Global Health & Medicine. 2022; 4(1):14-20. MINI-REVIEW I

DOI: 10.35772/ghm.2021.01015

Present status and perspective of perioperative chemotherapy for
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Abstract: Adjuvant chemotherapy is the standard treatment for patients with resectable pancreatic ductal carcinoma.
Perioperative chemotherapy has been given in less than 50% of patients with potentially resectable pancreatic cancer
in Japan. A modified combination regimen of 5-fluorouracil, leucovorin, irinotecan, and oxaliplatin (mFOLFIRINOX;
oxaliplatin 85 mg/m’, leucovorin 400 mg/m’, irinotecan 150 mg/m” on day 1, and 5-fluorouracil 2,400 mg/m’
over 46 hours every 14 days for 12 cycles) is now preferred worldwide because it mitigates concerns regarding
toxicity and tolerance. Adjuvant chemotherapeutic regimens employ S-1 in East Asia, whereas other areas use
FOLFIRINOX, capecitabine plus gemcitabine, or gemcitabine monotherapy. Adjuvant chemoradiotherapy is not
recommended because randomized controlled trials and meta-analyses revealed no survival benefit compared with
chemotherapy. Preoperative chemotherapy with S-1 and gemcitabine combination chemotherapy for patients with
resectable/borderline resectable pancreatic cancer significantly increased survival compared to upfront surgery
in a recent clinical trial. Perioperative outcomes, including RO resection rate and post-operative morbidity, were
not significantly different between groups. When compared to upfront surgery, neoadjuvant S-1 and gemcitabine
treatment significantly reduced the number of pathological nodal metastases in patients who underwent resection.
Japanese guidelines therefore recommend neoadjuvant chemotherapy for patients with resectable pancreatic
cancer. Preoperative chemotherapy can increase RO cases by down-staging with higher relative dose intensity of
chemotherapy. In contrast, patients who do not respond to chemotherapy may miss resection opportunities and
would therefore be at a disadvantage. Therefore, it is critical for both patients and doctors that predictive markers for
the response to chemotherapy are identified.
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Introduction III, and IV disease were 39.9%, 16.4%, 5.8%, and 1.3%,
respectively. The number of patients with pancreatic
Pancreatic cancer is the seventh leading cause of cancer- cancer has increased steadily since 1955 (3). Surgery

related deaths worldwide; in 2020, there were 496,000 alone, chemotherapy alone, surgery plus chemotherapy,
new cases of pancreatic cancer and 466,000 deaths due and no therapy underwent: 25.9%, 10.0%, 43.7%,
to the disease (/). The number of cancer deaths in 2019 14.8% in preoperative clinical stage I, 18.9%, 20.9%,
in Japan was approximately 370,000 (2). The number 36.0%, 18.4% in stage II, and 1.8%, 59.6%, 7.0%,
of male cancer deaths was 1.5 times greater than that 20.8% in stage III in Japan. Regardless of disease stage,

of female cancer deaths. Lung was the leading site fewer than 50% of patients with resectable pancreatic
(24.2%) for males in mortality, followed by stomach cancer in Japan receive adjuvant chemotherapy (2).
(12.7%), colon/rectum (12.4%), pancreas (8.2%), and Perioperative chemotherapy has been given in less than
liver (7.6%). The leading site for females was colon/ 50% of patients with potentially resectable pancreatic
rectum (15.4%), followed by lung (14.1%), pancreas cancer.

(11.7%), stomach (9.5%), and breast (9.5%). In Japan, In this review, present status and perspective of
18,124 males and 18,232 females died of pancreatic perioperative chemotherapy in Japan and overseas for
cancer in 2019, making this malignancy the fourth pancreatic cancer are described.

leading cause of cancer-related deaths in the country (2).

The proportions of patients in Japan with clinical stage Prognosis in resectable pancreatic cancer

I, II, III, and IV disease in 2018 were 24.5%, 11.9%,
13.1%, and 44.3%, respectively (2). The 5-year overall Based on the results from several phase IlI trials (4,5),
survival rates of patients with pathological stage I, II, adjuvant chemotherapy has become the standard

(14)
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treatment for patients with resectable pancreatic ductal
carcinoma (Figure 1). However, data from the Medicare
database shows that only 7% of 2,440 patients who
underwent upfront resection for pancreatic cancer
completed adjuvant chemotherapy; 65% of the patients
received no adjuvant chemotherapy and 28% received
incomplete therapy. Factors that were significantly
associated with chemotherapy completion were nodal
metastases, comorbidities, and treatment at a National
Cancer Institute-designated cancer center (6). The
median overall survival (OS) was 14 months for
patients who received no adjuvant chemotherapy, 17
months for those receiving incomplete chemotherapy,
and 22 months for those who completed the
chemotherapy regimen. Therefore, completion of
adjuvant chemotherapy should be the goal after upfront
resection, and neoadjuvant chemotherapy may ensure
that patients then receive systemic chemotherapy (6).
Meta-analysis of 27 studies suggested neoadjuvant
chemotherapy prolonged survival compared with
an upfront surgery approach [Hazard ratio 0.72
(95% CI, 0.69-0.76)]. In addition, RO resection rates
were significantly higher in patients who received
neoadjuvant chemotherapy (7). Of 35,599 patients
with stage I to III pancreatic adenocarcinoma in the
National Cancer Database, 3,395 (9%) underwent
neoadjuvant chemotherapy, 19,865 (56%) received
adjuvant chemotherapy, and 12,299 (35%) underwent
surgery alone. Cox-regression analysis showed superior
OS in the neoadjuvant chemotherapy group compared

PREOPANC (36)

with patients receiving adjuvant chemotherapy or
surgery alone (26 vs. 23 vs. 14 months, p < 0.001)
(8). Analysis of data in the National Cancer Data
Base (1998-2011) from 18,243 patients with Stage
I or II pancreatic adenocarcinoma who underwent
pancreaticoduodenectomy revealed that 1,375 (7.5%)
received neoadjuvant therapy. Over this time frame,
the use of neoadjuvant therapy increased from 4.3%
to 17.0%. Patients receiving neoadjuvant therapy were
more likely to receive treatment at an academic facility
(64.4% vs. 51.4%, p < 0.001). Patients who received
neoadjuvant therapy were more likely to have negative
margins (77.8% vs. 85.5%, p < 0.001) and negative
lymph nodes (42.9% vs. 59.3%, p <0.001) (9).

In the European Study Group for Pancreatic Cancer
(ESPAC)-3 randomized controlled trial, the median OS
was 24.9 (22.9-27.2) months for 646 (56.1%) patients
with resection margin negative (RO > 1 mm) tumors,
25.4 (21.6-30.4) months for 146 (12.7%) patients with
R1 < 1 mm positive resection margins, and 18.7 (17.2-
21.1) months for 359 (31.2%) patients with R1-direct
positive margins (p < 0.001) (/0,11). Multivariate
analysis indicated that overall R1-direct tumor margins,
poor tumor differentiation, and positive lymph
node status were all independently and significantly
associated with reduced OS and recurrence-free
survival (RFS). Resection margin involvement
was also associated with an increased risk for local
recurrence (/0). Patients with borderline resectable/
locally advanced pancreatic ductal adenocarcinoma
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Figure 1. Overall survival (OS) and disease-free survival (DFS) of resectable pancreatic cancer in clinical trials of
adjuvant and neoadjuvant chemotherapy. 5-FU, 5-fluorouracil; nab-PTX, nab paclitaxel; FOLFOXIRI, 5-fluorouracil,

leucovorin, oxaliplatin, and irinotecan; M, months.
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are often treated with 5-FU, leucovorin, irinotecan,
and oxaliplatin (FOLFIRINOX) to obtain a margin-
negative resection, yet selection of patients for
resection remains challenging. One hundred and forty-
one patients underwent exploratory surgery (borderline,
49%; locally advanced, 51%) and 110 (78%) underwent
tumor resection in Massachusetts General Hospital.
Although resected patients had lower preoperative CA
19-9 levels (21 vs. 40 U/mL, p = 0.03) and smaller
tumors on preoperative computed tomography scan
(2.3 vs. 3.0 cm, p = 0.03), no predictors of resectability
were identified. Disease-free survival (DFS) and OS
were significantly better for borderline resectable/
locally advanced pancreatic cancer patients treated with
neoadjuvant FOLFIRINOX compared with upfront
resected patients (DFS, 29.1 vs. 13.7, p < 0.001; OS,
37.7 vs. 25.1 months from diagnosis, p = 0.01) (12).
The updated American Society of Clinical Oncology
(ASCO) clinical practice guidelines state that all
patients with resected pancreatic adenocarcinoma who
did not receive preoperative therapy should be offered
6 months of adjuvant chemotherapy in the absence of
medical or surgical contraindications (/3). The modified
combination regimen of 5-fluorouracil, leucovorin,
irinotecan, and oxaliplatin (mFOLFIRINOX; oxaliplatin
85 mg/m’, leucovorin 400 mg/m’, irinotecan 150 mg/
m’ on day 1, and 5-fluorouracil 2,400 mg/m’ over 46
hours every 14 days for 12 cycles) is now preferred
to mitigate concerns regarding toxicity or tolerance;
alternatively, doublet therapy with gemcitabine and
capecitabine or monotherapy with gemcitabine alone or
fluorouracil plus leucovorin alone can be offered (/3).

Clinical trials of adjuvant chemotherapy

The Japanese Study Group of Adjuvant Therapy for
Pancreatic Cancer (JSAP) conducted a randomized
controlled trial in patients who underwent surgical
resection of pancreatic cancer with clear histological
margin between 1992 and 2000. The aim was to
evaluate the efficacy of adjuvant chemotherapy with
S-fluorouracil plus cisplatin compared to observation
alone (/4). Adjuvant 5-fluorouracil plus cisplatin
provided no survival benefit, and lymph node
involvement and moderately or poorly differentiated
tubular adenocarcinoma versus well-differentiated
tubular or papillary adenocarcinoma were factors
associated with significantly worse prognosis (/4).
However, a meta-analysis suggested that adjuvant
fluorouracil-based chemotherapy provided some
survival benefit (75).

S-1 is considered a standard adjuvant therapy in
Japan based on the results of a randomized trial (/6) that
showed oral S-1 (a dihydropyrimidine dehydrogenase
inhibitory fluoropyrimidine drug) with gemcitabine
was superior (in terms of OS) to observation alone
in the Charité Onkologie (CONKO)-001 and JSAP-

(16)

02 trials (4,17) . While S-1 can be used in Caucasian
populations, it has only been approved in a limited
number of western countries (/8). While direct
comparisons of S-1 efficacy in combination with
gemcitabine in western populations are therefore not
possible, the European ESPAC-3 trial demonstrated
that gemcitabine was not superior to a combination of
leucovorin with fluorouracil, a fluoropyrimidine (/7).
Capecitabine plus gemcitabine showed superiority to
gemcitabine monotherapy in the ESPAC-4 study (/9).
Furthermore, FOLFIRINOX showed significantly
superior activities to gemcitabine in phase III trials
(PRODIGE [Partenariat de Recherche en Oncologie
Digestive] 24-ACCORD [Actions Concertées dans
les Cancers Colorectaux et Digestifs] 24 and CCTG
PA [Canadian Cancer Trials Group Pancreatic
Adenocarcinoma] 6) that were conducted in France
and Canada (20). The modified FOLFIRINOX regimen
consisted of oxaliplatin (85 mg/m®) delivered as a 2-hour
intravenous infusion, followed by leucovorin (400
mg/m’) given as a 2-hour intravenous infusion, and
after 30 minutes, the addition of irinotecan (180 mg/
m®) administered as a 90-minute intravenous infusion,
immediately followed by fluorouracil (2400 mg/m’)
administered by continuous intravenous infusion over
a period of 46 hours, every 14 days for 24 weeks (12
cycles).

Because of the morbidity and vulnerability often
observed in patients after pancreatectomy, bolus
fluorouracil was not administered; this allowed the
maintenance of FOLFIRINOX dose intensity and
avoided severe or prolonged neutropenia. After
the enrollment of 162 patients, however, the dose
of irinotecan was reduced to 150 mg/m” due to
incidences of neutropenia, in accordance with protocol-
specified interim safety analysis. In cases of febrile
neutropenia or delays in treatment administration due to
neutropenia, the use of granulocyte colony-stimulating
factor, G-CSF, was advised for the following cycles.
Irinotecan-induced severe neutropenia is associated
with homozygosity at the UGT1A41%*28 or UGT1A41*6
alleles. The allele frequency of UGTIAI1*28 is
lower in Asians than in Caucasians, and grade 3 or
more neutropenia is associated with UGTIA1*6
polymorphisms in Asians (27). The homozygotes and
double heterozygotes of UGTIAI*6 and *28 (*6/%6,
*28/%28 and *6/*28) were significantly associated with
severe neutropenia in patients who received irinotecan
monotherapy (2/,22). Additional dose reduction of
irinotecan in the adjuvant FOLFIRINOX setting is
required in patients with UGTIAI alleles that are
associated with poor metabolism of the drug. The most
highly quoted adjuvant trials (PRODIGE 24-ACCORD
24-CCTG PA 6, CONKO-001, and ESPAC-4) enrolled
between 0.6 and 1.5 patients per center per year, and
the number of eligible patients (at each center) should
be given the most attention (23).
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Adjuvant chemotherapeutic regimens have
commonly used S-1 in East Asia whereas FOLFIRINOX,
capecitabine plus gemcitabine, or gemcitabine
monotherapy are used in Western countries. Adjuvant
chemoradiotherapy is not recommended because
randomized controlled trials and meta-analyses indicated
that they provided no additional survival benefit
compared with chemotherapy (15,24).

Neoadjuvant chemotherapy

Many patients fail to complete courses of postoperative
adjuvant chemotherapy due to postoperative
complications, poor oral intake, or poor PS. In regard
to tumor excision, pancreatic cancer is classified into
three groups; resectable, borderline resectable, and
unresectable. Even clinically localized pancreatic
cancer is associated with the highest probability of
harboring radiographically occult metastatic disease.
Preoperative chemotherapy with S-1 and gemcitabine
(NAC-GS) for patients with resectable and borderline
resectable pancreatic cancer significantly increased
survival compared to upfront surgery in the Prep-02/
JSAP-05 phase II/III trial (25-28). The median OS was
36.7 months in the NAC-GS group and 26.6 months in
patients who received upfront surgery (HR 0.72, 95%
CI1 0.55-0.94, p = 0.015). Although grade 3 or 4 adverse
events of leucopenia and neutropenia were frequently
(73%) observed in the NAC-GS group, there was no
significant difference between groups with respect to
perioperative outcomes including RO resection rate and
post-operative morbidity (26,29). A significant decrease
in pathological nodal metastases in the NAC-GS group
(60%) was noted compared to upfront surgery (82%) for
resected patients (p < 0.01). The frequency of hepatic
metastasis after surgery was significantly reduced in
the NAC-GS group (30%) compared to upfront surgery
(48%) (28). Hence, Japanese guidelines recommend
neoadjuvant chemotherapy for patients with resectable
pancreatic cancer (30).

Preoperative chemotherapy can increase RO cases
by down-staging with higher relative dose intensity of
chemotherapy, while non-responders are disadvantaged
since they miss resection opportunities during
chemotherapy. Outside Japan, many clinical trials
of preoperative chemotherapy have been conducted
but not completed due to low accrual rates. The low
enrollment is due to the reluctance of surgeons to
risk disease progression while patients are receiving
chemotherapy, as progression can render the patients
ineligible for tumor resection. The Southwest Oncology
Group (SWOG) S1505 was a randomized phase II
trial of perioperative mFOLFIRINOX compared
with gemcitabine plus nab-paclitaxel in patients with
either resectable or borderline resectable pancreatic
cancer. Eighty-two percent of patients completed all
intended neoadjuvant chemotherapy and surgery; the

(17)

resectability rate in the group with resectable disease
was 92%, and RO resection rates were 47% and 48% in
the FOLFIRINOX and gemcitabine plus nab-paclitaxel
arms, respectively. The median OS and DFS were 23.2
and 10.9 months in the FOLFIRINOX arm, and 23.6
and 14.2 months in the gemcitabine plus nab-paclitaxel
arm; there was thus no significant difference in clinical
outcomes between the two treatment regimens (37). In
total, 11 out of 68 patients had postoperative grade 3
or 4 adverse events. The most common postoperative
adverse events included anemia (n = 6), abnormal
liver function tests (n = 5), anorexia/nausea/vomiting
(n =5), and dehydration/diarrhea (n = 3). A total of 61
patients started postoperative adjuvant therapy and 46
completed adjuvant therapy in SWOG S1505. A021806,
a phase III trial of perioperative vs. postoperative
FOLFIRINOX, and NEPAFOX, a phase II/III trial
of perioperative FOLFIRINOX vs. postoperative
gemcitabine, and are ongoing (32,33).

The benefit of adjuvant chemotherapy after resection
of pancreatic cancer following neoadjuvant combination
treatment with FOLFIRINOX is unclear. A retrospective
cohort study showed no survival difference for patients
who received adjuvant chemotherapy vs. those who
did not (median OS, 29 vs. 29 months; HR 0.99, p =
0.93) (34). In patients with pathologically node-positive
disease, adjuvant chemotherapy was associated with
improved survival (median OS, 26 vs. 13 months;
multivariable HR 0.41, p = 0.004).

Neoadjuvant chemoradiotherapy

In the National Cancer Database, data regarding use
of neoadjuvant and adjuvant therapies was available
for 8,472 of 9,795 patients (86%) who underwent
surgery for clinical T1 or T2 pancreatic head
adenocarcinoma. Seven hundred and seventy-four
(9.1%) received neoadjuvant and 435 (5.1%) received
chemoradiotherapy. Neoadjuvant chemotherapy was
found to lower positive margin rates from 21.8 to
15.5% (p < 0.0001), and when radiotherapy was added
this rate dropped to 13.4%. Positive margins were
associated with worse overall survival (14.9 vs. 23.9
months; HR 1.702, p <0.0001) (35).

In the recent PREOPANC trial, neoadjuvant
chemoradiotherapy with gemcitabine did not prolong
overall survival compared with upfront surgery for
patients with resectable or borderline resectable
pancreatic cancer. Patients were randomly assigned
to one of two groups. In the first group, patients
received preoperative chemoradiotherapy consisting
of 3 courses of gemcitabine (the second course was
combined with 15 x 2.4 Gy radiotherapy) followed
by surgery, then received 4 courses of gemcitabine as
adjuvant setting. In the second group, patients received
6 courses of adjuvant gemcitabine after upfront surgery.
The median OS was 16.0 months with neoadjuvant
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chemoradiotherapy and 14.3 months with upfront
surgery (HR 0.78, 95% CI 0.58-1.05, p = 0.096). The
RO resection rate was 71% (51/72) in patients who
received preoperative chemoradiotherapy and 40%
(37/92) in patients assigned to upfront surgery (p <
0.001) (36).

Future perspectives

Neoadjuvant chemotherapy will become standard
therapy for resectable pancreatic cancer. Mutations in
BRCA1/2 and PALB?2 genes are present in approximately
5% to 10% of patients with pancreatic cancer (37).
The presence of DNA damage repair gene mutations
such as ATM, BRCA1/2, CHEK?2, PALB are associated
with improved OS in metastatic pancreatic cancer
patients treated with FOLFIRINOX (38-40). Cisplatin
and gemcitabine combination therapy is an active
regimen in advanced germline BRCA1/2 and PALB2
pancreatic cancer. The addition of veliparib to cisplatin
and gemcitabine was not superior to cisplatin and
gemcitabine, and the triplet combination was notable
for increased hematologic toxicity relative to the
doublet. The median OS was 15.5 months for the triplet
therapy and 16.4 months for the doublet. The response
rate for the triplet was 74% and 65% for the doublet (p
= 0.55). The small increase in response rate with triplet
therapy does not offset the negative effects of increased
hematotoxicity, and therefore the triplet regimen may
not be the optimal choice in the current neoadjuvant
setting.

Patients and doctors would greatly benefit
from a panel of factors that predict the response to
chemotherapy. DNA repair systems allow cells to
overcome the DNA damage induced by chemotherapy.
DNA interstrand, intrastrand, and DNA-protein
crosslinks caused by cisplatin and oxaliplatin are
repaired by the nuclear excision repair pathway, of
which excision repair cross-complementation group 1
(ERCC1) is an essential part. In the JCOG9912 trial
involving patients with advanced gastric cancer, low
ERCCI1 expression was a significant independent
favorable prognostic factor in those who received first-
line chemotherapy, regardless of treatment regimen
(41). FOLFIRINOX was more effective in metastatic
pancreatic cancer patients with lower expression of
ERCC1 mRNA than in those with higher expression
(42). The median OS in "ERCC1 low" vs. "ERCC1
high" patients was 16 vs. 8 months (HR 0.23, 95% CI
0.12-0.46, p < 0.0001), and disease control rate was
93% vs. 50% (p = 0.00006). These data indicate that
ERCCI1 could therefore be an effective predictor of
response to FOLFIRINOX also in pancreatic cancer.
In an animal model, high ERCC1 expression led to
cisplatin resistance and restored the ability of cells to
displace cisplatin from DNA. Fluoropyrimidines can
induce a variety of DNA damage in human cancer cell

(18)

lines due to its functional interaction with enzymes
involved in DNA repair, leading to the activation of
downstream factors such as p53. The expression of
wild-type p53 was a strong predictor of sensitivity to
5-FU in cell lines of the National Cancer Institute's
Anticancer Drug Screen panel in vitro (43).

Positive circulating tumor (ct) DNA indicated
significantly poorer OS in patients with resectable
pancreatic cancer (at baseline, HR 2.27, 95%CI 1.13-
4.56; postoperative, HR 3.66, 95% CI 1.45-9.28).
Patients with detectable ctDNA tended to have a
higher risk for disease recurrence than those without
detectable ctDNA (at baseline, HR 1.96, 95% CI 0.65-
5.87; postoperative, HR 2.20, 95% CI 0.99-4.87).
The results were consistent regardless of whether
ctDNA was detected pre- or post-operation. Intensive
chemotherapy is required for ctDNA positive resectable
pancreatic cancer, however, the number of patients who
can complete a full course of FOLFIRINOX is limited
(44-46).

In summary, the current strategies used against
pancreatic cancer need to be modified with regard to
innovative treatments with current drugs and/or novel
patient selection strategies. Such approaches will be
facilitated by correlating "omic" data from clinical
samples with patient clinical characteristics and drug
responses, and will lead to improved survival and
quality of life.
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