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Abstract

BACKGROUND

Metastatic pancreatic ductal adenocarcinoma (PDAC) is a lethal malignancy with
dispiriting survival data. Immunotherapy is a promising approach to many cancer
types, but achieves poor outcomes in advanced PDAC due to its immunosup-
pressive tumor microenvironment. We describe a case of metastatic PDAC
effectively treated with pembrolizumab.

CASE SUMMARY

We report the case of a 67-year-old woman with unresectable locally advanced
PDAC, treated with gemcitabine plus nab-paclitaxel followed by radiotherapy
plus capecitabine. At nine months, pancreatic tumor progression was observed at
the level of the hepatic hilum with the appearance of a new pulmonary nodule
suggestive of a second primary, confirmed by left lung biopsy. Systemic immuno-
therapy was then initiated with pembrolizumab, an immune checkpoint inhibitor
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targeting programmed cell death protein-1 that covers the two tumor types. The patient showed a complete
metabolic response that was maintained throughout the treatment. The patient continues to be disease-free at 5.6
years since the start of immunotherapy.

CONCLUSION

These results suggest that the administration of pembrolizumab after chemoradiotherapy has a beneficial effect in
patients with metastatic PDAC. To our knowledge, this is the first reported case of a patient with metastatic PDAC
and metastatic lung cancer showing such a long-lasting complete response after pembrolizumab treatment without
curative surgery. Further studies are required to determine biomarkers that identify PDAC patients most likely to
benefit from this immunotherapy.

Key Words: Pancreatic ductal adenocarcinoma; Lung cancer; Immunotherapy; Pembrolizumab; Programmed cell death protein-
1; Case report

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The lack of specific symptoms in patients and the absence of a reliable and well-stablished diagnostic method,
makes advanced pancreatic ductal adenocarcinoma (PDAC) the most common clinical appearance of pancreatic cancer
cases. In these circumstances, surgical resection, the only curative approach for this malignancy, is unaffordable, leading to
very low survival outcomes. Immunotherapy is a recent approach that has been studied in many cancer types showing
encouraging results, but it has not been sufficiently investigated in PDAC. We report the case of a patient with unresectable
PDAC that progressed to metastasis after treatment with chemoradiation, who showed an outstanding response to immuno-
therapy with pembrolizumab, achieving a complete remission within a few months, which was maintained until the end of
treatment. Currently, the patient continues in disease-free state.
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INTRODUCTION

Pancreatic cancer (PC) is the fourth leading cause of cancer death worldwide and has one of the worst 5-year relative
survival rates (12%)[1]. The main reason is that more than 90% of PC cases are pancreatic ductal adenocarcinoma (PDAC)
[2], and most of them are not usually candidates for curative surgical resection at the time of diagnosis, due to local
invasion or distant metastasis[3].

Cancer immunotherapy modulates the immune system to enhance the antitumor immune response. One of the most
widely applied therapies is the administration of immune checkpoint inhibitors which have demonstrated major potential
in substantial subsets of patients with certain solid tumors[4]; however, a strong resistance has been observed in cases of
PDAC due to its various immune escape mechanisms, which are favored by the dense stroma surrounding the tumor[5-
7]. Pembrolizumab is a humanized monoclonal antibody that blocks programmed cell death protein-1 (PD-1), thereby
avoiding immunosuppressive action through this immune checkpoint[8]. However, scant data are available on the
usefulness of pembrolizumab against PDAC, considered a cancer with a poor immune response[9,10].

This report presents the case of a patient initially diagnosed with unresectable locally advanced PDAC that became
metastatic after standard treatment and was then successfully treated with pembrolizumab. The patient showed a
complete response and remains tumor free.

CASE PRESENTATION

Chief complaints
A 67-year-old woman with unresectable locally advanced PDAC treated with gemcitabine (GEM) plus nab-paclitaxel
(nab-P) followed by radiotherapy plus capecitabine.

History of present illness
The patient diagnosed with unresectable locally advanced PDAC received neoadjuvant treatment with GEM plus nab-P
that was completed without conversion to resectability, hence she continued with capecitabine-based chemoradiation
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therapy which ended 10 months after diagnosis, in June 2017.

History of past illness
Approximately nine months earlier, the patient presented with a feeling of heaviness and satiety with regurgitation. The
patient had no other medical history of interest.

Personal and family history
Her sister was diagnosed with breast cancer at the age of 52 years, two maternal cousins with breast cancer at the ages of
65 and 27 years, and one maternal cousin with colon cancer at the age of 70 years.

Physical examination
At physical examination, she had a depressed mood, she was slim, there was no dyspnea, but there was abdominal pain
on deep palpation and residual neurotoxicity, mainly in hands.

Laboratory examinations

Serum tumor marker levels were abnormal: 6.1 ng/mL (normal value 0.00-5.00 ng/mL) for carcinoembryonic antigen
(CEA) and 295.50 U/mL (normal value 0.0-39.0 U/mL) for carbohydrate antigen 19-9 (CA19-9). Other altered determin-
ations were 235 mg/dL for cholesterol and 149 U/L for alkaline phosphatase. No other abnormalities were detected in
routine blood or urine analyses.

Imaging examinations

Enhanced computed tomography (CT) scan performed 18 months after diagnosis (8 months after the end of treatment)
revealed a significant growth of a nodule located in the lingula of left lung (17 mm x 17.5 mm and spiculated contours).
The scan also visualized a previously known pancreatic mass, approximately 40 mm x 30 mm that included the origin of
the celiac trunk, exit of the hepatic artery, origin of the gastro-duodenal artery, and proximal region of the superior
mesenteric artery, infiltrating and obliterating the mesenteric portal venous confluence. It was reported as bilateral
adrenal hyperplasia of left predominance contacting the pancreatic mass, without ruling out infiltration, observing
nonspecific mesenteric lymph nodes. One month later, positron emission tomography (PET)-CT evidenced metabolic
progression of the disease, showing the presence of a pancreatic neoplastic lesion, together with an adenopathy in the
hepatic hilum and two neoplastic lesions in the left lung and mediastinum. Thus, PET-CT revealed PDAC progression
and the appearance of pulmonary lesions suggestive of a second primary tumor in the lung (Figures 1 and 2).

Further diagnostic work-up

In April 2018, 20 months after diagnosis, CT-guided incisional biopsy in the left lung revealed infiltration by lung
adenocarcinoma (TTF1+/P40-/CD56-). In May 2018, a second biopsy of adenopathy 4 L was performed. Anatomopatho-
logical study confirmed adenocarcinoma and metastasis compatible with bronchogenic origin (TTF1+; CK19+; CEA-).
Therefore, both biopsies confirmed the presence of lung cancer with mediastinal metastases (clinically staged as T2N1).
Additionally, immunohistochemical study showed 95% programmed death ligand 1 (PD-L1) positive neoplastic cells
(antibody clone 22C3) in pulmonary lesions. Unfortunately, it was not possible to determine molecular parameters in the
pancreatic tumor due to insufficient tumor tissue sample.

FINAL DIAGNOSIS

The final diagnosis was tumor progression of the initial PDAC, with metastasis involving the hepatic hilum and a second
primary tumor, stage IIB lung cancer with mediastinal metastases (T2N1MO).

TREATMENT

In June 2018, 12 months after chemoradiotherapy (i.e., 22 months since diagnosis), the patient started a two-year course of
immunotherapy based on a 200 mg dose of pembrolizumab every three weeks, with the purpose of covering both the
progression of PC and the appearance of lung cancer.

OUTCOME AND FOLLOW-UP

CA19-9 values decreased throughout the treatment with pembrolizumab, normal values were obtained after 7 cycles, and
were then maintained throughout the treatment (Figure 3). Four months after starting immunotherapy (October 2018),
PET-CT results evidenced a complete response, with no signs of tumor disease, which continued until the end of
treatment in November 2020, after 29 months of treatment (Figures 1B and 2C-L). At 5.6 years since her diagnosis, the
patient remains alive and free of disease. Figure 4 depicts the timeline of the most relevant events.
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Figure 1 Positron emission tomography-computed tomography study with 18F-fluorodeoxyglucose in two time points, before and after of
the pembrolizumab treatment. A: Macrophage inflammatory protein images in March 2018; B: Macrophage inflammatory protein images in May 2022.

DISCUSSION

PDAC is one of the most lethal and chemoresistant cancers, and surgery is the only curative treatment. Neoadjuvant
treatment is administered in some unresectable cases with local invasion in an attempt to meet the criteria for resection
[11]. However, most patients with PDAC are not candidates for curative surgery, and the majority of those undergoing
this surgery eventually relapse and/or develop metastases[12].

Immunotherapy with immune checkpoint inhibitors targeting the PD-1/PD-L1 axis, such as pembrolizumab, has been
successful as monotherapy in some solid tumors, such as non-small cell lung cancer[13], melanoma[14], head and neck
squamous cell cancer[15], and triple-negative breast cancer[16]. But, despite these promising results, a poor response has
been observed in PDAC[17,18]. Various factors have been implicated, including the immunologically “cold” nature of
PDAC, with scant infiltration of effector T-cells and a highly immunosuppressive microenvironment, favored by its
intense desmoplastic reaction and high hypoxia[19]. PDAC is also characterized by immunosuppressive populations such
as tumor-associated macrophages with M2 phenotype, myeloid-derived suppressor cells and regulatory T-cells[20,21].

The most actively investigated predictive biomarkers for treatment with anti-PD-1/anti-PD-L1 antibodies are defective
DNA mismatch repair, high microsatellite instability and high tumor mutation burden, but these are observed in only
around 1% of PDAC patients, in whom they have not always predicted a clinical benefit[18,19]. PD-L1 expression has also
been related to the therapeutic response in other tumor types, but there is insufficient evidence on this biomarker in
PDAC[22-24].

In recent years, it has been shown that chemotherapy and chemoradiotherapy are able to reprogram the tumor
microenvironment in PDAC, making it immune-responsive[25] by releasing tumor antigens via apoptosis induction,
decreasing infiltrating immunosuppressive populations, and increasing PD-L1 expression[26-28].

A phase Ib/II study of metastatic PDAC patients treated with GEM, nab-P, and pembrolizumab described a disease
control rate of 100%, with three partial responses and an overall survival of 15 months[29]. Although the sample size was
small (n = 11), these data suggested that the combination of PD-1/PD-L1 inhibitors with chemotherapy may yield clinical
benefits in patients with PDAC. However, another study of GEM plus nab-P combined with nivolumab (anti-PD-1) in 50
patients with locally advanced or metastatic PDAC patients reported a disease control rate below 65% and an overall
survival of 10 months[30]. These discrepant findings suggest that different PD-1 inhibitors might produce variable
responses. Strikingly, Shang et al[22] described two patients with PDAC (stages III and IV) and positive PD-L1 expression
but microsatellite stability whose tumor size was reduced after combined treatment with PD-1 inhibitor (tislelizumab)
and chemotherapy, including GEM. Both patients underwent surgical resection, achieving RO resection margins, and both
remained alive at the time of publication. Likewise, another study reported a therapeutic response to the combination of
anti-PD-1 (tislelizumab) and chemoradiotherapy in PDAC with microsatellite stability and non-high tumor mutation
burden[31]. According to these data, biomarkers currently employed to predict the clinical benefit of anti-PD-1/anti-PD-
L1 antibodies are inadequate for patients with PDAC, indicating the involvement of other mechanisms.
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Figure 2 Positron emission tomography-computed tomography study with 18F-fluorodeoxyglucose in two time points, before and after of
the pembrolizumab treatment. A-D: Positron emission tomography (PET)-computed tomography (CT) fusion images with hepatic hilum uptake (arrow in A) and
in pancreatic body (arrow in B) that disappear after treatment (arrows in C and D); E-H: CT images with lung parenchyma window (E and F) and fusion (G and H),
showing a hypermetabolic pulmonary nodule in the inferior lingula (arrows in E and G) in the baseline study, which disappears in the post-treatment study images
(arrows in F and H); I-L: CT images with mediastinal window (I and J) and fusion (K and L), in which a mediastinal lymph node is observed in the G5 space (arrows in
| and K) of the baseline study, which disappears in the images of the study after treatment (arrows in J and L).
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Figure 3 Carbohydrate antigen 19-9 levels throughout treatment with pembrolizumab. CA19-9: Carbohydrate antigen-19-9.
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Diagnosis 10 months 19 months 22 months 26 months 29 months
9 (June 2017) (March 2018) (June 2018) (October 2018)  (November 2020)
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GEM plus nab-P mPDAC : End of .
Radiation plus capecitabine mLC Pembrolizumab  CR pembrolizumab Survival

Figure 4 Timeline of the course of the disease with date and months since diagnosis indicated. GEM: Gemcitabine; nab-P: Nab-paclitaxel;
mPDAC: Metastatic pancreatic ductal adenocarcinoma; mLC: Metastatic lung cancer; CR: Complete response.

We report here a case of metastatic PDAC with a striking clinical response to PD-1 inhibition by pembrolizumab. The
patient was diagnosed with unresectable locally advanced PDAC that was refractory to chemoradiotherapy, and
progressed to metastasis, with the appearance of a second primary tumor in the lung. Given the severity of PDAC and the
resistance shown to taxanes, GEM, and capecitabine, systemic treatment was administered with pembrolizumab to cover
both tumor types. The patient showed a complete remission of both diseases after a few months of this treatment, and is
currently alive and disease-free at 5.6 years.

The main study limitation was the lack of sufficient tumor tissue to evaluate the presence of some stablished predictive
biomarkers. The high PD-L1 expression observed in the lung cancer may be responsible for the good response at
pulmonary level, but we cannot specify the mechanism underlying the successful response at pancreatic levels. Authors
have demonstrated the benefit of chemoradiotherapy in reshaping the tumor microenvironment in PDAC, and these
conventional treatments might change the tumor from being immunologically cold to hot, favoring the effectiveness of
this immunotherapy. It could also be hypothesized that our patient is one of the 1% of cases with a tumor phenotype that
could potentially benefit from immunotherapy. Within these limitations, our study contributes data on the use of PD-1
inhibitors in metastatic PDAC. It should be noted that the United States Food and Drug Administration has approved
pembrolizumab for unresectable or metastatic solid tumors, including PDAC, but only if the aforementioned biomarkers
are present, while the European Medicines Agency has excluded PDAC as a candidate tumor for this immunotherapy.
According to the present report, this approach can be of major benefit against PDAC, even in the absence of surgery and
in the presence of metastasis. Further research is needed in a larger number of patients to identify predictive biomarkers
of the response to anti-PD-1. Nevertheless, the striking response obtained in our patient supports the use of pembrol-
izumab plus chemoradiotherapy in PDAC, and suggests the need to review clinical protocols for this malignancy.

CONCLUSION

Immunotherapy based on PD-1/PD-L1 inhibition is not a widespread strategy against PDAC due to the poor response
observed in monotherapy and the small patient population considered likely to obtain a therapeutic effect. To our best
knowledge, this is the first reported case of a patient with metastatic PDAC previously treated with chemoradiotherapy
and without therapeutic options showing exceptional sensitivity to pembrolizumab, and achieving a durable complete
remission without curative surgery. This suggests the potential clinical benefit of this immunotherapy after chemora-
diation in patients with PDAC.
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