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Paradigm shift for defining the resectability of  
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Review Article

Supported by the expanding indications for neoadjuvant therapy (NAT) for advanced pancreatic cancer (PC), the concept of resect-
ability has evolved from being mostly based on the anatomical tumor extent to considering the biological and conditional factors 
relevant to prognosis. Therefore, it is more reasonable to define the “criteria for surgical resection” instead of using the “(technical) 
resectability criteria.” NAT has been used in resectable PCs (RPC) with a high risk of early systemic recurrence, as predicted by var-
ious biological or anatomical markers. Moreover, the indications for NAT followed by conversion surgery or adjuvant surgery for 
borderline resectable or locally advanced PC (LAPC) are gradually expanding. Therefore, it is important to define the RPC group that 
will benefit from NAT and the LAPC group that will benefit from post-NAT surgery. At diagnosis, population-based approaches, such 
as prognostic stratification and staging systems and personalized outcome-based approaches using prognostic prediction models can 
be used to determine the criteria for treatment options. Standardized indications for conversion surgery are needed for patients who 
are initially treated with NAT. In addition to imaging-based morphological criteria, biological criteria, including CA19-9, and various 
metabolic criteria can be used to establish predicted outcome-based criteria. Multicenter collaboration is required to develop a large 
database with standardized data collection for various biomarkers and response data after NAT to establish more accurate outcome 
prediction models to define the new resectability criteria.
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INTRODUCTION

Thus far, the resectability of solid tumors has been defined 
on the basis of safe and radical resection potential. Early and 
late morbidity, including surgical mortality and improved sur-
vival rates, are the most important factors in making rational 
decisions to perform cancer surgery. Pancreatic surgery is well-
known for its high morbidity and mortality rates, and pancre-
atic ductal adenocarcinoma (PDAC) is a malignant tumor with 
the lowest resection rate among all solid tumors. Anatomical 
complexity, high surgical risk, and high systemic disease 

presentation are factors that make it difficult to determine re-
sectability. Therefore, PDAC has been regarded as a systemic 
disease, and multimodal treatment has been emphasized [1,2].

With the advent and spread of neoadjuvant therapy (NAT) 
for advanced pancreatic cancer (PC), the concept of border-
line resection potential has emerged as an indication for NAT 
instead of upfront surgery [3]. The conventional resectability 
criteria are mostly based on the anatomical tumor extent. 
However, biological factors relevant to prognosis are becoming 
increasingly important as many researchers have shown that 
biological tumor properties are related to the natural course of 
the tumor [4]. In some solid tumors, a personalized approach 
using various prognostic predictive models is becoming a re-
ality. Therefore, in the multimodal setting for PC, the “criteria 
for surgical resection” instead of the “(technical) resectability 
criteria” seem more reasonable, turning the question of “Can 
it be surgically safely and radically removed?” into “Is surgery 
the best treatment option at this point?”

Upfront surgery is considered the standard treatment for re-
sectable PC (RPC), and the best postoperative adjuvant therapy 
is still being studied [5,6]. Preoperative chemotherapy with 
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or without radiation therapy as NAT has recently become a 
routine treatment for borderline RPC (BRPC) [7]. For locally 
advanced PC (LAPC), chemotherapy with or without radia-
tion therapy is the primary therapy, and conversion surgery 
or adjuvant surgery has been attempted in many centers with 
reasonable outcomes [8]. Therefore, in addition to determining 
the treatment option at diagnosis, additional decision-making 
is required for subsequent treatment if the first treatment is 
NAT or non-surgical treatment. As can be seen from the initial 
treatment methods according to the resectability category, the 
indications for NAT are gradually expanding [9]. In addition, 
NAT has been used in RPC with a high risk of early systemic 
recurrence as predicted by various biological or anatomical 
markers [1]. Therefore, defining the RPC group that will bene-
fit from NAT and the LAPC group that will benefit from post-
NAT surgery is currently a prominent topic (Fig. 1).

RESECTABILITY DETERMINATION AT DIAGNOSIS

Several guidelines and institutions have proposed various 
biological criteria for NAT in potentially RPC. The expert con-
sensus International Association of Pancreatology guidelines 
redefined RPC with a CA19-9 level of > 500 U/mL and lymph 
node metastases confirmed by biopsy or positron emission 
tomography (PET) as BRPC, and NAT was recommended [10]. 
The National Comprehensive Cancer Network (NCCN) guide-
lines recommend NAT for RPC with high-risk features, includ-
ing imaging findings, very high CA19-9 levels, large primary 
tumors, large regional lymph nodes, excessive weight loss, or 
extreme pain [1]. Many of these features are associated with a 
high likelihood of recurrence, but most are not clearly objec-
tive. Moon et al. [11] proposed a CA19-9 level of 150 U/mL and 
a PET-standardized uptake value (SUV) max of 5.5 as cutoff 
values to define the high-risk group, for which upfront surgery 
is not indicated.

In addit ion to these factors, data on many potentia l 
non-morphological factors, including biological factors of 

the tumor and conditional factors of the host can be obtained 
preoperatively by different methods and tests using various 
biological samples. Tumor markers other than CA19-9, specific 
symptoms (such as pain, weight loss, and diabetes), various 
inf lammation-based prognostic indices (such as the neutro-
phil-lymphocyte ratio [3], the platelet-lymphocyte ratio, the 
neutrophil-albumin ratio, and the C-reactive protein-albumin 
ratio), (modified) Glasgow score [3], information from the en-
doscopic ultrasonography biopsy (such as histological grading/
differentiation and molecular or genetic alteration) [12], the 
germline mutation test [13], liquid biopsy modalities (includ-
ing circulating tumor cells, circulating tumor DNA, cell-free 
DNA [cfDNA], miRNA, and methylated DNA) [14,15], poten-
tial imaging biomarkers, and radiomics via high-throughput 
extraction of image features [16] are being investigated. Kim et 
al. [17] suggested that a high KRAS gene mutation concentra-
tion and fractional abundance in cfDNA were poor prognostic 
markers that could guide therapeutic strategies in RPC. Con-
ditional factors, such as age, Eastern Cooperative Oncology 
Group performance status [18], American Society of Anesthe-
siologists score, Charlson–Deyo comorbidity score [19], and 
various immuno-nutritional statuses, including sarcopenia and 
cachexia [20], are also relevant to the prognosis (Fig. 2).

Many factors determined by the tumor or host characteristics 
will be found to have prognostic significance in the near future. 
The issue is how the criteria or factors should be selected and 
combined from these attributes and variables to determine a 
treatment strategy. There may be different approaches, includ-
ing population-based approaches, prognostic stratification/
staging systems, and personalized outcome-based approaches 
using prognostic prediction models.

Once reliable biomarkers that predict the natural course, 
progression patterns, prognosis, and response to specific ther-
apies are determined, cases can be stratified, and appropriate 
treatment options can be selected. For a personalized approach, 
large datasets of oncology patients can be used to develop pre-
dictive nomograms and machine learning models that can be 

Fig. 1. Current issues related to expanding 
the indications for neoadjuvant treatment 
and surgery. BRPC, borderline resectable 
pancreatic cancer; C(R)T, chemo(radio) 
therapy; LAPC, locally advanced pancreatic 
cancer; NAT, neoadjuvant treatment; RPC, 
resectable pancreatic cancer.
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used to predict surgical outcomes for individual patients and 
select the appropriate treatments (Fig. 3). The combination of 
the two predictive models will help make treatment decisions 
more transparent and accurate. Preoperative prognostic nomo-
grams for postoperative recurrence or survival after surgery in 
patients with RPC have been developed and reported by sever-
al influential centers, suggesting that it is a “prognosis-based 
definition of resectability” and will be “a roadmap to new 
guidelines” in the era of precision oncology [12,19,21].

RESECTABILITY DETERMINATION AFTER  
NEOADJUVANT THERAPY 

For RPC and BRPC, NAT is performed before surgery and, 
in most cases, surgery is performed after NAT. However, if the 
lesion progresses to unresectable disease despite NAT, sur-
gery is not an option, and additional non-surgical treatment 

should be considered by changing the chemotherapeutic agents 
or adding other treatment modalities. Recently, a number of 
centers have been attempting surgery for LAPC that responds 
to chemotherapy and/or radiation therapy [22]. This is called 
conversion surgery or adjuvant surgery and is one of the most 
difficult treatment methods in PC management.

Recently, a series of studies on post-NAT surgery in advanced 
PC found that the prognosis was better when surgery was per-
formed, suggesting that surgery should be considered in the 
absence of disease progression after NAT [8,23-25]. Byun et 
al. [26] reported that when surgery was performed in patients 
with advanced PC initially treated with FOLFIRINOX, the 
prognosis was better than continuing non-surgical treatment 
in the partial response/stable disease group.

However, reality can be quite different. Since surgical indica-
tions for LAPC after NAT have not been established thus far, 
some centers, including Heidelberg University, have aggres-

Fig. 2. Stratification of potentially resectable 
pancreatic cancer according to the biological 
characteristics and choice of therapy. NAT, 
neoadjuvant treatment.
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sively accumulated surgical experience in LAPC [8]. However, 
most surgeons are still reluctant to perform surgery for LAPC, 
even if there is a response to non-surgical therapy. An inter-
national survey report revealed that there were significant 
differences in the management preferences of LAPC, including 
the proportion of surgeons recommending NAT and favoring 
surgical exploration after NAT [22]. The results suggest that 
the concept of resectability is evolving [22].

Surgery may be acceptable if there is a significant response 
to NAT. Therefore, standardized indications for conversion 
surgery are required. To obtain objective response criteria for 
NAT, the Response Evaluation Criteria in Solid Tumor (RE-
CIST) as morphological criteria [27], various CA19-9 cutoff 
values as biological criteria [2], and the European Organization 
for Research and Treatment of Cancer (EORTC)/PET Response 
Criteria in Solid Tumors (PERCIST) criteria as metabolic crite-
ria [28,29] can be used. Regarding CA19-9, some have argued 
for the need to identify patient groups who would benefit from 
surgery based on CA19-9 response levels after NAT, while 
others have agreed that stable disease on imaging is sufficient 
if there is any decrease in CA19-9 levels [30-34]. However, the 
target value varies from CA19-9 levels normalized to 80–400 
U/mL or a 30%–80% reduction compared to the initial sta-
tus [2]. The NCCN guidelines suggest resection after NAT in 
LAPC as one option when the CA19-9 level is reduced by > 
50%, and there is clinical improvement [1]. The metabolic re-
sponse determined using PET-SUV is another criterion used 
to quantify the response to NAT. The EORTC defined partial 
metabolic response as a reduction of > 25% in the SUV after 
more than one treatment cycle and complete metabolic re-
sponse as the complete resolution of 18F-FDG uptake within 
the tumor volume [29]. In the PERCIST criteria, > 30% and a 
0.8-unit decline in peak SUV lean (SUL, percentage reduction 
in the SUV) are required to define a response to treatment [28]. 
The aforementioned criteria can be combined to establish the 
criteria for resection. Moreover, the predicted outcome-based 
criteria can be adopted after NAT. In addition to the criteria 
used at diagnosis, the degree of objective response to NAT 
must be considered, and prognostic scoring systems, predictive 
nomograms, and machine learning models can be developed 
together.

In conclusion, the concept of resectability is shifting toward 
selecting surgery as a treatment strategy based on personalized 
surgical outcome predictions. Biomarkers predicting surgi-
cal outcomes should be further investigated and developed 
for rational treatment strategy selection. Response data from 
NAT-related factors should be collected to establish objective 
response criteria and surgical indications. Multicenter collabo-
ration is needed to develop a large database with standardized 
data collection and establish more accurate outcome prediction 
models and new resectability criteria.
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