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Abstract

BACKGROUND

Pancreatic cancer (PC) is a leading cause of cancer-related death, given its poor
prognosis and the limited benefits of traditional therapies. As tumors become
more genetically disorganized as they progress, genetic mutations might become
new markers for us to predict their behavior. Nowadays, many inhibitors can
selectively target gene products as a form of targeted therapy, with some showing
promise as treatment for various types of cancer.

CASE SUMMARY

We describe a rare case of a PC patient with long-term survival of more than 8 yr.
The patient was diagnosed with pancreatic ductal adenocarcinoma (PDAC) with
BAP1 and PIK3CA gene mutations and Rafl fusion and achieved partial response
twice after treatment with apatinib in combination with chemotherapy.

CONCLUSION

BAP1, PIK3CA mutations, and Rafl fusion are rare in PDAC. Patients with these
three gene alterations of PDAC may achieve long-term survival with apatinib.
Further research in other contexts is needed to determine whether apatinib has
ideal efficacy for PC treatment.

Key Words: Pancreatic cancer; BAP1 mutation; PIK3CA mutation; Rafl fusion; Apatinib;
Case report
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Core Tip: We report a patient with pancreatic ductal adenocarcinoma (PDAC)
possessing exceptionally rare RAFI, BAPI and PIK3CA gene alterations who achieved
partial response to apatinib combination therapy twice and experienced long-term
survival. Until now, there have been no reports of a long-term PDAC patient with
RAF1, BAPI and PIK3CA aberrations who did not also have K-Ras, TP53,pl6/
CDKN2A4, or SMAD4 gene alterations. In such a rare case, we presume that PDAC with
this special genetic alteration pattern might be converted to a kind of indolent cancer,
which presents fewer symptoms and indicates a good prognosis for pancreatic cancer
patients.

Citation: Yang WW, Yang L, Lu HZ, Sun YK. Long-term survival of a patient with pancreatic
cancer and lung metastasis: A case report and review of literature. World J Clin Cases 2021,
9(30): 9134-9143

URL: https://www.wjgnet.com/2307-8960/full/v9/i30/9134.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i30.9134

INTRODUCTION

Pancreatic cancer (PC) is the seventh most common cause of cancer -related mortality
worldwide[1]. Its lethality results from its late presentation and poor prognosis
remains a challenge for clinicians. PC is regarded as a silent disease because it is
generally asymptomatic at early stages; thus, it is often undiagnosed until the tumor
has already progressed to an advanced stage with a poor prognosis. As for laboratory
tests, the level of serum carbohydrate antigen (CA)19-9 is a key predictor for
pancreatic cancer, but its specificity is not high enough to establish a diagnosis.
Because PC is rarely detected in its infancy, effective treatment options are limited.
Only 15%-20% of patients diagnosed at an early stage are amenable to surgery, and the
5-year survival rate is only 20%[2,3]. It is known that PC is resistant to chemotherapy.
Most patients who are diagnosed at advanced stages have a short median overall
survival of 6 mo after optimum systemic therapy, with a 5-year survival rate of only
2%[4,5].

Cancer is defined as a disease caused by the accumulation of mutations. Different
histological types of PC tend to express different genetic mutation patterns with
different prognoses. Pancreatic ductal adenocarcinoma (PADC) is a major histological
subtype of PC that accounts for 78.8% of PCs containing the four most common gene
mutations, K-Ras, TP53, CDKN2A, and SMAD4[6]. With the emergence of next
generation sequencing (NGS), these genetic alterations might become promising
markers to predict tumor behavior, and might be used to diagnose and treat cancer.
The treatment of lung cancer is a successful example. Various specific alterations in
lung tumors, such as EGFR and ALK genetic mutations, can be targeted by specific
agents[7]. Currently, several drugs as targeted therapy for PC treatment have been
approved by the United States Food and Drug Administration, with some having
achieved encouraging therapeutic efficacy. In this case report, we describe a PC patient
with lung metastases who achieved an 8-year survival after the initial diagnosis and 5
years after the lung metastases emerged. The genetic alterations of BAP1, PIK3CA and
Rafl were detected in the tumor tissue, which is rare in PADC.

CASE PRESENTATION

Chief complaints
In April 2012, a 67-year-old Chinese woman was initially found to have an CA19-9 of
57 U/mL (normal range 0-35 U/mL) and experienced a symptom of left back pain.

History of present illness
The patient denied having left back pain, CA19-9 elevation or other clinical manifest-
ations.
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History of past illness
The patient had a clean medical history.

Personal and family history
There was no family history of cancer.

Physical examination
No abnormality was found upon physical examination.

Laboratory examinations
Blood analysis showed that CA19-9 was elevated to 57 U/mL (normal range 0-35
U/mL).

Imaging examinations
An initial imaging evaluation with a thoracic-abdominal computed tomography (CT)
scan revealed a mass located in the pancreas.

FINAL DIAGNOSIS

In December 2012, she was diagnosed with PC at Peking Union Medical College
Hospital. Distal pancreatectomy, splenectomy, and extended lymphadenectomy were
performed, and the body and tail of the pancreas (9.5 cm x 3.5 cm x 1.5 cm) including
a solid mass of about 2.0 cm % 1.1 cm % 2.5 cm was resected. Postoperative histopatho-
logical investigation found a moderately differentiated PADC, that was positive for
alpha-1 antitrypsin, alpha 1-antichymotrypsin, CK7, AE1/AE3 by immunohisto-
chemistry. There was invasion of peripancreatic adipose tissue, splenic parenchyma,
and peripancreatic lymph and splenic hilar lymph nodes were positive. The surgical
margins were negative. According to the Eighth edition of American Joint Committee
on Cancer TNM staging system for PC, the tumor was classified as stage 1IB
(pT3NIMO).

TREATMENT

After resection of lesions, four cycles of gemcitabine monotherapy (1300 mg on days 1,
8 and 15 of a 28 d cycle) was given from March to June 2013 at a local hospital, with
regular reevaluation. Between June 2013 and February 2015, the patient did not
undergo any treatment or examination. Multiple testing from February to December
2015 found persisting elevated levels of CA19-9. A thoracic-abdominal CT scan in
December 2015showed bilateral pulmonary metastases with multiple small pulmonary
nodules. The pulmonary metastasis was a clinical diagnosis but not approved by
pathology, and the patient did not receive any form of therapy.

Genetic testing, completed as part of a clinical trial (CTR20131232) screening, found
that she had a wild-type K-Ras gene. In the trial, she was administered gemcitabine
(1300 mg on days 1, 8 and 15 of a 28 d cycle) plus nimotuzumab/placebo (400 mg on
days 1, 8, 15 and 22 of a 28-d cycle), combination therapy for ten cycles from March to
November 2016. Stable disease was achieved in the first eight cycles, but the lesions in
her lung became larger after 10 cycles of treatment, which indicated progressive
disease (PD).

From December 2016 to April 2017, she was treated with S-1 50 mg twice daily on
days 1-7 of a 14 d cycle, plus apatinib 250 mg once daily of a 14 d cycle from the
Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical
College and administered at the local hospital. However, in that period, she did not
take drugs regularly because of an oral ulcer. The overall therapeutic effects were
evaluated as stable disease after three cycles of treatment and partial response (PR)
after 6 cycles of treatment. Unfortunately, the treatment was terminated because she
developed a grade 3 oral ulcer (Common Terminology Criteria for Adverse Events
v4.0).

Reevaluation at her local hospital in December 2017 found that the lung lesions
were larger than before she had received any therapy. The lesions progressed slowly,
and lung radiotherapy was performed in June 2018. Subsequent to treatment, she
developed radiation pneumonitis, and was given symptomatic treatment with
hormones and antibiotics. In May 2019, a restaging thoracic-abdominal CT scan
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revealed significant enlargement of multiple lung metastases and the emergence of
new lesions, indicating that her disease had progressed. A peripheral blood sample
was collected for genetic testing by NGS, which revealed that the blood tumor
mutation burden included four mutations/mb and microsatellite stability. Both results
signaled that the patient was not sensitive to immunotherapy.

The patient was started on a nab-paclitaxel (180 mg on day 1 of a 14 d cycle) plus
apatinib 250 mg once daily of a 14-d cycle that continued from May to December 2019.
After six cycles of treatment, the lung lesions were classified as a PR (Figure 1).
Subsequently, apatinib was administered as single agent maintenance therapy.
However, this patient did not take drugs regularly, and she was unable to attend
regular reexamination because of the emergence of the COVID-19 epidemic. At the
beginning of 2020, she intermittently received oral anlotinib, also a multikinase
inhibitor, (12 mg once daily on days 1-14 of a 21-d cycle).

In May 2020, a restaging CT revealed progression of disease with multiple lung
metastases that had increased in number and size. Needle biopsy, histopathological
examination, and immunohistochemistry in June 2020 (Figure 2) revealed an adenocar-
cinoma that was positive for CA19-9, AE1/AE3, CK19 and Ki-67 (25%). Combined
with her medical history, the examination confirmed that the lesions in her lung were
the metastases of PC. The biopsy tissue was sent for genetic testing by NGS, which
found that 40.68% of the lung biopsy tissue had PIK3CA genetic mutations and 62.07%
mutations in the BAP1 gene and Rafl gene fusion was detected in 49.82% of the biopsy
tissue (Table 1). The patient then received olaparib plus PD-1 combination therapy
from July to September 2020; and the last response evaluation was progressive disease.

OUTCOME AND FOLLOW-UP

The patient passed away in October 2020, with an overall survival of 8 years and a 5-
year survival after she was found to have lung metastases (Figure 3).

DISCUSSION

Even though much progress has been made in the management of other
gastrointestinal tract cancers, the treatment of patients with PC has undergone little
advancement in the last few years. In this report, we present a rare case of a 75-year-
old woman diagnosed with PADC located in the body and tail of her pancreas. She
underwent surgery 8 years ago and multiple lung metastases were detected 5 years
ago. Three gene tests were conducted and indicated that she had wild-type K-Ras,
BAP1, PIK3CA and Rafl gene aberrations, all of which are rare in PADC. The patient
was treated with surgery, chemotherapy, and targeted therapy, and lived for 8 years
after the initial diagnosis, with a high quality of life. A recent meta-analysis found that
the median overall survival of 819 patients with resectable PC was only 14.8 mo[8].

It is accepted that tumorigenesis is a process of accumulation of substantial genetic
alterations; which could be regarded as predictors for prognoses of various types of
cancer. Based on the three gene tests, we considered that the long-term survival of the
patient was associated with the eccentric behavior of the genes. As mentioned above,
the different histopathological types of PC tend to have different genetic alteration
patterns. In PDAC, the most common gene mutations are K-Ras (over 90%), TP53,
CDKN2A, SMAD4, but this patient did not have any of them. The downstream
effectors of K-Ras signaling, which indicated by the genetic testing report in 2020, are
shown in Table 1[9]. K-Ras is considered as a predictor of the prognosis of PC. In
PDAC, patients with K-Ras mutations tend to have a poorer prognosis[10]. Mutant p53
and SMAD4 mutations are also associated with a poor outcome in PDAC patients[11,
12]. Therefore, the long-term survival of this patient might be linked to the fact that
none of these four widespread mutations (i.e. K-Ras, TP53, CDKN2A, SMAD4) were
present. The gene aberrations present in the patient were PIK3CA E545K and BAP1
T254Rfs*4 mutation and AKAP9-Raf1 fusion, all of which are rare in PC. The PIK3CA
gene encodes p110a protein, a subunit of phosphatidylinositol 3-kinase (PI3K), which
activates the PI3K/Akt/mTOR pathway, with signaling transduction suppressing cell
apoptosis and promoting cell proliferation and growth[13-16]. Mutations of PIK3CA
may lead to the subsequent activation of PI3K, which then deregulates the signaling
pathway and confers oncogenic potential to the cells[17]. Cancer Genome Atlas data
indicates that patients with PIK3CA mutations tend to have a tendency for a decreased
overall survival, the mutation only occurs in 0.8% of patients with PC, so few reports
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Table 1 Genetic testing report in 2020

Genetic testing report

Tissue Lung biopsy tissue Date June 2020
Panel 733 Content of tumor tissue 80%
Gene Aberration Mutation frequency/copy number
PIK3CA p-E545K Exon 10 40.68%
RAF1 AKAP9-RAF]I rearrangement 49.82%
BAP1 p-T254Rfs*4 Exon9 62.07%
TSC1 Copy number decreasing 1
PTCH1 Copy number decreasing 1
MLH1 Copy number decreasing 1

ALK / /
BRAF / /
BRCA1/2 / /
PD-L1/2 / /
EGFR / /
HER2 / /
FGFR2 / /

KIT / /
KRAS / /

MET / /
NRAS / /
NTRK1/2/3 / /
PDGFRA / /

RET / /
ROS1 / /
POLD1 / /
POLE / /
TP53 / /
RAD50 / /
PBRM1 / /
MDM2/4 / /
DNMT3A / /
JAK1/2 / /
PTEN / /
FGF3/4/19 / /

or studies of PIK3CA mutation-associated PC could be retrieved[18]. So far, PIK3CA
mutations initiating tumorigenesis of PC have only been observed in mice, and the
role it has in human PC oncogenesis needs to be explored[19]. The BAP1 gene encodes
BRCA1-associated protein 1, which suppresses tumors by promoting the activity of the
Hippo tumor suppressor pathway[20]. Therefore, BAPI-inactivating mutations
contribute to tumorigenesis. In several types of cancer, such as clear-cell renal cell
carcinoma, uveal melanoma, and colorectal cancer, the presence of mutations of the
BAP1 gene is a herald of poor prognosis[21]. The frequency of BAPI mutations
occurring in PDAC is low, about 0.33%[22], and whether it contributes to the induction
and progression of PC is still unclear. Rafl rearrangement can consecutively activate
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Figure 1 Changes in lung lesions after nab-paclitaxel plus apatinib treatment. A: Computed tomography (CT) before treatment (baseline); B: CT
scans after 6 cycles of nab-paclitaxel plus apatinib.

the MAPK (i.e. Ras/Raf/MEK/Erk) signaling pathway), which leads to unlimited cell
proliferation and suppressed apoptosis[23,24]. Thus the RafI fusion should contribute
to oncogenesis and be associated with a poor prognosis. However, in PDAC, Rafl
fusion is rare, so we are unable to predict how the mutation might affect the prognosis
of PC. Interestingly, Rafl gene fusion is relatively common in pancreatic acinar cell
carcinoma (PACC), with an incidence ranging from 14.3% to 18.5%, but rare in PDAC
[25]. Unlike PDAC, PACC possesses less frequent K-Ras, TP53, p16/CDKN2A, and
SMAD4, but the existence of BRCA1, BRCA2, B-Raf/Rafl, RB1, ATM, and GNAS gene
mutations have been reported[26]. Moreover, patients with PACC have a better
prognosis than patients with PDAC[27]. Our patient had Rafl fusion without K-Ras,
TP53, p16/CDKN2A, or SMAD4 mutation, which might indicate this PACC-like genetic
alteration pattern is a herald of good prognosis. Furthermore, in the course of therapy,
the patient twice achieved PR. The first PR was achieved after she took S-1 and
apatinib and the second PR was after nab-paclitaxel plus apatinib. From that, we may
infer that apatinib has an important role in advanced PC treatment.

In recent years, targeted therapy has become popular in the field of cancer
treatment. Apatinib, also known as YN968D1, is a multiple kinase inhibitor that blocks
vascular endothelial growth factor receptor-2 (VEGFR-2) to inhibit tumor angiogenesis
[28]. It has been approved by the National Medical Products Administration of China
for gastric cancer treatment and is currently under investigation for multiple
indications, such as colon, breast, and liver cancer. PC is not an indication of apatinib,
but tumor angiogenesis plays an important role in the oncogenesis of PC; thus, we
might suppress the tumor growth by blocking the VEGFR-2 signaling pathway[29]. A
preclinical study by He et al[30] found that apatinib promoted the apoptosis of CFPAC-
1 and SW1990 PC cells and downregulated the expression of hypoxia-inducible factor-
la (HIF-1a) and vascular endothelial growth factor (VEGF). HIF-1a and VEGF both
have roles in angiogenesis, so apatinib might suppress the growth of pancreatic
tumors by decreasing their expression. A case report published in 2017 showed that a
patient with pretreated metastatic PC had a significant response to apatinib, which
reinforces our supposition. The patient was diagnosed with stage III unresectable PC,
with a 3.1 cm x 1.7 cm mass in the body of the pancreas. An endoscopic biopsy
revealed a moderately differentiated adenocarcinoma[31].
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Figure 2 Needle biopsy of lung metastasis. A: Hematoxylin and eosin stain of tissue with tubular structures, and cells that are not significantly heteromorphic
(original magnification x 200); B: Immunohistochemical staining of CK19 was strongly positive on tumor-cell membranes (original magnification x 200); C:
Immunohistochemical staining of CA19-9 was strongly positive in tumor-cell cytoplasm (original magnification x 200).
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We also considered whether the good response of our patient was associated with
alterations of the RAF1, BAPI and PIK3CA genes. Unfortunately, there is no evidence
to verify that apatinib targets those genes or their related proteins, so the results are
inconclusive. In clear-cell renal cell carcinoma, mutation of BAP1 is correlated with a
decreased efficacy of anti-angiogenic therapy, thus warranting further research[32].
Until now, there have been no reports of long-term survival of a PDAC patient with
RAF1, BAP1,and PIK3CA mutations who did not also have K-Ras, TP53,
p16/CDKN2A, or SMAD4 gene alterations. In such rare cases, we presume that the rare
genetic alteration pattern may convert PDAC to a kind of indolent cancer that presents
with fewer symptoms and has a good prognosis. Whether this kind of gene map
represents PC with a slow progression and good prognosis needs to be verified by
further case studies and analysis. In the future, we are likely to find more gene maps
that are indicative of good prognosis and ideal drug responses. The interpretation of
this case has some limitations. For instance, we did not carry out genetic testing when
we first found pulmonary nodules on CT, thus there should be a discussion of whether
the lung metastases represented the primary PC that was found in 2012. Furthermore,
this patient did not share her perspective on the treatments she received.

The patient had PADC that carried exceptionally rare RAF1, BAP1, and PIK3CA
gene alterations, twice achieved partial responses to apatinib combination therapy,
and experienced a long-term survival. We hold the opinion that various genetic
mutations are associated with different tumor behaviors. With the emergence and
development of NGS, we can to predict, diagnose, and treat cancers at early stages
based on the genetic profiles. Even though many effects of genetic changes are still
unclear, through the accumulation of experience and the promotion of research, more
mysteries surrounding gene alterations will be revealed.
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A 75-year-old Chinese female was found elevated CA19-9(57 U/ml) and experienced symptoms of left back pain.

Diagnosis 12/2012
Distal pancreatectomy, splenectomy

3/2013-6/2013 Gemcitabine monotherapy for 4 cycles

CT: Bilateral pulmonary metastases with 12/2015

multiple small pulmonary nodules

3/2016-11/2016 Gemcitabine plus Nimotuzumab/placebo
combination therapy for 10 cycles

Response evaluation: PD

S-1 plus Apatinib combination therapy for 6

cycles

Y 12/2016-4/2017
Response evaluation: PR

Terminated because of grade 3 oral ulcer

12/2017 CT: lung lesions became larger

Lung radiotherapy 6/2018

CT: Significant enlargement of multiple lung

5/2019 metastases and the emergence of new lesions.
1st Gene test: bTMB was 4 mutations/mb and
microsatellite stability

Nab-paclitaxel plus Apatinib for 6 cycles 5/2019-12/2019

Response evaluation: PR
Apatinib monotherapy

Taking drugs irregularly, and lack of regular
reexaminations due to COVID-19 epidemic.

Anlotinib monotherapy 1/2020
AP Response evaluation: PD
Needle biopsy of lung metastases 6/2020

2 Gene test

7/2020-9/2020 Olaparib plus PD-1 combination therapy

Response evaluation: PD

The patient passed by on October 12th, 2020, with an overall survival of 8 years, and achieved 5-year survival

after she was found lung metastases.

Figure 3 Timeline of interventions and outcomes. bTMB: Blood tumor mutational burden; CA19-9: Carbohydrate antigen 19-9; CT: Computed tomography;
COVID-19: Coronavirus disease 2019; PD: Progressive disease; PR: Partial response.

CONCLUSION

We reported a case of PDAC in a patient who achieved a long-term survival of 8 years
after diagnosis. The patient possessed rare RAF1, BAP1 and PIK3CA gene alterations
and twice achieved partial responses to apatinib combination therapy, which might
indicate that PDAC with this rare genetic alteration pattern represents a kind of
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indolent cancer with a good prognosis. Further investigation is needed to confirm it.
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