation of pembrolizumab, measuring 33 cm (left panel), and after
24 months of therapy, measuring 11.1 cm (right panel). This image signifies substantial reduction in UCOGC tumor size and enhancement.
Bars indicate coronal extent of tumor. (B) Chest CT showing right upper lobe pulmonary metastasis at initiation of pembrolizumab (left panel)
and after 24 months of therapy (right panel), signifying complete resolution of the pulmonary metastasis. Arrows indicate the site of disease.
Abbreviation: UCOGC, undifferentiated carcinoma with osteoclast-like giant cells.
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therapy. Use of NGS and surrogate biomarkers may provide
anopportunity to better target these difficult-to-treat tumors.

Modern genetic sequencing techniques such as NGS
have become widespread to better meet the needs of pa-
tients with cancer, particularly those with rare or advanced
diseases.More than two-thirds ofmedical oncologists in the
United States report having usedNGS to informclinical care
decisions.19 NGS has identified a subset of patients for
whom specialized treatments may be available. For
example, this modality may identify microsatellite-
unstable noncolorectal cancers that may benefit from
immunotherapy.20,21 TMB has been used as a predictive
biomarker for response to inhibitors of PD-1 or its ligand,
PD-L1. Prior research has shown improved treatment re-
sponses to immunotherapies in various cancers, such as
melanoma, ovarian cancer, and non–small cell lung can-
cer. For example, Goodman et al22 found that in a group of
diverse cancers, higher TMB ($ 20 mut/Mb) was associ-
ated with improved outcomes with PD-1/PD-L1 check-
point inhibitors. Given these and other data, on June 16,
2020, the FDA approved pembrolizumab for use in un-
selected cancers with a TMB of $10 mut/Mb measured
by the FoundationOneCDx companion diagnostic test
(Foundation Medicine, Cambridge, MA).

Unfortunately, patients with PDAC generally have not
benefited fromPD-1/PD-L1 blockade.11,23 However, Lehrke
et al24 recently showed that undifferentiated pancreatic
carcinomas (including UCOGC) displayed enrichment of
PD-L1 on tumor cells, particularly when compared with
conventional PDAC tumors. Undifferentiated carcinomas
were .4 times as likely to have $1% PD-L1 expression
comparedwith unselectedPDAC (63%vs 15%, respectively;
P,.01). Tumors with $10% PD-L1 expression were .2
times as likely to be undifferentiated carcinomas compared
with unselected PDAC (87% vs 43%, respectively; P,.05).

Building upon this work, Luchini et al25 created a
larger series of UCOGC, finding a similar PD-L1 expression
rate on tumor cells (63%). The investigators reported that
UCOGC with a mixed component of PDAC were signifi-
cantly more likely to express PD-L1 than tumors that were
purely UCOGC (81.2% vs 36.3%, respectively; P5.040). In
contrast to the work by Lehrke et al,24 Luchini et al25 found
that in adjusted multivariate models, PD-L1 positivity was
significantly associated with reduced OS compared with
PD-L1 negativity; TMB was not assessed.

In another report, Humphris et al26 assessed TMB in
385 pancreatic cancers and found that only 5 patients
had a hypermutated phenotype with a TMB .20; 4 had
loss of mismatch repair proteins and 1 did not. However,
the TMB assessment of that single patient was assessed on
a tumor-derived cell line, ATCC CRL-2551. It is not clear
whether the elevated TMB was present in the original
tumor or was a consequence of immortalization. It is also
not clearwhether this cell line wasmade from aUCOGCor
some other undifferentiated subtype of pancreatic cancer.

Finally, we read with interest a recent publication by
Obayashi et al27 about a similar patient in whom pul-
monary metastases from UCOCG pancreatic cancer
responded to checkpoint inhibitors. However, TMB was
not assessed in this patient, and the patient received
treatment meant for a presumed lung cancer. The true
diagnosis only became clear with time, and the residual
pancreatic primary was successfully resected. Our case
report adds to the expanding body of literature showing
the use of TMB as a predictive biomarker for treatment
with a checkpoint inhibitor in this rare disease. A larger
prospective study assessingNGS andPD-1/PD-L1 staining
as predictive biomarkers in undifferentiated carcinomas
(including UCOGC) could provide much-needed data to
paint a truer picture of this rare disease entity.

Conclusions
This is the first report demonstrating continued response
of pancreatic UCOGC to a PD-1/PD-L1 blockade even
without resection. Furthermore, ours is the first reported
patient with UCOGC that metastasized to the brain. NGS
was an important step in identifying the patient’s high
TMB and selecting a PD-L1 inhibitor for the third line of
therapy. Given the aggressive nature of undifferentiated
pancreatic cancers, using NGS and PD-1/PD-L1 testing
to further optimize earlier lines of treatment from which
patients can derive themost benefit may be an important
step in improving outcomes.

Submitted July 2, 2020; accepted for publication January 5, 2021.

Disclosures: The authors have disclosed that they have not received any
financial consideration from any person or organization to support the
preparation, analysis, results, or discussion of this article.

Correspondence: Benjamin L. Schlechter, MD, Gastrointestinal Cancer
Center, Dana-Farber Cancer Institute, 450 Brookline Avenue, Boston, MA
02215. Email: benjamin_schlechter@dfci.harvard.edu

References
1. Muraki T, Reid MD, Basturk O, et al. Undifferentiated carcinoma with

osteoclastic giant cells of the pancreas: clinicopathologic analysis of 38
cases highlights a more protracted clinical course than currently appre-
ciated. Am J Surg Pathol 2016;40:1203–1216.

2. Luchini C, Pea A, Lionheart G, et al. Pancreatic undifferentiated carcinoma
with osteoclast-like giant cells is genetically similar to, but clinically distinct
from, conventional ductal adenocarcinoma. J Pathol 2017;243:148–154.

3. Luchini C, Capelli P, Scarpa A. Pancreatic ductal adenocarcinoma and its
variants. Surg Pathol Clin 2016;9:547–560.

4. Fukushima N, Hruban RH, Kato Y, et al. Ductal adenocarcinoma variants
and mixed neoplasms of the pancreas. In: Bosman FT, Carneiro F, Hruban
RH, Theise ND, eds. WHO Classification of Tumours of the Digestive
System, 4th ed, Vol. 3. Lyon, France: International Agency for Research on
Cancer; 2010:292–295.

JNCCN.org | Volume 19 Issue 3 | March 2021 251

MOLECULAR INSIGHTS IN PATIENT CAREPancreas UCOGC Response to Pembrolizumab

mailto:benjamin_schlechter@dfci.harvard.edu
http://www.JNCCN.org


5. Loya AC, Ratnakar KS, Shastry RA. Combined osteoclastic giant cell and
pleomorphic giant cell tumor of the pancreas: a rarity. An immunohis-
tochemical analysis and review of the literature. JOP 2004;5:220–224.

6. Reid MD, Muraki T, HooKim K, et al. Cytologic features and clinical
implications of undifferentiated carcinoma with osteoclastic giant cells of
the pancreas: an analysis of 15 cases. Cancer Cytopathol 2017;125:
563–575.

7. Kobayashi S, Nakano H, Ooike N, et al. Long-term survivor of a resected
undifferentiated pancreatic carcinoma with osteoclast-like giant cells
who underwent a second curative resection: a case report and review of
the literature. Oncol Lett 2014;8:1499–1504.

8. Sun AP, Ohtsuki Y, Liang SB, et al. Osteoclast-like giant cell tumor of the
pancreas with metastases to gallbladder and lymph nodes. A case report.
Pathol Res Pract 1998;194:587–594.

9. Yoshioka M, Uchinami H, Watanabe G, et al. Effective use of gemcitabine
in the treatment of undifferentiated carcinoma with osteoclast-like giant
cells of the pancreas with portal vein tumor thrombus. Intern Med 2012;
51:2145–2150.

10. Saito H, Kashiyama H, Murohashi T, et al. Case of six-year disease-free
survival with undifferentiated carcinoma of the pancreas. Case Rep
Gastroenterol 2016;10:472–478.

11. Brahmer JR, Tykodi SS, Chow LQM, et al. Safety and activity of anti-PD-L1
antibody in patients with advanced cancer. N Engl J Med 2012;366:
2455–2465.

12. Herbst RS, Baas P, Kim DW, et al. Pembrolizumab versus docetaxel for
previously treated, PD-L1-positive, advanced non-small-cell lung cancer
(KEYNOTE-010): a randomised controlled trial. Lancet 2016;387:
1540–1550.

13. Schachter J, Ribas A, LongGV, et al. Pembrolizumab versus ipilimumab for
advanced melanoma: final overall survival results of a multicentre,
randomised, open-label phase 3 study (KEYNOTE-006). Lancet 2017;390:
1853–1862.

14. Groisberg R, HongDS, Roszik J, et al. Clinical next-generation sequencing
for precision oncology in rare cancers. Mol Cancer Ther 2018;17:
1595–1601.

15. Khorana AA, McKernin SE, Berlin J, et al. Potentially curable pancreatic
adenocarcinoma: ASCO clinical practice guideline update. J Clin Oncol
2019;37:2082–2088.

16. Tempero MA, Malafa MP, Al-Hawary M, et al. NCCN Clinical Practice
Guidelines in Oncology: Pancreatic Adenocarcinoma. Version 3.2019.

Accessed January 10, 2021. To view the most recent version, visit
NCCN.org

17. Sohal DPS, Kennedy EB, Khorana A, et al. Metastatic pancreatic cancer:
ASCO clinical practice guideline update. J Clin Oncol 2018;36:
2545–2556.

18. Ducreux M, Cuhna AS, Caramella C, et al. Cancer of the pancreas: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-up.
Ann Oncol 2015;26(Suppl 5):v56–68.

19. Freedman AN, Klabunde CN, Wiant K, et al. Use of next-generation
sequencing tests to guide cancer treatment: results from a nationally
representative survey of oncologists in the United States [published
online November 13, 2018]. JCO Precis Oncol, doi: 10.1200/
PO.18.00169

20. Azad NS, Gray RJ, Overman MJ, et al. Nivolumab is effective in
mismatch repair-deficient noncolorectal cancers: results from
Arm Z1D—a subprotocol of the NCI-MATCH (EAY131) study.
J Clin Oncol 2020;38:214–222.

21. Marabelle A, Le DT, Ascierto PA, et al. Efficacy of pembrolizumab in
patients with noncolorectal high microsatellite instability/mismatch
repair-deficient cancer: results from the phase II KEYNOTE-158 study.
J Clin Oncol 2020;38:1–10.

22. Goodman AM, Kato S, Bazhenova L, et al. Tumor mutational burden as an
independent predictor of response to immunotherapy in diverse cancers.
Mol Cancer Ther 2017;16:2598–2608.

23. Ott PA, Bang YJ, Piha-Paul SA, et al. T-cell–inflamed gene-expression
profile, programmed death ligand 1 expression, and tumor mutational
burden predict efficacy in patients treated with pembrolizumab across
20 cancers: KEYNOTE-028. J Clin Oncol 2019;37:318–327.

24. Lehrke HD, Graham RP, McWilliams RR, et al. Undifferentiated pancreatic
carcinomas display enrichment for frequency and extent of PD-L1 ex-
pression by tumor cells. Am J Clin Pathol 2017;148:441–449.

25. Luchini C, Cros J, Pea A, et al. PD-1, PD-L1, and CD163 in pancreatic
undifferentiated carcinoma with osteoclast-like giant cells: expression
patterns and clinical implications. Hum Pathol 2018;81:157–165.

26. Humphris JL, Patch AM, Nones K, et al. Hypermutation in pancreatic
cancer. Gastroenterology 2017;152:68–74.e2.

27. Obayashi M, Shibasaki Y, Koakutsu T, et al. Pancreatic undifferentiated
carcinoma with osteoclast-like giant cells curatively resected after pem-
brolizumab therapy for lung metastases: a case report. BMC Gastro-
enterol 2020;20:220.

252 © JNCCN—Journal of the National Comprehensive Cancer Network | Volume 19 Issue 3 | March 2021

MOLECULAR INSIGHTS IN PATIENT CARE Besaw et al

http://NCCN.org
http://www.JNCCN.org

