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ABSTRACT

Background. Effective chemotherapy (CTx) protocols as

induction treatment provide increasing opportunities for

surgical resection of locally advanced pancreatic cancer

(LAPC). Although improved survival after resection of

LAPC with CTx has been reported for selected patients,

reliable recommendations on the indication for conversion

surgery after induction treatment are currently lacking. We

investigated the factors predictive of prognosis in resected

LAPC after FOLFIRINOX.

Methods. Consecutive patients with LAPC undergoing

curative resection after FOLFIRINOX between 2011 and

2018 were identified from a prospectively maintained

database. Relevant clinical parameters and CT findings

were examined. A scoring system was developed based on

the ratio of hazard ratios for overall survival of all signif-

icant predictors.

Results. A total of 62 patients with LAPC who underwent

oncologic resection after FOLFIRINOX were analyzed.

Tumor shrinkage, tumor density, and postchemotherapy

CA19-9 serum levels were independently associated with

overall survival (multivariate analysis: HR = 0.31, 0.17,

and 0.18, respectively). One, two, and two points were

allocated to these three factors in the proposed scoring

system, respectively. The median overall survival of

patients with a score from 0 to 2 was significantly shorter

than that of patients with a score from 3 to 5 (22.1 months

vs. 53.2 months, P\ 0.001).

Conclusions. Tumor density is a novel predictive marker

for the prognosis of patients with resected LAPC after

FOLFIRINOX. A simple scoring model incorporating

tumor density, the tumor shrinkage rate, and CA 19-9

levels identifies patients with a low score, who may be

candidates for additional treatment.

Pancreatic cancer (PDAC) is the third-leading cause of

death from cancer in western countries. At diagnosis, 80%

of patients do not undergo resection, usually because of

either metastatic disease (50–60%) or locally advanced

disease (30%).1 Surgical resection offers the chance of a

cure for patients with localized resectable disease. Even

though systemic chemotherapy or chemoradiotherapy has

been developed for patients with advanced disease, their

overall survival without surgical resection remains low

compared with that of patients eligible for upfront surgery.2

Locally advanced pancreatic cancer (LAPC) is defined

by tumor contact or involvement with major vessels.3

These cases often are considered as initially unresectable.

Effective chemotherapy, such as FOLFIRINOX (fluo-

rouracil, leucovorin, irinotecan, and oxaliplatin), has an

impact on the prognosis of patients with LAPC in the

palliative setting.4 Although there remains considerable

uncertainty regarding surgical indication for patients with
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initially unresectable LAPC, its beneficial effect on the

survival of selected patients with a good response to pre-

operative treatment has been reported.5–8

To evaluate the effect of induction therapy for solid

tumors, the guideline of Response Evaluation Criteria in

Solid Tumours (RECIST1.1), which focuses on tumor

burden, is widely applied.9 However, as the resectability of

pancreatic cancer is defined by vascular involvement rather

than tumor size, RECIST is not appropriate for the

assessment of tumor response following preoperative

treatment in the setting of LAPC.10 Although FDG PET/CT

examinations were currently suggested as a radiologic

marker for therapeutic effects of neoadjuvant treatment for

PDAC, the change of CT density in the tumor after pre-

operative treatment that reflect tumor biology has not been

reported as its marker.11,12 In clinical practice, decisions

regarding resection of LAPC after induction treatment have

been made on a highly individual basis. No objective and

reliable criteria identifying the patients most likely to

benefit from surgery have been described.13,14

Therefore, the purpose of this study was to evaluate the

preoperative factors predictive of overall survival in

patients who have undergone resection for LAPC after

induction FOLFILINOX and to establish a predictive

model with these factors, which may support decision-

making for additional treatment in the surgical treatment of

LAPC.

METHODS

Study Design and Population

Consecutive patients who underwent induction

chemotherapy with FOLFIRINOX as first-line treatment

and subsequent oncologic resection for LAPC at primary

diagnosis between February 2011 and June 2018 at the

Department of Surgery, University of Heidelberg, were

identified from a prospectively collected database and

included in this study. LAPC was defined according to the

NCCN guidelines.3 Patients with metastatic disease found

incidentally at surgery were excluded. All data were col-

lected and handled in compliance with the guidelines of the

Institutional Ethics Committee after approval (Ethics

Committee Approval No. S-011/2015). All patients pro-

vided written, informed consent.

Based on previous results, FOLFIRINOX was selected

as first-line chemotherapy for the majority of patients with

LAPC in our institute.15,16 Although at least six cycles of

FOLFIRINOX (as either an original or a modified regimen)

were basically planned for patients with LAPC at first

diagnosis, patients with fewer than six cycles (i.e., due to

adverse events) also were included in this study. Patients

with other protocols as second-line chemotherapy were

excluded.

Patient Surveillance During Chemotherapy

and Imaging Investigation

From the time of initial diagnosis and commencement of

induction chemotherapy with FOLFIRINOX, patients were

reevaluated every 3 months during chemotherapy by

computed tomography (CT), measurement of CA19-9

serum levels, and clinical examination.

The details of CT acquisition were described previ-

ously.17 Briefly, four phase images (nonenhanced, arterial,

venous, and delayed phase) were acquired with a 3-mm

slice thickness. Tumor conspicuity in the portal venous

phase was greater than in any other phases.18 At baseline

and follow-up examinations, the largest area of the primary

tumor was measured in the portal venous phase on axial CT

slices by manually tracing the tumor outline with a region

of interest (ROI), and then the mean CT density of the area

was evaluated.19 The CT density of a normal pancreas area

without obstructive pancreatitis or atrophy was chosen as a

control variable. The CT density attenuation in the tumor

was calculated as (CT density of tumor area)/(CT density

of normal pancreas area). The ROIs were drawn three times

in the same CT slice, and the mean data of tumor size and

that of CT density were regarded as the patient’s repre-

sentative data. The tumor size response during

chemotherapy was calculated as (postchemotherapy tumor

size)/(prechemotherapy tumor size). In the same fashion,

the response rate of tumor density was calculated as

(postchemotherapy CT density attenuation)/

(prechemotherapy CT density attenuation). The tumor

regression of artery encasement, which should reflect

resectability, was defined by any improvements in the

length and degree of tumor contact along and around the

superior mesenteric artery (SMA), celiac axis (CeA), and

common hepatic artery (CHA), which are associated with

the definition of resectability in the NCCN guidelines.3

Patients who were Lewis antigen-negative (CA19-9\ 5.0

U/mL) at primary diagnosis were excluded from the anal-

yses of CA19-9.20

Indications for Surgery and Surgical Approach

Explorative laparotomy was scheduled for those patients

who fulfilled the following criteria after FOLFIRINOX: no

tumor progression on imaging, declining (or stable) CA19-

9 values and good general condition, and technically

resectable disease (including the consideration of venous

and arterial resections) after FOLFIRINOX. If progressive

disease and/or a technically unresectable tumor were

detected intraoperatively, explorative or palliative surgery

2402 M. Tanaka et al.



was performed. Otherwise, patients underwent oncologic

resection of the primary pancreatic tumor.

Outcomes

The primary endpoint of this study was the assessment

of predictive factors of overall survival in patients with

oncologic resection after FOLFIRINOX, which were

obtained preoperatively. Relevant patient characteristics

and surgical outcomes were extracted from the institution’s

prospectively maintained pancreatic database. Each con-

tinuous variable was divided by an individual cut-off value

to convert it to a categorical variable.

Statistical Analysis

Recurrence-free survival was calculated from the date of

operation to the date of recurrence on imaging findings or

clinical findings, the date of the last follow-up or death.

Overall survival was defined as the time from the date of

initiation of chemotherapy to the date of death from any

cause. Survival times were compared using Kaplan–Meier

survival analysis. Data were censored if the patients were

alive at the time of the analysis or had been lost to follow-

up. The optimal cutoff value of each continuous variable

for overall survival was determined by a minimum P-value

approach. Every possible cutoff point was examined by

means of the log rank test. The value that provided the

minimum P value was considered as the optimal cutoff

point. A multivariate Cox regression model was utilized to

determine significant predictors of prognosis. According to

the hazard ratios (HRs) for overall survival of the

significant predictors of the multivariable Cox regression, a

score model was established. When the ratio of their HRs

was translated into a score model, the minimal score

among them was scaled down to 1, and the others were

rounded off to the closest whole number. All statistical

analyses were performed using R version 3.2.3 (R Project

for Statistical Computing, Vienna, Austria), and P\ 0.05

was considered to show a statistically significant

difference.

RESULTS

Demographics of the Study Cohorts and Surgical

Outcomes

A total of 63 patients with LAPC who underwent

oncological resection after FOLFIRINOX as the initial

treatment were identified. Of the entire cohort of 63

patients, survival information was available for 62 patients

(98%), and one patient was lost to follow-up. Thus, 62

patients were included in this study. Preoperative CA19-9

serum levels of 10 patients (16%) were not available

(Table 1). The reasons for primary unresectability at

diagnosis were arterial involvement in 48 (77%), venous

involvement in 4 (6%), and both arterial and venous

involvement in 10 patients (16%). Twenty-three patients

(37%) underwent pancreaticoduodenectomy, 13 (21%)

distal pancreatectomy, and 26 (42%) total pancreatectomy

(Table 2). Portal vein resection was performed in 41

patients (66%), and major arteries (CeA/CHA/SMA) were

resected in 12 patients (19%). R0 (at least 1 mm) and R0

(direct) resection were achieved in 19 patients (31%) and

TABLE 1 Patient

demographics
Parameter Patients

N = 62

Age, years; median (range) 60 (36–83)

Male gender, n (%) 32 (52%)

Duration of preoperative FOLFIRINOX (mo); median (range) 3.8 (1.4–19.0)

RTx, n (%) 9 (15%)

ASA score, n (%)

1 2 (3%)

2 35 (56%)

3 25 (40%)

Prechemotherapy CA19-9, U/mL; median (range) 968 (6–15000)

Postchemotherapy CA19-9, U/mL; median (range) 72 (6–3114)

Reason for primary unresectability, n (%)

A 48 (77%)

PV 4 (6%)

A/PV 10 (16%)

RTx radiation therapy; ASA American Society of Anesthesiologists; A artery; PV portal vein
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45 patients (73%), respectively. Major morbidity (Clavien–

Dindo grades lll–V) occurred in 26 patients (42%). Adju-

vant chemotherapy following surgery was applied in 16

patients (26%).

Defining Cutoff Values

The median disease-free survival was 9.0 months, and

the median overall survival was 34.2 months. According to

a minimum P-value approach by the log rank test to assess

every possible cut-off value of each continuous variable for

overall survival, the best cutoff point for the shrinkage rate

of the tumor after chemotherapy was 0.5 (P = 0.017), that

for the response rate of CT density attenuation in the tumor

was 1.2 (P = 0.005), and that for the post-chemotherapy

CA19-9 serum level was 100 (P = 0.004). The continuous

variables were converted to dichotomous variables

according to the defined cutoff values (Table 3).

Univariate and Multivariate Survival Analysis

Univariate and multivariate analysis revealed that tumor

shrinkage, tumor CT density attenuation, and

postchemotherapy CA19-9 serum levels were significantly

related to overall survival (univariate analysis: P = 0.017,

P = 0.005, and P = 0.004; multivariate analysis: P = 0.030,

P = 0.001, and P = 0.001, respectively) (Table 4). Tumor

regression of arterial encasement did not predict prognosis

(P = 0.086).

Predictive Model

In the multivariate analysis, the HRs for overall survival

of the shrinkage rate of the tumor, the response rate of CT

density attenuation, and the postchemotherapy CA19-9

serum level were 0.31, 0.17, and 0.18, respectively

(Table 4). Accordingly, based on the effect size, a value of

1 (tumor shrinkage) or 2 (density and CA19-9) was

assigned to each factor, resulting in a scoring system

ranging from 0 to 5 points (Table 5). According to the

scoring system, 26 patients (42%) had 0–2 points and 36

patients (58%) had 3–5 points. Type of pancreatectomy,

N stage and LNR were significantly related to this system.

However, duration of preoperative chemotherapy and

adjuvant treatment were not associated with it (Supple-

mentary Table 1). The median duration of follow-up was

21.2 (range, 4.2–80.3) months. There was a significant

difference in recurrence-free survival and overall survival

between the patients who scored 0 to 2 points and those

who scored 3 to 5 points (P \ 0.001 and P \ 0.001,

respectively). The median recurrence-free survival time

was 5.0 (95% CI 3.1–9.0) months and 15.0 (95% CI

7.7–22.6) months, respectively. The median overall sur-

vival time was 22.1 (95% CI 17.6–33.4) months and 53.2

(95% CI 38.8–NA) months, respectively (Fig. 1).

DISCUSSION

In this study, the shrinkage rate of the primary tumor,

the response rate of CT density attenuation of the tumor,

and postchemotherapy CA19-9 serum levels were inde-

pendent predictors of survival in patients with resected

TABLE 2 Surgical outcomes

Parameter Patients

N = 62

Type of pancreatectomy, n (%)

Partial pancreaticoduodenectomy 23 (37%)

Distal pancreatectomy 13 (21%)

Total pancreatectomy 26 (42%)

Vascular resection, n (%)

Portal vein 41 (66%)

Artery (CeA, CHA, SMA) 12 (19%)

Tumor characteristics

T stage, n (%)

yp T0 1 (2%)

yp T1 3 (5%)

yp T2 17 (27%)

yp T3 39 (63%)

yp T4 2 (3%)

N stage, n (%)

yp N0 27 (44%)

yp N1 22 (35%)

yp N2 13 (21%)

LNRa; median (range) 0.02 (0.00–0.36)

R0 ([1 mm) margina, n (%) 19 (31%)

R0 (direct) marginb, n (%) 45 (73%)

Hospital stay, days; median (range) 14 (7–73)

Morbidity (Clavien–Dindo grade 3?), n (%) 26 (42%)

30-day mortality, n (%) 4 (6%)

Adjuvant chemotherapy, n (%)

Yes 16 (26%)

No 41 (66%)

Unknown 5 (8%)

Disease free survival, months; median (range) 9 (1–72)

Overall survival, months; median (range) 34 (5–80)

aMinimum 1-mm margin
bMore than 0-mm margin

LNR lymph node ratio, CeA celiac axis, CHA common hepatic artery,

SMA superior mesenteric artery
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TABLE 3 Optimal cutoff value

of each potential predictor for

overall survival

Variables P value

Possible cutoff point

Shrinkage rate of primary tumor size after chemotherapy

0.3 0.986

0.4 0.177

0.5 0.017

0.6 0.247

0.7 0.118

0.8 0.076

0.9 0.283

1.0 1.000

Response rate of CT value attenuation in primary tumor after chemotherapy

1.0 0.829

1.1 0.440

1.2 0.005

1.3 0.563

1.4 0.666

Prechemotherapy CA19-9, U/mL

200 0.133

400 0.105

600 0.115

800 0.115

1000 0.146

Postchemotherapy CA19-9, U/mL

50 0.015

100 0.004

150 0.012

200 0.012

250 0.012

TABLE 4 Univariate and multivariate analysis of predictors of overall survival

Variables Univariate analysis Multivariate analysis

P Hazard ratio 95% CI P

Shrinkage rate of primary tumor after chemotherapy 0.017 0.31 0.108–0.892 0.030

C0.5

\0.5

Response rate of CT value attenuation in primary tumor after chemotherapy 0.005 0.17 0.058–0.523 0.001

C1.2

\1.2

Postchemotherapy CA19-9, U/mL 0.004 0.18 0.066–0.509 0.001

C100

\100

Regression of artery encasementa 0.086 0.90 0.307–2.641 0.700

Yes

N

aAny effective response of artery (SMA, CHA, CA) encasement on CT was categorized as Yes
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LAPC after preoperative treatment with FOLFIRINOX.

The predictive model with these 3 factors stratified patients

who benefit from oncologic resection.

Patients with LAPC, representing an advanced stage of

the disease, are either considered impossible to resect with

negative resection margins or suspected to have undetected

metastases or micrometastases.21 With the advent of

effective CTx protocols, such as FOLFIRINOX, this

paradigm is currently shifting, and some patients initially

deemed unresectable can proceed to subsequent surgical

resection.5,6,22 Identifying those patients who would benefit

from conversion surgery is an unmet demand in multidis-

ciplinary PDAC treatment. Evidence-based guidelines

giving clear recommendations for secondary resection are

lacking, due to lack of reliable response evaluation or

validated prediction models to stratify patients. Recent

developments in chemotherapy may provide more oppor-

tunities for potentially curative resection in carefully

selected patients with LAPC.14,23 In our institution, the

eligibility criteria for surgical exploration are lack of tumor

progression and technically resectable disease on CT fol-

lowing induction treatment. Because the application of

these rules results in a wide range of survival (survival time

after surgery: 0.8–71.8 months), no beneficial surgery

should be avoided whenever possible.

Predictive factors for the prognosis of LAPC patients

following induction chemotherapy and resection have been

debated controversially in the past decade.24 As the change

in the apparent radiographic extent of the tumor is rarely

visible after chemotherapy for pancreatic cancer, radio-

logic characteristics are considered unsuitable for decision

making.25,26 However, in cases of radiologic evidence of

regression of tumor size and tumor-vessel contact conver-

sion surgery may be indicated and related with a survival

advantage.27 With regard to biomarkers, a decline in serum

CA19-9 levels after induction treatment was shown to be

associated with prolonged survival in patients undergoing

secondary resection of LAPC.28 With improved operative

safety for pancreatic resection and more effective

chemotherapeutic regimens, prediction models incorporat-

ing available preoperative parameters are desirable to

stratify patients for further treatment.

TABLE 5 Score model for the prognosis of resected LAPC with

induction FOLFIRINOX

Variables Tumor

shrinkage

Density

improvement

Postchemotherapy

CA19-9

HR 0.31 0.17 0.18

Score C 0.5: 0 \ 1.2: 0 C 100 U/mL: 0

\ 0.5: 1 C 1.2: 2 \ 100 U/mL: 2

Score N (%)

0 7 (11)

1 3 (10)

2 16 (26)

3 21 (34)

4 4 (6)

5 11 (18)
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20
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Number at risk

Number at risk

A   26    1 0 0
B   36 8 2 1

A   26 9 0 0 0
B   36 25 9 1 1

A: Score 0, 1, 2

B: Score 3, 4, 5

A: Score 0, 1, 2

B: Score 3, 4, 5

(a)

(b)

FIG. 1 Recurrence-free survival (1–1) and overall survival (1–2) in

patients who scored 0, 1, or 2 points (a) and those who scored 3, 4, or

5 points (b). There was a significant difference (P\ 0.001 and P\
0.001, respectively)
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In this study, among CT findings and tumor markers

obtained preoperatively, radiologic tumor size, tumor CT

density and postchemotherapy CA19-9 serum levels were

identified as prognostic relevant factors to stratify the

LAPC patients for conversion surgery after preoperative

FOLFIRINOX in terms of overall survival. As this study

was performed in a patient population with LAPC under-

going resection after fulfilling our criteria for conversion

surgery, these three factors might be associated with the

effect of chemotherapy on tumor regression. Among these

factors, only the shrinkage rate of the tumor is included in

the RECIST guidelines.9 CT contrast enhancement of the

tumor reflects the status of microvascular formation and its

biology, suggesting the prognosis.12,29 The CT density of

well-differentiated adenocarcinoma is higher than that of

moderately or poorly differentiated adenocarcinoma.

However, the response rate of tumor density attenuation on

CT has not been reported to provide useful information on

the prognosis of LAPC patients yet. PDAC is characterized

by an extensive and dense desmoplastic or fibrotic

stroma.25,30 Thus, its response rate on CT would reflect

extensive desmoplastic reaction and differentiation

between tumor cells and fibrosis after chemotherapy.

Besides imaging findings, more attention has currently

been paid to the CA19-9 serum level as a predictive marker

of the effect of chemotherapy for pancreatic cancer.28,31,32

Unexpectedly, the tumor vascular contact around SMA,

CeA, and CHA were rarely changed after chemotherapy

and were not considered predictors.27

According to the univariate and multivariate analyses,

we established a score system with the weighted values

based on the HRs for the prognosis of resected LAPC.

Generally, a scoring system should depend on its intended

application.33 Here, the clinical matter in the setting of

initially unresectable LAPC with resection following

induction chemotherapy is whether a series of treatments is

sufficient. Additional treatment before and after resection,

such as extension of preoperative treatment and performing

adjuvant therapy, should be adopted for the patients with

worse prognosis. Classification into two groups by setting a

boundary between the score results of 2 and 3 might be

optimal for determining whether additional treatment is

needed.

Some limitations need to be addressed. First, as patients

fulfilling our surgical criteria for LAPC but then not

undergoing resection due to poor performance status and

patient refusal were not included, the survival benefit from

oncologic resection could not be assessed. The true impact

of the score model on decision-making for resection

requires reevaluation in further studies, preferably within a

multicenter, prospective study design. Second, dose mod-

ification of FOLFIRINOX and the timing of the

prechemotherapy CA19-9 test (e.g., before or after biliary

drainage) may have contributed to the risk of bias. Third,

FDG PET/CT examinations were not performed in this

study, which might be associated with therapeutic effects

of neoadjuvant treatment for PDAC.11 Lastly, it is unclear

whether this model is applicable to all patients treated with

different chemotherapy regimens, such as gemcitabine-

based chemotherapy. To avoid the heterogeneity of mor-

phologic response by various agents, we focused

exclusively on FOLFIRINOX.

CONCLUSIONS

In the context of patient selection for surgical resection

after induction therapy, predictive factors for the prognosis

of patients with resected LAPC after FOLFIRINOX could

be identified and a simple model containing three factors

was established. The major advantage of this score model

is the preoperative availability of all parameters after

completion of neoadjuvant therapy and before intended

surgical resection. Patients with a higher score are defini-

tive candidates for resection and may achieve excellent

survival times. However, patients with a low score may not

necessarily have to be excluded from surgical exploration,

yet they may be candidates for additional treatment. This

should be addressed in larger, prospective studies in the

future.

Supplementary Information The online version contains

supplementary material available at https://doi.org/10.1245/s10434-

022-12569-y.

ACKNOWLEDGMENT The authors thank Ms. Claudia Bernardi

for her excellent support during the preparation of the manuscript.

FUNDING Open Access funding enabled and organized by Projekt

DEAL.

DISCLOSURE None of the authors has any actual or potential

conflict of interest in relation to the submission of this article. This

paper is not based on a previous communication to a society or

meeting.

OPEN ACCESS This article is licensed under a Creative Commons

Attribution 4.0 International License, which permits use, sharing,

adaptation, 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/.

Induction Chemotherapy with FOLFIRINOX … 2407

https://doi.org/10.1245/s10434-022-12569-y
https://doi.org/10.1245/s10434-022-12569-y
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


REFERENCES

1. Vincent A, Herman J, Schulick R, et al. Pancreatic cancer.

Lancet. 2011;378:607–20.

2. Garrido-Laguna I, Hidalgo M. Pancreatic cancer: from state-of-

the-art treatments to promising novel therapies. Nat Rev Clin
Oncol. 2015;12:319–34.

3. Tempero MA, Malafa MP, Al-Hawary M, et al. Pancreatic ade-

nocarcinoma, version 2.2021, NCCN clinical practice guidelines

in oncology. J Natl Compr Cancer Netw. 2021;19:439–57.

4. Suker M, Beumer BR, Sadot E, et al. FOLFIRINOX for locally

advanced pancreatic cancer: a systematic review and patient-level

meta-analysis. Lancet Oncol. 2016;17:801–10.

5. Taieb J, Pointet AL, Van Laethem JL, et al. What treatment in for

inoperable pancreatic cancers? Ann Oncol.
2017;201728:1473–83.

6. Gemenetzis G, Groot VP, Blair AB, et al. Survival in locally

advanced pancreatic cancer after neoadjuvant therapy and sur-

gical resection. Ann Surg. 2018;270:340.

7. Byun Y, Han Y, Kang JS, et al. Role of surgical resection in the

era of FOLFIRINOX for advanced pancreatic cancer. J Hepato-
biliary Pancreat Sci. 2019;26:416–25.

8. Rangelova E, Wefer A, Persson S, et al. Surgery improves sur-

vival after neoadjuvant therapy for borderline and locally

advanced pancreatic cancer: a single-institution experience. Ann
Surg. 2019;273:579–86.

9. 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.

10. Ducreux M, Cuhna AS, Caramella C, et al. Cancer of the pan-

creas: ESMO clinical practice guidelines for diagnosis, treatment

and follow-up. Ann Oncol. 2015;26(Suppl 5):v56-68.

11. Yokose T, Kitago M, Matsusaka Y, et al. Usefulness of (18)

F-fluorodeoxyglucose positron emission tomography/computed

tomography for predicting the prognosis and treatment response

of neoadjuvant therapy for pancreatic ductal adenocarcinoma.

Cancer Med. 2020;9:4059–68.

12. Xu H, Hua J, Meng Q, et al. Hyperdense pancreatic ductal ade-

nocarcinoma: clinical characteristics and proteomic landscape.

Front Oncol. 2021;11:640820.

13. Michelakos T, Pergolini I, Castillo CF, et al. Predictors of

resectability and survival in patients with borderline and locally

advanced pancreatic cancer who underwent neoadjuvant treat-

ment with FOLFIRINOX. Ann Surg. 2019;269:733–40.

14. van Veldhuisen E, Vogel JA, Klompmaker S, et al. Added value

of CA19-9 response in predicting resectability of locally

advanced pancreatic cancer following induction chemotherapy.

HPB (Oxford). 2018;20:605–11.

15. Conroy T, Desseigne F, Ychou M, et al. FOLFIRINOX versus

gemcitabine for metastatic pancreatic cancer. N Engl J Med.

2011;364:1817–25.

16. Hackert T, Sachsenmaier M, Hinz U, et al. Locally advanced

pancreatic cancer: neoadjuvant therapy with folfirinox results in

resectability in 60% of the patients. Ann Surg. 2016;264:457–63.

17. Stampfl U, Hackert T, Sommer CM, et al. Superselective

embolization for the management of postpancreatectomy hem-

orrhage: a single-center experience in 25 patients. J Vasc Interv
Radiol. 2012;23:504–10.

18. Graf O, Boland GW, Warshaw AL, et al. Arterial versus portal

venous helical CT for revealing pancreatic adenocarcinoma:

conspicuity of tumor and critical vascular anatomy. AJR Am J
Roentgenol. 1997;169:119–23.

19. Horton KM, Fishman EK. Adenocarcinoma of the pancreas: CT

imaging. Radiol Clin North Am. 2002;40:1263–72.

20. Humphris JL, Chang DK, Johns AL, et al. The prognostic and

predictive value of serum CA19.9 in pancreatic cancer. Ann
Oncol. 2012;23:1713–22.

21. Loehrer AP, Ferrone CR. Treatment of locally advanced pan-

creatic ductal adenocarcinoma. Dig Surg. 2016;33:343–50.

22. Gillen S, Schuster T, Meyer Zum Buschenfelde C, et al. Preop-

erative/neoadjuvant therapy in pancreatic cancer: a systematic

review and meta-analysis of response and resection percentages.

PLoS Med. 2010;7:e1000267.

23. Reni M, Zanon S, Balzano G, et al. Selecting patients for

resection after primary chemotherapy for non-metastatic pan-

creatic adenocarcinoma. Ann Oncol. 2017;28:2786–92.

24. Seufferlein T, Hammel P, Delpero JR, et al. Optimizing the

management of locally advanced pancreatic cancer with a focus

on induction chemotherapy: expert opinion based on a review of

current evidence. Cancer Treat Rev. 2019;77:1–10.

25. Katz MH, Fleming JB, Bhosale P, et al. Response of borderline

resectable pancreatic cancer to neoadjuvant therapy is not

reflected by radiographic indicators. Cancer. 2012;118:5749–56.

26. Dholakia AS, Hacker-Prietz A, Wild AT, et al. Resection of

borderline resectable pancreatic cancer after neoadjuvant

chemoradiation does not depend on improved radiographic

appearance of tumor-vessel relationships. J Radiat Oncol.
2013;2:413–25.

27. Cassinotto C, Mouries A, Lafourcade JP, et al. Locally advanced

pancreatic adenocarcinoma: reassessment of response with CT

after neoadjuvant chemotherapy and radiation therapy. Radiol-
ogy. 2014;273:108–16.

28. Klaiber U, Schnaidt ES, Hinz U, et al. Prognostic factors of

survival after neoadjuvant treatment and resection for initially

unresectable pancreatic cancer. Ann Surg. 2019;273:154–62.

29. Wang SH, Sun YF, Liu Y, et al. CT contrast enhancement cor-

relates with pathological grade and microvessel density of

pancreatic cancer tissues. Int J Clin Exp Pathol. 2015;8:5443–9.

30. Ferrone CR, Marchegiani G, Hong TS, et al. Radiological and

surgical implications of neoadjuvant treatment with FOLFIR-

INOX for locally advanced and borderline resectable pancreatic

cancer. Ann Surg. 2015;261:12–7.

31. Michelakos T, Pergolini I, Castillo CF, et al. Predictors of

resectability and survival in patients with borderline and locally

advanced pancreatic cancer who underwent neoadjuvant treat-

ment with FOLFIRINOX. Ann Surg. 2017;269:733–40.

32. Heger U, Sun H, Hinz U, et al. Induction chemotherapy in pan-

creatic cancer: CA 19–9 may predict resectability and survival.

HPB (Oxford). 2019;22:224–32.

33. Gando S. The utility of a diagnostic scoring system for dissem-

inated intravascular coagulation. Crit Care Clin.

2012;28(373–88):vi.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

2408 M. Tanaka et al.


	Induction Chemotherapy with FOLFIRINOX for Locally Advanced Pancreatic Cancer: A Simple Scoring System to Predict Effect and Prognosis
	Abstract
	Background
	Methods
	Results
	Conclusions

	Methods
	Study Design and Population
	Patient Surveillance During Chemotherapy and Imaging Investigation
	Indications for Surgery and Surgical Approach
	Outcomes
	Statistical Analysis

	Results
	Demographics of the Study Cohorts and Surgical Outcomes
	Defining Cutoff Values
	Univariate and Multivariate Survival Analysis
	Predictive Model

	Discussion
	Conclusions
	Funding
	References




