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Abstract
BACKGROUND 
Intrapancreatic accessory spleen (IPAS) shares similar imaging findings with 
hypervascular pancreatic neuroendocrine tumors (PNETs), which may lead to 
unnecessary surgery.

AIM 
To investigate and compare the diagnostic performance of absolute apparent 
diffusion coefficient (ADC) and normalized ADC (lesion-to-spleen ADC ratios) in 
the differential diagnosis of IPAS from PNETs.

METHODS 
A retrospective study consisting of 29 patients (16 PNET patients vs 13 IPAS 
patients) who underwent preoperative contrast-enhanced magnetic resonance 
imaging together with diffusion-weighted imaging/ADC maps between January 
2017 and July 2020 was performed. Two independent reviewers measured ADC 
on all lesions and spleens, and normalized ADC was calculated for further 
analysis. The receiver operating characteristics analysis was carried out for 
evaluating the diagnostic performance of both absolute ADC and normalized 
ADC values in the differential diagnosis between IPAS and PNETs by clarifying 
sensitivity, specificity, and accuracy. Inter-reader reliability for the two methods 
was evaluated.

RESULTS 
IPAS had a significantly lower absolute ADC (0.931 ± 0.773 × 10-3 mm2/s vs 1.254 ± 
0.219 × 10-3 mm2/s) and normalized ADC value (1.154 ± 0.167 vs 1.591 ± 0.364) 
compared to PNET. A cutoff value of 1.046 × 10-3 mm2/s for absolute ADC was 

https://www.f6publishing.com
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associated with 81.25% sensitivity, 100% specificity, and 89.66% accuracy with an area under the 
curve of 0.94 (95% confidence interval: 0.8536-1.000) for the differential diagnosis of IPAS from 
PNET. Similarly, a cutoff value of 1.342 for normalized ADC was associated with 81.25% 
sensitivity, 92.31% specificity, and 86.21% accuracy with an area under the curve of 0.91 (95% 
confidence interval: 0.8080-1.000) for the differential diagnosis of IPAS from PNET. Both methods 
showed excellent inter-reader reliability with intraclass correlation coefficients for absolute ADC 
and ADC ratio being 0.968 and 0.976, respectively.

CONCLUSION 
Both absolute ADC and normalized ADC values can facilitate the differentiation between IPAS 
and PNET.

Key Words: Pancreas; Neuroendocrine tumors; Accessory spleen; Diffusion-weighted imaging; Diagnostic 
performance

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Intrapancreatic accessory spleen (IPAS) presents as a solitary, well-defined, hypervascular mass 
on contrast-enhanced computed tomography or contrast-enhanced magnetic resonance imaging. They are 
often misdiagnosed as small (< 3 cm) hypervascular pancreatic neuroendocrine tumors (PNETs). IPAS is 
innocuous in nature and does not require treatment. However, surgery and/or chemotherapy are 
recommended for PNETs. The overlap of imaging characteristics between IPAS and PNETs often requires 
surgical management. Therefore, preoperative characterization is of utmost importance. Our study 
demonstrated that both absolute apparent diffusion coefficient (ADC) and normalized ADC values (lesion-
to-spleen ADC ratios) allow clinically relevant differentiation of IPAS from PNET.

Citation: Ren S, Guo K, Li Y, Cao YY, Wang ZQ, Tian Y. Diagnostic accuracy of apparent diffusion coefficient to 
differentiate intrapancreatic accessory spleen from pancreatic neuroendocrine tumors. World J Gastrointest Oncol 
2023; 15(6): 1051-1061
URL: https://www.wjgnet.com/1948-5204/full/v15/i6/1051.htm
DOI: https://dx.doi.org/10.4251/wjgo.v15.i6.1051

INTRODUCTION
Ectopic splenic tissue, also known as an accessory spleen, is found in up to 30% of the population[1]. 
While accessory spleens are often observed at the splenic hilum, they can also be present in the 
pancreatic parenchyma[2]. Accessory spleens are usually of little clinical consequence and found 
incidentally during surgery for other indications. They can cause symptoms, most often hematologic, 
after a splenectomy has been carried out[3,4]. Intrapancreatic accessory spleen (IPAS) typically presents 
as a solitary, well-defined, hypervascular, ovoid or round mass with a maximum diameter < 3 cm on 
contrast-enhanced computed tomography (CE-CT) or magnetic resonance imaging (CE-MRI). They are 
often misdiagnosed as small (< 3 cm) hypervascular pancreatic neuroendocrine tumors (PNETs) since 
they share similar imaging findings[1,4-9]. IPAS is innocuous in nature and generally does not require 
any treatment. However, surgery and/or chemotherapy are recommended for PNETs[10]. Unfortu-
nately, the overlap of imaging features between IPAS and small (< 3 cm) hypervascular PNETs often 
requires surgical management[11]. Therefore, preoperative characterization of IPAS vs small (< 3 cm) 
hypervascular PNETs is of utmost importance.

The investigation of diffusion-weighted imaging (DWI) in evaluating and characterizing pancreatic 
masses is increasing, with several studies clarifying its application in pancreatic tumor detection or the 
differentiation between benign and malignant pancreatic masses[12-14]. DWI is a method of signal 
contrast generation based on tissue cellularity, architecture, and cell membrane integrity, which can be 
quantified by apparent diffusion coefficient (ADC) maps. DWI can reflect the random microscopic 
motion of water molecules and provide information for tumor characterizing, staging, and differential 
diagnosis[12,14,15]. Recently, technical advancements have been achieved in decreasing imaging time 
and improving image quality. As a result, DWI is preferred and recommended since it allows non-
invasive functional evaluation without the use of contrast media or ionizing radiation.

It has been shown that the splenic parenchyma possesses a markedly lower ADC value than the 
pancreatic parenchyma due to its unique organ composition. Obviously, significant differences with 
regard to ADC values have been observed between IPAS and PNETs since IPAS has similar tissue 
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structures and properties as the spleen[6]. However, concerns have been raised about inter- and intra-
scanner ADC variability with contradicting results[16]. A recent study showed that though ADC 
measurements of the pancreas may be affected by the field strength of an MRI scanner, they demon-
strate good reproducibility between different MR systems with the same field strength[17]. Notably, it 
has also been reported that ADC variability may be minimized by calculation of the normalized ADC 
value (lesion-to-spleen ADC ratios) with the assistance of technical factors in different organs and 
pathologies[18,19]. Therefore, the objective of our study was to investigate and compare the diagnostic 
accuracy of absolute ADC and normalized ADC values in differentiating IPAS from small (< 3 cm) 
hypervascular PNETs.

MATERIALS AND METHODS
Patients
This study was approved by our ethics committee with a waiver of informed consent due to its 
retrospective nature. We carried out a search of our radiology database of focal pancreatic masses to 
identify patients with IPAS and PNETs between January 2017 and July 2020. A total of 132 patients were 
identified from the database search (51 IPAS and 81 PNETs). Inclusion criteria for IPAS were as follows: 
(1) CE-MRI images together with DWI/ADC maps were available; (2) IPAS showed a purely solid 
lesion without cystic changes on MRI images; (3) Diagnosis of IPAS was made pathologically following 
surgical resection or endoscopic ultrasound-guided fine needle aspiration; and (4) IPAS cases without 
pathology or cytopathology were also included under the following criteria: the lesion was located at 
the tail of the pancreas and showed similar signal intensity/enhancement pattern compared with 
spleen; and the lesion remained stable in size (< 3 cm) and shape over at least 18 mo[1,6]. According to 
these criteria, 38 patients were excluded from the study, i.e. 34 patients did not have available CE-MRI 
or DWI/ADC, 1 patient had surgically-proven cystic changes within the lesion, and 3 patients were 
diagnosed based on imaging findings although the follow-up period was less than 18 mo. Finally, 13 
patients with IPAS whose diagnosis was made by surgery (n = 4), biopsy (n = 3), and typical imaging 
findings (n = 6, follow-up period ≥ 18 mo) were included in this study (Figure 1).

Inclusion criteria for PNETs were as follows: (1) CE-MRI images together with DWI/ADC maps were 
available; (2) PNET showed a hypervascular purely solid mass without cystic changes on MRI images; 
(3) Diagnosis of PNET was made pathologically following surgical resection or endoscopic ultrasound-
guided fine needle aspiration; and (4) PNET had a size < 3 cm without apparent distant metastasis on 
MRI images. According to these criteria, 65 patients were excluded from the study, i.e. 49 patients 
without available CE-MRI or DWI/ADC, 5 patients with hypovascular enhancement pattern or 
surgically-proven cystic changes within the lesion, 8 patients with a mass size > 3 cm, and 3 patients 
with metastasis. Finally, 16 patients with PNET whose diagnoses were made by surgery (n = 11) and 
biopsy (n = 5) were included into this study (Figure 1).

MRI protocol
A preoperative MRI scan was performed for all enrolled patients using a standard imaging protocol as 
described in our previous study[20]. A 3.0-T MRI system (Sigma HDx; GE Medical Systems, Milwaukee, 
WI, United States) with an eight-channel phased-array torso coil was adopted. DWI was obtained prior 
to contrast administration in all patients. DWI images with b values of 0, 50, and 1000 s/mm2 were 
performed using a respiration-triggered single-shot echo-planar sequence. The imaging parameters 
were: a spectral pre-saturation with inversion recovery for fat suppression; repetition time, 8000 ms; 
echo time, 60 ms; slice thickness, 5 mm; interslice gap, 2 mm; flip angle 90°; matrix, 196 × 133; and field 
of view, 36 cm × 30 cm. In addition to DWI sequence, this study also adopted T1-weighted fat-
suppressed liver acquisition with volume acceleration sequence (repetition time, 3100 ms; echo time, 15 
ms; imaging duration, 60-120 s; slice thickness, 5 mm; interslice gap, 2 mm; flip angle, 12°; matrix, 384 × 
256; and field of view, 22 cm × 22 cm) and fast spin-echo T2-weighted fat-suppressed sequence 
(repetition time, 6000 ms; echo time, 80 ms; imaging duration, 120-180 s; slice thickness, 5 mm; interslice 
gap, 2 mm; flip angle, 90°; matrix, 384 × 256; and field of view, 22 cm × 22 cm). T1-weighted contrast-
enhanced images with triple phases including pancreatic parenchyma, portal venous, and delayed 
phases were obtained at 35 s, 70 s, and 240 s after bolus intravenous administration of gadopentetate 
dimeglumine (Bayer HealthCare Pharmaceuticals, Berlin, Germany) at a dose of 0.2 mmol/kg body 
weight followed by a 20-mL saline flush. The ADC values were calculated using a monoexponential 
function with b values of 0 and 1000 s/mm2 due to the fact that high b-value DWI images contribute to 
better contrast, greater tissue diffusivity, and a lower T2 shine through effect[7].

Image analysis
One abdominal radiologist with 10 years of experience who was blinded to the final diagnosis 
performed all the ADC measurements of the lesions and spleens on ADC maps using circular or oval 
regions of interest (ROIs). ROIs of pancreatic lesions were placed to include maximum lesion areas, 
while the most peripheral portions were avoided to exclude volume averaging. The ROIs of the spleen 
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Figure 1 Flowchart of patients throughout the study. ADC: Apparent diffusion coefficient; CE-MRI: Contrast-enhanced magnetic resonance imaging; DWI: 
Diffusion-weighted imaging; IPAS: Intrapancreatic accessory spleen; PNETs: Pancreatic neuroendocrine tumors.

were placed on each of the anterior pole, mid pole, and posterior pole of the spleen with the purpose of 
avoiding volume averaging by excluding vessels and artifacts as much as possible. Finally, the average 
of the three splenic ADC measurements was adopted for the calculation of normalized ADC value 
(ADC of the pancreatic lesion/the average ADC of spleen).

Similar image analysis was carried out by a second abdominal radiologist (with 8 years of experience) 
with no prior knowledge of detailed histopathological information of any patients for inter-reader 
variability analysis. Quantitative data including absolute ADC and normalized ADC values from the 
reader with greater experience in abdominal MRI diagnosis was adopted for further analysis.

Statistical analysis
Statistical analysis was carried out using SPSS 20.0 and GraphPad Prism 8.0 software. The normal distri-
bution and variance homogeneity of variables were analyzed by using the Kolmogorov-Smirnov test 
and Levene test, respectively. Normal distributed variables were described by mean ± standard 
deviation (SD). The non-normal distributed variables were expressed as medians (first quartile, third 
quartile). The quantitative variables were compared by the two-tailed independent t-test or the Mann-
Whitney U test. The receiver operating characteristics (ROC) analysis was carried out for evaluating the 
diagnostic performance of both absolute ADC and normalized ADC values in the differential diagnosis 
between IPAS and PNETs by clarifying sensitivity, specificity, and accuracy. The areas under the curves 
(AUCs) were determined for both absolute ADC and normalized ADC values, and the AUCs between 
these two methods were compared using the DeLong’s test. Inter-reader reliability for both absolute 
ADC and normalized ADC values were assessed by using Bland-Altman analyses and intraclass 
correlation coefficient (ICC)[21]. ICC coefficients were defined as poor (< 0.40), fair (0.40 ≤ ICC < 0.60), 
good (0.60 ≤ ICC < 0.75), and excellent (ICC ≥ 0.75). The statistical significance level was set at a P value 
< 0.05.

RESULTS
Patient characteristics and imaging analysis
Twenty-nine patients including 16 PNET patients [10 males and 6 females; age range: 22-72 years; mean 
age: 52.38 years ± 13.72 (SD)] and 13 IPAS patients [6 males and 7 females; age range: 27-78 years; mean 
age: 56.15 years ± 15.78 (SD)] were finally included into the study. Among them, 16 PNET patients and 7 
IPAS patients were diagnosed by pathology/cytopathology, while the remaining cases with IPAS were 
selected out based on typical imaging findings. No significant differences were found in sex or age 
between the two groups. All IPAS lesions were located at the tail of the pancreas. PNETs were located as 
follows: six tumors at the head and neck of the pancreas; and 7 at the body and tail of the pancreas.

MRI findings in patients with IPAS and PNET were shown in Table 1. No significant differences were 
found in lesion diameter, lesion ROI, or spleen ROI. Mean absolute ADC values for the spleen were not 
significantly different between the IPAS and PNET groups (0.817 ± 0.943 × 10-3 mm2/s vs 0.806 ± 0.145 × 
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Table 1 Magnetic resonance imaging findings in patients with intrapancreatic accessory spleen and small hypervascular pancreatic 
neuroendocrine tumors

Parameters IPAS PNETs P value

Lesion diameter in mm 17.71 ± 5.09 18.21 ± 5.47 0.803

Lesion ROI in cm2 0.685 ± 0.601 0.866 ± 0.567 0.413

Spleen ROI in cm2 2.134 ± 0.805 2.753 ± 0.910 0.066

Spleen ADC as × 10-3 mm2/s 0.817 ± 0.943 0.806 ± 0.145 0.825

aADC as × 10-3 mm2/s 0.931 ± 0.773 1.254 ± 0.219 < 0.001

rADC 1.154 ± 0.167 1.591 ± 0.364 < 0.001

aADC: Absolute apparent diffusion coefficient; ADC: Apparent diffusion coefficient; IPAS: Intrapancreatic accessory spleen; PNETs: Pancreatic 
neuroendocrine tumors; rADC: Normalized apparent diffusion coefficient (lesion-to-spleen apparent diffusion coefficient ratios); ROI: Regions of interest.

10-3 mm2/s, P = 0.825). The absolute ADC and normalized ADC values were significantly different 
between IPAS and PNET (both P < 0.001), with IPAS showing lower absolute ADC values (0.931 ± 0.773 
× 10-3 mm2/s vs 1.254 ± 0.219 × 10-3 mm2/s) and lower normalized ADC values (1.154 ± 0.167 vs 1.591 ± 
0.364) compared to PNET. Figure 2 shows two representative cases of IPAS and PNET. The absolute 
ADC and normalized ADC values of IPAS were significantly lower than those of PNET.

Diagnostic performance of ADC values
We subsequently evaluated the diagnostic performance of absolute ADC and normalized ADC values in 
differentiating IPAS from PNET. Table 2 summarized the sensitivity, specificity, accuracy, positive 
predictive value, negative predictive value, and cutoff value of absolute ADC and normalized ADC 
values by ROC analysis. ROC analysis demonstrated the optimum cutoff value by maximizing the sum 
of sensitivity and specificity for differentiating IPAS from PNET. A cutoff value of 1.046 × 10-3 mm2/s for 
absolute ADC was associated with 81.25% sensitivity, 100% specificity, and 89.66% accuracy with an 
AUC of 0.94 (95%CI: 0.8536-1.000) for the differential diagnosis of IPAS from PNET. Similarly, a cutoff 
value of 1.342 for normalized ADC was associated with 81.25% sensitivity, 92.31% specificity, and 
86.21% accuracy with an AUC of 0.91 (95%CI: 0.8080-1.000) for the differential diagnosis of IPAS from 
PNET. Figure 3 shows the ROC curves for absolute ADC and normalized ADC values. DeLong’s test 
was used to compare the AUCs of two models established with absolute ADC and normalized ADC 
values in the differential diagnosis of IPAS from PNET. No statistically significant difference was found 
(P = 0.6668).

Inter-reader reliability analysis
The ICCs to evaluate inter-reader reliability for absolute ADC and normalized ADC values were 0.968 
(95%CI: 0.933-0.985) and 0.976 (95%CI: 0.950-0.989), respectively. Bland-Altman analysis (Figure 4) 
revealed that the bias between two readers (solid blue line) was not significant for both absolute ADC 
and normalized ADC values, with the line of quality (dotted orange line) falling within the 95%CI of the 
mean difference (dotted blue lines).

DISCUSSION
An IPAS is typically asymptomatic and has an innocuous nature, which does not require needle biopsy 
or surgery[11]. However, overlapping imaging features of IPAS and PNET may lead to unnecessary 
surgery. In many cases, despite imaging and other diagnostic studies, malignancy cannot be excluded, 
and patients are subjected to pancreatic resection. Therefore, there is a dire need to preoperatively 
characterize IPAS and differentiate them from PNET. Conventional MRI paved the way for differen-
tiating IPAS from PNET in a non-invasive way since IPAS has similar tissue structure and properties as 
the spleen, which can be reflected by DWI, demonstrating that IPAS possesses a markedly lower ADC 
value than PNET[1,7]. In our current study, we found that absolute ADC and normalized ADC values 
can be used for the differential diagnosis between IPAS and PNET and showed a high pooled sensitivity 
and specificity.

Multiple modalities including contrast-enhanced ultrasound (CE-US), CT, superparamagnetic iron 
oxide-enhanced MRI, and nuclear medicine have been proven to be effective in discriminating IPAS 
from pancreatic solid tumors[5,8,22,23]. Among these, CE-US, 99mTc scintigraphy, and superpara-
magnetic iron oxide-enhanced MRI are performed with the intravenous administration of contrast 
media or the phagocytosis of nuclear pharmaceuticals by macrophages of the reticuloendothelial system 
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Table 2 Diagnostic performances of absolute apparent diffusion coefficient and normalized apparent diffusion coefficient values

Variables AUC Sensitivity, % Specificity, % PPV, % NPV, % Accuracy, %

aADC as × 10-3 mm2/s 0.94 81.25 100 100 81.25 89.66

rADC 0.91 81.25 92.31 92.86 80.00 86.21

aADC: Absolute apparent diffusion coefficient; AUC: Area under curve; NPV: Negative predictive value; PPV: Positive predictive value; rADC: 
Normalized apparent diffusion coefficient (lesion-to-spleen apparent diffusion coefficient ratios).

Figure 2 Magnetic resonance images. A-C: Magnetic resonance images in a 51-year-old male with pathologically proven intrapancreatic accessory spleen. 
The lesion was located at the tail of the pancreas with a hypervascular enhancement pattern on contrast-enhanced arterial phase T1 weighted imaging (T1WI) (yellow 
arrow, A). After confirming the lesion on arterial phase T1WI and diffusion-weighted imaging (B), circular regions of interest (ROI) were placed within the lesion on the 
apparent diffusion coefficient (ADC) map (B) and showed an ADC value of 0.738 × 10-3 mm2/s. Similarly, ADC measurement was carried out on the adjacent spleen 
using circular ROIs (C) and demonstrated an average splenic ADC of 0.767 × 10-3 mm2/s. The normalized ADC (lesion-to-spleen ADC ratio) was 0.962; D-F: 
Magnetic resonance images in a 45-year-old female with pathologically proven G2 pancreatic neuroendocrine tumor. The lesion was located at the tail of the 
pancreas with a hypervascular enhancement pattern on contrast-enhanced arterial phase T1WI (yellow arrow, D). After confirming the lesion on arterial phase T1WI 
and diffusion-weighted imaging (B), circular ROI was placed within the lesion on the ADC map (B) and showed an ADC value of 1.260 × 10-3 mm2/s. Similarly, ADC 
measurement was carried out on the adjacent spleen using circular ROIs (C) and demonstrated an average splenic ADC of 0.749 × 10-3 mm2/s. The normalized ADC 
(lesion-to-spleen ADC ratio) was 1.682.

in the spleen[7]. Although these modalities showed high pooled sensitivity and specificity, they have 
the following shortcomings: They rely on phagocytosis of macrophages, the application of which in 
splenic visualization is quite limited as it requires minimal functioning of splenic tissues; and contrast 
agents or exogenous nuclear pharmaceuticals[7]. In addition, scintigraphy has limited value when the 
pancreatic lesion has a relatively small size since it has lower spatial resolution compared with CT or 
MRI. In addition, CE-US has limited diagnostic utility in fully examining the pancreatic tail due to the 
limited sonic window and operator-independent nature[24]. In contrast, DWI does not require any 
exogenous contrast media or ionizing radiation and can be performed comparatively rapidly.

It has been reported that ADC variability may be minimized by calculation of the normalized ADC 
value (lesion-to-spleen ADC ratios) with the help of technical factors in different organs and pathologies
[18,19]. In our study, we used absolute ADC and normalized ADC values to differentiate IPAS from 
PNET. The key findings of our study fall into two main categories: (1) Both absolute and normalized 
ADC values performed equally well in the discrimination of IPAS from PNET. A cutoff value of 1.046 × 
10-3 mm2/s for absolute ADC was associated with 81.25% sensitivity, 100% specificity, and 89.66% 
accuracy with an AUC of 0.94 (95%CI: 0.8536-1.000) for the differential diagnosis of IPAS from PNET. 
Similarly, a cutoff value of 1.342 for normalized ADC was associated with 81.25% sensitivity, 92.31% 
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Figure 3 Receiver operating characteristic curve for diagnostic performance of absolute apparent diffusion coefficient and normalized 
apparent diffusion coefficient values regarding the differentiation between intrapancreatic accessory spleen and pancreatic 
neuroendocrine tumor. ADC: Apparent diffusion coefficient.

Figure 4 Bland-Altman plots of absolute apparent diffusion coefficient and normalized apparent diffusion coefficient for the two readers’ 
measurements with the representation of the 95% limits of agreement (dotted and dashed brown lines). A: Absolute apparent diffusion 
coefficient (ADC); B: Normalized ADC. For both absolute ADC and normalized ADC values, the bias between two readers (solid blue line) was not significant, with the 
line of equality (dotted orange line) falling within the 95% confidence interval of the mean difference (dashed blue lines). SD: Standard deviation.

specificity, and 86.21% accuracy with an AUC of 0.91 (95%CI: 0.8080-1.000) for the differential diagnosis 
of IPAS from PNET; and (2) A high degree of inter-reader reliability for absolute ADC [0.968 (95%CI: 
0.933-0.985)] and normalized ADC values [0.976 (95%CI: 0.950-0.989)] were obtained in our study. There 
was no significant difference in diagnostic performance between absolute ADC and normalized ADC 
values with high inter-reader reliability. In clinical practice, absolute ADC provides the ease of a single 
measurement. However, further studies with a larger cohort size may be necessary to evaluate the 
definite superiority of one method over the other.

The spleen has a much lower ADC compared to the pancreas since it has a unique organ composition. 
A previous study revealed that the mean ADC value of IPAS was significantly lower than that of PNET 
(0.90 × 10-3 mm2/s vs 1.44 × 10-3 mm2/s, P < 0.001); A cutoff value of 1.07 × 10-3 mm2/s demonstrated 
high pooled sensitivity (96.0%) and specificity (93.5%) in the differential diagnosis between IPAS and 
PNET[6]. In our study, the absolute ADC and normalized ADC values of the IPAS were 0.931 ± 0.773 × 
10-3 mm2/s and 1.154 ± 0.167, respectively, which were significantly lower than those of PNETs (1.254 ± 
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0.219 × 10-3 mm2/s and 1.591 ± 0.364). Our study was consistent with the previous study[6]. However, 
they did not investigate the potential value of the normalized ADC and their diagnostic performance in 
the differential diagnosis between the two entities. Our study showed an equal performance of both 
absolute ADC and normalized ADC values in the discrimination of IPAS from PNET and revealed a 
high degree of inter-reader reliability, which corroborated the findings a previous study demonstrated
[1]. However, this study had unbalanced data with 51 PNETs and 11 IPAS lesions, and no algorithm 
was used to balance the data for further analysis.

Additionally, all patients underwent MRI scans using a 1.5-T MRI system, and a single scanner from 
one vendor was used to scan the patients. It is unclear whether the results can be generalized to all 
vendors. A recent study showed that ADC measurements of the pancreas may be affected by the field 
strength of the MRI scanner[17]. Our studies further validated that both absolute ADC and normalized 
ADC values are useful in the discrimination of IPAS from PNET with the 3.0-T MRI system and may be 
attributed to the fact that the IPAS has similar tissue structure and properties as the spleen, which 
possesses the lowest ADC values among the upper abdominal viscera.

Our study had several limitations. First, selection bias may be present due to its retrospective nature. 
Second, the number of enrolled patients is small. As we know, an IPAS is an uncommon condition, with 
a prevalence ranging from 1.1%-3.4% in individuals[25]. We could not include more IPAS patients in a 
short period of time. We will recruit more patients for further validation and reliability testing of our 
results. Third, although no difference regarding diagnostic performance of absolute ADC and 
normalized ADC values in discrimination of IPAS from PNET was observed, further studies with a 
larger cohort size may be needed to evaluate the definite superiority of one method over another. 
Fourth, there was no histopathological confirmation of IPAS in 6 cases since surgical resection is not 
recommended for IPAS. However, reasonable confidence was acquired with the criteria for the imaging 
diagnosis of IPAS combing typical imaging features and stability on imaging follow-up.

CONCLUSION
In conclusion, our study demonstrated that both absolute ADC and normalized ADC values allow 
clinically relevant differentiation of IPAS from PNET. Large-scale multicenter prospective cohort studies 
are needed to validate the potential value of absolute and normalized ADC values in differentiating 
IPAS from PNET.

ARTICLE HIGHLIGHTS
Research background
Intrapancreatic accessory spleen (IPAS) typically presents as a solitary, well-defined, hypervascular, 
ovoid or round mass with a maximum diameter < 3 cm on contrast-enhanced (CE) computed tomo-
graphy or CE magnetic resonance imaging. They are often misdiagnosed as small (< 3 cm) 
hypervascular pancreatic neuroendocrine tumors (PNETs) since they share similar imaging findings. 
IPAS is innocuous in nature and generally does not require any treatment. However, surgery and/or 
chemotherapy are recommended for PNETs.

Research motivation
The overlap of imaging features between IPAS and small (< 3 cm) hypervascular PNET often requires 
surgical management. Therefore, preoperative characterization of IPAS vs small (< 3 cm) hypervascular 
PNET is of utmost importance. This study provided a non-invasive method for preoperatively differen-
tiating these two entities.

Research objectives
This study aimed to investigate and compare the diagnostic performance of absolute apparent diffusion 
coefficient (ADC) and normalized ADC (lesion-to-spleen ADC ratios) in the differential diagnosis of 
IPAS from PNET.

Research methods
A retrospective study consisting of 16 PNET patients and 13 IPAS patients who underwent preoperative 
CE-magnetic resonance imaging together with diffusion-weighted imaging/ADC maps was performed. 
Two independent reviewers measured ADC on all lesions and spleens, and normalized ADC was 
calculated for further analysis. The receiver operating characteristics analysis was carried out for 
evaluating the diagnostic performance of both absolute ADC and normalized ADC values. Inter-reader 
reliability for the two methods was evaluated.
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Research results
IPAS had significantly lower absolute ADC (0.931 ± 0.773 × 10-3 mm2/s vs 1.254 ± 0.219 × 10-3 mm2/s) 
and normalized ADC values (1.154 ± 0.167 vs 1.591 ± 0.364) as compared to PNET. A cutoff value of 
1.046 × 10-3 mm2/s for absolute ADC was associated with 81.25% sensitivity, 100% specificity, and 
89.66% accuracy with an area under curve of 0.94 for the differential diagnosis of IPAS from PNET. 
Similarly, a cutoff value of 1.342 for normalized ADC was associated with 81.25% sensitivity, 92.31% 
specificity, and 86.21% accuracy with an area under the curve of 0.91 for the differential diagnosis of 
IPAS from PNET. Both methods showed excellent inter-reader reliability with intraclass correlation 
coefficients for absolute ADC and ADC ratio of 0.968 and 0.976, respectively.

Research conclusions
This study demonstrated that both absolute ADC and normalized ADC values allow clinically relevant 
differentiation of IPAS from PNET.

Research perspectives
This study provided a non-invasive method to preoperatively differentiate IPAS from PNET, which has 
a profound clinical significance in guiding treatment strategy and predicting prognosis for patients with 
IPAS and PNET. Large-scale multicenter prospective cohort studies are needed to validate the potential 
value of absolute and normalized ADC values in differentiating IPAS from PNET.
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