
Page 1 of 14

© Annals of Pancreatic Cancer. All rights reserved. Ann Pancreat Cancer 2019;2:6 | http://dx.doi.org/10.21037/apc.2019.03.02

Introduction

Pancreatic cancer (PC) continues to have a dismal prognosis 
with an overall 5-year survival rate of about 8% (1). 
However, if the pancreatic tumor is confined to the primary 
location with surgical resectability at the time of diagnosis, 
survival could be significantly improved, with up to 26% 
of patients surviving more than 5 years (2). Late diagnosis 
contributes to poor prognosis. Unfortunately, due to the 
late onset of clinical symptoms, PC is sometimes diagnosed 
at advanced stages. Finding a feasible way to detect the 
disease during its initial stage is crucial. 

In current clinical practice, the cornerstone of 

standardized diagnostic work-up for PC before surgery is 
the conventional radiological approach, such as computed 
tomography (CT) and magnetic resonance imaging (MRI). 
Endoscopic ultrasound (EUS) is used only occasionally. 
These imaging techniques detect tumors largely depending 
on anatomical or structural changes, which provide limited 
information and sometimes result in delayed diagnosis or 
misdiagnosis. In contrast to traditional imaging, position 
emission tomography (PET) enables clinicians to observe 
and monitor the functional, biochemical, and molecular 
characteristics of the tumor as well as the whole human 
body.

As a high-throughput tool, PET/CT provides a global 
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snapshot of cellular physiology, biochemistry, and other 
activities, allowing the parallel assessment of thousands of 
metabolic products and biomarker expression. The aim of 
this review is to outline recent PET developments for PC 
and to discuss its future applications.

Applications of PET 

Functional imaging as a surrogate for molecular 
assessment of tumor staging and diagnosis

Biomolecular information gained from PET scanning 
serves as a supplement to the standard tumor staging and 
diagnostic procedures, and could improve accuracy. PET 
is a noninvasive imaging technique, permitting repeated 
and serial scanning of lesion(s) with few side effects. This 
approach could help clinicians to differentiate malignant 
tumors from benign lesions during the wait-and-watch 
phase. This approach has been verified in tumors ranging 
from lung cancer to gastrointestinal tumors. Since the 
early 90s, PET imaging has been applied to the differential 
diagnosis of PC, particularly equivocal lesions. 

Although the usefulness of PET has been reported, 
misdiagnoses occasionally occur in clinical practice 
when only simple semiquantitative data analysis of 
fluorodeoxyglucose (FDG) uptake is conducted. Compared 
with routine three-dimensional (3D) PET, four-dimensional 
(4D), PET could reduce the respiratory motion artifacts 
of tumors and obtain a significantly higher maximum 
standard uptake value (SUVmax), which helps facilitate 
clinical diagnosis. Yukutake et al. used 4D-PET to evaluate 
36 patients with PC and reported a median SUVmax of 
8.1±2.5 in 4D-PET and 6.2±2.1 in 3D-PET, respectively 
(P<0.01) (3). Similar results have also been generated by 
others (4,5). Additional approaches, such as introduction 

of novel radiotracers, contrast-enhanced techniques, and 
imaging integrations, would strengthen the role of PET in 
the diagnosis of PC.

Functional imaging as a guideline for treatment

Limited treatment options are available for patients with 
PC. Identifying the most feasible treatment regimen for 
a given patient or ensuring that patients who are most 
likely to benefit from specific therapies is important. PET 
radiolabeled with different tracers has been considered as 
a promising early imaging biomarker to assess treatment 
response.

Assessment of tumor resectability
To date, surgery remains the only option for radical cure for 
PC. The amazingly high mortality of this group of patients 
is partly due to the lack of surgical opportunity, which 
highlights the indispensability of proper tumor assessment 
and selection of the population that is most likely to benefit. 
PET may serve as an excellent, efficacious option to detect 
early-stage PC with high sensitivity/specificity, and thus 
permit more patients to receive radical surgery (6-11)  
(Table 1). In contrast, unnecessary surgical procedures could 
be avoided for patients who have locally advanced disease, 
nodal/distant organ metastases, and/or the presence of 
minimal hidden tumor spread.

Radiotherapy dose painting
Although no trials found survival benefit for patients with 
locally advanced PC receiving chemoradiotherapy (CRT) 
after induction treatment compared with chemotherapy 
alone, the first failure rate of nearly 30% in primary 
tumors indicated that the regimen of radiotherapy dose-
escalation might be worthwhile to confer better local 

Table 1 Sensitivity, specificity and accuracy of different techniques

Technique Sensitivity (%) Specificity (%) Accuracy (%) Reference

CT 79.6–94 44.4–90 −76.5 (6)

MRI 93 87 93 (6,7)

18FDG PET 78–96.8 50–87 64–95.1 (6,8,9)

18FDG PET/CT 85–97 61–94 85–95 (6,8,9)

Enhanced PET/CT 96 66.6 90.3 (6,10)

Dual-phase 18FDG 93 81 88 (6,11)

CT, computed tomography; MRI, magnetic resonance imaging; FDG, fluorodeoxyglucose; PET, position emission tomography.
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control (12). The high radioactive toxicity of surrounding 
normal tissues might limit its application. Similar to other 
abdominal organs, the pancreas exhibits high mobility. 
The mean intrafractional motion of the pancreatic head 
and tail in the supine/prone position were up to 12.8/8.9 
and 13.0/10.0 mm, respectively, according to analysis of 
4D computed tomography imaging data (13). Considering 
the large magnitude of respiratory motion and intrinsic 
radio-resistance of PC, definite target volume delineation 
is of great importance to spare normal organs and facilitate 
dose escalation with concurrent chemotherapy or other 
treatment modalities. The 1-to-2-cm margins that are 
commonly used to account for pancreatic tumor motion, 
based on conventional techniques, sometimes lead to 
excessive irradiation of nearby organs or normal tissues (14). 
The integration of PET functional imaging has provided 
more biomolecular information for radiotherapy treatment 
planning, in addition to the conventional anatomical 
changes. Recent reports have confirmed the potential 
of 4D-PET in precision targeting with more accurate 
generation of internal target volumes (ITV) in FDG-avid 
pancreatic tumors and helping to further individualize 
the radiotherapy plan. Professor Kishi has ever compared 
the ITV3D which was contoured using conventional 
respiratory un-gated PET with The ITV 4D which was 
contoured using 4D-PET. The final results showed that 
the ITV3D values were 2.0 (range, 1.1–3.4) fold larger 
than the corresponding ITV4D values (5). However, the 
appropriateness of radiotherapy dose painting based on 
PET imaging needs more examination. 

Chemotherapy and targeted agent selection
Although much progress has been achieved with the 
addition of various new drugs, there has been no major 
breakthrough in therapeutic efficacy. The mainstay of 
chemotherapy for PC is still standard cytotoxic drugs. 
Gemcitabine has been established as the standard of care for 
inoperable and pre-/post-surgery treatment for PC patients 
with locally advanced tumors, metastases, suspicious 
surgical margins, and relatively higher performance status 
scores. Unfortunately, some patients with PC exhibit 
resistance to gemcitabine, which might result from low 
tumor drug uptake. Detecting the delivery of drug to 
tumors and enhancing the local drug concentration are 
crucial. Considering the similar uptake mechanism in 
tumors, researchers have used fluorothymidine (FLT) with 
F-18 radiotracer as a surrogate for gemcitabine. Excellent 
correlation was observed between FLT uptake level and 

treatment response to gemcitabine in vitro, indicating 
the potential of FLT PET to detect the population who 
might best benefit from gemcitabine and help patients who 
would not benefit from gemcitabine to avoid unnecessary 
treatment. Another gemcitabine analog, 1-(2’deoxy-
2’fluoroarbinofuranosyl) cytosine (FAC), labeled with 
F-18 has demonstrated in vivo uptake in line with that 
of gemcitabine, suggesting its potential as a surrogate to 
monitor the intra-tumor drug uptake and distribution (15). 

Since the invention of targeted agents, treatment 
toxicities have dramatically decreased, but only a modest 
survival benefit has been acquired. Although the interesting 
combination regimen of gemcitabine plus anti-epidermal 
growth factor receptor (EGFR) monoclonal antibody 
erlotinib was confirmed by an international phase Ⅲ trial 
to meet the primary end point, the relatively small actual 
survival benefit of a 2-week increases in the median overall 
survival time failed to reach a best cost-effect outcome. 
This finding might be due to the obscure expression status 
of about 70% of the patients included in this study (16).  
Considering the close relationship between EGFR mutation 
status and the efficacy of anti-EGFR inhibitors in other 
tumors like non-small cell lung cancer (NSCLC), the 
presence of EGFR mutations or EGFR amplification might 
also play an important role as the key biomarker during the 
selection of the population that might receive the greatest 
benefit from treatment. Thus, PET labeled with a specific 
radiotracer targeted against EGFR might be helpful during 
patient screening (17).

 
Immunotherapy selection
Immunotherapy has produced remarkable achievements 
in different obstinate malignancies, including refractory 
NSCLC, gastrointestinal tumors, advanced melanoma, 
and renal cell cancer. PC, as one of the leading cause 
of cancer-related death with limited treatment options, 
may also benefit from immunological therapies (18).  
Among these therapies, blockade of programmed death-1/
programmed death-ligand 1 (PD-1/PD-L1) pathway has 
emerged as a promising target for immune modulation in 
PC. Accumulating evidence demonstrated that inhibiting 
PD-1/PD-L1 interaction could reduce the growth rate 
of pancreatic tumors and decrease metastases, although 
no objective response has been observed among patients 
with PC (19,20). The strong contrast between the present 
explosive advancements in immunotherapy and the 
consistently poor response rate has further stimulated the 
development of a standardized procedure to select possible 
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candidates for this intervention. Non-invasive, real-time 
molecular imaging of tumor PD-1/PD-L1 expression with 
PET using radiolabeled anti-PD-1/PD-L1 antibodies might 
play a role in accurate detection of PD-1/PD-L1 expression 
and accessibility. Thus far, this hypothesis has been verified 
in animal models. The encouraging results warrant more 
research to explore the rationality of this approach in 
clinical settings.

Functional imaging as a surrogate to predict prognosis and 
detect recurrence

Only limited therapeutic options are available for patients 
with PC. Therefore, there is an urgent need for effective 
prognostic assessment methods options for the timely 
evaluation of tumor response, which could help minimize 
patient exposure to possibly useless toxic therapeutic 
measures. Tumor size measurement based on Response 
Evaluation Criteria in Solid Tumors (RECIST) utilizing 
radiographic imaging has been generally considered 
a standard to evaluate treatment efficacy, but little 
information about tumor activities or pathologic response 
can be obtained by these conventional modalities (21). 
The SUV changes extracted from quantitative analysis of 
repeated PET imaging have been verified to serve as an 
effective prognostic indicator. Correlations between tumor 
pathological response and FDG uptake before and after 
preoperative CRT was observed in one study. Patients with 
PC who showed a high proportional alteration of SUV 
decline and a high pre-treatment SUV tended to experience 
a better pathological response after CRT (22). Another 
study about FLT PET reported that an increase in SUVmax 
at 60 min between the baseline and post-treatment FLT 
PET/CT scanning suggested futility of therapy, which 
could give these patients enough time and reasonable 
performance status to transfer to another, potentially 
effective treatment (23). 

Timely salvage treatment after first relapse has been 
demonstrated to contribute to better survival and higher 
quality of life (QOL) in various cancers, including PC. 
Paralleling the diagnostic limitations, it is difficult to detect 
tumor recurrence in time. FDG-PET shows promise 
in distinguishing residual/recurrent lesions from post 
treatment changes in PC (24). However, the scanning 
time point of FDG PET/CT is important due to the 
artificial equivocal FDG uptake increase of radiation-
induced inflammatory changes in the surrounding normal 
tissues. Without the inherent limitation of probable 

misinterpretation in FDG PET imaging, FLT PET seems 
to have a far superior capacity to detect recurrence, and thus 
may be more tumor-selective (25).

Cost-saving effect
Some researchers have questioned the value of PET in PC 
diagnosis from the view point of low cost/benefit ratio, 
that is, the relatively poor prognosis of PC compared 
with the correspondingly high cost of PET scan. A series 
of studies have confirmed that PET could be used to 
accurately determine the stage of tumor and evaluate its 
resectability, which is crucial for the next-step management, 
treatment cost, and QOL in patients with PC. In Japan, 
Higashi et al. found that PET detected that 35 cases (38%) 
were inoperable for various reasons, including peritoneal 
implantation metastases, distant lymph node metastases, 
liver or other organ metastases, and coexisting tumors (26). 

Moreover, a deep tie exists between the pre-treatment 
SUV and postoperative prognosis in patients with  
PC (22). According to Yamamoto et al., patients with 
SUVmax ≥6.0 before surgery were more likely to experience 
poor postoperative survival because of the relatively high 
probability of microscopic venous infiltration in surgical 
specimens and high incidence of liver metastasis as a first 
site failure (27). Hence, for patients with low preoperative 
SUVmax who are predicted to be long-time survivors, 
physicians should attempt to alleviate all suspicious  
micro-metastases during surgery and strengthen the  
post-operative treatment to achieve radical eradication of 
tumor cells, while for patients with high SUVmax, more 
resource-intensive medical resources, including high-grade 
examinations, radical surgical procedures, or aggressive 
adjuvant treatments, should be avoided due to the lack of 
possible survival benefit (28). The SUV changes could also 
help avoid futile treatment and save more time and money 
for more therapeutic options (22). Based on the results from 
59 patients with suspected PC, $188,500 could be saved by 
avoiding five pancreatic resections because of metastasis 
diagnosed by PET/CT. A reported amount of $1,066 per 
patient was saved by additional use of PET/CT (29).

Types of PET imaging modalities based on 
various mechanisms

Clearly distinct from normal pancreatic cells, tumor cells 
exhibit disparate metabolic activities and proliferation in 
this resource-poor setting with obvious deprivation of 
nutrients, raw materials, and oxygen. Several studies made 
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use of these specific characteristics to develop innovative 
diagnostic tools, including imaging examinations. Figure 1 
and Table 2 outline the current potential molecular targets 
under investigation in PC.

Metabolism-targeted PET imaging

Researchers have demonstrated the altered metabolic 
profiles in tumors, which might be utilized to make PET 
imaging agents with excellent signal-to-noise ratios. With 
growing insight into sophisticated mechanisms involved in 
the tumorigenesis, progression, and metastases of tumor 
cells, great progress has been achieved in metabolism-
targeted imaging techniques. Among these, PET imaging 
targeting various molecules within different metabolic 
pathways, biochemical adaptions, or specific biomarkers has 
been pursued with the use of different tracers.

Metabolic PET imaging based on glucose metabolism
PET imaging based on the increased glucose metabolism of 
various tumor cells with a fluorine-18 fluorodeoxyglucose 

(18F-FDG) tracer has been the most widely used functional 
imaging modality in clinical practice. FDG is a glucose 
analog that can be phosphorylated smoothly, but cannot be 
metabolized further due to the lack of a 2’hydroxyl group, 
resulting in FDG accumulation in tumor cells with high 
metabolism. Numerous studies have been conducted to 
verify the role of 18F-FDG PET in diagnosis, therapeutic 
effect evaluation, efficacy monitoring, and recurrence 
detection in PC (5,8,9,26,28-35,40-42). The relatively 
broad overlap of FDG uptake between malignant tumors 
and inflammatory lesions might confuse clinicians, 
especially after tumors have been irradiated. With regard 
to this limitation, researchers have focused on designing 
effective methods to improve the diagnostic accuracy. An 
additional delayed scan was shown to be helpful, because 
the malignancies sometimes show a constantly stable SUV 
increase, while the FDG uptakes of most inflammatory 
lesions decrease over time (43). However, the feasible time 
interval between the first and second PET scan has been 
unclear. In addition, the cut-off SUV value to distinguish 
malignant tumors from benign lesions is not definitive, due 

Figure 1 The current potential molecular targets under investigation in pancreatic cancer.
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to the huge variations in different PET institutions. 
Some researchers hold the view that, for PC patients 

associated with elevated glucose levels, FDG PET scans 
could only be performed when their glucose levels recover 
to normal status after being prepared with insulin (33,44). 
Conversely, other studies confirmed no significant effect of 
blood glucose level on FDG uptake in patients with PC (32).  
One study conducted by Torizuka et al. using their in vitro human 
adenocarcinoma cell model suggested that acute hyperglycemia, 
but not chronic hyperglycemia, could significantly change 
FDG uptake (45). Based on the data published to date, there 
are no evident linear correlations between glucose levels and 
FDG uptake. Considering the complicated and probably 
indirect effects of glucose level on FDG uptake, researchers are 
attempting to make use of “glycemia-modified SUV” to help 
diagnose PC. Perhaps factors other than glucose level should be 
included in future analyses.

Metabolic PET imaging based on nucleotide synthesis
Analysis of 3’-deoxy-3’-18F-fluorothymidine (FLT) uptake 
as a surrogate marker of nucleotide synthesis that reflects 
the proliferative activity of cells has been studied to verify 
its feasible applications in tumor diagnosis, treatment 
monitoring, therapeutic prediction, and recurrence detection. 
Use of FLT PET before, during, or after treatment in PC is 
also being explored (23,36,41,42,46-50,66-68). One visual 
analysis of FLT PET imaging reported a sensitivity of 
70% (23/33) and a specificity of 75% (6/8), indicating the 
clinical value of adding this approach to the diagnostic 
workup for PC (37). Another study published in 2015 
reported that FLT uptake was promising as an early 
predictor of disease progression after gemcitabine-based 
chemotherapy in patients with advanced and metastatic 
PC (23). In line with the conclusions of other researchers, 
this study demonstrated that kinetic spatial filter (KSF) 
as a new temporal intensity information-based voxel-
clustering approach in PET/CT could enable more 
accurate evaluation of treatment response, as well as 
clear visualization of liver metastases (39). In addition, 
FLT PET had no limitation of high susceptibility to 
inflammatory changes. It should be noted that gemcitabine 
influenced the FLT uptake level 24 h post treatment. FLT 
uptake is known to be mediated by hENT1; the uptake 
returned to baseline about 3 days later. Therefore, FLT 
PET scans should be performed at least 72 h after the 
treatment including gemcitabine. Considering the present 
controversies in the use of FLT PET in PC, more studies 
are needed.

Metabolic PET imaging based on hypoxia
Disruption of the equilibrium between proangiogenic and 
antiangiogenic factors in the tumor microenvironment leads 
to spawning of abnormal vessels. Vascular abnormality, 
characterized by impaired blood supply and interstitial 
hypertension, produces large tumor cell subpopulations that 
are poorly irrigated and hypoxic (38). Pancreatic tumors also 
characteristically have an oxygen-deficient microenvironment 
resulting from vascular abnormality and an abundance of 
stromal tissue, which partly accounts for their resistance 
to various therapies (51). Compared with well-oxygenated 
tumor cells, poor-oxygenated tumor cells exhibited low 
response to chemotherapy or radiotherapy (52). This 
makes hypoxia-targeted PET a priority to identify possible 
treatment-resistant sub-regions and help personalize treatment 
measures for patients with PC. The first pilot clinical study 
of 18F-fluoromisonidazole (FMISO)-PET did not detect a 
positive correlation between FMISO accumulation and tumor 
size, demonstrating minimal activity in PC tumors (53). One 
recently published preclinical study aimed to monitor vascular 
renormalization of tumor induced by antiangiogenic treatment 
with 18F-FMISO-avid PET, and found a significant SUV 
decrease in patient-derived pancreas xenografts (Panc286) after 
antiangiogenic dovitinib treatment (54).

Other hypoxia tracers, such as [18F]-3-Fluoro-2-(4-((2-
nitro-1H-imidazol-1-yl) methyl)-1H-1, 2, 3-triazol-1-yl) 
propan-1-ol ([18F] HX4), are also being investigated for 
PET imaging in PC (59). Good repeatability was confirmed 
in both the size and location of high [18F] HX4 uptake 
regions according to repeated PET imaging, indicating 
that this compound might be a promising radiotracer for 
target delineation in radiotherapy. Furthermore, a series of 
studies found that the dynamics of hypoxic areas before and 
during treatment might be used to assess early response to 
particular therapies or to help predict prognosis (55). Thus, 
hypoxia-targeted PET imaging shows a potential to guide 
targeted anti-tumor treatment regimens, like dose painting 
of radiation according to hypoxia status, adding hypoxia-
modifying agents for radio-sensitizing or other measures.

PET imaging targeting specific tumor cell 
biomarkers

A variety of upregulated receptors (cell surface protein 
or transmembrane protein) have been observed in PC 
cells, showing their potential to serve as the biomarkers 
to select tumor cells. Designing specific probes targeting 
these particular receptors in cancer cells remains the most 
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promising strategy for molecular PET imaging. Researchers 
have endeavored to find the optimal biomarker that is 
highly expressed in PC or precursor pancreatic lesions 
and expressed at a low level in benign pancreatic lesions. 
Among the candidate receptors, several proteins have been 
investigated as targets for PET imaging in preclinical 
studies. Wang et al. conjugated 64Cu with chelator 
1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic 
acid (DOTA) to the monoclonal antibody (Mab159) 
targeting GRP78, which is known as an upregulated cell 
surface protein in PC. Prominent tumor accumulation of  
64Cu-DOTA-MAb159 was demonstrated in BXPC3 PC 
xenografts tumor model (56). Another highly expressed 
small glycoprotein—mesothelin was also explored as a 
novel target for PET imaging (57,58,60). Kobayashi et al. 
developed an anti-mesothelin antibody, known as 11-25 (57). 
The in vivo imaging showed a specific higher accumulation 
of radiotracer in subcutaneous xenograft tumor-bearing 
mice with two mesothelin-expressing PC cell lines  
(BxPC-3 and CFPAC-1), indicating the potential use of 
64Cu-labeled 11-25 mAb as a PET probe in PC. Other 
antibodies targeting candidate receptors, such as anti-EGFR 
antibody (panitumumab, cetuximab) (17,69), anti-tissue factor 
antibody (ALT-836) (61), anti-transferrin receptor antibody 
(TSP-A01) (70), anti-CD147 antibody (059-053) (62),  
anti-claudin peptides (5-[18F]FDR-Clone 27) (63), anti-
insulin-like growth factor antibody (Df-1A2G11) (64), and 
anti-neurotensin receptor antibody (65), are also being 
investigated in PC. The past decade has witnessed extensive 
progress in the examination of feasible biomarkers, 
but clinical translation of these modalities needs more 
optimization.

Other tracers

Several additional targets are currently being explored 
for the purposes of PET imaging. Recent efforts have 
centered on several immune checkpoint targets that 
are highly expressed on the tumor cell surface or in the 
microenvironment, with growing evidence supporting their 
crucial role in tumorigenesis, progression, dissemination, 
and metastases. The minimal progression of checkpoint 
inhibitors noted in PC studies seems to be attributable 
to the non-selectivity of the cases included in the studies. 
Thus, there is an urgent need to demonstrate and quantify 
the expression status and distribution of these molecules.

Immuno-PET employing different anti-checkpoint 
antibodies provides a new perspective for in vivo imaging of 

PC based on the uptake and distribution of a given tracer. 
Other potential targets under investigation are tumor stroma 
components, including vascular endothelial growth factor 
(VEGFR) and matrix metalloproteinases (MMPs) (71).  
Genetic mutations and altered gene expression patterns 
may also serve as targets for molecular imaging (71). In 
addition, active synthesis of protein and membrane lipids in 
proliferating tumor cells induces further demand for amino 
acids and choline, which show promise for radiolabeling as 
molecularly targeted radiopharmaceuticals for metabolic 
PET imaging (41,72). In-depth investigations into 
extracellular vesicles (EV) have identified their crucial role 
in PC progression, metastasis, cancer-related immunity, 
and treatment resistance. One 2015 study reported that the 
sensitivity and specificity of glypican-1 (GPC1)-positive 
circulating exosomes were 100% in diagnosing PC (73). 
Considering the relatively higher sensitivity, stability, and 
enrichment of EVs, which contain various specific tumor 
cell-associated molecules, including proteins, mRNAs, 
miRNAs, and DNA, extensive research has been conducted 
to explore their potential roles as novel biomarkers and 
therapeutic targets for PC (74-76). With increasing 
information about the molecular pathogenesis of PC, more 
novel imaging markers may be discovered and utilized to 
design more feasible tracers.

Limitations and progress direction

Lack of spatial resolution weakens the ability of PET 
to provide detailed anatomical information, like CT 
or MRI. Furthermore, for PC patients with peritoneal 
carcinomatosis, PET alone is insufficient to detect the 
diffuse infiltration with no obvious formations of nodules. 
Thus, more and more researchers focus on the development 
of specific software approaches or scanners to co-register 
the functional images of PET with anatomical images from 
CT, MRI, or other conventional techniques.

The combination of PET and CT makes it possible to 
evaluate anatomic and functional characteristics of tumor 
simultaneously. In addition, integrated PET/CT, especially 
enhanced PET/CT, could partly alleviate the shortcomings 
of PET in the detection of peritoneal carcinomatosis and 
infiltration of important vessels. One study conducted in 
Switzerland compared the diagnosis accuracy of different 
imaging modalities, and the results revealed a significant 
superiority of enhanced PET/CT to PET alone (P=0.035). 
Twelve patients (24%) with PET-demonstrated resectable 
tumors were judged to be unresectable by enhanced 
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PET/CT due to locally advanced disease or distant 
metastases. Although the accuracy of PET was greatly 
enhanced through the specific fusion with enhanced CT 
imaging, nearly 10% of patients with enhanced PET/CT-
demonstrated resectable tumors were ultimately shown to 
be surgically unresectable by laparotomy (31). Image co-
registration and fusion combining MRI and PET were 
also explored, with no further radiation to the tumor 
entities, as is obviously the case for high-resolution CT.  
PET/MRI was helpful in the delineation of tumor 
uptake and its differentiation from surrounding tissue 
with pronounced physiologic tracer uptake, showing its 
feasibility for PET image interpretation correction (41).

Therefore, the so-called “one-stop-shop” or “all-in-
one” protocol of enhanced multislice 18F-FDG PET/CT is 
still insufficient for preoperative disease staging (29,31). To 
overcome these limitations, apart from the fusion approach, 
more evaluation methods, such as routine laboratory tests 
(serum tumor marker CA19-9), physical examination, 
and histologic confirmation of suspected lesions through 
ultrasound-guided fine-needle aspiration cytology, 
laparoscopy or even exploratory laparotomy, should be 
added to improve the accuracy of diagnosis. 

Several differences exist between the in vitro and in vivo 
metabolism of tumor cells. For PC tumor cells in culture, 
glutamine serves as the predominant carbon source for 
mitochondrial metabolism, while in vivo tumor cells are more 
dependent on glucose (77,78). This heterogeneity of both 
metabolism and biomolecular distribution in tumors would 
make the interpretation of PET imaging more confusing and 
challenging. In order to survive the nutrient/oxygen-replete 
conditions, the seemingly isolated tumor cell regions have 
acquired an ability to share metabolites and cross-feed each 
other, which could help fuel mutual growth. Considering the 
various factors affecting radiotracer uptake, analysis of PET 
imaging cannot be over-simplified and should not always be 
conducted following a similar protocol in different cases. 

In conclusion, accumulating evidence has verified 
the important role of PET in PC, although numerous 
controversies remain. More imaging modalities of PET 
might be available with growing insight into various 
mechanisms involved in PC growth, invasion, and 
metastasis. More research is needed to demonstrate the 
feasibility and superior of PET in clinical settings.
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