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Abstract: Pancreatic ductal adenocarcinoma (PDAC) remains deadly despite advances in 
systemic therapies and surgical techniques. While there is increasing utilization of immune 
therapies across diverse cancer types, PDAC remains generally resistant to these treatments. 
We report a case of locally advanced PDAC treated with preoperative radiation and anti-PD-1 
immunotherapy guided by preoperative PD-L1 tumor analysis. After 4 months of preoperative 
therapy, the patient was submitted to resection, demonstrating a near-complete pathologic 
response on final tumor analysis. We will discuss the relevant literature and current state of 
immunotherapeutics for PDAC. 
Keywords: pancreatic cancer, pembrolizumab, complete response, PD-L1, locally advanced, 
immune checkpoint inhibitor

Introduction
Pancreatic ductal adenocarcinoma (PDAC) is difficult to treat; the 5 year-survival rate 
across all stages is 7.9% in the United States.1 Approximately 20% of patients are 
candidates for surgical intervention at the time of diagnosis.2,3 As a result, there has 
been increasing interest in expanding the armamentarium of neoadjuvant therapies 
aimed at decreasing tumor burden and selecting patients with favorable tumor biology 
prior to curative-intent surgery, particularly for locally advanced4–7 and borderline 
resectable8–12 PDAC. In contrast to breast, rectal, and esophageal cancers, complete 
pathologic responses to neoadjuvant chemotherapy occur in only 5–7.5% of cases.13,14

Cancer patients have benefited from the development and expansion of perso-
nalized medicine and immunotherapy, particularly with the use of immune check-
point inhibitors (ICI). Drugs targeting CTLA-4, PD-1, and PD-L1 have been far 
more effective in the management of melanoma15–17 and lung cancer18–22 than 
cytotoxic chemotherapy alone. The success of ICI in these settings has led to 
expanded use of these immunotherapies across diverse tumor types. Recently, 
pembrolizumab received FDA approval for treating metastatic cancers with either 
high microsatellite instability (MSI-H)23 or high tumor mutational burden-high 
(TMB-H), regardless of histology.24,25 These and other trials targeting tumor 
biology or gene expression over specific histologic origin highlight a major para-
digm shift in cancer treatment.

Despite this enthusiasm for immune therapy, outcomes with ICI in PDAC 
patients have been less impressive. In the KEYNOTE-158 trial, even amongst 
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PDAC tumors that were MSI-H/dMMR, overall response 
rate to pembrolizumab monotherapy was 18.2%; the low-
est of all GI tract malignancies.24 While the results of 
immunotherapy in PDAC have by and large been unim-
pressive, it is possible that it may still have a role in 
correctly selected patients. Here, we present the case of 
a patient with locally advanced PDAC and near pathologic 
complete response (pCR) after administration of combina-
tion pembrolizumab and radiation therapy (RT) and 
a review of the available literature on the use of persona-
lized medicine and immunotherapy in PDAC.

Materials and Methods
Consents and Permissions
All information in this project was obtained in accordance 
with the Declaration of Helsinki, HIPAA, and our institu-
tional guidelines. The patient described in this case has 
given informed consent and consent to publish the clinical 
details contained within this report. Institutional approval 
was not required to publish the details of the case included 
in this report.

Results
Clinical Presentation
The patient is an 83-year-old female who presented with 
progressive flank discomfort over two months with multi-
ple comorbidities and an Eastern Cooperative Oncology 
Group (ECOG) performance status of 3. Physical exam-
ination was non-focal and lab workup was notable for an 
elevated lipase, mild leukocytosis, and normocytic anemia. 
An abdominal CT revealed a 10.6×8.0×11.7cm mass aris-
ing from the pancreatic body, with partial encasement of 
the splenic artery (Figure 1A). The mass abutted the sto-
mach and splenic flexure of the colon, with evidence of 
invasion of both organs (Figure 1B–D) without evidence 
of metastatic disease. Serum cancer antigen 19–9 (CA 
19–9) was 3366 U/mL (reference value <36 U/mL) and 
carcinoembryonic antigen (CEA) was 67.5 ng/mL (refer-
ence value <3.5 ng/mL). Endoscopic biopsy of the pan-
creatic mass revealed adenocarcinoma consistent with 
pancreatic origin, which was confirmed on colonoscopy. 
Immunohistochemical analysis revealed a poorly differen-
tiated carcinoma staining positive for CK7, weakly posi-
tive for CDX2, and negative for CK20; further supporting 
upper gastrointestinal origin and a diagnosis of locally 
advanced pancreas cancer with colonic invasion. 

Immunohistochemistry analysis for MLH1, PMS2, 
MSH2, and MSH6 showed intact expression.

Given her locally advanced tumor and the need for 
multi-visceral resection, the multidisciplinary tumor 
board recommended neoadjuvant systemic therapy. Due 
to her multiple comorbidities and poor performance status, 
however, the patient was not a good candidate for multi- 
agent cytotoxic chemotherapy. Tumor analysis with 
FoundationOne CDx (Foundation Medicine, Inc. 
Cambridge, MA) demonstrated a PD-L1 tumor proportion 
score of 70%, Microsatellite Instability–High (MSI-H) 
status, and a tumor mutational burden of 49 mutations 
per megabase.

Treatment and Outcomes
The patient received stereotactic body radiotherapy 
(SBRT) (25 Gy/5 five fractions) to the pancreatic mass 
before commencing pembrolizumab monotherapy at 
200mg every three weeks. Interval CT scan after 2 cycles 
of pembrolizumab showed decreased mass size at 
3.6×3.8×3.8cm. Serum CA 19–9 had decreased to 27.7 
U/mL. Repeat imaging after a total of 4 cycles showed 
further tumor volume decrease (3.2×2.7×3.1 cm) and cys-
tic degeneration (Figure 1E–G).

The patient’s favorable response on imaging led to the 
recommendation for exploration with resection via distal 
pancreatectomy with splenectomy. In the operating room, 
the tumor was inseparable from the posterior gastric wall 
and transverse mesocolon, necessitating en bloc wedge 
gastrectomy and resection of 6 cm of transverse colon 
with primary anastomosis. The patient recovered without 
complications and was discharged on post-operative 
day five.

The pancreatic specimen revealed abundant mucin and 
necrotic tissue surrounded by a prominent histiocytic and 
lymphocytic infiltrate with patchy neutrophilic inflamma-
tion, indicative of treatment effect, with no residual dys-
plasia or carcinoma in the pancreas (Figure 2). Thirty-nine 
lymph nodes were negative for carcinoma. The gastric 
specimen was also negative for carcinoma. The resected 
colon contained a 4 mm segment of poorly differentiated 
adenocarcinoma within the lamina propria surrounded by 
a prominent histiocytic and lymphocytic infiltrate (Figure 
3). The margins and all six colonic lymph nodes were 
negative for carcinoma. Post-operative CA 19–9 was 
26.2 U/mL.

The patient has continued to receive pembrolizumab 
post-operatively, with plans for one year of total therapy. 
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Figure 1 Sagittal CT scan representative image demonstrating the tumor's proximity to central arterial vasculature (A). Axial and coronal representative CT images 
demonstrating tumor proximity to gastric (B and D) and colonic (C) tissues (arrows demarcate points of organ abutment). Representative CT images obtained after 25 Gy 
of radiotherapy and four cycles of immunotherapy with gold fiducials demarcating the tumor (E–G).

OncoTargets and Therapy 2021:14                                                                                                 https://doi.org/10.2147/OTT.S311661                                                                                                                                                                                                                       

DovePress                                                                                                                       
3539

Dovepress                                                                                                                                                       McCarthy et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


At her most recent follow up five months after surgery she 
has continued to tolerate therapy well without evidence of 
disease recurrence.

Discussion
Immunotherapy is not commonly utilized in the neoadju-
vant setting for locally advanced PDAC. ICI are more 
commonly utilized in the metastatic setting as second- or 
third-line therapies in patients with MSI-H or dMMR 
tumors, or as an alternative monotherapy in patients with 
poor performance status.26,27 Within pancreatic cancer 
there is little data directly comparing these modalities to 
cytotoxic chemotherapy in the metastatic setting, even in 
patients with MSI-H tumors, and few if any data compar-
ing them in the perioperative setting.

While chemotherapy for PDAC has improved, dra-
matic responses remain rare13,14 and the ability to predict 
treatment response has largely remained elusive. A recent 
analysis by Perri et al demonstrated an association 
between pathologic response with radiographic metrics 
and serum tumor markers, but major and complete 
responses are quite rare.28 Thus, there is rationale for the 
expanded use of personalized strategies in the form of 

targeted therapies and immunotherapies, especially in 
patients who are expected to not tolerate, or not respond 
to, cytotoxic chemotherapy. To date, ICI have achieved 
minimal success.29–31 An early trial including PDAC 
patients with metastatic disease treated with pembrolizu-
mab published a 0% ORR and a 3.9-month median overall 
survival (mOS),29 and inclusion of anti-CTLA-4 therapies 
has produced equally disappointing results. Combinations 
of ICI and chemotherapy agents have not shown a clear 
benefit, but some rare reports of dramatic responses are 
encouraging, such as a patient with metastatic PDAC in 
a phase Ib trial of ipilimumab and gemcitabine who 
achieved a durable response of 19.8 months.32 Though 
there are three ongoing Phase III trials investigating ICI 
in PDAC (NCT03983057, NCT03977272, NCT0375 
5739), the failure of early phase trials to show substantial 
treatment effects underscores the immunosuppressive and 
immune-excluding nature of the tumor microenvironment 
(TME) and surrounding stroma of PDAC relative to other 
solid tumor types. Within the TME, multiple cell lines 
such as macrophages, dendritic cells, and PDAC epithelial 
cells are manipulated to induce immunosuppressive 
effects.33 The tumor stroma, consisting of the extracellular 

Figure 2 Pancreas with treatment effect. H&E stain (A and C) shows areas of necrosis surrounded by lymphocytes consistent with prior tumor bed. CD3 immunohis-
tochemical stain (B and D) highlights CD3+ T lymphocytes surrounding areas of prior tumor bed.

https://doi.org/10.2147/OTT.S311661                                                                                                                                                                                                                                  

DovePress                                                                                                                                                            

OncoTargets and Therapy 2021:14 3540

McCarthy et al                                                                                                                                                       Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


matrix, vasculature, and cancer associated fibroblasts, cre-
ate a mechanical and functional barrier to an effective anti- 
tumor immune response.34

Despite these challenges, there may be hope for ICI in 
PDAC with better patient selection. One major issue with 
these early trials is that patients were enrolled without 
a requirement for specific mutation burden, PD-L1 expres-
sion, or MSI status. Unfortunately, PD-L1 expression as 
low as 3.9% in all nucleated cells of resected PDAC 
specimens has been reported in patients who received no 
NAT.35 There is, however, prospective clinical evidence in 
multiple solid tumor types indicating that MSI-H and 
TMB-H tumors may be sensitive to PD-L1 targeted immu-
notherapy, regardless of PD-L1 expression.36,37 While 
these markers are also fairly rare in PDAC,38 there is 
a small subset of patients who may have dramatic 

responses to immunotherapy. Early trials investigating 
ICI in PDAC have enrolled patients who have failed 
initial, cytotoxic chemotherapy treatments. Unfortunately, 
the recipient of such therapies may experience damage to 
the immune system that could result in weaker, if any, 
immunologic response to ICI, potentially altering the 
results of these studies. Additional research is needed to 
better understand the complex interaction between the 
immune system and the TME of a PDAC tumor but, as 
demonstrated by our case, dramatic effects from immu-
notherapy are likely to be seen in cases with remarkably 
high TMB and expression of PD-L1. This is where future 
research on immunotherapy in PDAC should focus.

Though significant baseline immunogenicity is rare in 
PDAC, it is possible that another therapy may be able to 
generate an initial immune response in an otherwise 

Figure 3 (A) H&E stain; 4x; Colon containing residual carcinoma with lymphocytic infiltrate within tumor (black arrowheads) and area of treatment effect (blue arrows). (B) 
CK7 IHC stain; 40x; CK7 stain highlighting residual carcinoma within colonic mucosa. (C) CD3 IHC stain; 40x; IHC stain highlighting CD3+ lymphocytes within tumor and 
area of treatment effect. (D) H&E stain; 400x; High power view of residual carcinoma within the colon with numerous tumor infiltrating lymphocytes.
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immunologically cold tumor, allowing ICI to exploit and 
expand this response. One promising strategy that was 
utilized in our case is the addition of ICI to RT. It has 
been postulated that the cell lysis caused by ionizing 
radiation may cause an immune response to a patient’s 
tumor, leading to an immune response with corresponding 
upregulation of PD-L1 expression on tumor cells.39,40 

Syngeneic mouse tumor models demonstrated improved 
survival and tumor volume reduction with the combination 
of RT and PD-L1 blockade compared to single modality, 
and elevations in tumor cell PD-L1 expression were seen 
following RT.39,41 Additionally, it has been suggested that 
RT may have effects on the dense, immunosuppressive 
tumor microenvironment and stroma of PDAC in a way 
that increases immune cell response and antigen 
recognition.42 This promising combination is currently 
being studied in a number of malignancies,43 but has not 
been studied extensively in pancreatic malignancies. 
SBRT followed by durvalumab for pancreatic cancer is 
currently being studied in the metastatic setting in a Phase 
I trial; however, early data indicate poor therapy 
responses, with stable disease marking the best response 
in 21% of patients.44 There are no studies to date assessing 
frontline combination radiation and immunotherapy for 
locally advanced or borderline resectable tumors as suc-
cessfully implemented in this case; however, there are 
several promising animal studies and enrolling clinical 
trials.42 While it is possible that this combination may 
offer meaningful response in PDAC, it is again likely 
that patients with some baseline immune response to 
their tumor will see the most benefit.

Finally, the discovery of frequent somatic mutations 
within pancreatic cancers has also led to a broadening 
array of directed therapies. In addition to PD-1/PD-L1 
inhibitors, recent trials have begun to enroll patients for 
treatment with RAS inhibitors, specifically a small- 
molecule KRASG12C inhibitor, AMG 510.45 At the most 
recent ASCO scientific assembly, researchers presented 
a cohort of patients diagnosed with KRASG12C-mutated 
tumors, including eight with pancreatic cancer. Of these 
patients, six had achieved stable disease and three had 
a 30% reduction in tumor burden.46 Given the frequency 
of KRAS mutations in pancreatic cancer, the promise of 
RAS inhibitors provides hope for patients with this malig-
nancy. In addition, there is hope that combining ICI with 
small molecule inhibitors, whether targeting RAS or other 
common mutations, will lead to synergistic anti-cancer 
effects.47 While these therapies are in their infancy, 

especially with regards to use in pancreatic cancer, they 
demonstrate where the field of oncology is going: towards 
personalized medicine, with each patient’s treatment being 
chosen based on their specific tumor’s genetic signature.

Conclusion
The future of oncologic care is personalized medicine, and 
here we present remarkable success utilizing neoadjuvant 
pembrolizumab for a PD-L1 high, TMB-H tumor, with 
radiation that potentially enhanced PD-L1 blockade. This 
case report adds to the growing body of evidence that RT 
may alter the immunogenicity of the PDAC TME and allow 
for the synergistic use of ICI. Furthermore, this case high-
lights the impressive efficacy of this combination that may 
be possible in correctly selected patients. This calls for 
further study on application of ICI in PDAC, particularly 
in appropriately selected patients. Routine testing for targets 
of immunotherapies should be strongly considered for frail 
patients with unresectable or metastatic PDAC.
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