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Background: Pancreatic cancer has a poor prognosis, and it is traditionally treated with
chemotherapy. Fortunately, immunotherapy has rapidly changed the landscape of solid
tumor treatment, and improving the survival of cancer patients. However, pancreatic cancer
is non-immunogenic, and single agent immunotherapies are unfavorable to its prognosis.

Case Presentation: Here, we report a case of stage IV pancreatic cancer in a patient with
TSC2 and SMAD4 mutations treated with immunotherapy when the disease progressed
after multi-line chemotherapy. Next generation sequencing (NGS) confirmed the presence
of TSC2 and SMAD4 mutations and microsatellite stability (MSS). When the disease
progressed after chemotherapy, a combination strategy was devised consisting of
chemotherapy (S-1) and sintilimab. The patient had a partial response to therapy with
this regimen, the lesions were significantly reduced and nearly disappeared. In metastatic
pancreatic cancer, responses of this magnitude are rarely seen.

Conclusions: This outcome reveals that this combination can be effective in treating
metastatic pancreatic cancer, especially in pancreatic cancer patients with SMAD4 and
TSC2mutations. This may help increase the use of this therapy in large-scale clinical research.

Keywords: pancreatic cancer, immunotherapy, chemotherapy, next generation sequencing (NGS), SMAD4, TSC2
Abbreviations: MRI, magnetic resonance imaging; PET, positron emission tomography; CT, computed tomography; NGS,
next generation sequencing; TGF-b, transforming growth factor beta; TMB, tumor mutational burden; MSS, microsatellite
stable; MSI, microsatellite instability; MSI-H, high levels of microsatellite instability; ICI, immune checkpoint inhibitor; ORR,
objective response rate; PFS, progression-free survival; OS, overall survival.

org November 2021 | Volume 12 | Article 7854001

https://www.frontiersin.org/articles/10.3389/fimmu.2021.785400/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.785400/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.785400/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.785400/full
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:tztree@126.com
https://doi.org/10.3389/fimmu.2021.785400
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2021.785400
https://www.frontiersin.org/journals/immunology
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2021.785400&domain=pdf&date_stamp=2021-11-22


Ye and Zheng Immunotherapy for Pancreatic Cancer
INTRODUCTION

Pancreatic cancer has a high incidence and mortality, and its
special structure can protect pancreatic cancer cells from
chemotherapeutic agents (1, 2). However, pancreatic cancer is
non-immunogenic and single agent immunotherapies are
unfavorable to the prognosis of patients. Several clinical trials
showed that single agent immunotherapies are ineffective for the
treatment of advanced pancreatic cancer (3–5). Moreover, there
was a clinical trial confirmed that objective response rate (ORR)
was 0 for patients receiving single agent immunotherapies (5).

However, the effect of combination therapy is also not
optimistic. As for chemotherapy plus immunotherapy, some
clinical trials confirmed that the safety profile of combination
therapy at standard doses in advanced pancreatic cancer was
manageable (6, 7), but there was no significant improvement in
progression-free survival (PFS) and overall survival (OS) (6, 8).

Though, the pancreatic cancer has little response rate to
immunotherapy, it may be effective for specific patient. For
example, several gene mutations can improve the effective of
immunotherapy (9), including high levels of microsatellite
instability (MSI-H), POLE, POLD1, et al.
CASE PRESENTATION

We present the case of a 56-year-old Chinese man who had been
smoking and drinking for decades. He was hospitalized for six
months with abdominal pain. In September 2019, magnetic
resonance imaging (MRI) of the upper abdomen identified a
pancreatic head mass, multiple retroperitoneal enlarged lymph
nodes, and abnormal enhancement near the inferior vena cava in
right lobe of the liver. Ultrasound guided biopsy of the pancreas
was performed. Pathology diagnosis was pancreatic ductal
adenocarcinoma (stage IV) (Figures 1A, B). Next generation
sequencing (NGS) confirmed the tumor was microsatellite
stability (MSS), and a total of 6 gene mutations, TSC2,
CREBBP, HIST1H3I, MAP2K4, SMAD4, and STK11 were
detected. Additionally, frame shift mutation occurred in exon
17 of TSC2 gene (32.13%); missense mutation occurred in exon 9
(7.47%) and nonsense mutation occurred in exon 5 (9.49%) of
SMAD4 gene. The NGS confirmed that there were no targeted
drug-related gene mutations and the tumor mutational burden
(TMB) was 7.1 mut/Mb.

In October 2019, the patient’s primary oncologist started him
on AG (gemcitabine and nab-paclitaxel). The gemcitabine
(1000mg/m² over 30 minutes, weekly for 2 weeks, every
21 days) and nab-paclitaxel (125mg/m², weekly for 2 weeks,
every 21 days) were administered intravenously. However, in the
first three cycles and the fifth cycle of chemotherapy, for several
reasons (such as COVID-19), he only received chemotherapeutic
agents (AG) on the first day. In March 2020, the repeated MRI
showed progressive disease. In late March 2020, the patient
developed back pain and underwent endoscopic retrograde
cholangiopancreatography (ERCP) and endoscopic metal
biliary endoprosthesis (EMBE) due to obstructive jaundice.
Frontiers in Immunology | www.frontiersin.org 2
In April 2020, positron emission tomography/computed
tomography (PET/CT) revealed a 6.0 cm × 6.0 cm mass in
pancreatic head, multiple enlarged lymph nodes in different sizes
were found in pancreatic head and retroperitoneum, and
multiple low-density shadows in the liver (Figures 1C–F).

Based on these findings, the patient was treated with
FOLFIRINOX (oxaliplatin, Irinotecan, calcium folinate and
5-Fluorouracil). However, considering that the patient had just
undergone surgery, the patient was asked by his doctor to eat S-1
for 14 days (from April 2, 2020 to April 16, 2020) before he
received FOLFIRINOX treatment on April 25, 2020. In June
2020, after 4 cycles of chemotherapy, upper-abdomen enhanced
CT revealed that the size of pancreatic head lesion was
significantly decreased to 2.3 cm × 2.5 cm (Figure 2A), more
that 50% decrease, and multiple low-density shadows in the liver.
The patient was repeated CT about every two months
(Figures 2B, C). Until October 2020, the CT only revealed a
mass in the pancreatic head, and the lesion was slightly low
density with peripheral lymph node metastasis.

In October 2020, the patient underwent one cycle of Olaparib by
himself, although he did not have the targeted drug-related gene
mutation. On October 16, his abdomen enhanced CT scan revealed
multiple liver metastases (Figure 2F), and the largest measured 2.3
cm. We changed the chemotherapy regimen to AG again
(gemcitabine and nab-paclitaxel). In November 2020, the
abdomen enhanced CT scan revealed progressive disease
(Figure 2D), and the size of the pancreatic head lesion was 6.4 cm.

The patient has undergone multi-line chemotherapy,
chemotherapy alone could not inhibit the progression of the
disease, and there was no standard treatment after two or more
lines of systemic chemotherapy. In addition, his Eastern
Cooperative Oncology Group Performance Status (ECOG-PS)
was 2, he suffered from severe cancer pain all over the body
(OxyContin 30mg, every 12 hours) and weight loss, the aspartate
transaminase and alanine transaminase were at normal level, and
alkaline phosphatase increased slightly (not higher than 2 times the
normal value). Thus, we decided to use chemotherapy (S-1)
combined with immunotherapy (sintilimab). Considering the
economic status of patient, we decided to choose sintilimab (more
economical). The sintilimab is a fully human IgG4 monoclonal
antibody; it can bind to PD-1, block the interaction of PD-1 with its
ligands, and help recover the anti-tumor response of T-cells, and it
has been approved to treat relapsed or refractory classical Hodgkin
lymphoma, advanced non-small cell lung cancer and metastatic
hepatocellular carcinoma. The anti-tumor effect of sintilimab is
similar to that of other anti-PD-1/PD-L1 antibodies (10). Sintilimab
was administered intravenously (200mg, every 3 weeks); and S-1was
orally (40mg, twice a day orally for 2 weeks, every 21 days). The
patient started to receive S-1 on November 24, 2020, and sintilimab
on November 27, 2020.

The patient did not come to our hospital again until June 2021
(Figure 3). He said he was treated at a local hospital during these
sevenmonths, andreceiveda totalof10cyclesof sintilimabcombined
with S-1. The performance status was better than before (his PS
improved to ECOG-PS 1); his severe cancer pain was well controlled
(OxyContin 10mg, every 12hours). The abdomenenhancedCT scan
November 2021 | Volume 12 | Article 785400
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FIGURE 1 | (A, B) pancreatic ductal adenocarcinoma. (A) 200X, (B) 400X. The pancreatic head puncture smear showed significant atypical epithelial mass, irregular
nuclei, which was consistent with the changes of adenocarcinoma. (C–F) PET/CT images in April 2020. (C) showed a 6.0cm *6.0 cm mass in pancreatic head (arrow);
(D) confirmed enlarged lymph nodes in pancreatic head (arrow), and low-density shadows in liver (within cycle); panels (E, F) revealed enlarged multiple lymph nodes in
different sizes in retroperitoneum (arrow).
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showed that the intrahepatic metastases (Figure 2G) and pancreatic
head lesion (Figure 2E) were significantly reduced (the size of the
pancreatic head lesion was 1 cm). By standard Response Evaluation
Criteria in Solid Tumors (RECIST) criteria, version 1.1, the patient
had a partial response (more than 80%decrease) to therapy with this
regimen.Moreover, throughout his treatment, the CA 19-9 level was
always normal.

At the latest follow-up (August 2021), the patient still had a
partial response to this regimen (S-1 combined with sintilimab),
and the duration of partial response was 8 months.
Frontiers in Immunology | www.frontiersin.org 4
DISCUSSION

Chemotherapy has been the mainstay of treatment for many
malignant tumors, including pancreatic cancer. Due to the lack
of effective screening tools, most patients lose the opportunity to
undergo surgery, which makes chemotherapy the standard
treatment. However, chemotherapy has a poor therapeutic
effect on pancreatic cancer due to its aggressive nature.
Pancreatic cancer is composed of malignant cells and
desmoplastic stroma (1). Desmoplastic stoma serves as a
A B
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FIGURE 2 | Enhanced CT images. The pancreatic mass indicated by the arrow on upper-abdomen enhanced CT took in June 2020 (A), in August 2020 (B), in
October 2020 (C) and in November 2020 (D). The pancreatic cancer was responded to chemotherapy initially, but the disease was still progressed at later time.
After sintilimab combined with S-1 treatment, the pancreatic lesion was significantly reduced in, and nearly disappeared in June 2021 (E). The hepatic metastases
indicated by the arrows on upper-abdomen enhanced CT took in October 2020 (F), and in June 2021 (G). The hepatic metastasis was significantly reduced (G).
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FIGURE 3 | Timeline of the treament. The patient was diagnosed with pancreatic cancer in September 2019, and received chemotherapy (AG) in October 2019.
Before receiving immunotherapy in November 2020, the patient had undergone multi-line chemotherapy (including AG, FOLFIRINOX, AG). And until August 2021 (the
latest follow-up), the patient was still receiving immunotherapy combined with chemotherapy.
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physical barrier that protects pancreatic cancer cells and prevent
the effective delivery of chemotherapeutic agents (2).

In this case, the chemotherapy was effective for this
patient at first. Additionally, after the disease progressed, the
immunotherapy combined with chemotherapy had a significant
effect. In the past 5 years, immunotherapy has rapidly changed the
landscape of solid tumor treatment. What is more, tumor testing
can help patients to get a better treatment. The results of a tumor
testing making a patient eligible for treatment with
immunotherapy, whose disease (advanced pancreatic cancer)
progressed after neoadjuvant chemotherapy and adjuvant
chemotherapy (11). Recent studies have identified several
positive predictive markers for immune checkpoint inhibitors
(ICIs), such as high levels of MSI-H, PD-L1 overexpression,
high TMB, and gene mutations (9).

TSC2 is a tumor suppressor gene; it negatively regulates the
cellular signaling networks that control cellular growth and
proliferation (12). The TSC2 protein forms a complex and
functions as a tumor suppressor by inhibiting mTORC1 kinase
(13). It has been shown that, in TSC2-deficient tumors, the
single-agent PD-1 or CTLA-4 blockade, or a combination of
them, can inhibit the growth of tumors (14). Additionally, the
combination of PD-1 and CTLA-4 antibody treatment or single-
Frontiers in Immunology | www.frontiersin.org 5
agent treatment can increase CD8+ T-cell infiltration in TSC2-
deficient human tumors (14), and the level of infiltration is
correlated with the degree of response to therapy.

Transforming growth factor beta (TGF-b) is an immune
regulator; it can suppress the immune response via many
different mechanisms (15). Moreover, it can inhibit tumor
growth at the early stages of disease and promote tumor
development at the later stages (16). However, the tumor-
suppressive role of TGF-b is only effective when the TGF-b
signaling pathway is not defective (17). SMAD4 serves as the
central mediator of the TGF-b signaling pathway (18), and it is
the only common mediator. The TGF-b/SMAD4 signaling
pathway plays a tumor suppressive role in early stages of
disease, mainly by inducing cell cycle arrest and apoptosis.
TGF-b can stimulate regulatory T-cells, which inhibit the
function of other lymphocytes (19). PD-1 is highly expressed
on tumor infiltrating lymphocytes; it has been shown that human
PD-1 expression may under direct transcriptional control by
TGF-b, and TGF-b can enhance the expression of PD-1,
suppressing anti-tumor immunity (20). TGF-b inhibits CD8+
T-cell effector function through TGF-b signaling pathway (21).
Pancreatic cancer cells have lost their tumor-suppressive roles,
but they possess tumor-promoting effects induced by increased
November 2021 | Volume 12 | Article 785400
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TGF-b (22). In a tumor microenvironment, TGF-b expression is
very high.

In pancreatic cancer, alterations of TGF-b signaling occur
through the mutation of the genes involved in the pathway
(including SMAD4); this activity is present in 47% of pancreatic
cancer patients (23). The loss of SMAD4 will abrogate the
canonical TGF-b/SMAD4 signaling pathway (24), and it may
make pancreatic cancer more aggressive (25). It has been shown
that SMAD4-deleted pancreatic ductal adenocarcinoma cells are
sensitive to agents modulating the cell cycle (26). The loss of
SMAD4 counteracted TGF-b-induced cell cycle arrest and
apoptosis (27). Furthermore, it has been reported that the loss
of SMAD4 expression is significantly associated with better
survival after resection (28). The inhibition of TGF-b has been
reported to have a variety of antitumor effects (29). A TGF-b
blockade can reverse the suppressive effects of apoptotic cells on
inflammation and adaptive immunity (30). In T-cell excluded
mouse models, immune checkpoint-resistant MSS colorectal
cancers and liver tumors were rendered susceptible to anti-PD-
1/PD-L1 therapy with a TGF-b blockade (31).

Blockade of immune checkpoints by anti-CTLA-4 or anti-
PD-1/anti-PD-L1 agents leads to T-cell activation, and it
provides an effective approach for tumor immunotherapy (32).
And the high PD-L1 expression may have a better clinical
benefit. There was a case report showed that blocking the PD-
L1 pathway combined with chemotherapy was effective for
pancreatic squamous cell carcinoma patients with high PD-L1
expression (33).

Pancreatic cancer is intrinsically non-immunogenic (34).
Single agent immunotherapies are unlikely to be successful in
treating this type of cancer (35), but immunotherapy combined
with chemotherapy has a synergistic effect (36). Chemotherapeutic
agents could promote the release of tumor antigens from the
cancer cells and reactivate an anti-cancer immune response to
suppress tumor growth (37). Besides, according to several ongoing
clinical trials, there are other regimens of combination therapy for
the treatment of pancreatic cancer, such as BL-8040 (chemokine
receptor type 4 inhibitors) and pembrolizumab combined with
chemotherapy (NCT02826486), olaparib plus pembrolizumab
(NCT04666740 and NCT04548752), olaparib or selumetinib
plus durvalumab (NCT04348045). Additionally, the COMBAT/
KEYNOTE-202 Trial (NCT02826486) revealed that the ORR was
21.1%, and the triple combination of BL-8040, pembrolizumab,
and chemotherapy was safe and well tolerated, but no significant
improvement in PFS and OS (38).

Other ICIs can also improve the effect of therapy. TMB is the
total number of mutations per coding area of a tumor gene,
Frontiers in Immunology | www.frontiersin.org 6
which can increase the sensitivity to immunotherapy (39).
Generally, we defined TMB ≥ 20 mutations/Mb as high TMB,
TMB ≤ 10 mutations/Mb as low TMB. Patients with a high TMB
also have a better prognosis with immunotherapy. For example, a
higher TMB was associated with better response in non-small
cell lung cancer patients receiving pembrolizumab (40). A higher
TMB had a clinical benefit in malignant melanoma patients
receiving either ipilimumab or tremelimumab (41). Additionally,
a case report revealed that combined antiangiogenic therapy and
immunotherapy is effective for pancreatic cancer with high TMB
(42). However, patients with pancreatic cancer generally have a
low TMB in comparison to patients with other malignancies
(43). Moreover, pancreatic cancer is a tumor with low
immunogenicity, which is attributed to low TMB (36).
CONCLUSION

In this case, the effect of immunotherapy combined with
chemotherapy seems to be very effective. We also established a
hypothesis that the SMAD4 and TSC2 mutations improved the
efficacy of immunotherapy, prolonging the survival of patients.
However, very few studies have investigated the relationship
between SMAD4 mutation and immunotherapy in pancreatic
cancer. Thus, more studies and clinical trials are needed.
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of the Type I TGF-Beta Receptor Restores TGF-Beta Responsiveness in
Pancreatic Cancer. Int J Cancer (1998) 78(2):255–60. doi: 10.1002/(sici)
1097-0215(19981005)78:2<255::aid-ijc21>3.0.co;2-8

23. Bailey P, Chang DK, Nones K, Johns AL, Patch AM, Gingras MC, et al.
Genomic Analyses Identify Molecular Subtypes of Pancreatic Cancer. Nature
(2016) 531(7592):47–52. doi: 10.1038/nature16965

24. Derynck R, Jarrett JA, Chen EY, Eaton DH, Bell JR, Assoian RK, et al. Human
Transforming Growth Factor-Beta Complementary DNA Sequence and
Frontiers in Immunology | www.frontiersin.org 7
Expression in Normal and Transformed Cells. Nature (1985) 316
(6030):701–5. doi: 10.1038/316701a0

25. Yamada S, Fujii T, Shimoyama Y, Kanda M, Nakayama G, Sugimoto H, et al.
SMAD4 Expression Predicts Local Spread and Treatment Failure in Resected
Pancreatic Cancer. Pancreas (2015) 44(4):660–4. doi: 10.1097/MPA.
0000000000000315

26. Hsieh YY, Liu TP, Chou CJ, Chen HY, Lee KH, Yang PM. Integration of
Bioinformatics Resources Reveals the Therapeutic Benefits of Gemcitabine and
Cell Cycle Intervention in SMAD4-Deleted Pancreatic Ductal Adenocarcinoma.
Genes (Basel) (2019) 10(10):766. doi: 10.3390/genes10100766

27. Duda DG, Sunamura M, Lefter LP, Furukawa T, Yokoyama T, Yatsuoka T,
et al. Restoration of SMAD4 by Gene Therapy Reverses the Invasive
Phenotype in Pancreatic Adenocarcinoma Cells. Oncogene (2003) 22
(44):6857–64. doi: 10.1038/sj.onc.1206751

28. Biankin AV, Morey AL, Lee CS, Kench JG, Biankin SA, Hook HC, et al. DPC4/
Smad4 Expression and Outcome in Pancreatic Ductal Adenocarcinoma. J Clin
Oncol (2002) 20(23):4531–42. doi: 10.1200/JCO.2002.12.063

29. Ungefroren H. Blockade of TGF-b Signaling: A Potential Target for Cancer
Immunotherapy? Expert Opin Ther Targets (2019) 23(8):679–93. doi: 10.1080/
14728222.2019.1636034

30. Larson C, Oronsky B, Carter CA, Oronsky A, Knox SJ, Sher D, et al. TGF-
Beta: A Master Immune Regulator. Expert Opin Ther Targets (2020) 24
(5):427–38. doi: 10.1080/14728222.2020.1744568

31. Tauriello DVF, Palomo-Ponce S, Stork D, Berenguer-Llergo A, Badia-
Ramentol J, Iglesias M, et al. Tgfb Drives Immune Evasion in Genetically
Reconstituted Colon Cancer Metastasis. Nature (2018) 554(7693):538–43.
doi: 10.1038/nature25492

32. Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo T, Minato N. Involvement of
PD-L1 on Tumor Cells in the Escape From Host Immune System and Tumor
Immunotherapy by PD-L1 Blockade. Proc Natl Acad Sci U S A (2002) 99
(19):12293–7. doi: 10.1073/pnas.192461099

33. Yang B, Ren H, Yu G. Case Report: Squamous Cell Carcinoma of Pancreas
With High PD-L1 Expression: A Rare Presentation. Front Oncol (2021)
11:680398. doi: 10.3389/fonc.2021.680398

34. Pico de Coaña Y, Choudhury A, Kiessling R. Checkpoint Blockade for Cancer
Therapy: Revitalizing a Suppressed Immune System. Trends Mol Med (2015)
21(8):482–91. doi: 10.1016/j.molmed.2015.05.005

35. Sideras K, Braat H, Kwekkeboom J, van Eijck CH, Peppelenbosch MP, Sleijfer
S, et al. Role of the Immune System in Pancreatic Cancer Progression and
Immune Modulating Treatment Strategies. Cancer Treat Rev (2014) 40
(4):513–22. doi: 10.1016/j.ctrv.2013.11.005

36. Schizas D, Charalampakis N, Kole C, Economopoulou P, Koustas E, Gkotsis
E, et al. Immunotherapy for Pancreatic Cancer: A 2020 Update. Cancer Treat
Rev (2020) 86:102016. doi: 10.1016/j.ctrv.2020.102016

37. Zitvogel L, Galluzzi L, Smyth MJ, Kroemer G. Mechanism of Action of
Conventional and Targeted Anticancer Therapies: Reinstating
Immunosurveillance. Immunity (2013) 39(1):74–88. doi: 10.1016/
j.immuni.2013.06.014

38. Bockorny B, Macarulla T, Semenisty V, Borazanci E, Feliu J, Ponz-Sarvise M,
et al. Motixafortide and Pembrolizumab Combined to Nanoliposomal
Irinotecan, Fluorouracil, and Folinic Acid in Metastatic Pancreatic Cancer:
The COMBAT/KEYNOTE-202 Trial. Clin Cancer Res (2021) 27(18):5020–7.
doi: 10.1158/1078-0432.CCR-21-0929
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