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Background

Pancreatic adenocarcinoma is the fourth leading cause of 
cancer deaths in the United States and Europe (1). With its 
poor prognosis, pancreatic cancer is expected to become the 
second-leading cause of cancer-related deaths in the US by 
the year 2020 (2). Only 10–20% of patients are resectable 
when they are first diagnosed (3). Pancreatic cancer is a 
systematic rather than a localized disease. For most patients, 
chemotherapy is the fundamental treatment. Two significant 
regimen discoveries have led to modest improvement in 

survival, with the longest median overall survival time of  
11.1 months reported in patients undergoing FOLFIRINOX 
regimens (4), and the second longest overall survival time 
of 8.5 months reported in patients undergoing regimens of 
gemcitabine with nab-paclitaxel (5). These represent clinically 
meaningful improvements over the prior standard of care, 
which was a regimen of gemcitabine alone. In addition, 
radiotherapy also resulted in markedly increased survival in 
locally advanced and metastatic pancreatic cancer (6).

Although surgery, chemotherapy, and radiotherapy are 
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the main treatment approaches, overall survival remains 
less than a year. Novel therapies including immunotherapy 
and targeted therapy are appearing. A number of studies 
have focused on immunotherapy for pancreatic cancer, and 
regimens targeting programmed death 1 or programmed 
death 1 ligand 1 (PD-1/PD-L1), known as immune 
checkpoints, are emerging for the treatment of various 
cancers. However, single-agent checkpoint inhibitor 
treatment has poor outcomes in pancreatic cancer, and 
combining it with surgery, chemotherapy, radiotherapy 
or other immunotherapies could improve its efficacy (7). 
Other promising immunotherapies include the cancer 
vaccine known as GVAX (8) and chimeric antigen receptor 
T-cell therapy (CART) (9). The tumor microenvironment 
of pancreatic cancer is special because it is richer in stroma 
than other malignant tumors. Treatment regimens can 
be categorized into therapies enhancing drug delivery, 
anti-angiogenesis therapies, and metabolism-associated 
regimens. Therapies targeting signaling pathways are also 
under investigation (10-12).

Assessing therapeutic response is important in treating 
advanced pancreatic cancer. Radiographic assessment 
is considered as the standard of care for any patient 
on systemic therapy and is part of established clinical 
guidelines. The assessment of therapeutic response can 
assist with more accurate and individualized decisions, 
allowing patients to receive the maximum benefit and 
minimum damage. In other words, clinicians could make 
medical decisions based on therapeutic response to stop 
administering an ineffective medicine, to strengthen 
or continue an effective medicine, or to change to an 
available second-line regimen. Patient treatment can also 
be individualized, and invalid treatment may be avoided, 
leading to more alleviative treatment and life-support care. 
We lack knowledge about tumor biology, and the division of 
tumors into responsive or nonresponsive to treatment can 
help us understand them. A specific tumor gene expression 
profile or genotype (e.g., mutations or polymorphisms) may 
be correlated with tumor response to a particular therapy. 
The ideal predictive biomarker would be noninvasive, 
inexpensive, and effective at identifying high-risk non-
responsive patients at an early stage. 

Traditional serum biomarkers, especially CA19-9, play 
an important role in the management of patients with 
pancreatic cancer. Because of the development of modern 
technologies, novel biomarkers have been investigated and 
show promising potential. Non-coding RNA, consisting of 
long non-coding RNA (lncRNA) and microRNA (miRNA), 

has the unique potential to predict treatment response. 
Circulating tumor cells (CTC) and DNA detected by tumor 
biopsy may also potentially serve as biomarkers. 

In this review, we first discuss the gold standard for 
assessing tumor response to chemotherapy, RECIST 
1.1. Second, a variety of promising biomarkers employed 
in evaluating tumor response to treatment are listed by 
category. We divided these potential biomarkers into  
7 groups: serum tumor biomarkers, inflammation markers, 
CTCs and DNA, non-coding RNA, exosomes, DNA 
methylation, and other markers (Figure 1).

Current method of evaluating treatment 
response

Various imaging techniques are applied to screen, diagnose, 
and stage pancreatic cancer, as well as to evaluate the 
response to therapy. In pancreatic cancer, radiologic 
assessment of tumor response is still the fundamental 
and basic method, and measuring the amount of tumor 
shrinkage using CT represents the current gold standard 
for the evaluation of the effectiveness of chemotherapy. 
However, limitations remain in these methods. Images may 
be confused by desmoplastic reactions within or around the 
tumor; thus, the degree of response may be underestimated. 
Currently, RECIST guidelines (version 1.1) are the 
standard criteria for evaluating tumor response to therapy. 

High rates of false-positives and escalating costs are 
the major shortcomings of imaging in assessing response 
to therapy. Thus, unless a more sensitive and specific 
procedure is found, these methods are not valuable enough 
to use in the assessment of the response to therapy at an 
early stage.

Biomarkers

Serum tumor markers

CA 19-9
Efforts to develop early response tests are focused on serum 
biomarkers. Among a variety of laboratory tests, CA 19-9 
is the optimal biomarker for evaluating early response and 
thus is in widespread clinical use. Since the 1980s, serum 
CA19-9 has been widely used as a marker of pancreatic 
cancer (13). However, a small proportion of patients cannot 
produce this carbohydrate tumor-associated antigen, and 
thus, their levels of serum CA 19-9 are normal, and this 
method is not appropriate for them (14). This is because 
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Figure 1 Graphic abstract. 

they belong some of the genetically specific population 
whose Lewis antigens, antigens related to CA 19-9, are 
negative. In most patients, this test is effective. 

Assessing the response to treatment has been the primary 
accepted use for CA19-9. Studies have shown that baseline 
or changed values of CA19-9 could serve as biomarkers in 
evaluating therapeutic responses. Hammad et al. reported 
that baseline levels of CA19-9 could predict survival for 
pancreatic cancer patients; however, changed values of 
CA19-9 one month after therapy did not predict treatment 
response (15). Meanwhile, a study claimed that a decrease 
in the level of CA19-9 two months after therapy could 
predict treatment response (16). Robert et al. also confirmed 
that a decrease in the level of CA19-9 eight weeks after 
treatment presented better OS, PFS, and objective 
response rate (ORR) both in the gemcitabine group and 
the FOLFIRINOX group, especially for a sharp decrease 
≥20% (17). That predicted the response to treatment a 
month earlier than it was possible to do with the RECIST 
1.1 criteria. Some studies analyzed the use of CA19-9 from 
a different angle. Tsutsumi et al. proposed that altered levels 
of CA19-9 >25% for a month or >10% for two continuous 
months predicted treatment response (18). The baseline 
level of CA19-9 is considered an independent prognostic 
factor for survival, and a decrease in the level of CA19-
9 is significantly related to survival during chemotherapy, 
especially with advanced stages of cancer. However, several 

studies have suggested that neither early decreases in the 
level of CA19-9 nor the lowest level of CA19-9 is related 
to prolonged overall survival, whereas in the gemcitabine 
contained arms in contrast to previously smaller studies; 
therefore, CA19-9 is not a novel end-point in clinical use 
(19,20). Several prospective studies have provided evidence 
that CA19-9 is a useful biomarker for the response to the 
most commonly used systematic regimens, so it may provide 
useful information in predicting treatment response. 

CA125
CA125 was the first and is the most frequently used 
biomarker for ovarian cancer detection, and its clinical use 
in pancreatic cancer has been discovered in recent years. 
Liu et al. reported that CA125 was superior to CA19-9 
in predicting resectability and was a novel predictor for 
metastasis in patients with pancreatic cancer (21). High 
levels of CA125 can indicate unresectable cancer and 
metastasis in pancreatic cancer, even in those who have 
already been evaluated by CT. A decrease in the level of 
CA125 may indicate a decrease in the tumor burden, and it 
could be a potential novel treatment response marker.

The value of CA125 in the monitoring of therapeutic 
response has been identified. A study reported that changes 
in CA125 levels correlated with treatment effects and disease 
progression (22). Similar to CA19-9, dynamic changes in 
the levels of CA125 can act as a biomarker to monitor the 
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response of therapy. Measuring the serum CA125 level could 
potentially predict the therapeutic response, and its potential 
in this area needs further investigation. 

Other tumor markers
CEA, CA72-4, and CA242 are also regularly measured 
in laboratory testing. Unlike CA19-9 and CA125, they 
are usually evaluated together, rather than individually. 
Combining serum tumor markers improves predictive 
accuracy and ability. A recent study has shown that a 
combination of serum tumor biomarkers consisting of CA19-
9, CA125, and CEA predicts poor outcomes for surgical 
candidates (23). These patients are classified as having tri-
positive pancreatic cancer, and unfortunately do not respond 
to the current therapeutic methods and have poor outcomes. 
Some clinicians have proposed using a combination of CEA 
and CA19-9 (24), while some have suggested a combination 
of CA199, CA125, CEA, and CA72-4. It is difficult to 
determine which combination is the best solution, but the 
evidence indicates that a combination of markers is more 
accurate than a single marker. 

Inflammation markers

In 1863, the presence of leukocytes was found in tumor 
tissues for the first time by Rudolf Virchow, and possible 
connections between inflammation and cancer were 
discovered (25). However, only during the last decade 
has there been enough evidence to support the vital role 
of inflammation in tumorigenesis, and some mechanisms 
responsible for the association have been preliminarily 
discovered. Both tumor cells and the related host cells 
could generate inflammatory cytokines and chemokines, 
which participate in disease progression (26). Recently, 
inflammation has been recognized as a hallmark of  
cancer (27). For example, interleukin-1 and interleukin-6, 
two typical proinflammatory mediators, are up-regulated in 
pancreatic cancer patients (28). 

Several prognostic factors based on local or systemic 
inflammation related to cancer have been explored, 
including the neutrophil-to-lymphocyte ratio (NLR), 
C-reactive protein (CRP) and its combination with 
albumin, the modified Glasgow prognostic score (mGPS), 
the prognostic nutritional index (PNI), the platelet-to-
lymphocyte ratio (PLR), and the prognostic index (PI). 
Changes in systematic inflammation or the inflammatory 
response to tumor-development are easy to measure.

NLR
High NLRs are associated with poor outcomes in several 
solid tumors (29,30), including breast cancer, renal cell 
carcinoma, colorectal cancer, melanoma, and gastric 
carcinoma. The impacts of the baseline NLR and changes in 
the NLR in patients undergoing therapy that could predict 
treatment response have captured researchers’ attention, and 
promising results have recently been achieved, although the 
mechanisms remain unclear. One possible explanation is that 
increased numbers of neutrophils are thought to play a role 
in the inflammatory response and may inhibit the cytolytic 
activity of immune cells such as lymphocytes, activated T 
cells and natural killer cells (NKT) activity inhibition (31). 
Further investigation of these impacts is needed.

Former studies have shown that an increased baseline 
NLR independently predicts poor prognosis and shorter 
overall survival in patients with pancreatic cancer, regardless 
of whether it is operable or inoperable (32) and whether it 
is before chemotherapy or after chemotherapy (33). The 
clinical use of the baseline NLR in predicting treatment 
response will also be investigated in the future. However, 
the standard medical reference range varies from study to 
study. Luo selected an NLR of >3.1 as the cut-off value (33), 
while Goldstein and Tsai chose an NLR of >5 as the cut-off 
value (34,35). Other cut-off values, such as NLR >2, have 
been proposed by Ben (36). The use of different standards 
to judge whether NLR is high or low still occurs at present, 
and consensus on the issue is urgently needed.

CRP and mGPS
Kishi et al. suggested that CRP significantly predicted 
disease control in patients undergoing chemotherapy (37).  
So far, few studies have concentrated on its role in 
predicting treatment response. However, it is possible 
to deduce this role from another perspective, such as its 
usefulness in predicting prognosis. Mitsunaga et al. found 
that CRP was an independent predictor of survival in 
multivariate analyses in patients with metastatic pancreatic 
cancer (280 patients in the retrospective cohort, and  
141 patients in the prospective cohort) (38). 

Combining hypoalbuminemia and elevated levels of 
CRP, also called mGPS, has a better prognostic value in 
patients with advanced cancer. Typically, the presence of a 
systemic inflammatory response is generally measured by 
mGPS. The mGPS is calculated using albumin and CRP 
as follows: patients with both low albumin levels (<35  g/L) 
and elevated CRP levels (≥10  mg/L) are allocated a score 
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of 2, patients with only elevated levels of CRP (≥10  mg/L)  
are allocated a score of 1, and those with normal CRP 
levels are allocated a score of 0 (39). Studies have reported 
predictive value of the mGPS scores for patients treated 
with surgery (40), chemoradiotherapy (41), and adjuvant 
chemotherapy (42). Some studies have combined mGPS 
scores and CA19-9 levels to predict treatment outcome and 
survival time (43). However, few studies have concentrated 
on patients with advanced pancreatic cancer who are 
receiving chemotherapy. One possible explanation is that 
chemotherapy itself may induce an inflammatory response, 
which can be measured by mGPS. 

PNI
Nutritional status is a matter of great concern for both 
surgical and non-surgical patients. In 1981, Smale et al. 
first proposed the concept of PNI (44). Among patients 
with advanced pancreatic cancer, Geng et al. reported 
that low values of PNI indicate a shorter median overall 
survival (163 vs. 301 d, P<0.01) (45). This association is 
readily understandable, because poor nutritional status is 
correlated with poor prognosis. Increased PNI indicates a 
better nutritional status when undergoing chemotherapy; 
however, whether it could serve as a crucial early marker of 
the response to treatment needs further study.

PLR
Platelets are one of the most abundant cell types in 
peripheral blood. A new concept of “tumor-educated 
platelets” has been mentioned (46), which refers to the 
interaction between tumor cells and platelets through 

tumor-associated molecules. Several reports have suggested 
that preoperative PLR is an independent predictor of 
disease-free survival and overall survival in resectable 
patients with pancreatic ductal adenocarcinoma, and 
Yoshihiro proposed that a preoperative PLR >150 was an 
independent predictor of disease-free survival and overall 
survival after surgery (47). Meanwhile, Spolverato has 
suggested that low PLR values are associated with shorter 
OS in PDAC patients (48). However, some researchers 
hold the opposite opinion. Bhatti has suggested that PLR, 
unlike NLR, does not represent an independent predictor 
in PDAC patients (49). It is clear that the role of PLR is 
still controversial. In addition, most studies have focused 
on patients who are suitable for surgery, but the predictive 
values in those with advanced stages of cancer who are 
mainly treated with chemotherapy have been neglected.

Combination of inflammation markers
A single marker usually does not guarantee adequate 
sensitivity and specificity, and combinations of inflammation 
markers can maximize predictive values. Miura et al. created 
a new preoperative prognostic scoring (PPS) system (50),  
including preoperative platelet counts, preoperative 
CRP levels, and preoperative CA19-9 levels to predict 
the prognosis in patients receiving surgery with locally 
advanced pancreatic cancer. The criteria for the PPS system 
are shown in Table 1. 

Qi et al. developed a scoring system based on peripheral 
lymphocytes, neutrophils and monocytes to evaluate the 
prognosis in advanced pancreatic cancer patients receiving 
chemotherapy (51). The definition of SIRI is: SIRI = N×M/
L, where N, M, and L are the baseline values of peripheral 
neutrophil, monocyte, and lymphocyte counts, respectively.

Circulating tumor DNA (ctDNA) and CTCs

ctDNA
Pilot studies have also reported that ctDNA can be 
employed in monitoring treatment efficacy and predicting 
disease progression in the management of patients with 
advanced pancreatic cancer (52). Cheng et al. concluded that 
the identification of ctDNA indicated an early treatment 
response in advanced pancreatic cancer patients, suggesting 
that ctDNA could serve as a marker to monitor tumor 
response. Detectable ctDNA can be found in the plasma, 
which is a non-invasive method. Hadano et al. detected 
rare mutant tumor-derived KRAS genes in ctDNA and 
suggested that the presence of ctDNA predicts poor survival 

Table 1 Criteria of the Preoperative Prognostic Score

Factors Points

Preoperative platelet counts (×109/L)

≥150 0

<150 1

Preoperative CRP (mg/dL)

<0.4 0

≥0.4 1

Preoperative CA19-9 (U/mL)

<300 0

≥300 1

CRP, C-reactive protein.
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in pancreatic cancer patients (53). A study involving a large 
patient sample is needed to prove these findings.

CTC
Previous studies have reported that CTC can predict 
treatment response in the pharmacogenomic modeling 
of tumor tissue (54). Identification of these cells mainly 
depends on two methods; one uses the molecular analysis 
of blood, while the other uses specific antibodies to bind 
cell surface epithelial markers. Recently, several different 
subtypes of pancreatic cancer have been discovered, which 
may account for their heterogeneity in terms of therapeutic 
response (55,56). Positive CTC patients presented shorter 
overall survival and poor tumor differentiation in contrast 
to negative CTC patients with locally advanced pancreatic 
carcinoma (RR=2.5, P=0.01) (57). Another trial reported that 
the presence of CTC in blood from the portal vein could 
predict liver metastasis (58). However, few studies have been 
conducted to identify whether the baseline level of CTC or 
decrease in CTC suggest early treatment response. 

Non-coding RNA

New technology involving the detection of non-coding 
RNA (59) will enable potential candidate response 
biomarkers to be used once the new methods are well 
established. Additionally, the development of high-
throughput sequencing techniques has helped to reveal 
unannotated tumor-associated non-coding RNAs as specific 
and novel biomarkers of cancer.

miRNA
miRNAs are small noncoding regulatory RNAs that 
participate in several stages of human cancers and that are 
emerging as important modulators of responses to treatment 
in certain cancers, such as colorectal cancer, liver cancer, 
and ovarian cancer. The role of miRNAs in gemcitabine 
drug resistance has been examined (60). Several subtypes 
of miRNAs have been highlighted by researchers. Preis 
et al. also reported that miR-10b predicts the response to 
neoadjuvant therapy and outcomes in pancreatic cancer (61).  
Donahue et al. proposed that miR-21 could predict the 
response to treatment in PDAC patients who received 
5-fluorouracil, but not those who received gemcitabine (62).  
Nevertheless, there is still much to be discovered regarding 
the clinical use of miRNAs. Other potentially useful 
miRNAs are miR-181c (63), miR-320c (64), and miR-
101-3p (60). However, different miRNAs have different 

sensitivities and specificities. Most of these miRNAs 
have high sensitivities, making them suitable for use in 
evaluating treatment response, and miR-21 has a specificity 
of 85%, which has more power to assess responses to 
treatment.

lncRNA
There are fewer studies focusing on lncRNAs than on 
miRNAs. HOTAIR and MALAT1, two serum lncRNAs, 
have also been reported as being diagnostic and prognostic 
biomarkers. HOTAIR interacts with polycomb repressive 
complex 2 (PRC2), and several studies have reported that 
the overexpression of HOTAIR predicts poor survival in breast 
cancer, liver cancer, and colorectal cancer. Kim et al. compared 
levels of HOTAIR in pancreatic cancer tissues and non-tumor 
tissues, and showed that the knockdown of HOTAIR by gene 
interference deceased cell proliferation (65). Pang et al. also 
reported that the overexpression of MALAT1 serves as a 
predictive biomarker in pancreatic cancer patients (66). 
However, the value of miRNAs in predicting treatment 
response requires further investigation.

Exosomes

An exosomes is a type of extracellular vesicle, consisting of 
RNA and proteins, which is secreted into the extracellular 
space. Compared with normal cells, pancreatic cancer cells 
release more exosomes, which contain the two subtypes 
of molecules mentioned above. Pioneering research has 
shown that differential loading of exosomes, detected by 
quantitively analyzing the exosomal proteome, indicates 
different responses to therapy (67). An exosome called 
GPC1+ contains identical KRAS mutations, which are a 
common feature in pancreatic cancer. 

Que et al. detected four miRNAs (miRNA-21, miRNA-155, 
miRNA-17-5p, and miRNA-196a) related to pancreatic 
cancer and found that the levels of miRNA-21 and the serum 
exosomal miRNA-17-5p were significantly higher in patients 
with pancreatic cancer, especially the latter (68). Madhavan 
et al. also reported that four miRNAs (miRNA-1246, 
miRNA-3976, miRNA-4306 and miRNA-4644) were 
significantly elevated in the serum exosomes of pancreatic 
cancer patients’ (69). Richards et al. reported that cancer-
associated fibroblasts exposed to gemcitabine increased the 
release of exosomes, which was a chemo-resistance-inducing 
factor (70). Collectively, these findings show the potential for 
exosomes to be used in evaluating the therapeutic response of 
advanced pancreatic cancer.
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DNA methylation

Methylation of DNA at cytosine-phosphate-guanine (CpG) 
island sites provides marker candidates that are more 
effective than individual DNA mutations. Next-generation 
sequencing has helped us to understand the epigenetic 
regulation of gene expression. Kisiel et al. proposed that 
methylated CD1D was a sensitive and specific marker for 
pancreatic cancer and claimed that the marker performance 
was superior to the identification of mutant KRAS, which 
was not sufficiently specific (71). Another study conducted 
by Yi et al. showed a high frequency of methylation in 
pancreatic cancers. Two genes, BNC1 and ADAMTS1, were 
identified by the application of a novel technique using a 
nanoparticle (72). Nones et al. detect another two genes, 
MET and ITGA2, and found that high levels of expression 
of these genes accompanied by hypomethylation predicted 
shorter survival times (73). From that perspective, aberrant 
DNA methylation and altered gene expression were found 
to play a vital role in pancreatic cancer tumorigenesis and 
provided potential biomarkers for therapeutic assessment by 
measuring the alteration of DNA methylation.

Other markers

Falco et al. reported that the intracellular anti-apoptotic protein 
BAG3 was only detected in tumor tissues, but in normal 
tissue or pericarcinomatous tissue (74). Detection of BAG3 
could also serve as a potential marker to evaluate treatment 
response. In addition to identifying markers in serum samples, 
some studies have also selected urine or saliva as lab samples. 
Radon et al. established a novel, three-protein biomarker panel 
to detect early pancreatic cancer patients that consisted of 
LYVE-1, REG1A, and TFF1 (75). Signaling pathways have 
also provided potential markers. Zhong et al. found that the 
inhibition of p38 increased cancer cell proliferation and that 
functional p38 improved survival through the Jun amino-
terminal kinases (JNK) pathway, which provided a rationale for 
the use of JNK inhibition in pancreatic cancer management 
(76). Methylation biomarker panels also have advantages. Yi  
et al. reported that promoter DNA methylation of BNC1 
and ADAMTS1 is a potential biomarker for the detection of 
pancreatic cancer (72), although its use in assessing treatment 
response has not been clearly studied.

Discussion

Surgery, chemotherapy and radiotherapy remain the 

fundamental therapies for pancreatic cancer. Despite 
aggressive treatment regimens, only a modest improvement 
in survival has been achieved. Novel therapies including 
immunotherapy and targeted therapy are still under 
investigation. Radiographic assessment of tumor response 
is still considered the standard of care for any patient on 
systemic therapy and is part of established clinical guidelines. 
Currently, intensive efforts have been made to find an ideal 
alternative biomarker to evaluate tumor response during 
therapy. In this review, we discussed biomarkers that are 
potentially applicable to the evaluation of treatment response. 

Currently, several studies have focused on this question. 
Patients identified as high-risk may accept CT or MRI 
evaluation earlier; thus, regimens not producing a response 
could be replaced by more effective treatments. In addition, 
potential toxicity and escalating costs could be avoided as well. 
The search for markers to predict the response of pancreatic 
cancer to treatment is an active area of urgent research. 

The ideal model for predicting therapeutic response 
consists of a cluster of biomarkers of different types, such as 
serum biomarkers, inflammatory markers, and nucleic acids. 
A powerful cluster of biomarkers could not only be used 
to predict therapeutic response but also in each aspect of 
monitoring the status of patients. Moreover, a potential novel 
biomarker could even act as a therapeutic target. To achieve 
the goal of identifying more potential biomarkers, we should 
understand more about the mechanisms involving these 
molecules. Novel markers may not only merely act as a marker, 
but may also participate in the development of disease. These 
molecules could be detected in the nucleus, on the cell surface, 
in the blood, and so on. Therefore, more detailed knowledge 
about the cellular and molecular mechanisms involved is 
required. We need more support from basic medical science.

Whether a marker used to predicting the response to a 
treatment depends on when and how it changes during the 
treatment. If a change occurs four months after the initial 
chemotherapy, there is no benefit to using the marker. 
The changed levels must be observable fewer than three 
months after the initial treatment. In addition, different 
levels of change could indicate different levels of response. 
For instance, a decrease of over 20% in the level of CA19-
9 predicts better PFS in pancreatic cancer (17). Further 
investigation is needed to identify novel markers.

Strong evidence for the prediction of treatment response 
has so far only been found for CA19-9, ctDNA, miRNA and 
exosomes. CA19-9, a traditionally used serum biomarker 
in pancreatic cancer, has shown particularly encouraging 
results. Prospective studies have proved that CA19-9  
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is a useful biomarker of tumor responses to the most 
commonly used systematic regimens, so it could provide 
useful information in predicting treatment responses. Other 
popular markers used for pancreatic cancer, such as CA125 
and NLR, have not been studied with regards to their 
ability to predict responses to therapy. Novel biomarker 
should be identified to increase accuracy. 

Apart from famous biomarker such as CA19-9, modern 
techniques have accelerated discovery of novel biomarkers, 
such as ctDNA, CTC, miRNAs, lncRNAs, exosomes, or 
epigenetic modifications. Most of these markers are non-
invasive and have shown modest performance in predicting 
the prognosis of pancreatic cancer. Imaging surveillance 
remains the basic care of monitoring the response to 
treatment, and imaging markers could be applicable. Novel 
techniques such as CT texture analysis (CTTA), dual energy 
CT (DECT), and diffusion-weighted imaging (DWI) have 
appeared in some studies with large cohorts (77). PET-
CT could monitor tumor changes in patients undergoing 
chemotherapy and radiotherapy (78). An advantage of PET-
CT is that the metabolic changes can be detected before 
the tumor size shrinks. A recent study reported that the 
metabolic changes detected by PET-CT predicted better 
outcomes in pancreatic cancer (79). However, evidence is 
limited, and these techniques still require further study. 

The final aim of evaluating the therapeutic response of 
tumors is to increase the overall survival of patients. With 
several studies conducted in breast and prostate cancer, the 
prediction program may have some influence on overall 
survival. Strategies for the management of patients are 
complex, and while the aim of predicting therapeutic responses 
is important, there are still many obstacles, such as the 
difficulty of determining a robust biomarker for false positives. 
Integrated scores may be a better choice; however, there is no 
widely accepted standard to meet this requirement. 

In 5 years, we will have an ideal prediction model 
consisting of multi-dimensional markers. At that time, a 
new standard of chemotherapy may have been developed. 
However, the concept of personalized treatment should never 
be changed. Progress in molecular and cellular research will 
be of assistance in finding an appropriate resolution to this 
problem. In addition, multicenter clinical research studies 
can be undertaken to investigate our hypothesis.

Conclusions

Most patients with pancreatic cancer are not diagnosed until 
the disease has developed to an advanced stage. The current 

criteria for evaluating tumor response requires at least two 
months after the initial treatment, and by that time, some 
patients have progressed to an untreatable stage. We attempted 
to identify a marker that could be used to evaluate treatment 
response earlier than two months. A cluster of biomarkers, 
consisting of traditional serum biomarkers and other 
novel markers, was discussed. Different permutations and 
combinations of these markers could serve as useful modalities.
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