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Abstract 
This study aims to evaluate the utility of calculated computed tomography (CT) attenuation value ratio (AVR) and enhancement 
pattern in distinguishing pancreatic solid serous cystadenomas (SCAs) from nonfunctional pancreatic neuroendocrine tumors 
(NF-pNETs). A total of 142 consecutive patients with 22 solid SCAs and 120 NF-pNETs confirmed by pathology were included 
in this retrospective study. All patients underwent preoperative contrast-enhanced CT and were categorized into 2 groups, solid 
SCA and NF-pNET groups. Patients with NF-pNETs were matched to patients with solid SCAs via propensity scores. AVR was 
measured and defined as: attenuation value of tumor/attenuation value of normal pancreas. AVR and enhancement pattern 
performance were assessed according to the discriminative abilities of patients. After matching, 29 patients were allocated to 
the NF-pNET group. Before matching, sex, age, and the peak enhanced value phase were significantly different between solid 
SCA and NF-pNET patients (P < .05). After matching, no significant difference was observed between both groups (P > .05). 
Solid SCAs AVRs were significantly smaller than NF-pNETs AVRs in all unenhanced, arterial, portal venous, and delayed phases 
(P < .05). Solid SCAs showed significantly more wash-in and wash-out enhancement patterns than NF-pNETs (P < .05). For 
unenhanced, arterial, portal venous, and delayed phases, and enhancement pattern, the area under the curve (AUC) values were 
0.96, 0.72, 0.80, 0.85, and 0.86, respectively. Low AVR on unenhanced CT and wash-in and wash-out enhancement patterns 
were useful for differentiating solid SCAs from NF-pNETs and may be useful for clinical decisions, a clearer opinion will be formed 
with further studies to be conducted with larger patient numbers.
Abbreviations: AUC = area under the curve, AVR = attenuation value ratio, CI = confidence interval, CT = computed tomography, 
MRI = magnetic resonance imaging, NF-pNETs = nonfunctional pancreatic neuroendocrine tumors, PSM = propensity score 
matching, ROI = regions of interest, SCAs = serous cystadenomas, WHO = World Health Organization.
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1. Introduction

The incidental detection of cystic and solid pancreatic lesions 
has increased with the widespread and frequent use of 
cross-sectional imaging. Solid serous cystadenomas (SCAs) 
are significantly often misdiagnosed as nonfunctioning pan-
creatic neuroendocrine tumors (NF-pNETs) and then treated 
using unnecessary surgical resection.[1,2] Pancreas solid SCAs 
and NF-pNETs are significantly different in terms of tumor 
aggressiveness, treatment, and prognosis. Therefore, a distinc-
tion between these 2 is essential. Solid SCAs are benign, but 

NF-pNETs are potentially malignant, with a 5-year survival 
rate of 51.3%.[3] Moreover, the treatment for these tumors is 
different. Solid SCAs should be followed up for 1 year and 
require no follow-up if asymptomatic, and surgery is recom-
mended only in patients with symptoms related to adjacent 
organ compression.[4,5] However, NF-pNETs need extended 
resection in combination with other treatments, such as adju-
vant chemotherapy or radiotherapy, to be treated.[6] Therefore, 
a preoperative differentiation method between solid SCAs and 
NF-pNETs is urgently needed as proper differentiation can 
have a crucial bearing on outcomes.
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Endoscopic ultrasonography-guided fine-needle aspiration is 
considered sensitive for pathological confirmation from tumor 
biopsy samples. However, endoscopic ultrasonography-guided 
fine-needle aspiration is invasive, expensive, and time-consum-
ing, with a rather significant risk of complications.[7,8] Magnetic 
resonance imaging (MRI) is increasingly being used for identi-
fying and characterizing pancreatic cystic neoplasms.[5] Studies 
have reported using MRI with clear characteristics for evaluat-
ing suspected solid SCAs, but solid SCAs were often significantly 
misdiagnosed as NF-pNETs by computed tomography (CT).[9–

11] However, the research on differentiation of solid SCAs from 
NF-pNETs by CT is still limited. In this study, we have focused 
on multidetector CT, because there are still many patients with 
solid SCAs that are misdiagnosed as NF-pNETs by CT, lacking 
MRI or EUS examination.

In clinical research, the gold standard level of evidence is ran-
domized controlled trials, and the availability of nonrandom-
ized retrospective data is growing. However, a primary concern 
related to analyzing such data is the comparability of exposure 
groups with respect to confounding variables. Propensity score 
matching (PSM) aims to equate exposure groups with respect 
to measured baseline covariates to perform comparisons with 
reduced selection bias.[12,13] In addition, CT attenuation value 
is related to patient respiration, tube voltage, and CT scanners, 
among others.[14,15] To increase the accuracy of the measure-
ments, we used the CT attenuation value ratio (AVR) of the 
tumor to normal pancreas. Using PSM, this retrospective study 
aimed to evaluate the diagnostic performance of the CT AVR 
and enhancement pattern for differentiating solid SCAs from 
NF-pNETs.

2. Methods
This retrospective cross-sectional study was reviewed and 
approved by the Biomedical Research Ethics Committee of our 
institution, and the requirement for patient consent was waived 
due to the retrospective nature of this study.

2.1. Patients

The patient selection process is shown in Figure 1. We screened 
the institutional database for the medical records of patients 
with histologically confirmed solid SCAs and NF-pNETs who 
underwent curative surgical resection from May 2011 to 
September 2019. Exclusion criteria were as follows: patients 
not evaluated by contrast-enhanced CT within 1 week preop-
eratively (n = 8), pancreatic lesions that could not be visualized 
in CT images (n = 1), other tumors in the pancreas (n = 2), and 
NF-pNETs patients had cystic degeneration (n = 21), because 
cystic degeneration definitely affects the CT attenuation value. 
Consequently, 142 consecutive patients – 22 with solid SCAs 
and 120 with NF-pNETs – were included in this cross-sectional 
study.

2.2. CT protocol

CT imaging was performed using 320-slice or 256-slice mul-
tidetector-row helical CT scanners (Aquilion ONE, Canon 
Medical Systems, Tokyo, Japan, and Brilliance iCT, Philips 
Healthcare, Cleveland, Ohio, respectively), with an unenhanced 
scan, followed by triple-phase abdomen contrast-enhanced 

Figure 1. Flow diagram showing patient selection criteria.
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scans. Tube voltage was 120 kV, tube current was 250 mA, and 
the rotation period was 0.5 seconds. Initially, a nonenhanced 
CT scan was performed, followed by a dynamic contrast-en-
hanced CT scan. The scan delay time was determined by the 
test bolus. Test bolus is a new method that can achieve bet-
ter effect in abdominal examination. The optimal scan delay 
time was measured with a 15 to 20 mL of contrast agent. The 
test was performed in the abdominal aorta at the hilar level. 
According to the weight and age of the patients, the final 
scanning time was set as 3 to 5 seconds after the peak time 
obtained from the test, which was the time for data collec-
tion. The contrast agent (90–95 mL of 370 mgI/mL iopromide; 
Ultravist 370, Bayer Schering Pharma, Berlin, Germany) was 
injected at a rate of 4 to 5 mL/s with a power injector (Medrad 
Mark V plus, Bayer, Leverkusen, Germany) via the forearm 
vein, followed by 20 mL of normal saline for flushing. Images 
were obtained during arterial, portal venous, and delayed 
phases at 20 to 25 seconds, 60 to 70 seconds, and 110 to 130 
seconds, respectively, after contrast medium injection. Slice 
thickness/scan and reconstruction intervals were 0.8/1.0 and 
1.0/1.0 mm, respectively.

2.3. CT imaging analysis

Two abdominal radiologists with 10 years of experience retro-
spectively reviewed all CT images independently. These radiolo-
gists were blinded to patient clinical details and histopathological 
findings. In cases of discordance between both reviewers, a final 
decision was reached by consensus. The following CT imaging 
features were evaluated: tumor location, including the head, 
body, and tail of the pancreas; tumor size, which was defined as 
the maximal tumor diameter in an arterial phase cross-section; 
shape, that is, whether it is round or lobulated; main pancre-
atic duct dilation (>3 mm); tumor calcification; CT AVR, which 
is obtained using the density measured by placing regions of 
interest (ROI) on the tumor and the normal pancreas in every 
phase, followed by calculating tumor density divided by normal 
pancreas density; this parameter was measured by a radiologist. 
ROIs were placed both above the tumors and in the unaffected 
segments of the normal pancreas. The largest possible spher-
ical ROI was used, excluding the pancreatic duct and partial 
volume averaging from extrapancreatic structures, as shown in 
Figure 2. The ROI attenuation value was measured 3 times and 
subsequently averaged; the peak enhanced value phase, which 
was defined as the largest tumor CT attenuation value in the 
enhanced phase; and enhancement pattern, that is, whether it 
is wash-in and wash-out, or persistent, or gradual. The wash-in 
and wash-out enhancement pattern was defined as the CT atten-
uation value of the tumor being stronger than that of the nor-
mal pancreas only in the arterial phase but equal to or smaller 
than that of the normal pancreas in portal venous and delayed 
phases. The persistent enhancement pattern was defined as the 
tumor CT attenuation value being stronger than the normal 
pancreas CT attenuation value in every enhanced phase. The 
gradual enhancement pattern was defined as the CT attenuation 
value of the tumor being less than that of the normal pancreas in 
the arterial phase but stronger than that of the normal pancreas 
in portal venous and delayed phases.

2.4. Clinical and pathologic data

Clinical data, including patient age, sex, and body mass index, 
were collected from medical records. The pathological diagnos-
tic criteria for solid SCAs and NF-pNETs were based on the 
2019 World Health Organization classification. The solid SCAs 
were composed of small back-to-back acini with no or minute 
central lumina and cytological features on histopathology and 
cells arranged in nests, sheets, and trabeculae separated by thick 
fibrous bands.[16]

2.5. Statistical analysis

Normal distribution and variance homogeneity tests were 
performed on all continuous variables. Continuous vari-
ables with a normal distribution was expressed as the mean 
values ± standard deviation or as medians and interquar-
tile ranges. To create a matched cohort of patients with 
NF-pNETs, a propensity score (logit model) was calculated 
for each patient based on the aforementioned baseline clini-
cal variables, including age, sex, body mass index, tumor size, 
tumor location, shape, calcification, main pancreatic duct 
dilation, and peak enhancement. Matching was performed 
using a 1:2 matching protocol to select matched patients with 
NF-pNET without replacement (greedy-matching algorithm), 
with a caliper width of 0.2 of the standard deviation of the 
propensity score logit. We compared unmatched and matched 
variables between solid SCA and NF-pNET groups using the 
chi-square test, and Student t test or Kruskal–Wallis test. 
Moreover, Student t test or Kruskal–Wallis test was used to 
compare AVR. The diagnostic value of CT AVR of all lesions 
in every phase and the enhancement patterns for differentiat-
ing between solid SCAs and NF-pNETs were evaluated using 
a receiver operating characteristic analysis. The area under 
the curve (AUC) was also calculated.

A 2-tailed P value <.05 was considered statistically signif-
icant. Statistical analyses were performed with SPSS software 
version 25.0 (IBM Co., Armonk, NY, USA).

3. Results

3.1. Clinical and CT imaging features before and after 
matching

Clinical and CT imaging features of patients with solid SCAs 
and controlled NF-pNETs before and after PSM are shown in 
Table  1. Propensity score distributions in groups before and 
after matching are shown in Figure 3. In this study, a total of 
22 patients with solid SCAs and 120 patients with NF-pNETs 
were included before matching. After matching, 29 pairs of 
patients were allocated to solid SCA and NF-pNET groups. 
Before matching, sex, age, calcification, and peak enhanced 
value phase were significantly different between solid SCA and 
NF-pNET groups (P < .05). After matching, no significant dif-
ferences were found between solid SCA and NF-pNET groups 
(P > .05).

Figure 2. Graph showing the CT attenuation value measured by placing ROI 
on the tumor (black circle) and the normal pancreas (white circle). CT = com-
puted tomography, ROI = regions of interest.
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3.2. AVR and enhancement patterns

Solid SCA AVRs were significantly smaller than NF-pNETs 
AVRs in all unenhanced, arterial, portal venous, and delayed 
phases (P < .05). Solid SCAs and NF-pNETs AVRs in unen-
hanced and contrast-enhanced images are shown in Figure 4. 
None showed a gradual enhancement pattern. Solid SCAs 
showed wash-in and wash-out enhancement patterns signifi-
cantly more often than NF-pNETs (P < .05) (Table 2, Figs. 5 
and 6).

3.3. AVR and enhancement patterns performance

The receiver operating characteristic data curve is shown in 
Figure 7. AVRs in the unenhanced phase and enhancement pat-
terns showed better performance than AVRs in other phases 
(Table  3). AUC values of the unenhanced, arterial, portal 
venous, and delayed phases and enhancement pattern were 0.96 
(95% confidence interval [CI], 0.92–1.00), 0.72 (95% CI, 0.58–
0.87), 0.80 (95% CI, 0.68–0.92), 0.85 (95% CI, 0.75–0.97), 
and 0.86 (95% CI, 0.76–0.98), respectively. The best cutoff 

Table 1

Clinical and CT imaging features of patients with solid serous cystadenomas and nonfunctional pancreatic neuroendocrine tumor 
before and after propensity score analysis.

Characteristics 

Before match After match

Solid SCAs
(n = 22) 

NF-pNETs
(n = 120) P value 

Solid SCAs
(n = 22) 

NF-pNETs
(n = 29) P value 

Sex, n (%)   .007   .296
  Male 6 (27.27) 70 (58.33)  6 (27.27) 12 (41.38)  
  Female 16 (72.73) 50 (41.67)  16 (72.73) 17 (58.62)  
Age (yr, mean ± SD) 59.73 ± 11.64 54.16 ± 12.07 .029 59.73 ± 11.64 58.38 ± 9.04 .397
BMI (kg/m2, mean ± SD) 23.74 ± 2.50 22.72 ± 2.54 .063 23.74 ± 2.50 22.87 ± 2.16 .128
Size (mm, median, interquartile range) 26.50 ± 10.35 34.75 ± 24.09 .290 26.50 ± 10.35 30.38 ± 26.52 .336
Location, n (%)   .349   .657
  Head 10 (45.45) 42 (35.00)  10 (45.45) 15 (51.72)  
  Body and tail 12 (54.55) 78 (65.00)  12 (54.55) 14 (48.28)  
Shape, n (%)   .205   .861
  Round 17 (77.27) 105 (87.50)  17 (77.27) 23 (79.31)  
  Lobulated 5 (22.73) 15 (12.50)  5 (22.73) 6 (20.69)  
Calcification, n (%)   .037   .398
  No 16 (72.73) 107 (89.17)  16 (72.73) 25 (86.21)  
  Yes 6 (27.27) 13 (10.83)  6 (27.27) 4 (13.79)  
MPD, n (%)   .690   .938
  Normal 20 (90.91) 102 (85.00)  20 (90.91) 25 (86.21)  
  Dilation 2 (9.09) 18 (15.00)  2 (9.09) 4 (13.79)  
Phase of peak enhanced value n (%)   .003   1.000
  Arterial phase 18 (81.82) 55 (45.83)  18 (81.82) 22 (75.86)  
  Portal venous phase 4 (18.18) 39 (32.50)  4 (18.18) 6 (20.69)  
  Delayed phase 0 26 (21.67)  0 1 (3.45)  

BMI = body mass index, CT = computed tomography, MPD = main pancreatic duct, NF-pNETs = nonfunctional pancreatic neuroendocrine tumors, SCAs = serous cystadenomas.

Figure 3. Baseline evaluation following propensity score matching. (A) Line plot of standardized differences before and after matching. (B) Dotplot of the distri-
bution of propensity scores in matched and unmatched groups. The graph was produced using routines from the MatchIt package. PSM = propensity score 
matching.
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points based on maximizing sensitivity and specificity sums 
were 0.77 (sensitivity: 90.91%; specificity: 86.24%; and accu-
racy: 0.88) in the unenhanced phase, 1.08 (sensitivity: 63.64%; 
specificity: 75.86%; and accuracy: 0.71) in the arterial phase, 
0.99 (sensitivity: 72.73%; specificity: 82.76%; and accuracy: 
0.78) in the portal venous phase, and 0.95 (sensitivity: 72.73%; 
specificity: 93.10%; and accuracy: 0.84) in the delayed phase. 
Enhancement pattern sensitivity, specificity and accuracy were 
96.55%, 77.27% and 0.88%, respectively.

4. Discussion
Solid SCAs AVRs were significantly smaller than NF-pNETs 
AVRs in all unenhanced, arterial, portal venous, and delayed 
phases (P < .05). Solid SCAs showed wash-in and wash-out 
enhancement patterns significantly more often than NF-pNETs 
(P < .05). AVR in the unenhanced phase (AUC = 0.96) 
and enhancement pattern (AUC = 0.96) all showed good 
performance.

On unenhanced CT, solid SCAs appear as a solid mass with 
slight low density. Such tumors are called solid SCAs because 
mass density is approximated as solid density, preventing the 
tumor minute cystic component from being viewed. Similar to 
our study, other studies have reported that solid SCAs have lower 
attenuation values than NF-pNETs on unenhanced CT.[11,17] We 
found that solid SCAs had the best AUC values in the unen-
hanced phase compared to the other three contrast-enhanced 
phases. This may be due to the higher water content in solid 
SCAs than in NF-pNETs because numerous microcapsules pres-
ent inside the mass, acting in a manner similar to a “water-ab-
sorbing sponge,” rendering these tumors seemingly solid but rich 
in water, whereas NF-pNETs are absolute solid masses. Previous 
studies reported that solid SCAs showed a markedly high signal 
intensity on T2-weighted images and a nonrestrictive pattern on 
the apparent diffusion coefficient map,[9–11] also explaining the 
high-water content of solid SCAs.

Due to tight cell packing and the collagen fiber composition 
observed in solid SCAs and their fibrous septa, which contain 
abundant capillaries, SCAs are apparently hypervascular and 
show obvious enhancement on contrast-enhanced CT. This 
pattern can be easily misdiagnosed as NF-pNET.[1,2] Similar 
to our study, previous studies have reported that solid SCAs 
show wash-in and wash-out enhancements.[10,17,18] However, 
NF-pNETs in our study showed a persistent enhancement pat-
tern. The enhancement degree is dependent on the number of 
capillaries in the tumor stroma. We speculate that the reasons 
behind this persistent enhancement pattern were rich tumor 
stroma and capillaries located in the NF-pNETs. Even though 
rich tumor stroma and capillaries were observed in solid SCA col-
lagen fibers, they were fewer than those observed in NF-pNETs 
and only showed significant enhancement in the arterial phase, 
also possibly explaining why a significant number of solid SCAs 
had a peak enhanced value in the arterial phase. However, in this 
study, NF-pNET peak enhanced values in our study were simi-
lar to solid SCA enhanced values after matching, rendering the 
comparison between the 2 enhancement patterns more convinc-
ing. Thus, the solid SCA enhancement degree was lower than the 
normal pancreas enhancement degree in the portal venous and 

Figure 4. Graph showing the mean attenuation value ratio of solid serous cystadenomas and nonfunctional pancreatic neuroendocrine tumors.

Table 2

CT attenuation value ratio and enhancement pattern in 
solid serous cystadenomas and nonfunctional pancreatic 
neuroendocrine tumors.

 Solid SCAs (n = 22) NF-pNETs (n = 29) P value 

CT attenuation value ratio    
  Unenhanced phase 0.59 ± 0.12 0.92 ± 0.13 <.001
  Arterial phase 1.10 ± 0.42 1.49 ± 0.60 .007
  Portal venous phase 0.90 ± 0.25 1.23 ± 0.31 <.001
  Delayed phase 0.90 ± 0.23 1.22 ± 0.22 <.001
Enhancement pattern, 

n (%)
  <.001

  Wash-in and wash-out 17 (72.27) 1 (3.45)  
  Persistent 5 (22.73) 28 (96.55)  

CT = computed tomography, NF-pNETs = nonfunctional pancreatic neuroendocrine tumors, SCAs 
= serous cystadenomas.
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delayed phases, and this was an important CT imaging feature 
for differentiating NF-pNETs from solid SCAs.

Currently, only 3 original research papers have reported 
the differential diagnosis of solid SCAs and pNETs by imag-
ing.[9,11,17] However, these studies had a small number of 
patients analyzed by CT. In this study, considering the fact that 
observational studies on the relationship between AVR and 
enhancement patterns can be confounded by numerous base-
line clinical and CT characteristics, our study sought to address 
covariate imbalance using PSM, which reduced the imbalance 
to draw more suitable conclusions. PSM may be more appeal-
ing than conventionally including confounders in a regression 
model because it enables a more intuitive exposure effect anal-
ysis between 2 comparable groups. After PSM, AUC values of 
the unenhanced, arterial, portal venous, and delayed phases 
and enhancement pattern were 0.96, 0.72, 0.80, 0.85, and 
0.86, respectively. In this study, we have included several major 
clinical and CT imaging factors by PSM that affect the treat-
ment outcome. Other factors such as laboratory indicators, 

patient condition, and surgeons experience, which may affect 
the treatment outcome were not included and hidden bias may 
actually exist. Therefore, more factors will be included for 
PSM in the future study.

There are several limitations to this study. First, this was 
a retrospective study. Second, because we exclude all cys-
tic NF-pNETs and included only surgically resected solid 
NF-pNETs in our study, the study population cannot reflect all 
tumors. Third, patients with solid SCAs were evaluated using 
only CT and not MRI. We will evaluate solid SCA MRI fea-
tures in a future study. Fourth, we did not evaluate the hem-
orrhage in the tumor. On one hand, SCAs with hemorrhage 
is very rare and CT is less sensitive to hemorrhage than MRI, 
unless there is massive hemorrhage in the tumor. On the other 
hand, some patients with NF-pNETs and solid SCAs in our 
study underwent laparoscopic surgery. The tumor specimen 
was fragmented, and cystic fluid was lost. The pathologist was 
unable to accurately diagnose hemorrhage. Finally, the findings 
obtained from the small population may not represent all solid 

Figure 6. Nonfunctional pancreatic neuroendocrine tumor in a 53-year-old male patient with abdominal pain. (A) Microscopic examination shows a well-differ-
entiated neuroendocrine tumor with highly vascular areas (hematoxylin & eosin, 200×). (B) Unenhanced CT image demonstrating a slightly low-density mass in 
the pancreas head. (C~E) Arterial, portal venous, and delayed phases of contrast-enhanced computed tomography images showing persistent enhancement 
patterns. CT = computed tomography.

Figure 5. Pancreas solid serous cystadenoma in a 70-year-old female patient with abdominal pain. (A) Microscopic examination showed a tumor condensed 
area with thick fibrous bands and multiple microcysts lined by flat to cuboidal epithelial cells (hematoxylin & eosin, 200×). (B) Unenhanced CT image demon-
strating a low-density mass in pancreas head. (C~E) Arterial, portal venous, and delayed phases of contrast-enhanced computed tomography images showing 
wash-in and wash-out enhancement patterns. CT = computed tomography.
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SCA imaging features; accordingly, we will continue to investi-
gate more patients.

5. Conclusions
In conclusion, a low AVR on unenhanced CT and wash-in and 
wash-out enhancement patterns were useful for differentiating 
solid SCAs from NF-pNETs and these may be useful for making 
decisions in clinical settings.
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Figure 7. Receiver operating characteristic curve analysis.

Table 3

Apparent performance of CT attenuation values ratio and 
enhancement pattern.

 AUC (95%CI) 
Best 

threshold 
Sensitivity 

(%) 
Specificity 

(%) Accuracy 

Unenhanced 
phase

0.96 (0.92, 1.00) 0.77 90.91 86.24 0.88

Arterial phase 0.72 (0.58, 0.87) 1.08 63.64 75.86 0.71
Portal venous 

phase
0.80 (0.68, 0.92) 0.99 72.73 82.76 0.78

Delayed 
phase

0.85 (0.75, 0.97) 0.95 72.73 93.10 0.84

Enhancement 
pattern

0.86 (0.76, 0.98) — 96.55 77.27 0.88

— = none, AUC = area under the curve, CI = confidence interval, CT = computed tomography.


