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Correct and timely diagnosis of pancreatic cancer (PC) is essential for
treatment selection but is still clinically challenging. Standard-of-care
imaging methods can sometimes not differentiate malignancies from
inflammatory lesions or detect malignant transformation in premalig-
nant lesions. This interim analysis of a prospective clinical trial aimed
to evaluate the diagnostic accuracy of [68Ga]fibroblast activation pro-
tein inhibitor (FAPI)-46 PET/CT for PC and determine the sample size
needed to demonstrate whether this imaging technique improves the
characterization of equivocal lesions detected by standard-of-care
imaging methods.Methods: [68Ga]FAPI-46 PET/CT imaging was per-
formed on 30 patients scheduled for surgical resection of suspected
PC. Target lesions were delineated, SUVmax and SUVmean were deter-
mined, and the results were compared with those of standard-of-care
imaging. Receiver operating characteristics were calculated for the
whole cohort and a subcohort of 11 patients with an equivocal clinical
imaging work-up preoperatively. Postoperative histopathologic find-
ings served as a reference standard, and the statistical power was
determined. Results: Histopathologic examination revealed malig-
nancy in 20 patients and benign lesions in 10 patients. Significantly
elevated [68Ga]FAPI-46 uptake was observed in malignant tumors
compared with benign lesions (P , 0.001). Receiver-operating-
characteristic analyses established optimal cutoffs for both SUVs for
differentiation of malignant from nonmalignant pancreatic tumors.
The optimal SUVmax cutoff was 10.2 and showed 95% sensitivity and
80% specificity for the whole cohort, as well as 100% diagnostic
accuracy when considering the subcohort with equivocal imaging
work-up only. For sufficient statistical power, 38 equivocal observa-
tions are needed. Conclusion: We conclude that [68Ga]FAPI-46
PET/CT can accurately differentiate malignant from benign pancre-
atic lesions deemed equivocal by standard-of-care imaging. This trial
will therefore continue to recruit a total of 120 patients to reach those
38 equivocal observations needed for sufficient statistical power. On
the basis of our findings, we propose that [68Ga]FAPI-46 PET/CT not
only can be clinically applied as a complement but also could become
a necessary tool when standard-of-care imaging is inconclusive.
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Pancreatic cancer (PC) is a leading cause of cancer-related
deaths worldwide, with a 5-y relative survival rate of 11% for all
stages combined (1). Among the reasons for this dismal outcome
is the challenge of establishing a correct and timely diagnosis (2).
Most patients are diagnosed in advanced stages of disease (3), and
surgical resection combined with chemotherapy is the only poten-
tially curative therapy.
Imaging plays an essential role in several aspects of PC manage-

ment, including diagnosis and evaluation of resectability. Multiphase
contrast-enhanced CT (CECT) is the current preferred standard-of-
care imaging modality for diagnosis of PC and is recommended as
the primary imaging modality by the guidelines of both the National
Comprehensive Cancer Network and the European Society for
Medical Oncology (4,5). The differential diagnosis of a pancreatic
mass, however, does encompass a range of clinical entities, includ-
ing benign lesions, such as mass-forming chronic, autoimmune, or
paraduodenal pancreatitis (6), all of which may mimic PC on CECT,
making correct characterization challenging (7). Additionally, small
isoattenuating adenocarcinomas can be overlooked on CECT (8).
Correct preoperative diagnosis is crucial, as misinterpretation may
lead to a major pancreatic resection for benign disease, failure to
operate on a potentially curable lesion, or even surgery in patients
with disseminated disease, in whom systemic treatment would have
been more appropriate. Previous studies show that inflammation
accounts for 5%–10% of surgical resection for clinically suspected
cancer (9).
For detection of malignant transformation within pancreatic intra-

ductal papillary mucinous neoplasia (IPMN), 3 current international
guidelines recommend both CECT and MRI in the diagnostic
work-up, with MRI being the preferred method (10–12). The accu-
racy of either method, or even both combined, for a specific diag-
nosis is, however, relatively low (61%) (13). Approximately 10%
of all pancreatectomies performed in the United States are for
IPMN (14). As a significant number of these operated IPMNs do
not show invasive or high-grade histology, and since the morbidity
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associated with resection is similar regardless of pathology, im-
proved diagnostic accuracy is needed to aid in surgical selection.
68Ga-labeled fibroblast activation protein inhibitor (FAPI), a new
tracer for PET, targets fibroblast activation protein expressed on
the surface of cancer-associated fibroblasts (15,16). As cancer-
associated fibroblasts represent the most abundant cell type in the
tumor stroma (17), application of FAPI-based tracers in PET imag-
ing of various types of cancers with a high stromal content, includ-
ing PC, has been proven successful (18,19). The purpose of this
interim analysis, part of a prospective clinical trial, was to evaluate
the diagnostic accuracy of [68Ga]FAPI-46 PET/CT for PC and to
determine the sample size needed to demonstrate the superiority of
this imaging technique in characterizing equivocal lesions detected
by standard-of-care imaging methods. We tested this hypothesis by
performing [68Ga]FAPI-46 PET/CT imaging on patients with sus-
pected PC who were scheduled for surgery, comparing the results
with those of standard-of-care imaging, using postoperative histo-
pathology as a reference standard.

MATERIALS AND METHODS

Clinical Study Design and Patient Cohort
The presented study was part of an ongoing phase II exploratory

trial approved by the Swedish Ethical Review Authority (diarienummer
2020-03400) and Medical Products Agency (EudraCT 2020-002568-
30) and registered on ClinicalTrials.gov (NCT05172310). All patients
provided written informed consent. As the origin of the cancer is some-
times difficult to determine before surgery (20), we enrolled subjects
with suspected periampullary tumors other than PC as part of the con-
secutive patient group. These include duodenal and ampullary cancers
as well as distal cholangiocarcinoma. Patients scheduled for surgical
resection of the primary tumor were screened for eligibility during mul-
tidisciplinary conferences according to the inclusion and exclusion crite-
ria listed in Supplemental Table 1 (supplemental materials are available
at http://jnm.snmjournals.org). Subjects with nonmalignant tumors on
postoperative histopathology served as a comparator group. [68Ga]FAPI-
46 PET/CT imaging was performed within 2 wk before surgery. The
surgery was performed at Karolinska University Hospital, with an indi-
vidual treatment strategy decided for every patient at multidisciplinary
conferences according to clinical routine and the Swedish National Can-
cer Control Program. The diagnosis for the primary tumor and resected
regional lymph nodes was confirmed after surgery as per the clinical
routine. Operating surgeons did not know the [68Ga]FAPI-46 PET/CT
imaging results until after surgery, preventing any impact on choice
of therapy. A CECT or MRI including MR cholangiopancreatography
was performed on all patients as per the clinical routine and before inclu-
sion in this study.

Radiopharmaceuticals and Image Acquisition
[68Ga]FAPI-46 was radiosynthesized at the Karolinska Radiophar-

macy facilities on an Eckert & Ziegler Modular-Lab PharmTracer syn-
thesis module, using 68GaCl3 eluate from a 68Ge/68Ga generator, as
earlier described (21). FAPI-46 precursor was acquired from Sofie
Biosciences. The amount of radioactivity injected depended on labeling
yield and patient weight (4.0 MBq/kg if possible; minimum, 50 MBq;
maximum, 370 MBq). Whole-body scanning was performed 1 h after
injection, previously shown to be a suitable time point for tumor
imaging with [68Ga]FAPI-46 (18,22–24). A Biograph mCT PET/CT
scanner (Siemens) and a Discovery MI scanner (GE Healthcare)
were used.

Preceded by a low-dose non-CECT scan for attenuation correction,
PET images were acquired from vertex to mid thigh (4 min/bed posi-
tion). The obtained emission data were corrected for scatter, randoms,

and decay and were reconstructed with an ordered-subset expectation
maximization algorithm. The reconstruction parameters were carefully
designed to ensure equivalent (within 610% variation) SUV and contrast
in a PET body phantom with spheres. Finally, diagnostic CECT was per-
formed for anatomic correlation of PET findings and diagnostic-quality
image fusion.

Image Analysis and Interpretation
[68Ga]FAPI-46 PET/CT images were analyzed using Syngo.via

(Siemens) individually by 2 readers, both board-certified radiologists,
one of whom was a board-certified nuclear medicine specialist and the
other a specialist in training. Both readers had access to patients’ clinical
imaging workup to facilitate localization of the target lesion. However,
neither knew the histopathologic results. Differences in opinion were
resolved by consensus, and previously described pitfalls in [68Ga]FAPI
PET/CT imaging were taken into consideration (25).

Lesions suspected of representing malignancy, with focal tracer
uptake exceeding that of the surrounding background, were regarded
as positive. SUV parameters were extracted from volumes of interest,
defined using 40% threshold isocontouring. These were used for
receiver-operating-characteristic (ROC) analyses. Positive [68Ga]FAPI-
46 PET/CT findings were defined as either an SUVmax or an SUVmean

at or above the respective optimal cutoff. Anatomic information from
CT images was used to avoid inclusion of activity from adjacent nontu-
moral tissues and to exclude other potential causes of tracer uptake.

The clinical imaging work-up was interpreted by board-certified
radiologists specialized in abdominal radiology and presented at multi-
disciplinary conferences as per the clinical routine. For this study, an
additional reading was performed retrospectively by a board-certified
radiologist who was specialized in abdominal radiology and did not
know either the [68Ga]FAPI-46 PET/CT or the histopathology results,
and the results were classified as either positive, negative, or equivocal.
To compare the performance of [68Ga]FAPI-46 PET/CT with that of
standard-of-care imaging in characterizing pancreatic tumors, SUVmax

and SUVmean were analyzed individually.

Statistical Analysis
For all statistical analyses, R software, version 4.2.1., was used,

including the “pROC” and “cutpointr” packages for ROC analyses
and cutoff determination for both PET parameters. Values below the
cutoff were coded as [68Ga]FAPI-46 PET–negative, whereas values
equal to or above were coded as [68Ga]FAPI-46 PET–positive. True-
positive patients were defined as [68Ga]FAPI-46 PET–positive with
malignant histopathology; false-positive, as [68Ga]FAPI-46 PET–posi-
tive with benign histopathology; false-negative, as [68Ga]FAPI-46
PET–negative with malignant histopathology; and true negative, as
[68Ga]FAPI-46 PET–negative with benign histopathology. Accuracy,
sensitivity, specificity, and positive and negative predictive values,
including corresponding 95% CIs, were calculated using the “epiR”
package. Power calculation was performed using the package “pwr,”
with CECT specificity set to 0.9 (26), the statistical significance level
set to 0.05, and power set to 0.8. In all statistical tests, P values of less
than 0.05 were considered statistically significant.

RESULTS

Patient Cohort and Imaging Acquisition
Thirty patients were recruited between September 2021 and

May 2022 (17 men and 13 women; mean age, 66.96 12.4 y; range,
27–85 y) with suspected pancreatic or periampullary cancer. All
underwent [68Ga]FAPI-46 PET/CT and subsequent surgery after
a median of 5.5 d (interquartile range, 2.3–12.8 d). The mean
injected activity was 272.56 74.8 MBq, and the mean uptake time
was 60.56 2.5min (range, 56–67min). Six patients were reported
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as unresectable because of macroscopic peritoneal carcinomatosis
(n5 3), extensive venous involvement (n5 1), excessive inflamma-
tion and fibrosis (n 5 1), or significant celiac trunk stenosis (n 5 1).
The diagnosis in these patients was confirmed either by periopera-
tive cryosection in the case of peritoneal carcinomatosis or by

perioperative core-needle biopsy or endoscopic ultrasound-guided
fine-needle biopsy in the remaining cases deemed irresectable.
Histopathologic analysis revealed carcinoma in 20 patients and

benign lesions in 10 patients. The demographics and clinical char-
acteristics of the participants are presented in Table 1.

TABLE 1
Patient Demographics and Clinical Characteristics

Patient
no. Sex

Age
(y)

Clinical imaging
work-up

Clinical work-
up findings

[68Ga]FAPI-46
PET/CT findings SUVmax SUVmean Histologic diagnosis

1 M 62 CECT Positive Positive 18.4 10.9 Cholangiocarcinoma

2 F 69 CECT Positive Positive 15.1 9.9 PC

3 F 85 CECT Positive Positive 23.9 14.4 PC

4 F 74 CECT 1 MRI Positive Positive 19.0 10.7 PC

5 M 60 CECT Equivocal Negative 7.1 4.0 Distal choledocholithiasis

6 F 72 CECT Positive Positive 24.9 15.0 PC

7 F 80 CECT Positive Positive 18.5 11.1 Ampullary carcinoma

8 M 66 CECT Positive Positive 22.0 12.4 PC

9 M 64 CECT 1 MRI Positive Positive 15.0 8.4 PC

10 F 49 MRI Positive Positive 18.5 11.4 PC

11 M 75 CECT Positive Positive 10.5 6.2 Autoimmune pancreatitis

12 F 27 CECT Equivocal Negative 1.0 0.7 Duodenal adenoma

13 F 80 CECT 1 MRI Positive Positive 17.4 10.9 PC

14 M 83 CECT Equivocal Positive 15.4 8.5 Ampullary carcinoma

15 M 63 CECT 1 MRI Negative Positive 15.4 8.2 Chronic pancreatitis

16 F 58 CECT Positive Positive 16.6 9.8 PC

17 M 73 CECT Equivocal Negative 2.2 1.3 IPMN

18 M 53 CECT Positive Positive 10.4 6.0 Cholangiocarcinoma

19 M 78 CECT Equivocal Positive 10.2 5.9 Duodenal carcinoma

20 M 57 CECT 1 MRI Equivocal Negative 3.7 2.2 PanIN

21 M 73 CECT 1 MRI Positive Positive 12.1 7.3 PC

22 F 69 MRI Equivocal Negative 2.2 1.5 IPMN

23 M 74 CECT Positive Positive 18.8 11.5 PC

24 M 65 CECT Positive Positive 15.6 9.0 PC

25 M 69 CECT 1 MRI Equivocal Negative 1.1 0.5 PanIN

26 F 59 CECT 1 MRI Equivocal Positive 11.4 7.9 Ampullary carcinoma

27 F 47 MRI Equivocal Negative 1.4 1.0 IPMN

28 M 66 CECT 1 MRI Equivocal Negative 5.3 2.9 IPMN

29 F 79 CECT Positive Positive 9.9 6.3 PC

30 M 78 CECT Positive Positive 22.5 13.6 PC

PanIN 5 pancreatic intraepithelial neoplasia.

TABLE 2
SUVmax and SUVmean in Pancreatic Lesions with Malignant Vs. Benign Histopathology

Malignant Benign

Parameter Mean 6 SD Range Mean 6 SD Range P

SUVmax 17.065.0 9.9—24.9 5.06 5.0 1.0—15.4 ,0.001

SUVmean 10.062.7 5.9—15.0 2.86 2.6 0.5—8.2 ,0.001
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Patient Safety
All subjects were monitored during examination, with blood

pressure, heart rate, and body temperature registered before
[68Ga]FAPI-46 injection and after examination (�1.5-h interval).
No related pharmacologic or physiologic effects were recorded,
and none of the participants reported any new symptoms.

Image Interpretation and Diagnostic Performance
Visual assessment showed high tracer activity in primary tumors

and low background tracer activity, especially in the brain, but also in
the uninvolved parts of the pancreatic parenchyma and in the liver,
heart, and gastrointestinal tract, yielding a purposive image contrast.
All 20 malignant lesions showed intense [68Ga]FAPI-46 uptake
(Table 2). At the same time, 2 of the benign lesions also showed
tracer uptake above the cutoffs (Supplemental Fig. 1). ROC analyses
rendered optimal cutoffs of 10.2 for SUVmax and 5.9 for SUVmean as
presented in Figure 1. Table 3 provides the diagnostic performance
data with corresponding 95% CIs for both parameters, regarding

differentiation of malignancies from benign lesions, in the whole
cohort and in the subcohort with equivocal clinical imaging work-up.

Comparison with Standard-of-Care Imaging
All patients classified as equivocal on standard-of-care imaging

(n 5 11) were correctly classified as either positive or negative for
PC by [68Ga]FAPI-46 PET/CT, for both SUVmax and SUVmean

(P , 0.001) (Table 1; Fig. 2).

Power Analysis
At trial initiation, power analysis was not possible because of a

lack of published data. An interim analysis was therefore included
in this study to serve as a basis for calculating the sample size needed
to detect a significant difference in specificity between CECT and
[68Ga]FAPI-46 PET/CT. On the basis of a recently reported CECT
specificity of 90% (26) and that of [68Ga]FAPI-46 PET/CT for the
whole cohort (80%), 195 observations are needed. When consider-
ing the equivocal cohort only, with [68Ga]FAPI-46 PET/CT specifi-
city of 100%, 38 observations are needed.

DISCUSSION

The differential diagnosis of pancreatic masses remains a challenge
for diagnostic imaging despite modern cross-sectional techniques
with CECT and MRI. To improve the diagnostic yield, we applied
a new tracer with high affinity for epithelial cancers, FAPI. In this
interim analysis, we evaluated the accuracy of [68Ga]FAPI-46
PET/CT for the diagnosis of pancreatic tumors and determined the
sample size needed for sufficient power. We observed a significantly
higher [68Ga]FAPI-46 uptake in malignant tumors than in benign
lesions (Table 2), demonstrating high accuracy for diagnosis of PC,
for both SUVmax and SUVmean (Table 3). In patients with equivocal
standard-of-care imaging results, sample size calculations show
that 38 observations are needed for sufficient statistical power. This
trial will therefore continue to recruit a total of 120 patients to reach
38 equivocal observations by standard-of-care imaging.
CECT has a reported sensitivity of 89%–91% and a specificity

of 85%–90% for the diagnosis of PC in recent metaanalyses
(26,27). Our data indicate that [68Ga]FAPI-46 PET/CT has at least
an equally high diagnostic accuracy as CECT for the diagnosis of
primary PC, within a 95% CI. In fact, in all 11 cases in which the
clinical imaging workup findings were equivocal, [68Ga]FAPI-46
PET/CT correctly differentiated malignant from benign lesions,
yielding a diagnostic accuracy of 100%. SUVmean had a slightly
larger area under the ROC curve than SUVmax (96.5% vs. 94.8%),

FIGURE 1. ROC curves depicting sensitivity and specificity of SUVmax

(A) and SUVmean (B) for diagnosis of PC. Graphs to right show optimum
for different potential cutoffs; arrow indicates optimal cutoff for each
parameter. AUC5 area under curve.

TABLE 3
Diagnostic Performance of SUVmax with Cutoff of 10.2 and SUVmean with Cutoff of 5.9 in Diagnosis of PC

Whole cohort (n 5 30)
Subcohort with equivocal
clinical imaging (n 5 11)

Parameter SUVmax SUVmean SUVmax SUVmean

Sensitivity 95 (75–100) 100 (83–100) 100 (29–100) 100 (29–100)

Specificity 80 (44–97) 80 (44–97) 100 (63–100) 100 (63–100)

Positive predictive value 90 (70–99) 91 (71–99) 100 (29–100) 100 (29–100)

Negative predictive value 89 (52–100) 100 (63–100) 100 (63–100) 100 (63–100)

Overall accuracy 90 (73–98) 93 (78–99) 100 (72–100) 100 (72–100)

Data are percentages, with 95% CIs in parentheses.
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suggesting that the parameter might be somewhat more accurate
(Fig. 1). However, both parameters are convincing because of
their high diagnostic accuracy, and as more data are collected,
new ROC analyses will be performed. In the subanalysis of patients
with an equivocal imaging work-up, both parameters showed 100%
accuracy. To our knowledge, we are the first to report such high
accuracy for the method in the diagnosis of PC, and on the basis
of these results, we expect [68Ga]FAPI-46 PET/CT imaging
to have a significant impact on the diagnostic work-up of PC
patients. The wide span of the 95% CI for [68Ga]FAPI-46 PET/CT
is probably due to the relatively few cases in our study and
should narrow as more subjects are included.
The high [68Ga]FAPI-46 uptake in malignant lesions and the

significantly lower uptake in benign lesions, together with negligible
background activity, gave satisfactory image contrast and is consis-
tent with the results of previous [68Ga]Ga-FAPI PET/CT studies on
pancreatic and other cancers (28,29). R€ohrich et al. evaluated the
clinical impact of PET/CT using [68Ga]FAPI-4 and [68Ga]FAPI-46
in the staging of primary and recurrent pancreatic ductal adenocar-
cinoma, reporting clinically meaningful changes in the staging of
both groups (30). Similarly, Pang et al. observed that [68Ga]FAPI-
4 PET/CT improves tumor detection and staging in PC (31). Lang
et al. also concluded that [68Ga]FAPI-74 PET/CT could predict
malignant transformation within IPMN with high accuracy (32). Our
study sets itself apart from these studies because our findings were
histologically validated and inclusion of nonmalignant conditions
allowed the accuracy of [68Ga]FAPI-46 PET/CT for the diagnosis of
PC to be determined, an essential step for application to clinical
practice. The high sensitivity suggests that no malignancy would be
missed and that the specificity we assessed is acceptable and compa-
rable to that of the current best standard. The 2 false-positive cases
represented inflammation (Supplemental Fig. 1). However, this issue
has been addressed in previous publications, showing that the addi-
tion of multiple-time-point and dynamic imaging techniques facili-
tates differentiation of malignancy from pancreatitis (30,31,33).

A major limitation of this study is the small sample size, especially
with regard to patients with equivocal results on standard-of-care
imaging, and conclusions from these data should therefore be drawn
with caution. Larger exploratory studies are needed as our power cal-
culations suggest. Furthermore, even though small (610%), the var-
iations in image quality and SUV measurements resulting from the
use of different cameras could have affected the results, especially in
patients with an SUV in the vicinity of the cutoffs.

CONCLUSION

Characterization of pancreatic mass lesions remains clinically
challenging because various inflammatory tumors may mimic PC
on imaging, leading to major pancreatic surgery for benign disease
in a substantial number of patients (6–9,34). Such surgery is asso-
ciated with high costs, high morbidity rates, and a significant
decline in quality of life (35–39) and should therefore be avoided
if possible. Our results show that [68Ga]FAPI-46 PET/CT can
accurately differentiate malignant from benign pancreatic lesions
deemed equivocal by standard-of-care imaging. For this differenti-
ation, we propose semiquantitative cutoffs for both SUVmax and
SUVmean. In this trial, we will therefore continue to recruit a total
of 120 patients to reach those 38 equivocal observations needed for
sufficient statistical power. On the basis of our findings, we con-
clude that [68Ga]FAPI-46 PET/CT not only might represent a new
complementary imaging technique in primary diagnosis of PC but
also could become a necessary tool when standard-of-care imaging
results are inconclusive. A prospective clinical trial is currently
ongoing in our department, but even larger, multicenter trials will
be needed for clinical translation of [68Ga]FAPI-46 PET/CT in PC.
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KEY POINTS

QUESTION: Can [68Ga]FAPI-46 PET/CT improve characterization
of equivocal pancreatic lesions detected by standard-of-care
imaging, and how many observations are needed for sufficient
statistical power?

PERTINENT FINDINGS: In this interim analysis of a prospective
clinical trial, analysis of 30 surgical patients showed that
[68Ga]FAPI-46 PET/CT can accurately differentiate malignant from
benign pancreatic lesions deemed equivocal by standard-of-care
imaging. For sufficient statistical power, this trial will continue to
recruit a total of 120 patients to reach 38 equivocal observations
by standard-of-care imaging.

IMPLICATIONS FOR PATIENT CARE: Our findings suggest that
[68Ga]FAPI-46 PET/CT not only can be clinically applied as a
complement but also could become a necessary tool when
standard-of-care imaging on PC is inconclusive.

FIGURE 2. CECT, axial PET, and fused images of malignant (left) and
benign (right) periampullary lesion obstructing bile duct (arrow).

1236 THE JOURNAL OF NUCLEAR MEDICINE � Vol. 64 � No. 8 � August 2023



REFERENCES

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J
Clin. 2022;72:7–33.

2. Michl P, Lohr M, Neoptolemos JP, et al. UEG position paper on pancreatic cancer.
Bringing pancreatic cancer to the 21st century: prevent, detect, and treat the disease
earlier and better. United European Gastroenterol J. 2021;9:860–871.

3. Li D, Xie K, Wolff R, Abbruzzese JL. Pancreatic cancer. Lancet. 2004;363:
1049–1057.

4. Ducreux M, Cuhna AS, Caramella C, et al. Cancer of the pancreas: ESMO clinical
practice guidelines for diagnosis, treatment and follow-up. Ann Oncol. 2015;
26(suppl 5):v56–v68.

5. Tempero MA, Malafa MP, Al-Hawary M, et al. Pancreatic adenocarcinoma, ver-
sion 2.2017, NCCN clinical practice guidelines in oncology. J Natl Compr Canc
Netw. 2017;15:1028–1061.

6. Conrad C, Fernandez-Del Castillo C. Preoperative evaluation and management of
the pancreatic head mass. J Surg Oncol. 2013;107:23–32.

7. Schima W, Bohm G, Rosch CS, Klaus A, Fugger R, Kopf H. Mass-forming pan-
creatitis versus pancreatic ductal adenocarcinoma: CT and MR imaging for differ-
entiation. Cancer Imaging. 2020;20:52.

8. Elbanna KY, Jang HJ, Kim TK. Imaging diagnosis and staging of pancreatic ductal
adenocarcinoma: a comprehensive review. Insights Imaging. 2020;11:58.

9. Dutta AK, Chacko A. Head mass in chronic pancreatitis: inflammatory or malig-
nant.World J Gastrointest Endosc. 2015;7:258–264.

10. European Study Group on Cystic Tumours of the Pancreas. European evidence-
based guidelines on pancreatic cystic neoplasms. Gut. 2018;67:789–804.

11. Tanaka M, Fernandez-Del Castillo C, Kamisawa T, et al. Revisions of international
consensus Fukuoka guidelines for the management of IPMN of the pancreas. Pan-
creatology. 2017;17:738–753.

12. Vege SS, Ziring B, Jain R, Moayyedi P; Clinical Guidelines Committee, American
Gastroenterology Association. American Gastroenterological Association Institute
guideline on the diagnosis and management of asymptomatic neoplastic pancreatic
cysts. Gastroenterology. 2015;148:819–822.

13. Del Chiaro M, Segersvard R, Pozzi Mucelli R, et al. Comparison of preoperative
conference-based diagnosis with histology of cystic tumors of the pancreas. Ann
Surg Oncol. 2014;21:1539–1544.

14. Khoury RE, Kabir C, Maker VK, Banulescu M, Wasserman M, Maker AV. What
is the incidence of malignancy in resected intraductal papillary mucinous neo-
plasms? An analysis of over 100 US institutions in a single year. Ann Surg Oncol.
2018;25:1746–1751.

15. €Ohlund D, Handly-Santana A, Biffi G, et al. Distinct populations of inflamma-
tory fibroblasts and myofibroblasts in pancreatic cancer. J Exp Med. 2017;214:
579–596.

16. Shi M, Yu DH, Chen Y, et al. Expression of fibroblast activation protein in human
pancreatic adenocarcinoma and its clinicopathological significance. World J Gas-
troenterol. 2012;18:840–846.

17. Micke P, Ostman A. Exploring the tumour environment: cancer-associated fibro-
blasts as targets in cancer therapy. Expert Opin Ther Targets. 2005;9:1217–1233.

18. Kratochwil C, Flechsig P, Lindner T, et al. 68Ga-FAPI PET/CT: tracer uptake in 28
different kinds of cancer. J Nucl Med. 2019;60:801–805.

19. Hirmas N, Hamacher R, Sraieb M, et al. Fibroblast-activation protein PET and histo-
pathology in a single-center database of 324 patients and 21 tumor entities. J Nucl
Med. 2023;64:711–716.

20. Sarmiento JM, Nagomey DM, Sarr MG, Farnell MB. Periampullary cancers: are
there differences? Surg Clin North Am. 2001;81:543–555.

21. Jussing E, Milton S, Samen E, et al. Clinically applicable cyclotron-produced
gallium-68 gives high-yield radiolabeling of DOTA-based tracers. Biomolecules.
2021;11:1118.

22. Lindner T, Loktev A, Altmann A, et al. Development of quinoline-based theranos-
tic ligands for the targeting of fibroblast activation protein. J Nucl Med. 2018;59:
1415–1422.

23. Giesel FL, Kratochwil C, Lindner T, et al. 68Ga-FAPI PET/CT: biodistribution and
preliminary dosimetry estimate of 2 DOTA-containing FAP-targeting agents in
patients with various cancers. J Nucl Med. 2019;60:386–392.

24. Loktev A, Lindner T, Burger EM, et al. Development of fibroblast activation
protein-targeted radiotracers with improved tumor retention. J Nucl Med. 2019;60:
1421–1429.

25. Kessler L, Ferdinandus J, Hirmas N, et al. Pitfalls and Common Findings in 68Ga-
FAPI PET: a pictorial analysis. J Nucl Med. 2022;63:890–896.

26. Treadwell JR, Zafar HM, Mitchell MD, Tipton K, Teitelbaum U, Jue J. Imaging
tests for the diagnosis and staging of pancreatic adenocarcinoma: a meta-analysis.
Pancreas. 2016;45:789–795.

27. Toft J, Hadden WJ, Laurence JM, et al. Imaging modalities in the diagnosis of pan-
creatic adenocarcinoma: a systematic review and meta-analysis of sensitivity, spe-
cificity and diagnostic accuracy. Eur J Radiol. 2017;92:17–23.

28. Gilardi L, Airo Farulla LS, Demirci E, Clerici I, Omodeo Sale E, Ceci F. Imaging
cancer-associated fibroblasts (CAFs) with FAPi PET. Biomedicines. 2022;10:523.

29. Sollini M, Kirienko M, Gelardi F, Fiz F, Gozzi N, Chiti A. State-of-the-art of
FAPI-PET imaging: a systematic review and meta-analysis. Eur J Nucl Med Mol
Imaging. 2021;48:4396–4414.

30. R€ohrich M, Naumann P, Giesel FL, et al. Impact of 68Ga-FAPI PET/CT imaging
on the therapeutic management of primary and recurrent pancreatic ductal adeno-
carcinomas. J Nucl Med. 2021;62:779–786.

31. Pang Y, Zhao L, Shang Q, et al. Positron emission tomography and computed
tomography with [68Ga]Ga-fibroblast activation protein inhibitors improves tumor
detection and staging in patients with pancreatic cancer. Eur J Nucl Med Mol Imag-
ing. 2022;49:1322–1337.

32. Lang M, Spektor AM, Hielscher T, et al. Static and dynamic 68Ga-FAPI PET/CT
for the detection of malignant transformation of intraductal papillary mucinous
neoplasia of the pancreas. J Nucl Med. 2023;64:244–251.

33. Glatting FM, Hoppner J, Liew DP, et al. Repetitive early 68Ga-FAPI PET acquisi-
tion comparing 68Ga-FAPI-02, 68Ga-FAPI-46, and 68Ga-FAPI-74: methodologic
and diagnostic implications for malignant, inflammatory/reactive, and degenerative
lesions. J Nucl Med. 2022;63:1844–1851.

34. Holl€ander S, Birk D. Pancreatic cancer within the uncinate process. In: Beger HG,
Warshaw AL, Hruban RH, et al., eds. The Pancreas: An Integrated Textbook of
Basic Science, Medicine, and Surgery.Wiley; 2018:724–727.

35. Billings BJ, Christein JD, HarmsenWS, et al. Quality-of-life after total pancreatectomy:
is it really that bad on long-term follow-up? J Gastrointest Surg. 2005;9:1059–1066.

36. Eaton AA, Gonen M, Karanicolas P, et al. Health-related quality of life after pan-
createctomy: results from a randomized controlled trial. Ann Surg Oncol. 2016;23:
2137–2145.

37. Balzano G, Capretti G, Callea G, Cantu E, Carle F, Pezzilli R. Overuse of surgery
in patients with pancreatic cancer: a nationwide analysis in Italy. HPB (Oxford).
2016;18:470–478.

38. Vollmer CM Jr. The economics of pancreas surgery. Surg Clin North Am. 2013;93:
711–728.

39. Dominguez-Comesana E, Gonzalez-Rodriguez FJ, Ulla-Rocha JL, Lede-Fernandez
A, Portela-Serra JL, Pinon-Cimadevila MA. Morbidity and mortality in pancreatic
resection [in Spanish]. Cir Esp. 2013;91:651–658.

[68GA]FAPI-46 PET IN PANCREATIC TUMORS � Rasinski et al. 1237

http://1118
http://523

