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Abstract

Background/Aims Recently neoadjuvant chemotherapy (NAC) for pancreatic cancer has been shown to be superior to
upfront surgery, but it remains a matter of debate for resectable cases. In clinical practice, some resectable cases may
become unresectable after NAC. This study aimed to reveal the outcomes after NAC and to clarify the characteristics of
unresected cases.

Methods The medical records of 142 patients who underwent NAC between 2016 and 2020 were retrospectively
reviewed. Patient characteristics, effectiveness of NAC, and outcomes were compared between the surgical group and
non-surgical group (NSG). Furthermore, the risk of recurrence limited to in the patients who received NAC with gem-
citabine plus nab-paclitaxel, which were mostly administered in this cohort, following RO/R1 resection was assessed.
Results The overall and RO resection rates after NAC were 89.1% and 79.7%, respectively. The neutrophil to lymphocyte
ratio (NLR) >2.78 (p=0.0120) and anatomical borderline resectable pancreatic cancer (p =0.0044) revealed a statistically
significantly correlation with the NSG. On the other hand, NAC week < 8 (p=0.0285), radiological response, stable disease
or progression disease (p=0.0212), and pathological stage > IIA (P =0.0003) were significantly associated with recurrence.
The tumor response rate was approximately 26.1%, and three patients with >30% reduction of primary tumor lost exci-
sion opportunities because of metastasis, interstitial pneumonia, and vascular invasion.

Conclusions This study shows incomplete tumor shrinkage benefits, but pre-NAC NLR is a predictive factor for predict-
ing operability after NAC. The NLR can be easily calculated by normal blood test, and can be considered as a suitable
marker of operability.
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1 Introduction

The incidence of pancreatic ductal adenocarcinoma (PDAC) has been increasing; PDAC is the seventh leading cause of
cancer-related deaths globally [1]. PDAC remains as one of the most lethal malignancies, with a 5-year survival rate of
approximately 8% [2]. Because of its high invasiveness and its associated challenges for early detection, only ~ 20% of
patients with PDAC are amenable to resection at diagnosis [3]. Alternatively, radical resection is the necessary treat-
ment, although quite a few recurrences are observed. Adjuvant chemotherapy (AC) was shown to delay the time to
recurrence [4-6], and recently, the efficacy of neoadjuvant chemotherapy (NAC), which is expected to control local
disease and eliminate occult metastasis before surgery, has been reported [7-10]. Although there is an uncertainty
regarding the need for NAC to treat all resectable pancreatic cancers (RPC), NAC is gaining prominence as a close-
to-standard strategy for PDAC cases that are considered for surgical resection.

However, occasionally in clinical practice, there are missed opportunities to excise tumors owing to tumor progres-
sion or severe adverse events (AEs) of NAC. Moreover, recurrences of PDAC are common despite NAC and AC being
performed thoroughly. Therefore, there is an emergent need to scrutinize the predictive factors of operability and
postoperative recurrences of PDAC after NAC.

The neutrophil to lymphocyte ratio (NLR), modified Glasgow prognostic score (mGPS), and several other systemic
inflammatory markers have been reported as prognostic indicators of recurrence and survival in patients with sev-
eral cancers, including PDAC [11, 12]. Recently, the relationships between these inflammatory biomarkers and NAC
or neoadjuvant chemoradiotherapy (NACRT) in PDAC have been reported. Hasegawa et al. reported the usefulness
of pre-treatment NLR in predicting the pathological responses to NACRT in PDAC [13]. Oshima et al. reported that
pre-NACRT mGPS and increased C-reactive protein/albumin ratio after NACRT are independent prognostic factors
for patients with PDAC who received NACRT following pancreatectomy [14]. However, only a few studies evaluated
such inflammatory biomarkers in pancreatic cancer after NAC. Moreover, no report has, until now, described the
relationship between systemic inflammatory biomarkers and the operability after NAC.

Thus, this study aimed to clarify the characteristics of unresected PDAC cases in real-world data, determine the
relationships between operability and pre-treatment NLR or mGPS, which are two of the most reported systemic
inflammatory markers about various cancers, reveal outcomes, and discuss issues of NAC for patients with RPC or
borderline resectable pancreatic cancer (BRPC).

2 Methods
2.1 Patients and data collection

The medical records of 142 patients with RPC /BRPC who underwent NAC between 2016 and 2020 were collected
and retrospectively reviewed. The following exclusion criteria were applied: (1) locally advanced unresectable or
metastatic pancreatic cancer at initial diagnosis, (2) age younger than 20 years, (3) non-treatment-naive patients, (4)
other advanced cancer at initial diagnosis, (5) poor surgical candidate at the initial diagnosis, and (6) withdrawal of
consent at any time. The analysis of postoperative recurrence was limited only to recurrences after NAC with gemcit-
abine plus nab-paclitaxel (GnP) after RO/R1 resection in PDAC (defined as surgical group-2 [SG-2], excluding patients
who received some other NAC than GnP, with R2/RX resection and other than adenocarcinoma on postoperative
pathological diagnosis). In total, 138 and 86 patients were analyzed for operability and recurrence, respectively.
Figure 1 shows the patient selection criteria used in this study.

The clinicopathological factors analyzed in all patients were as follows: age, sex, American Society of Anesthesiolo-
gists physical status (ASA-PS), diabetes, jaundice, resectability classification according to the National Cancer Network
guideline [15], tumor location, tumor size, carbohydrate antigen 19-9 (CA19-9) levels, NLR, mGPS, type of NAC and
AC, duration and relative dose intensity (RDI) of NAC, radiological response [16], AEs graded using the Common
Terminology Criteria for Adverse Events v5.0, reasons for unresectable tumors, date of diagnosis, surgery and recur-
rence, surgical procedures, combined vascular resection, resection margin status, lymph node status, perioperative
complications, and pre- and postoperative pathological diagnosis. We also analyzed the outcomes (overall survival)
between the surgical (SG) and non-surgical groups (NSG), moreover with and without recurrence in the SG-2.
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Fig. 1 Algorithms for patient inclusion and exclusion in the present study. Total 138 patients and 86 patients were analyzed for operability
and recurrence, respectively. RPC resectable pancreatic cancer, BRPC borderline resectable pancreatic cancer, NAC neoadjuvant chemother-
apy, NSG non-surgical group, SG surgical group, PDAC pancreatic ductal adenocarcinoma. *R0 microscopic negative margin, R7 microscopic
positive margin, R2 macroscopic positive margin, RX positive margin cannot be assessed. **SG-2: patients with PDAC who received NAC
with gemcitabine plus nab-paclitaxel following RO/R1 resection

Operability was defined as whether or not the patient underwent surgery after NAC. Therefore, in our study, the SG
included inoperable or non-curative resection (R2 resection) cases because of dissemination and/or metastasis detected
during surgery (n=4). Blood examination data and radiological images were obtained within 1 month before and after
NAC. In patients with obstructive jaundice, the blood examination data after biliary drainages were primarily used. The
cut-off values were determined based on a previous report [17]. The optimal cut-off value of NLR was calculated by
receiver operating characteristic curve analysis, and the best cut-off value for operability was 2.78. Staging, resectability
classification, and the decision on whether to perform NAC and NAC regimens were determined by consensus among
surgeons, radiologists, and gastroenterologists.

This study was approved by the Institutional Review Board of Kyushu University Hospital (2021-36). As this study
was a retrospective observational study without any invasion and targeted patients who had visited our hospital in the
past, we published the materials on the homepage to disseminate the information of this research and gave them an
opportunity to refuse participation (opt-out form).

2.2 Neoadjuvant chemotherapy

The NAC treatments administered included gemcitabine (GEM), GnP, gemcitabine plus tegafur/gimeracil/oteracil (GS),
and modified FORFIRINOX (mFFX, fluorouracil, leucovorin, irinotecan, and oxaliplatin). Each regimen was based on a
previously reported protocol [7, 18, 19]. After initiating NAC, contrast-enhanced computed tomography or magnetic
resonance imaging was performed every 2-3 months, and pancreatic resection was scheduled if margin-negative resec-
tion was considered possible.

@ Springer



Clinical Trial Discover Oncology (2022)13:2 | https://doi.org/10.1007/s12672-021-00462-1

2.3 Surgical procedure

Pancreatoduodenectomy, distal pancreatectomy, and total pancreatectomy were performed according to the loca-
tion of the tumor. Superior mesenteric vein/portal vein resection was performed if necessary, although there was
no arterial resection in this study.

2.4 Adjuvant chemotherapy

Of 123 patients who underwent curative resection (RO/R1/RX), 119 received AC. Tegafur/gimeracil/oteracil (5-1),
GnP, GEM, and mFFX were administered as AC and continued for more than 6 months unless the tolerability was not
acceptable.

2.5 Follow up

Patients were followed up quarterly with imaging for the first 2 years and every 6 months thereafter in the SG. The NSG
patients were followed up every 3-4 months during cancer treatment.

2.6 Statistical analyses

Statistical analyses were performed using JMP ver. 12 (SAS Institute Inc.). The Kaplan—-Meier plots with log-rank testing
were used to analyze the overall survival. Univariate and multivariate analyses using logistic regression models were
conducted to identify predictive factors for operability after NAC and assessing the risk of recurrence in the SG-2. Vari-
ables with p <0.1, on univariate analysis, were further included in the multivariate analysis. Statistical significance was
setat p<0.05.

3 Results
3.1 Patient characteristics at baseline before NAC and NAC characteristics

Table 1 summarizes the patient characteristics before NAC. This cohort had a relatively large number of BRPC cases
(45.7%).The borderline resectable-venous and borderline resectable-arterial (BR-A) cases were 22 and 41 patients, respec-
tively. Forty patients (29.0%) developed diabetes 1 year before the diagnosis of pancreatic cancer. Forty patients had
jaundice before the induction of NAC, and all of them improved with biliary drainage. The median NLR was 2.11 (range:
0.66-6.58); and 98, 21, and six patients had mGPS-0, mGPS-1, and mGPS-2, respectively. More than 80% patients received
GnP. NAC was reduced or discontinued because of AEs (regarding biliary infections, NAC was reduced only in patients
with repeated biliary infections despite biliary drainage or antibiotics) and the median RDI of NAC was 78.0% (33-100%).

3.2 Post-NAC patient characteristics and postoperative clinicopathological quality

Table 2 shows the clinicopathological characteristics of patients after NAC and surgery. The objective response and dis-
ease control rates were 25.9 and 92.6%, respectively. The overall resection and RO resection rates were 89.1 and 79.7%,
respectively. The reasons for not undergoing resection were arterial invasion (nine patients) (progressed to unresectable
locally advanced in eight patients and progressed from R- to BR-A in the other patient at the time of re-evaluation after
NAC), metastasis (four patients), intestinal pneumonia, and other (one patient each). Three of the 75 patients with RPC
could not undergo tumor excisions after NAC owing to vessel invasion or newly emerged paraaortic lymphadenopathy
and liver metastases (shown in the representative images of inoperable RPC in Additional file 1: Fig. S1). Compared to
the pathological tumor size, post-NAC tumor size on imaging was more than 10 mm underestimated and overestimated
in 59 (48.0%) and four patients (3.3%), respectively (data not shown). Pathological lymph node statuses were positive
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Table 1 Patient characteristics
before neoadjuvant

chemotherapy (NAC) and NAC  Ppatient characteristics (n=138)
characteristics Age, years [median (range)]

| https://doi.org/10.1007/512672-021-00462-1 Clinical Trial
Variables Number
69 (34-85)
Sex (male/ female) 74/64
ASA-PS (1/2/3) 15/114/9
BMI, kg/m? [median (range)] 21.9(15.2-33.3)
Presence of diabetes 62 (45.0%)

Presence of jaundice
Neutrophil to lymphocyte ratio [median (range)]

Modified Glasgow prognostic score
0
1
2
NA

Pre-NAC CA19-9 level, U/mL [median (range)]

Tumor location, pancreatic head

Resectability classification
Resectable
Borderline resectable-venous
Borderline resectable-arterial
Pre-NAC tumor size, mm [median (range)]

Pre-NAC pathological diagnosis
Adenocarcinoma
No evidence of malignancy
NA

Pathological examinations and diagnosis yield before NAC"
ERCP (n=93)

EUS-FNA/B (n=76)
Endoscopic biopsy (n=2)

NAC characteristics

Type of NAC
Gemcitabine plus nab-paclitaxel
Gemcitabine plus tegafur/gimeracil/oteracil
Modified FORFIRINOX
Gemcitabine

Time period of NAC, weak [median (range)]

Relative dose index, % [median (range)]

Greater than or equal to Grade 2 non-hematological AE™
Pulmonary fibrosis/ pneumonitis (intestinal pneumonia)
Peripheral neuropathy
Erythema multiforme
Biliary tract infection

Greater than or equal to Grade 3 hematological AE™
Neutrophil count decreased
Febrile neutropenia
Alanine aminotransferase increased
Anemia

40 (28.1%)
2.11(0.66-6.58)

98

21

6

13

114.6 (5-7766)
86 (62.3)

75
22
4
25 (0-68)

125
1"

62 (66.7)
65 (85.5)
2(100)

112

20

5

1

10 (3-41)
78.0 (33-100)

NAC, neoadjuvant chemotherapy; ASA-PS, American Society of Anesthesiologists physical status; NA, not
available; CA 19-9, carbohydrate antigen 19-9; EUS-FNA/B, endoscopic ultrasound-guided fine needle aspi-

ration/biopsy; AE, adverse event
*Overlapping

**Common Terminology Criteria for Adverse Events v5.0
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Table 2 Post- neoadjuvant
chemotherapy patient
characteristics and
clinicopathological
characteristics of the surgery

Variables Number
Treatment response of NAC (n=138)

Post-NAC CA19-9 level, U/mL [median (range)] 29.2 (1.5-1049)

Post-NAC tumor size, mm [median (range)] 20 (0-67)
Radiological response

Complete response 2

Partial response 33

Stable disease 920

Progressive disease 10

NA 3
Unresectable reasons (n=15)

Vessel invasion 9

Metastasis 4

Intestinal pneumonia 1

Undefined 1
Resection rate 123 (89.1)

RO resection 110

R1 resection 5

R2 resection 4

RX resection 4
Postoperative variables (n=123)

Presence of PV/SMV resection 30 (24.4)

POPF by ISGPS, grade B or C 18 (14.6)

Clavien-Dindo grade >2 37 (26.8)

Postoperative tumor size, mm [median (range)] 28 (8-83)

Presence of pathological lymph node metastasis

Postoperative pathological diagnosis
Adenocarcinoma
Adenosquamous carcinoma

Invasive intraductal papillary mucinous carcinoma

Mixed acinar-neuroendocrine carcinoma

Mixed neuroendocrine non-neuroendocrine neoplasm

Neuroendocrine tumor (G3)
Adjuvant chemotherapy (n=119%)

Tegafur/gimeracil/oteracil

Other

None

76 (61.8%)

115
4

1
1
1
1
100

4
15

NAC neoadjuvant chemotherapy; CA 19-9, carbohydrate antigen 19-9, NA not available, RO microscopic
negative margin, R1 microscopic positive margin, R2 macroscopic positive margin, RX positive margin
cannot be assessed, PV/SMV portal vein/ superior mesenteric vein, POPF postoperative pancreatic fistula,

ISGPS International Study. Group on Pancreatic Surgery

*4 patients (R2 resection) were excluded

in 76 patients, and only >30% of them could be predicted by radiation images before NAC. No perioperative mortality

occurred in this cohort.

3.3 Preoperative and postoperative pathological diagnoses

Of 138 patients who underwent pathological examinations before the induction of NAC, 125 were diagnosed with
adenocarcinoma by endoscopic ultrasound-guided fine-needle aspiration/biopsy (EUS-FNA/B), endoscopic retrograde
cholangiopancreatography (ERCP), and/or endoscopic biopsy (Table 1). Eleven patients (7.9%) underwent NAC without

a pathological diagnosis.

@ Springer



Discover Oncology (2022) 13:2 | https://doi.org/10.1007/512672-021-00462-1 Clinical Trial

The postoperative pathological diagnosis was adenocarcinoma in 115 patients and other than adenocarcinoma in
eight patients (6.5%). Above all, seven patients of them, except those with adenocarcinoma, were preoperatively mis-
diagnosed as having adenocarcinoma and for the eighth patient, malignancy could not be precluded despite multiple
inspections (Table 2).

3.4 Outcomes of NAC

Figure 2 shows the results of the Kaplan—Meier survival analysis of this cohort. The median survival time was significantly
longer for patients in the SG than for those in the NSG (1124 vs. 448 days, p <0.0001, Fig. 2a). In the SG-2 (n=86), 43
patients (50.0%) had recurrences, and patients without recurrence had the best prognosis (not reached vs. 1017 days,
with and without recurrence in the SG-2, respectively Fig. 2b).

3.5 Predictive factors of resection

First, we analyzed the factors associated with operability after NAC. Based on univariate analysis, seven variables
(p<0.1) were extracted for multivariable analysis (patient age > 65 years, jaundice, NLR > 2.78, mGPS score: 1, 2, tumor
size >20 mm, CA19-9 level > 500 U/mL, anatomical borderline resectable) (Table 3). From the multivariate analysis,
NLR>2.78 (p=0.0120) and anatomical borderline resectable (p=0.0044) were revealed as significantly correlated with
the NSG.

3.6 Predictive factors of recurrence (among the SG-2)

Next, we reviewed the details of recurrence after surgery because postoperative recurrence was related to prognosis.
Despite several types of NAC being administered, more than 80% patients in our cohort received GnP. Moreover, patients
with other than adenocarcinoma in the postoperative pathological diagnosis and R2/RX resection were included in the
SG group. To avoid all possible biases, we extracted data of only patients with PDAC who received GnP following R0/
R1 resection (SG-2). Based on univariate analysis, five variables (P <0.1) were extracted for multivariable analysis (NAC
week < 8, radiological response, stable disease (SD) or progressive disease (PD), pathological stage > IIA, microscopic
margin status, non-administration of AC) (Table 4). In the multivariate analysis, NAC week < 8 (p=0.0285), radiological
response, SD or PD (p=0.0302), and pathological stage > lIA (0.0003) were significantly associated with recurrence.

3.7 Degree of tumor shrinkage in patients with NAC

Figure 3a shows a waterfall plot of the tumor shrinkage of the primary lesions by NAC. Total 121 patients showed
tumor shrinkage after NAC. The tumor response rate, containing two complete responses and 33 partial responses, was

(@ (b)

MST 1.0
= SG n=123 1124days
— NSG n=15 448days

p<0.0001

MST
= No-recurrence n=43 NR

08 0.8 —— Recurrence  n=43 1017days

s 2z p<0.0001
z = os zE os
B0 Z
5 g o0s §E os
= - =
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0.2 0.2
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Fig.2 Kaplan-Meier survival curves of patients. a Overall survival of all patients in the surgical and non-surgical group. b Overall survival
of patients with and without recurrences in the SG-2". a, b The significant differences were analyzed by log-rank tests. MST Median survival
time; NR not reached, NSG non-surgical group, SG surgical group. *SG-2: patients with pancreatic ductal adenocarcinoma who received neo-
adjuvant chemotherapy with gemcitabine plus nab-paclitaxel following RO/R1 resection
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Table 3 Univariate and multivariate analyses of predictive factors associated with operability after neoadjuvant chemotherapy

Factors SG (n=123) NSG (n=15) Univariate Multi-

analysis variate
analysis

Age =65 years 80 (65.0) 14 (93.3) 0.0127 0.0905

Sex, male 68 (55.3) 8(53.3) 0.8861

ASA-PS>2 9(7.3) 0(0) 0.1429

BMI=250r<18.5 kg/m2 1(74.0) 11(78.6) 0.7044

Presence of diabetes 8(47.2) 5(33.3) 0.3049

Presence of jaundice 0(24.4) 8(57.1) 0.0143 0.9402

Neutrophil to lymphocyte ratio >2.78 9(17.4) 9(64.3) 0.0003 0.0120

Modified Glasgow prognostic score >0 1(18.9) 6(42.9) 0.0561 0.1723

Tumor size>20 mm 0(73.2) 14 (93.3) 0.0549 0.7331

CA19-9 level > 500 U/mL 4(11.6) 6 (40.0) 0.0097 0.0847

Tumor location, pancreatic head 1(57.7) 12 (80.0) 0.1005

Resectability classification, borderline resectable 49 (39.8) 12 (80.0) 0.0026 0.0044

Type of NAC, gemcitabine plus nab-paclitaxel 8 (79.7) 14 (93.3) 0.1717

Relative dose index < 80% 8(47.5) 9(69.2) 0.1479

Radiological response, < 30% reduction of primary tumor 2(26.7) 3(21.4) 0.6670

SG surgical group, NSG non-surgical group, ASA-PS American Society of Anesthesiologists physical status, NAC neoadjuvant chemotherapy,
CA 19-9 carbohydrate antigen 19-9

In these analyses, clinical factors before the induction of NAC are adopted

Table 4 Univariate and multivariate analyses of predictive factors associated with postoperative recurrences in the SG-2

Factors No-Recurrence Recurrence (n=43) Univariate Multi-

(n=43) analysis variate
analysis

Age =65 years 32(74.4) 30(69.8) 0.6305

Sex, male 25 (58.1) 24 (55.8) 0.8276

ASA-PS>2 4(9.3) 2(4.7) 0.3930

BMI=250r<18.5 kg/m2 10(23.3) 8(18.6) 0.5957

Presence of diabetes 19 (44.2) 25 (58.1) 0.1948

Presence of jaundice 9(20.9) 12(27.9) 0.3807

Neutrophil to lymphocyte ratio >2.78 6(17.1) 10 (25.0) 0.4048

Modified Glasgow prognostic score >0 5(13.9) 8(20.0) 0.4778

Pre-NAC CA19-9 level > 500 U/mL 5(11.9) 4(9.5) 0.7240

Tumor location, pancreatic head 25 (58.1) 30(69.8) 0.2607

Resectability classification, borderline resectable 18 (41.9) 24 (55.8) 0.1948

NAC week< 8 1(2.3) 10(23.3) 0.0019 0.0285

Relative dose index < 80% 21 (48.8) 16 (37.2) 0.2756

Radiological response, SD or PD 24 (57.1) 34(81.0) 0.0172 0.0302

PV/SMV resection 9(20.9) 15 (34.9) 0.1475

POPF by ISGPS, grade B or C 7(16.3) 6(14.0) 0.7633

Clavien-Dindo grade >2 14 (32.6) 15 (34.9) 0.8196

Pathological stage > IIA 17 (39.5) 34(79.1) 0.0001 0.0003

Margin status R1 0(0.0) 3(7.0) 0.0389 0.0755

Non-administration of adjuvant chemotherapy 1(2.4) 5(11.9) 0.0825 0.3003

ASA-PS American Society of Anesthesiologists physical status, NAC neoadjuvant chemotherapy, SD stable disease, PD progressive disease,
PV/ SMV portal vein/ superior mesenteric vein, POPF postoperative pancreatic fistula, ISGPS International Study Group on Pancreatic Surgery;
R1: microscopic positive margin; CA 19-9, carbohydrate antigen 19-9

SG-2: patients with PDAC who received NAC with gemcitabine plus nab-paclitaxel following RO/R1 resection
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Fig.3 Waterfall plot of tumor response for each patient with imaging performed before and after neoadjuvant chemotherapy (NAC)
(n=135). a Total 112 patients (83.0%) experienced tumor shrinkage. b Relationship between tumor response and operability after NAC.
One-third of the patients in the non-surgical group experienced tumor shrinkage. ¢ Relationship between tumor response and unresect-
able reasons. Importantly, metastases developed even in patients with shrinkage of the primary tumor by NAC. d Relationship between
tumor responses and recurrences in the SG-2". Recurrence is associated with tumor shrinkage after NAC. NAC neoadjuvant chemotherapy,
SG surgical group, NSG non-surgical group. *SG-2: patients with pancreatic ductal adenocarcinoma received NAC with gemcitabine plus
nab-paclitaxel following RO/R1 resection

approximately 25.9% (Table 2). Although the reasons for not undergoing resections were vessel invasion, metastasis,
interstitial pneumonia, and undefined (Table 2), the operability after NAC was not associated with tumor shrinkage
effects (Fig. 3b). Importantly, three patients with > 30% reduction of primary tumor missed their excision opportunities
because they developed metastasis, interstitial pneumonia, or vascular invasion even though their primary tumor had
shrunk after treatment by NAC (Fig. 3c). On the other hand, in the SG-2, recurrence was related to tumor shrinkage of
NAC, although there were some recurrences even with remarkable tumor shrinkage by NAC (Fig. 3d).

4 Discussion

This study presents the retrospective review of the data of patients with RPC or BRPC who received NAC at a single center.
Further, we evaluated the outcomes and prognosis of NAC. The main finding of our study was that the pre-NAC NLR, but
not radiological response, was related to the operability after NAC. Naturally, inoperability after NAC reflects the insuf-
ficiency of the tumor shrinkage effect, but the radiological response is often insufficient for predicting the effect of NAC
and the operability because tumor size is affected by the inflammation caused by anticancer drugs [20]. In our cases,
metastases developed regardless of the shrinkage of the primary site by NAC (Fig. 3c). Therefore, operability is determined
not only by the local tumor effect due to local vascular infiltration, but also is affected by other predictive factors, such
as the NLR. To our knowledge, this is the first report on the correlation between pre-treatment NLR and operability after
NAC. Hence, we propose the pre-treatment NLR as a suitable marker of operability.

Nevertheless, the operability was non-concordant with the response to NAC, and more indices are required to discrimi-
nate between the effects of NAC and recurrence. Contrary to previous reports, instead of the high pre-NAC mGPS [14],
insufficient local control effect and insufficient time of NAC were related to recurrence and poor prognosis in patients
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with pancreatic cancer who received NAC following pancreatectomy in this study. Although we have not compared GnP
with other regimens about recurrences because a few patients received them, a regimen with a higher response rate has
a possibility to improve outcomes after NAC followed by curative resection. In addition, a longer duration of NAC to shrink
a tumor enough may be effective, especially in patients with advanced cancer. It has been reported that NAC or NACRT
(NA(Q)RT) is associated with lower overall recurrence rates, especially liver metastases, and improved locoregional disease
control [21] and that NA(C)RT can provide survival benefit in BRPC and a subgroup of RPC patients, but no statistically
significant differences were observed in the disease-free survival time and recurrence between the NA(C)RT cases and
those that underwent surgical resection first [22]. Preoperative high-risk features, such as CA19-9, lymph node disease,
pain, and weight loss, and large size, which were defined in the National Comprehensive Cancer Network or American
Society of Clinical Oncology guideline, could indicate the usefulness of NAC by the clear-cut parameters. PDAC could
be managed better if the most effective/specific regimen for each case would be clarified in advance. In PDAC, a small
number of biomarkers directly linked to treatments have been reported until now [23-26]. There is still room for debate
on an optimal period of NAC, where the duration of NAC would predict the risk of recurrence to quantize the respective
results of this study. The precise type and duration of NAC will become an issue in the future.

Although this retrospective cohort had a large number of BRPC cases, especially BR-A, the resection rate was relatively
good. NAC effectiveness was shown by the high RO resection rates for this study, but relatively many AEs were observed.
Among those, intestinal pneumonia occurred in eight patients and one patient missed the resection opportunity. Out-
comes of the NSG are generally unfavorable as treatment options are limited by the ineffectiveness/resistance of NAC
regimens, and AE, such as interstitial pneumonia. In addition, the insufficient period of NAC, mainly due to AEs, may be
relevant to the poor prognosis because of postoperative recurrences (Table 4). Currently, predicting the outcomes of
NAC and the occurrence of AEs is difficult. Sufficient explanations regarding the conditions of patients surrounding NAC,
close relationships between physicians and surgeons, sufficient provisions against side effects, and changing therapeutic
measures for the clinical situations are essential for better prognosis in such patients.

In the present study 10 patients (7.0%) underwent NAC without pathological diagnosis despite having undergone
inspections (in addition, one more patient received NAC without an inspection). EUS-FNA is used for the cytological
and histological diagnosis of PDAC. Compared to low complications and mortalities, high sensitivity and specificity
for the diagnosis of PDAC have been reported [27, 28]. However, if complications such as pancreatitis occur, or those
appliable to ERCP, NAC administration is delayed and the schedule for resection is occasionally missed because of the
complications and immune weakness. Regarding EUS-FNA, needle tract seeding cannot be ignored [29, 30]. Multiple
inspections increase such complications; thus, it is a dilemma whether to examine until the pathological diagnosis is
obtained. Moreover, particular types of pancreatic cancer, such as adenosquamous carcinoma or mixed neuroendocrine
non-neuroendocrine neoplasm, in which the efficacy of NAC is not obvious, are sometimes misdiagnosed as adenocar-
cinoma by EUS-FNA or ERCP. Indeed, some patients were misdiagnosed with adenocarcinoma preoperatively, and NAC
was introduced in the present study. The pathological diagnosis before the induction of NAC is obviously, but it still has
those limitations.

Our study has several limitations. First, this was a retrospective, single-center study with few patients in the SG and NSG
after NAC. Second, the regimen and period of NAC were varied. Although many patients received a couple of NAC cycles,
unless the level of unacceptable toxicity was reached, some patients received NAC for relatively long durations until the
tumors continued to shrink and until margin-negative resection was deemed possible. Third, although the histologi-
cal type of pancreatic cancer is heterogenous, operability has been analyzed in patients who received NAC. Therefore,
patients whose postoperative pathological diagnoses were not PDAC were included in the analysis of the operability
after NAC. Fourth, the number of patients is relatively small (n=86) and the follow-up time is short in the SG-2 group.
Despite the above limitations, our study, reflecting real-world data, produced important clinical values. Nevertheless, a
multicenter study with a large series would be able to overcome the challenges of this study.

In conclusion, our study revealed the characteristics of patients with PDAC whose tumors were not resected after NAC
followed by the outcomes analysis and further evaluates the challenges of NAC treatment at one Japanese reference
hospital. We propose the use of the pre-NAC NLR for predicting the operability after NAC.

Authors’ contributions MM and NF wrote the manuscript. NF, TO and YO designed the study. MM and NF performed the research and analyzed
the data. MM, NF, AO, KM, KT, YT, AT, TO, TA, NI, NI, KN, MN, Kl and YO managed the patients. TA, NI, NI, KN and MN performed the surgical
procedures. All authors read and approved the final manuscript.

Funding This work was supported in part by JSPS KAKENHI (Grant Number. JP19K17402).

@ Springer



Discover Oncology (2022) 13:2 | https://doi.org/10.1007/512672-021-00462-1 Clinical Trial

Data availability All data generated or analyzed during this study are included in this published article.

Code availability Not applicable.

Declarations

Competing interests The authors declare no conflicts of interest for this article.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

20.

21.

22.

23.

Bray F, Ferlay J, Soerjomataram |, et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. 2018;68:394-424.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J Clin. 2017;67:7-30.

Khorana AA, Mangu PB, Berlin J, et al. Potentially curable pancreatic cancer: American Society of Clinical Oncology Clinical Practice
Guideline. J Clin Oncol. 2016;34:2541-56.

Oettle H, Neuhaus P, Hochhaus A, et al. Adjuvant chemotherapy with gemcitabine and long-term outcomes among patients with
resected pancreatic cancer: the CONKO-001 randomized trial. JAMA. 2013;310:1473-81.

Ueno H, Kosuge T, Matsuyama Y, et al. A randomised phase Il trial comparing gemcitabine with surgery-only in patients with resected
pancreatic cancer: Japanese Study Group of Adjuvant Therapy for Pancreatic Cancer. Br J Cancer. 2009;101:908-15.

Uesaka K, Boku N, Fukutomi A, et al. Adjuvant chemotherapy of S-1 versus gemcitabine for resected pancreatic cancer: a phase 3,
open-label, randomised, non-inferiority trial (JASPAC 01). Lancet. 2016;388:248-57.

Motoi F, Kosuge T, Ueno H, et al. Randomized phase II/1ll trial of neoadjuvant chemotherapy with gemcitabine and S-1 versus upfront
surgery for resectable pancreatic cancer (Prep-02/JSAP05). Jpn J Clin Oncol. 2019;49:190-4.

Mokdad AA, Minter RM, Zhu H, et al. Neoadjuvant therapy followed by resection versus upfront resection for resectable pancreatic
cancer: a propensity score matched analysis. J Clin Oncol. 2017;35:515-22.

Versteijne E, Vogel JA, Besselink MG, et al. Meta-analysis comparing upfront surgery with neoadjuvant treatment in patients with
resectable or borderline resectable pancreatic cancer. Br J Surg. 2018;105:946-58.

. Miyasaka Y, Ohtsuka T, Kimura R, et al. Neoadjuvant chemotherapy with gemcitabine plus nab-paclitaxel for borderline resectable

pancreatic cancer potentially improves survival and facilitates surgery. Ann Surg Oncol. 2019;26:1528-34.

. Abe T, Nakata K, Kibe S, et al. Prognostic value of preoperative nutritional and immunological factors in patients with pancreatic

ductal adenocarcinoma. Ann Surg Oncol. 2018;25:3996-4003.

. Imaoka H, Mizuno N, Hara K, et al. Evaluation of modified glasgow prognostic score for pancreatic cancer: a retrospective cohort

study. Pancreas. 2016;45:211-7.

. Hasegawa S, Eguchi H, Tomokuni A, et al. Pre-treatment neutrophil to lymphocyte ratio as a predictive marker for pathological

response to preoperative chemoradiotherapy in pancreatic cancer. Oncol Lett. 2016;11:1560-6.
Oshima M, Okano K, Suto H, et al. Changes and prognostic impact of inflammatory nutritional factors during neoadjuvant chemo-
radiotherapy for patients with resectable and borderline resectable pancreatic cancer. BMC Gastroenterol. 2020;20:423.

. Tempero MA, Malafa MP, Al-Hawary M, et al. Pancreatic adenocarcinoma, version 2.2017, NCCN clinical practice guidelines in oncol-

ogy. J Natl Compr Canc Netw. 2017;15:1028-61.

. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1).

Eur J Cancer. 2009;45:228-47.

. Hartwig W, Strobel O, Hinz U, et al. CA19-9 in potentially resectable pancreatic cancer: perspective to adjust surgical and periopera-

tive therapy. Ann Surg Oncol. 2013;20:2188-96.

. UenoH, Ikeda M, Ueno M, et al. Phase I/1l study of nab-paclitaxel plus gemcitabine for chemotherapy-naive Japanese patients with

metastatic pancreatic cancer. Cancer Chemother Pharmacol. 2016;77:595-603.

. Ozaka M, Ishii H, Sato T, et al. A phase Il study of modified FOLFIRINOX for chemotherapy-naive patients with metastatic pancreatic

cancer. Cancer Chemother Pharmacol. 2018;81:1017-23.

Yin L, Pu N, Thompson E, et al. Improved assessment of response status in patients with pancreatic cancer treated with neoadjuvant
therapy using somatic mutations and liquid biopsy analysis. Clin Cancer Res. 2021;27:740-8.

Ratnayake B, Savastyuk AY, Nayar M, et al. Recurrence patterns for pancreatic ductal adenocarcinoma after upfront resection versus
resection following neoadjuvant therapy: a comprehensive meta-analysis. J Clin Med. 2020;9:2132.

Pan L, Fang J, Tong C, et al. Survival benefits of neoadjuvant chemo(radio)therapy versus surgery first in patients with resectable or
borderline resectable pancreatic cancer: a systematic review and meta-analysis. World J Surg Oncol. 2019;18(1):1.

Le DT, Durham JN, Smith KN, et al. Mismatch repair deficiency predicts response of solid tumors to PD-1 blockade. Science.
2017;357:409-13.

@ Springer


http://creativecommons.org/licenses/by/4.0/

Clinical Trial Discover Oncology (2022)13:2 | https://doi.org/10.1007/s12672-021-00462-1

24,
25.

26.
27.

28.

29.

30.

Cocco E, Scaltriti M, Drilon A. NTRK fusion-positive cancers and TRK inhibitor therapy. Nat Rev Clin Oncol. 2018;15:731-47.

Golan T, Hammel P, Reni M, et al. Maintenance olaparib for germline BRCA-mutated metastatic pancreatic cancer. N Engl J Med.
2019;381:317-27.

Hong DS, Fakih MG, Strickler JH, et al. KRAS®'%¢ inhibition with sotorasib in advanced solid tumors. N Engl J Med. 2020;383:1207-17.
Eloubeidi MA, Tamhane A, Varadarajulu S, et al. Frequency of major complications after EUS-guided FNA of solid pancreatic masses:
a prospective evaluation. Gastrointest Endosc. 2006;63:622-9.

Chen J,Yang R, Lu Y, et al. Diagnostic accuracy of endoscopic ultrasound-guided fine-needle aspiration for solid pancreatic lesion: a
systematic review. J Cancer Res Clin Oncol. 2012;138:1433-41.

Paquin SC, Gariepy G, Lepanto L, et al. A first report of tumor seeding because of EUS-guided FNA of a pancreatic adenocarcinoma.
Gastrointest Endosc. 2005;61:610-1.

Yane K, Kuwatani M, Yoshida M, et al. Non-negligible rate of needle tract seeding after endoscopic ultrasound-guided fine-needle aspira-
tion for patients undergoing distal pancreatectomy for pancreatic cancer. Dig Endosc. 2020;32:801-11.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Predictive factors of operability after neoadjuvant chemotherapy in resectable or borderline resectable pancreatic cancer: a single-center retrospective study
	Abstract
	BackgroundAims 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Patients and data collection
	2.2 Neoadjuvant chemotherapy
	2.3 Surgical procedure
	2.4 Adjuvant chemotherapy
	2.5 Follow up
	2.6 Statistical analyses

	3 Results
	3.1 Patient characteristics at baseline before NAC and NAC characteristics
	3.2 Post-NAC patient characteristics and postoperative clinicopathological quality
	3.3 Preoperative and postoperative pathological diagnoses
	3.4 Outcomes of NAC
	3.5 Predictive factors of resection
	3.6 Predictive factors of recurrence (among the SG-2)
	3.7 Degree of tumor shrinkage in patients with NAC

	4 Discussion
	References




