
A Pilot Study of Photon Counting CT Spectral Analysis 
Following Pancreatic Adenocarcinoma Resection to 

Differentiate Local Recurrence From Postsurgical Fibrosis
Samantha Platt, MD,* Bhavik Bansal, MBBS,† Barun Bagga, MBBS,MD,‡

Thomas O’Donnell, Phd,§ and Bari Dane, MD*

Objective: To assess photon counting CT (PCCT) spectral 
parameters in the differentiation of locally recurrent pancreatic 
adenocarcinoma (PDAC) from benign postsurgical fibrosis after 
PDAC surgical resection.

Methods: Twenty-two patients [12 male, mean ± SD: age 71 (8) y] 
who underwent pancreas protocol PCCT following surgery for 
PDAC were retrospectively identified. Local recurrence required 
tissue histopathology or enlarging FDG-avid soft tissue. Non
recurrence required soft-tissue reduction with stable or decreased 
CA 19-9. Two blinded radiologists independently drew regions of 
interest within the surgical bed soft tissue to determine iodine 
density (I), I normalized to aortic enhancement (I%), fat fraction, 
and extracellular volume (ECV), which were compared using the 
Mann-Whitney U test. A P < 0.05 indicated statistical significance. 
The intraclass correlation coefficient was used to assess inter-reader 
reliability. ROC analysis was performed using mean 
measurements.

Results: On pancreatic parenchymal phase imaging, median [IQR] 
postcontrast attenuation for patients with nonrecurrence (n = 10) 
and recurrence (n = 11) was 32.3 (16.4 to 42.9 HU) and 57.0 (50.2 
to 65.5 HU)(P = 0.001); enhancement was 23.7 (10.2 to 26.0 HU) 
and 40.0 (34.4 to 44.5 HU) (P = 0.001); I was 0.6 (0.5 to 0.90 mg/ 
mL) and 1.8 (1.5 to 2.0 mg/mL) (P < 0.001); I% was 8.3 (6.3% to 
11.1%) and 34.3 (29.8% to 40.9%) (P < 0.001); and ECV was 5.8 
(4.4 to 6.9 mL) and 23.0 (18.0 to 25.8 mL) (P < 0.001), respectively. 
To differentiate nonrecurrent from recurrent soft tissue, a post
contrast 45.7 HU threshold had 100% sensitivity and 80% specif
icity [AUC = 0.92 (0.80-1.00)]; enhancement of 31.9 HU had 81.8% 
sensitivity and 100% specificity [AUC = 0.98 (0.93-1.00)]; 14.0 mL 
ECV had 100% sensitivity and 100% specificity [AUC = 1.00 (1.00- 
1.00)]; 1.27 mg/mL I had 90.9% sensitivity and 100% specificity 
[AUC = 0.99 (0.98-1.00)]; and 20.3% I% had 100% sensitivity and 
100% specificity (AUC = 1.00). Inter-reader agreement was near- 
perfect (ICCs 0.86 to 0.96).

Conclusions: PCCT spectral parameters demonstrated excellent 
diagnostic performance in differentiating locally recurrent PDAC 

from postsurgical fibrosis on pancreatic parenchymal phase 
imaging.
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P ancreatic ductal adenocarcinoma (PDAC) is the sixth 
most common cause of cancer death globally, with 5- 

year survival rates estimated at 11%.1–3 Most patients 
present with either locally advanced disease (30% to 35%) 
or metastatic disease (50%) at diagnosis, typically preclud
ing resection.3,4 In patients with localized PDAC, surgery, 
such as pancreaticoduodenectomy or distal pan
createctomy, is the only potentially curative treatment and 
improves survival.3–6

After surgical resection, soft-tissue attenuation within 
the resection bed on CT can present a diagnostic challenge. 
While this may represent benign post-treatment fibrosis, 
locoregional recurrence can have a similar morphologic 
appearance, as this also often presents as ill-defined, peri
vascular, or infiltrative soft tissue. Radiologists often rely 
on size change between CT examinations to assess for either 
stability or size reduction, which favors benign scarring, or 
interval growth, which is highly concerning for recurrent 
disease.7–9 Particularly in patients who have undergone a 
pancreaticoduodenectomy, tissue sampling of surgical bed 
findings may not be technically feasible.10 PET-CT may be 
of limited value if the primary PDAC was not highly FDG- 
avid, and because post-surgical fibrosis is often FDG-avid 
as well.9,11 Mischaracterization can lead to false reassur
ances or delay in appropriate treatment planning, which 
increases patient and provider anxiety and may lead to an 
unnecessary treatment change or termination.

Multienergy or spectral CT, including both dual- 
energy CT (DECT) and photon-counting CT (PCCT), 
enables advanced spectral processing, such as iodine density 
determination.12–18 Iodine density functions as a surrogate 
marker of tissue perfusion because it reflects the iodine 
content within a voxel, whereas traditional Hounsfield 
Units (HU) incorporate the intrinsic tissue attenuation.19

Importantly, iodine density is only obtainable from multi- 
energy CT. Prior DECT studies demonstrated that material 
decompensation aids in the diagnosis of PDAC due to 
increased soft tissue contrast20 and PDAC iodine density 
correlates with perfusion parameters in dynamic contrast- 
enhanced CT.21,22 DECT iodine density also correlates with 
histopathologic PDAC response and can be used to dif
ferentiate local recurrence from postsurgical changes.16,23

DOI: 10.1097/RCT.0000000000001935

Received for publication July 6, 2026; accepted September 19, 2026. 
From the *From the Department of Radiology, NYU Langone Health, 

New York; †Department of Internal Medicine, Division of 
Cardiology, University of Texas Southwestern Medical Center, 
Dallas, TX; ‡Department of Radiology, NYU Langone Health, 
Mineola, NY; and §Siemens Healthineers, Malvern, PA.

Bari Dane is on the Olympus IBD advisory board and has received a 
speaker honorarium, research support, and travel support from 
Siemens Healthineers. Thomas O’Donnell is a Siemens Healthineers 
employee. The other authors have no conflicts of interest to report. 
The remaining authors have no conflict of interest or financial 
disclosures to report.

Correspondence to: Samantha Platt, MD, Department of Radiology, 
NYU Langone Health, 660 1st Avenue, New York, NY 10016 
(e-mail: samantha.platt@nyulangone.org).

Copyright © 2026 Wolters Kluwer Health, LLC. All rights reserved.

ORIGINAL ARTICLE

J Comput Assist Tomogr � Volume 00, Number 00, ’’ 2026 www.jcat.org | 1

Copyright © 2026 Wolters Kluwer Health, LLC. Unauthorized reproduction of this article is prohibited.

mailto:samantha.platt@nyulangone.org


In conjunction with hematocrit, CT-derived iodine 
analysis can also be used to calculate extracellular volume 
(ECV), a marker of the cellular environment that can be used 
to subtype malignancies, estimate fibrotic burden, and pre
dict tumor aggressiveness and response.24–29 Previous studies 
have shown that ECV is increased in pancreatic fibrosis and 
malignancies.25,30 In addition, elevated ECV in PDAC has 
been shown to correlate with improved overall and pro
gression-free survival.31,32 ECV has been shown to predict 
tumor response to neoadjuvant therapy, and, following 
therapy, lower ECVs were observed in patients with a 
favorable response.33,34 The hematocrit used in the calcu
lation should be as close to the exam date as possible; how
ever, a recent study found no significant difference between 
using a hematocrit measured within 1 week of the exam and a 
same-day measurement.35 In addition to iodine and ECV 
analysis, fat fraction can be obtained on spectral CT and may 
correlate with the risk of developing PDAC.36 However, in a 
postoperative PDAC PCCT study, fat fraction was unable to 
distinguish local recurrence from nonrecurrent tissue.37

PCCT is a relatively new form of spectral CT that can 
directly convert X-rays into electrical signals, bypassing a 
visual light intermediate. The energy of each incident 
photon is measured by the semiconductor detector; thus, 
spectral information is always available, and, with it, iodine 
density for clinically relevant protocols.38,39 PCCT iodine 
density has been validated in many other systems and dis
ease processes, including in Crohn's disease as a marker of 
active inflammation,14 to differentiate renal masses from 
benign cysts,40 and in the assessment of pathologic treat
ment response in rectal cancer.41 Specifically regarding 
PDAC, PCCT’s inherently improved iodine contrast-to- 
noise ratio allows for improved primary tumor 
conspicuity42 and substantial inter-reader agreement for 
PDAC vascular involvement and metastasis identification, 
even with 40% radiation exposure adjustment, compared 
with moderate agreement at conventional energy-integrat
ing detector CT.43 At PCCT, a pilot study found that 
preoperative PDAC iodine density had an excellent corre
lation with histopathologic treatment response, with higher 
iodine density in PDAC neoadjuvant therapy responders,44

suggesting iodine density as a noninvasive biomarker. 
Another early study showed that PCCT iodine density and 
normalized iodine density are higher in local recurrence 
than in postoperative fibrosis.37

Spectral parameters have shown promise for this dif
ferentiation at DECT; however, there is limited data sup
porting their utility at PCCT. In addition, to our knowl
edge, there are no studies assessing PCCT-determined ECV 
in the diagnosis of PDAC recurrence. Therefore, the pur
pose of our study was to retrospectively assess PCCT 
spectral parameters, including iodine density, ECV, and fat 
fraction, to differentiate post-surgical fibrosis from recur
rent neoplasm and aid noninvasive diagnosis.

METHODS

Patients
This study received institutional review board appro

val and was Health Insurance Portability and Account
ability Act compliant. The requirement for written 
informed consent was waived.

Adult outpatients ( ≥ 18 y) who underwent a clinical 
pancreatic protocol abdominal PCCT (Naeotom Alpha, 
Siemens Healthineers, Forchheim, Germany) between May 

2022 and November 2025, with surgically resected and 
pathology-proven PDAC, were identified by retrospective 
departmental Picture Archiving and Communication 
search (PACS, Visage, San Diego, CA). Exclusions 
included patients without PDAC, without soft tissue at the 
surgical bed, or with PCCTs that did not contain the special 
spectral imaging dataset required for retrospective spectral 
postprocessing (SPP) on thin-client software. One post
operative PCCT was included per patient (with a minimum 
interval of 30 d), and the closest CT to the surgery date was 
selected, as indeterminate surgical bed soft tissue can be 
difficult to interpret without comparison exams. If the 
patient had more recent examinations, subsequent 
abdominal CTs were also reviewed by the radiologists for 
evidence of growing tissue suspicious for local recurrence.

Reference Standard
The reference standard utilized a composite of histo

pathology, multidisciplinary pancreatic cancer tumor board 
discussion, CA 19-9 values, as well as soft tissue growth or 
regression on subsequent imaging based on imaging review 
by a fellowship-trained abdominal radiologist with 8 years’ 
experience and 6 years of multidisciplinary pancreas con
ference coverage, and PET assessment. Local recurrence was 
defined as growing soft tissue on serial imaging examinations 
( > 20% increase in size from postoperative index 
examination)45 that was pathology-proven or PET FDG- 
avid (uptake greater than background liver parenchyma).46

The multidisciplinary tumor board determination was 
required and utilized for all patients. Cancer Antigen 19-9 
(CA 19-9) values were noted as well. Nonrecurrence was 
defined as the absence of soft-tissue growth with a stable or 
decreased CA 19-9 level.47,48 One patient without soft-tissue 
growth and a positive CA 19-9 level was reviewed by the 
radiologist and an oncologist and deemed to have no local 
recurrence, with elevated CA 19-9 levels secondary to distant 
metastatic disease. The surgical bed findings in this patient 
demonstrated 96 days of stability on imaging.

The electronic medical record was reviewed for sur
gical histopathology from biopsy or re-resection, use of 
neoadjuvant therapy regimen, and CA 19-9 level, pre
operatively, closest to surgery, and postoperatively, clos
est to the PCCT date. A hematocrit level closest to the CT 
date was used to determine ECV, calculated as 

( )( ) * )hematocrit1 .lesion iodine concentration

aorta iodine concentration

Photon-Counting CT Imaging Technique
PCCT examinations were performed on a first-gen

eration dual-source PCCT (NAEOTOM Alpha, Siemens 
Healthineers, Forchheim, Germany) with 2 cadmium tel
luride photon-counting detector arrays and acquired in 
multienergy mode (QuantumPlus) with 120 kVp tube 
voltage, 144 × 0.4 mm collimation, automatic tube current 
modulation (CARE Dose4D), and Care keV IQ level 145. 
Assessment of surgical bed soft tissue was performed on 
images in the axial plane acquired during the pancreatic 
parenchymal and portal venous phases of contrast 
enhancement after 40 seconds or 70 seconds following the 
injection of intravenous contrast, respectively. 4 mm axial, 
3 mm coronal, and 3 mm sagittal images at 70 keV, 4 mm 
axial 55 keV pancreatic parenchymal phase, as well as 
0.8 mm axial SPP images allowing for retrospective spectral 
analysis were reconstructed and sent to PACS as well as an 
independent thin-client server (SyngoVia, VA50, Siemens 
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Healthineers, Forchheim, Germany). Pancreatic protocol 
CT was requested by the referrer in all cases, as many of 
these patients underwent vascular reconstructions.

Computed tomography dose index volume (CTDIvol), 
dose-length product (DLP), and size-specific dose estimate 
(SSDE) were recorded from PACS. Time elapsed between 
PCCT and surgery, as well as the most recent abdominal 
imaging, was recorded.

Photon-Counting CT Quantitative Spectral 
Analysis

PCCT examinations were deidentified and sent to the 
thin-client server for spectral analysis. Surgical bed soft tissue 
was identified through careful review of the native imaging in 
PACS by a fellowship-trained abdominal radiologist with 
8 years of post-fellowship experience. Two independent 
radiologists, including the abdominal radiologist and a third- 
year radiology resident, who were blinded to imaging inter
pretation, clinical parameters, outcome, and the other radi
ologist’s measurements, placed region-of-interest (ROI) 
measurements independently using the thin-client server on 
surgical bed soft tissue on 70 keV images. In separate ses
sions, each radiologist placed a freehand ROI as large as 
possible within the surgical bed soft tissue (minimum of 
20 HU), excluding normal pancreatic parenchyma, adjacent 
organs, surrounding fat, and neighboring vasculature. Iodine 
density was normalized to the aorta at the level of the celiac 
artery, excluding calcified and noncalcified abdominal aortic 
plaque. The ROI size, mean attenuation (HU), and standard 
deviation on both the contrast-enhanced and virtual non
contrast (VNC) images, lesion enhancement (HU) calculated 
as the difference between VNC and postcontrast attenuation, 
iodine density (mg/mL), normalized iodine density as a per
centage of aortic enhancement (%), and fat fraction (%) were 
recorded. Aorta iodine density at the level of the celiac artery 
was also recorded to calculate ECV, as described above. 
Results reported are the mean of the 2 readers.

Statistical Analysis
Continuous variables were summarized as median 

(IQR), and group comparisons were performed using the 
Mann-Whitney U test (nonparametric; small sample sizes). 
Categorical variables were compared with the Fisher exact 
test. Imaging data were analyzed separately for the pan
creatic and portal venous phases for each reader, and as a 
combined estimate. Inter-reader agreement was assessed by 
the intraclass correlation coefficient (two-way mixed, 
absolute agreement model). ROC curves were constructed 
using the DeLong method, and the Youden index was used 
to identify optimal thresholds. Statistical significance was 
set at P < 0.05. All analyses were performed in (R Studio 
version 4.2.2; Posit PBC, Boston, MA).

RESULTS

Patients
A PACS search for PCCT with pathology-proven 

PDAC within 6 months yielded 161 unique patients. One 
hundred thirty-nine patients were excluded as follows: 
preoperative study (n = 73), no surgery (n = 50), no follow- 
up imaging to ensure an appropriate diagnosis (n = 7), no 
PDAC (n = 5), and no SPP images to allow for retrospective 
spectral postprocessing (n = 4). This resulted in a final 
cohort of 22 patients [12 men and 10 women, mean ± SD 
age: 71 (8) y] (Table 1; Fig. 1).

17/22 patients (77%) underwent a Whipple procedure, 
and 5/22 (23%) had a distal pancreatectomy. The most 
common tumor stage among patients was T2 (11/22, 50%). 
Postoperative CA 19-9 levels were significantly lower in the 
nonrecurrent group (33.2 vs. 232.3 U/mL, P = 0.04). Local 
recurrence had growing soft tissue on serial imaging 
examinations that was pathology-proven (n = 4) or PET 
FDG-avid (n = 4). CA 19-9 values were available for 18 
(81.8%) of patients. One patient in the recurrent group 
underwent radiation therapy. Age, sex, tumor stage, neo- 
adjuvant or adjuvant therapy regimen, surgery type, pre
operative resectability (resectable, borderline, or locally 
advanced), preoperative CA 19-9 levels, and hematocrit did 
not differ between patients with and without local recur
rence (all P > 0.05) (Table 1).

Imaging
The median (IQR) time between PCCT and surgery 

was 143 (56 to 325) days and was significantly shorter in the 
nonrecurrence group, 57 (41) days, compared with 324 
(167) days in the recurrent group (P < 0.001) (Table 1). The 
median (IQR) days between PCCT and the most recent 
abdominal imaging were not significantly different between 
the groups, 486 (282 to 730) days in the benign fibrosis 
versus 319 (150 to 428) days in the recurrence group 
(P = 0.18). The median (IQR) CTDvol was 24.9 (16.6 to 
31.7) mGy, DLP was 573.2 (393.7 to 839.5) mGycm, and 
SSDE was 35.7 (25.0 to 42.9) mGy (Table 1).

Photon-Counting CT Pancreatic Parenchymal 
Phase Spectral Analysis

Pancreatic parenchymal phase imaging was available 
for 10 patients in the nonrecurrent group and 11 patients in 
the recurrence group.

The median (IQR) for nonrecurrence and recurrence 
for postcontrast attenuation was 32.3 (16.4 to 42.9 HU) 
and 57.0 (50.2 to 65.5 HU) [P = 0.001, ICC = 0.96 (95% 
CI: 0.90-0.98)]; lesional enhancement was 23.7 (10.2 to 
26.0 HU) and 40.0 (34.4 to 44.5 HU) (P = 0.001), 
respectively; iodine density was 0.62 (0.48 to 0.89 mg/mL) 
and 1.8 (1.5 to 2.0 mg/mL), respectively [P < 0.001, 
ICC = 0.96 (95% CI: 0.90-0.98)]; normalized iodine den
sity was 8.3(6.3% to 11.1%) and 34.3 (29.8% to 40.9%), 
respectively [P < 0.001, ICC = 0.96 (95% CI: 0.91-0.99)]; 
and ECV was 5.8 (4.4 to 6.9 mL) and 23.0 (18.0 to 
25.8 mL) (P < 0.001). There was no significant difference 
in the soft tissue fat fraction between the groups (P = 0.31) 
(Table 2; Figs. 2, 3). Inter-reader agreement was near- 
perfect with ICCs ranging from 0.86 to 0.96 (all P > 0.05, 
Table 2).

For differentiating nonrecurrence from recurrence, a 
minimum postcontrast attenuation of 45.7 HU had 100% 
sensitivity and 80% specificity (AUC = 0.92, 95% CI: 0.80- 
1.00); lesion enhancement of 31.9 HU had 81.8% sensitivity 
and 100% specificity [AUC = 0.98 (0.93-1.00)]; 14.0 mL ECV 
had 100% sensitivity and 100% specificity [AUC = 1.00 (1.00- 
1.00)]; a 1.27 mg/mL iodine density had 90.9% sensitivity and 
100% specificity [AUC = 0.99 (0.98-1.00)]; and 20.3% nor
malized iodine density had 100% sensitivity and 100% spe
cificity [AUC = 1.00 (1.00-1.00)] (Table 3; Figs. 2, 3).

Photon-Counting CT Spectral Portal Venous 
Phase Subanalysis

Portal venous phase imaging was available for 7 
patients without recurrence and for 5 patients with 
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recurrence, as SPP images were unavailable in PACS for the 
remaining patients.

The median (IQR) for nonrecurrence and recurrence 
for postcontrast attenuation was 42.2 (21.0 to 52.0 HU) and 
83.3 (74.9 to 86.4 HU), respectively [P = 0.009, ICC = 0.96 
(95% CI: 0.87-0.99)]; lesion enhancement was 27.6 (7.5 to 
34.1 HU) and 47.7 (38.7 to 50.1 HU), respectively 
(P = 0.02); iodine density was 0.95 (0.4 to 1.3 mg/mL) and 
1.8 (1.3 to 2.0 mg/mL), respectively [P = 0.03, ICC = 0.96 
(95% CI: 0.88-0.99)]; normalized iodine density was 17.5 
(12.7% to 28.0%) and 37.4 (33.6% to 44.2%), respectively 
[P = 0.006, ICC = 0.94 (95% CI: 0.82-0.98)]; and ECV was 
10.2 (7.2 to 17.5 mL) and 24.7 (22.0 to 28.0 mL), 

respectively (P = 0.009). There was no significant difference 
in fat fraction between the groups (P = 0.10) (Table 4).

For differentiating between nonrecurrence and recur
rence, a 19.4 mL ECV had 100% sensitivity and 85.7% 
specificity [AUC = 0.97 (0.89-1.00); a 1.10 mg/mL iodine 
density had 100% sensitivity and 71.4% specificity AUC = 
0.89 (0.69-1.00); and a 33.1% normalized iodine density 
had 100% sensitivity and 100% specificity AUC = 1.00 
(1.00-1.00)].

DISCUSSION
Surgical bed soft tissue on postsurgical CT can present 

a diagnostic challenge. In our study of 22 patients who 

TABLE 1. Patient Demographics

Characteristic Overall N = 22, n (%) Benign Fibrosis N = 10, n (%) Recurrence N = 12, n (%) P

Sex 0.70†

Male 12 (55) 6 (60) 6 (50)
Female 10 (45) 4 (40) 6 (50)

Age (y)* 70 (66-75) 69 (65-75) 70 (68-72) 0.70‡

CTDIvol (mGy)* 24.9 (16.6, 31.7) 30.1 (23.6, 35.4) 19.1 (14.0, 28.1) 0.56‡

DLP (mGy-cm)* 573.2 (393.7, 839.5) 693.6 (595.2, 1031.7) 395.5 (352.2, 622.5) 0.03‡

SSDE (mGy)* 35.7 (25.0, 42.9) 40.4 (34.9, 45.7) 26.8 (21.4, 42.2) 0.12‡

Time between PCCT and surgery (d)* 142.5 (56.3, 325.3) 56.5 (47.3, 128.3) 323.5 (159.3, 492.3) 0.001‡

Surgery 0.80†

Whipple 17 (77) 7 (70) 10 (83)
Distal pancreatectomy splenectomy 5 (23) 3 (30) 2 (17)

Resection status 0.011†

R0 15 (68) 10 (100) 5 (42)
R1 7 (32) 0 (0) 7 (58)

Classification of resectability 0.9†

Resectable 8 (36) 4 (40) 4 (33)
Borderline 11 (50) 5 (50) 6 (50)
Locally advanced 3 (14) 1 (10) 2 (17)

Stage 0.90†

T1N0M0 4 (18) 2 (20) 2 (17)
T2N0M0 5 (23) 2 (20) 3 (25)
T2N1M0 3 (13) 1 (10) 2 (17)
T2N2M0 3 (13) 2 (20) 1 (8)
T3N0M0 3 (13) 1 (10) 2 (17)
T3N1M0 2 (10) 1 (10) 1 (8)
T4N0M0 2 (10) 1 (10) 1 (8)

Neoadjuvant therapy 0.70†

FOLFOX 1 (5) 1 (10) 0
FOLFIRINOX 8 (36) 5 (50) 3 (25)
Modified FOLFIRINOX 2 (9) 0 2 (16)
Gemcitabine/Abraxane 3 (14) 1 (10) 2 (16)
None 8 (36) 3 (30) 5 (43)

Adjuvant therapy 0.2†

FOLFIRINOX 8 (35) 3 (30) 5 (43)
Modified FOLFIRINOX 3 (13) 3 (30) 0
Gemcitabine/Abraxane 5 (22) 2 (20) 3 (25)
Gemcitabine/Cisplatin 1 (5) 1 (10) 0
Gemcitabine 2 (10) 0 2 (16)
5-FU 1 (5) 0 1 (8)
FOLFIRI 1 (5) 0 1 (8)
None 1 (5) 1 (10) 0

CA 19-9 (U/mL)*
Preoperative level 116.0 (22.1, 217.8) 128.0 (51.7, 173.0) 48.3 (21.3, 820.4) 0.9‡

Postoperative level 90.8 (33.0, 428.6) 33.2 (17.2, 54.1) 232.3 (93.9, 522.8) 0.04‡

Hematocrit 32.8 (30.4, 36.8) 34.1 (32.8, 37.6) 31.6 (29.6, 35.0) 0.2†

Statistically significant comparisons are listed in boldface.
*Reported as median (IQR).
†Fisher exact test. 
‡Wilcoxon rank sum test
CTDIvol indicates volume computed tomography dose index; DLP, dose length product; FOLFIRINOX, Leucovorin calcium (folinic acid), fluorouracil, 

irinotecan hydrochloride, and oxaliplatin; FOLFOX, Folinic acid, fluorouracil, and oxaliplatin; SSDE, size-specific dose estimate.
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underwent PCCT after PDAC resection, ECV and iodine 
density analysis had perfect diagnostic performance for 
differentiating local recurrence from post-surgical fibrosis 
(100% sensitivity and specificity). Thresholds of 14.0 mL for 
ECV, 1.27 mg/mL for iodine density, and 20.3% for nor
malized iodine density at pancreatic parenchymal phase 
PCCT differentiated benign postsurgical change from 
locally recurrent neoplasm, which can be difficult to 

distinguish based on conventional imaging appearance. 
This distinction can have critical implications for treatment 
planning and prognosis.

PCCT iodine density analysis in our study out
performed typical post-contrast HU measurements and 
enhancement in differentiating recurrence from postsurgical 
fibrosis. Both postcontrast HU and enhancement were 
significantly higher in recurrent compared with non
recurrent soft tissue (P ≤ 0.001). These had lower sensitivity 
and specificities (100% and 80%, 81.8% and 100%, respec
tively) relative to iodine density (90.9% and 100%), nor
malized iodine density, and ECV (both 100% sensitivity and 
specificity). Our study is consistent with DECT literature 
reporting that iodine density can distinguish postoperative 
recurrence from fibrosis.23 In addition, prior PCCT studies 
have shown that increased iodine concentration can be seen 
with malignant lesions and is superior to HU contrast 
enhancement.37,40 Alagic et al37 demonstrated that PCCT 
iodine density and normalized iodine density are increased 
in PDAC local recurrence relative to postoperative fibrosis, 
which is concordant with our results. Comparatively, our 
pancreatic parenchymal phase iodine density and normal
ized iodine density thresholds demonstrated improved 
sensitivity and specificity compared with their model, which 
showed 94% sensitivity and 84% specificity.37 In addition, 
that study did not investigate postcontrast attenuation or 
ECV, both of which, in our study, were significantly ele
vated in recurrent tissue, with ECV showing perfect diag
nostic performance. It is valuable that postcontrast 
attenuation and lesion enhancement were significantly 
higher in recurrence compared with fibrosis, as many 
radiologists interpret monoenergetic exams without lever
aging spectral analysis. Although iodine density and nor
malized iodine density were superior and may be used for 

TABLE 2. Quantitative Analysis Comparing Benign Fibrosis and Recurrence on Pancreatic Parenchymal Phase Imaging Through Mann- 
Whitney U Test Reported as Median (IQR)

Characteristic Benign Fibrosis N = 10 Recurrence N = 11 P Median ICC (95% CI)

VNC (HU) 21.8 (−3.6 to 26.6) 17.9 (12.5-25.0) > 0.99 0.90 (0.77-0.96)
Reader 1 20.6 (−2.1 to 25.6) 18.10 (13.5-27.6)
Reader 2 21.6 (−0.3 to 30.1) 17.1 (9.6-22.1)

Postcontrast attenuation (HU) 32.3 (16.4-42.9) 57.0 (50.2-65.6) 0.001 0.96 (0.90-0.98)
Reader 1 0.4 (0.3-1.0) 0.3 (0.3-0.5)
Reader 2 33.0 (16.3-44.5) 52.0 (47.6-65.8)

Lesion enhancement (HU) 23.7 (10.20-26.0) 39.7 (34.4-44.5) < 0.001
Reader 1 23.2 (11.8-27.6) 39.4 (34.9-46.0)
Reader 2 21.0 (8.7-28.8) 37.8 (33.8-43.9)

ROI area (cm2) 0.4 (0.3-0.7) 0.4 (0.2-0.5) 0.75 0.83 (0.62-0.93)
Reader 1 0.4 (0.3-1.0) 0.3 (0.3-0.5)
Reader 2 0.3 (0.2-0.6) 0.4 (0.2-0.6)

Fat fraction 20.3 (16.1-35.9) 28.7 (21.1-34.8) 0.31
Reader 1 20.6 (15.4-35.1) 29.2 (19.5-33.3)
Reader 2 19.9 (16.6-34.5) 30.0 (23.5-34.3)

Extracellular volume (mL) 5.8 (4.4-6.9) 23.0 (18.0-25.8) < 0.001
Reader 1 5.9 (4.1-7.1) 23.0 (16.8-25.7)
Reader 2 5.4 (4.2-7.4) 23.0 (17.8-25.2)

Iodine density (mg/mL) 0.6 (0.5-0.9) 1.8 (1.5-2.0) < 0.001 0.96 (0.90-0.98)
Reader 1 0.6 (0.5-0.8) 1.8 (1.5-2.2)
Reader 2 0.7 (0.5-0.9) 1.7 (1.5-2.0)

Normalized iodine density 8.3 (6.3-11.1) 34.25 (29.8-40.9) < 0.001 0.96 (0.91-0.99)
Reader 1 8.5 (5.8-10.9) 34.3 (29.7-39.5)
Reader 2 8.9 (6.3-10.9) 36.1 (30.9-42.3)

Statistically significant comparisons are listed in boldface.
Collective and individual data are reported in the initial row for each listed characteristic.

FIGURE 1. Patient demographics.
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challenging interpretations, it is reassuring that HU alone 
can distinguish local recurrence from fibrosis on PCCT. 
Importantly, iodine analysis and ECV are independent of 
the virtual monoenergetic level utilized for routine inter
pretation, whereas HU will vary.49 As most readers rou
tinely view virtual monoenergetic reconstructions in clinical 
practice, a robust quantitative parameter unaffected by 
energy level is imperative.49

In our PCCT study, ECV was significantly higher in 
recurrent lesions than in nonrecurrent lesions (P < 0.001), 
with perfect sensitivity and specificity. In DECT, ECV has 
been shown to be elevated in pancreatic cancer,30 and ele
vated PDAC ECV correlates with improved overall and 
progression-free survival.31,32,50 Malignancies manipulate 
the tumor microenvironment and often expand the extrac
ellular matrix through fibrosis and stromal activation, 

which increases ECV.51,52 As fibrosis is a key feature of 
PDAC, we hypothesized that ECV expansion associated 
with fibrosis was greater in recurrent lesions than in post
surgical fibrosis. Hematocrit levels are key to the ECV 
calculation, and in our study, we used the lab value closest 
to the exam date, even if many were not from the same day. 
It is reassuring and consistent with the current literature 
that recent, but not necessarily same-day, hematocrit levels 
can be used to calculate ECV.35 Given that both ECV and 
normalized iodine density thresholds had perfect sensitivity 
and specificity, we recommend using normalized iodine 
density over ECV for patients with significant hematocrit 
abnormalities, as normalized iodine density is independent 
of hematocrit. Overall, our data are consistent with the 
current literature indicating that ECV is elevated in PDAC, 
but to our knowledge, no studies have evaluated the 

FIGURE 2. A 69-year-old man after Whipple for PDAC (441 d postoperative) with a soft tissue nodule (arrows) in the surgical bed on 
axial pancreatic phase (A) and portal venous phase PCCT (B). Iodine map in the pancreatic phase demonstrates iodine density 1.55 mg/ 
mL, 28.0% normalized to aortic enhancement, 25.2% fat fraction, and ECV 19.3 mL (C). Follow-up portal-venous-phase abdominal CT 
(613 d postoperative) demonstrates a marked increase in nodule size (D). Imaging findings are consistent with local recurrence. Iodine 
analysis and ECV values are above our reported thresholds. The multidisciplinary pancreas tumor board agreed with the interpretation.
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relationship between ECV and PDAC on PCCT or, more 
specifically, whether it can be used to distinguish locally 
recurrent PDAC from benign postsurgical fibrosis.

The final PCCT spectral parameter assessed was fat 
fraction. While it was hypothesized that postsurgical fib
rosis would have more interspersed fat than recurrent 

neoplasm and consequently a different fat fraction, our 
study found no significant difference in fat fraction. At 
baseline, the pancreas contains a relatively high fat content 
compared with other solid organs, which can be replaced in 
both oncologic and fibrotic processes.30 Our findings are 
concordant with prior literature that on PCCT, fat fraction 

FIGURE 3. A 53-year-old woman after Whipple for PDAC (120 d postoperative) with retroperitoneal soft tissue (arrows) on pancreatic 
parenchymal phase PCCT (A). Iodine concentration 1.1 mg/mL on iodine map (B), 11.9% normalized to aortic enhancement, 19.5% 
fat fraction, and 7.8 mL ECV. FDG-18 PET CT (144 d postoperative) demonstrates no lesion uptake (circle) (C). Surveillance CT (400 d 
postoperative) demonstrates unchanged soft tissue (D). Findings are consistent with benign, postoperative fibrosis and no local 
recurrence. Iodine analysis and ECV values are below our reported threshold. The multidisciplinary tumor board agreed with the 
interpretation.

TABLE 3. ROC Analysis of Postcontrast Attenuation, Enhancement, Fat Fraction, Extracellular Volume, Iodine Density, and Normalized 
Iodine Density to Differentiate Benign Fibrosis From Recurrence on Pancreatic Parenchymal Phase Imaging

Characteristic Optimal Threshold, (%) Sensitivity, (%) Specificity, (%) Area under ROC Curve (95% CI)

Postcontrast attenuation 45.8 HU 100 80 0.92 (0.80-1.00)
Lesion enhancement 31.9 HU 81.8 100 0.98 (0.93-1.00)
Fat fraction 20.0 % 90.9 50 0.64 (0.36-0.91)
ECV 14.0 mL 100 100 1.00 (1.00-1.00)
Iodine density 1.27 mg/mL 90.9 100 0.99 (0.98-1.00)
Normalized iodine density 20.3 % 100 100 1.00 (1.00-1.00)
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cannot definitively differentiate locally recurrent PDAC 
from postsurgical change.37

One patient demonstrated difficult-to-interpret find
ings on pancreatic parenchymal phase imaging, with an 
iodine density of 1.15 mg/mL, which was below the 
1.27 mg/mL threshold. However, their normalized iodine 
density (34.3%) and ECV (24.0 mL) were appropriately 
above the thresholds (20.3% and 14.0 mL), as was the mean 
post-contrast enhancement (54.0 HU). This lesion enlarged 
on subsequent imaging and was deemed a local recurrence 
based on tumor board consensus and rising CA 19-9 levels. 
Reassuringly, this lesion could have been appropriately 
diagnosed using conventional post-contrast attenuation at 
70 keV, ECV, or normalized iodine density.

In our subanalysis of portal venous phase imaging, which 
is typically performed in the surveillance of patients who 
underwent surgery for PDAC, postcontrast attenuation at 
70 keV, iodine density, normalized iodine density, and ECV 
were all significantly higher in the recurrent group; however, 
these parameters had decreased sensitivities and specificities 
relative to their corresponding thresholds calculated from the 
pancreatic parenchymal phase. To reduce image acquisition 
time in PACS, fewer patients had available SPP portal venous- 
phase images than pancreatic parenchymal-phase images, 
thereby reducing our sample size and likely affecting diagnostic 
performance. After surgery, the portal venous phase is typically 
the only imaging phase obtained to assess for recurrence; 
however, pancreatic parenchymal phase images were obtained 
in our study at the referrer's request in the setting of vascular 
reconstructions. Although our sample size for portal venous 
imaging was small, our findings were generally similar to those 
from pancreatic parenchymal phase imaging.

Limitations of our study include that this is a single- 
center, retrospective study by a single vendor PCCT with 

a small sample size; however, there was only 1 
clinically available PCCT at the time of this study. 
Selection bias due to the large number of excluded 
patients is inevitable, and larger future studies are needed. 
In addition, not all lesions had surgical pathology con
firming whether the postoperative soft tissue was benign 
fibrosis or recurrence; however, this reflects clinical 
practice, in which these patients often do not undergo 
tissue sampling. We ensured substantial imaging follow- 
up, particularly for nonrecurrent patients [median (IQR) 
486 (282 to 730 d)], and that all patients had a multi
disciplinary tumor board discussion to serve as a reference 
standard. In our recurrent group, significantly more 
patients had R1 resection status, which may also have 
contributed to the increased risk of recurrence compared 
with the nonrecurrent group. In addition, while it is rec
ommended that hematocrit be measured within 1 week of 
CT to accurately determine ECV, in our study, it was 
often measured later. However, ECV remained a valuable 
tool in our study.

In conclusion, PCCT pancreatic parenchymal phase 
ECV and iodine density analyses are highly sensitive and 
specific for differentiating benign fibrosis from recurrent 
tumor in the PDAC surgical bed. This powerful tool has the 
potential to help radiologists in their diagnosis and 
appropriately guide the oncologic team in their decision- 
making.
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