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Risk prediction model
establishment with tri-phasic
CT image features for
differential diagnosis of
adrenal pheochromocytomas
and lipid-poor adenomas:
Grouping method
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Medical College, Bengbu, Anhui, China, “Department of Radiology, Shaoxing Hospital of Traditional
Chinese Medicine, Shaoxing, Zhejiang, China

Objectives: The purpose of this study was to establish a risk prediction model for
differential diagnosis of pheochromocytomas (PCCs) from lipid-poor adenomas
(LPAs) using a grouping method based on tri-phasic CT image features.

Methods: In this retrospective study, we enrolled patients that were assigned to a
training set (136 PCCs and 183 LPAs) from two medical centers, along with an
external independent validation set (30 PCCs and 54 LPAs) from another center.
According to the attenuation values in unenhanced CT (CTu), the lesions were
divided into three groups: group 1, 10 HU < CTu < 25 HU; group 2, 25 HU < CTu <
40 HU; and group 3, CTu > 40 HU. Quantitative and qualitative CT imaging
features were calculated and evaluated. Univariate, ROC, and binary logistic
regression analyses were applied to compare these features.

Results: Cystic degeneration, CTu, and the peak value of enhancement in the
arterial and venous phase (DEpeak) were independent risk factors for differential
diagnosis of adrenal PCCs from LPAs. In all subjects (groups 1, 2, and 3), the model
formula for the differentiation of PCCs was as follows: Y = -7.709 + 3.617*(cystic
degeneration) + 0.175*(CTu > 35.55 HU) + 0.068*(DEpeak > 51.35 HU). ROC
curves were drawn with an AUC of 0.95 (95% CI: 0.927-0.973) in the training set
and 0.91 (95% ClI: 0.860—-0.929) in the external validation set.

Conclusion: A reliable and practical prediction model for differential diagnosis
of adrenal PCCs and LPAs was established using a grouping method.
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Introduction

Adrenal incidentalomas (Als) were found to represent an
emerging clinical problem with the increasing usage of
ultrasonography, abdominal computed tomography (CT), and
magnetic resonance imaging (MRI) (1). Als, accounting for
approximately 5-7% of the cases in the adult population (2),
are mostly nonfunctioning adrenocortical adenomas (AAs) but
may also represent conditions requiring further and specific
clinical management (e.g., pheochromocytomas [PCCs],
adrenocortical carcinoma, or metastasis) (3). Catecholamines
are usually produced in PCCs, causing typical symptoms such as
hypertension. As is well known, biochemical screening tests of
catecholamines and/or catecholamine metabolites play a crucial
role in the diagnosis of PCCs. However, these tests may be
cumbersome (4) or falsely positive (5). Therefore, imaging
examinations, especially CT, are widely used in clinical
practice and have an irreplaceable position in the diagnosis
of PCCs.

An unenhanced CT attenuation value of > 10 Hounsfleld
units (HUs) is generally considered as the cutoff value between
lipid-rich adenomas (LRAs) and lipid-poor adenomas (LPAs)
(6). Washout criteria of contrast material on 15- and 30-min
delayed enhanced CT were reported to have a highly specific
value for the differentiation of adenomas from non-adenomas
(7-9). However, PCCs misdiagnosis as LPAs occurred based on
washout criteria in a number of studies (10-12). Hence, no
definite approach exists to distinguish PCCs from LPAs in
traditional radiological analysis based on unenhanced and
delayed enhanced CT scans.

Until now, few studies have explored the value of tri-phasic
CT scans in the differentiation of the two lesions (13, 14).
Northcutt et al. found that arterial phase enhancement levels
higher than 110 HU and lesion heterogeneity facilitated the
identification of PCCs (13). Additionally, combining
quantitative with qualitative features of tri-phasic CT, An et al.
differentiated LPAs from PCCs (14). However, the sample sizes
of these studies were relatively small. Furthermore, they were
limited to performing integral assessment rather than grouping
analysis, in which has limited the application of the technique for
accurate diagnosis in clinical practice. Therefore, our study was
designed to determine the value of tri-phasic CT images in
differentiating PCCs from LPAs using a grouping method based
on a relatively large sample. We aimed to establish a risk
prediction model for differential diagnosis of the two lesions.
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Materials and methods
Patients

This retrospective study was approved by the Institutional Ethical
Committees of Sir Run Shaw Hospital and Tongde Hospital of
Zhejiang Province, The First Affiliated Hospital of Bengbu Medical
College, with waiver of informed consent for participation. Patients’
data were collected by searching the pathology database with the key
words “adrenal pheochromocytomas,” “adrenal adenomas.” We
found 196 adrenal PCCs and 656 AAs in our search from January
2010 to December 2020. The following inclusion criteria were used:
(a) available unenhanced and dual-phase (arterial and venous phase)
enhanced CT images and (b) mean unenhanced CT (CTu)
attenuation values of AAs were > 10 HU. According to the
attenuation values in CTu, lesions were divided into three groups:
group 1, 10 HU < CTu < 25 HU; group 2, 25 HU < CTu < 40 HU;
and group 3, CTu > 40 HU. This CTu threshold was selected based
on the authors’ collected data and pertinent researches on mean CTu
values of AAs and PCCs (15, 16); (c) all adrenal PCCs and LPAs were
confirmed by pathology results; (d) presence of a solid enhanced
region within lesions; (e) a short size > 10 mm was set. Finally, 162
patients with 166 PCCs and 233 patients with 237 LPAs were
included in the study. The enrolled patients were assigned to a
training set (136 PCCs and 183 LPAs) from Sir Run Shaw Hospital
and Tongde Hospital of Zhejiang Province, along with an external
independent validation set (30 PCCs and 54 LPAs) from The First
Aftiliated Hospital of Bengbu Medical College. Hypertension was
found in 52.5% (85/162) of the patients with PCCs and in 42.1% (98/
233) of those with LPAs. Additionally, almost 4.7% (11/233) of the
LPA cases had Cushing’s syndrome, such as weight gain, “moon”
facies, and hirsutism. The other patients were without obvious clinical
syndromes. The design of this study was retrospective, and
biochemical screening test data were thus largely missing.
Therefore, this study was focused on CT imaging values, and no
evaluation of biochemical screening tests was performed. Figure 1 is
flow chart of the study profile.

CT image protocols

CT images were obtained using multidetector CT (MDCT)
scanners, namely, SOMATOM Sensation 16, SOMATOM
Definition Flash (Siemens Healthcare, Forchheim, Germany) and
LightSpeed VCT (GE Healthcare, Milwaukee, WI). A total volume
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of 100-120 ml of contrast material (Ultravist, Bayer Schering
Pharma AG, Berlin, Germany) was injected intravenously by a
mechanical injector at a rate of 2.5-3.0 ml/sec. Enhanced CT images
were obtained during the arterial phase (20-40 sec) and venous
phase (60-80 sec) after the infusion of the contrast material. The
following CT scan parameters were set up: tube voltage = 120 kVp,
tube current = 250-300 mA, detector collimation = 1.5-2.5 mm,
table pitch = 1:1, slice thickness = 5 mm. The original images of 5-
mm-thick slices were reconstructed into 1.5-mm-thick slices.

CT image analysis

Two abdominal radiologists (the 1** radiologist had 4 years
of experience, and the 2" radiologist had 15 years of
experience.), who were blinded to the pathologic diagnosis,
reviewed all existing CT images, respectively and
independently. Disagreements about image analyses were
resolved by consensus.

The following CT findings were recorded: (a) size: long (LD)
and short (SD) diameters; (b) CT attenuation values of
unenhanced phase (CTu), arterial phase (CTa), and venous
phase (CTv). A circular region of interest (ROI) avoiding the
inclusion of peripheral tissues was placed on the enhanced part of
the tumor to measure the attenuation value. The area of ROI was
larger than 2 cm® These values were measured by the two
radiologists and averaged to obtain the final results; (c) the
degree of enhancement was calculated as follows: The degree of
enhancement in arterial phase (DEap) and venous phase (DEvp)
as DEap = CTa - CTu, DEvp = CTv - CTu. DEpeak was
determined to be the maximum one of DEap and DEvp; (d)

/ Adrenal PCCs and LPAs confirmed by pathology ~ \
\_ from January 2010 to December 2020 (n = 852)  /

/

Excluded:
(a) lack h d or dual-
phase enhanced CT (n=100)
(b)short size <10mm (n=34)
i l
Ve N\ s N\
| Pcos n=183) ) ( Adenomas(n=535) |
[Excluded: comnletely | - S/ AN 4
cystic degeneration and
without solid portion

(n=17)

Excluded:
LRAs
N -~ (n=298)

y. \ N\
[ pces a=166) ) [ LPAs (a=237) |
AN J \ /

s y " 4
Training set
Groupl: 4PCCs VS 93LPAS

Group2: 69 PCCs VS 73LPAS
Group3: 63PCCs VS 17LPAS

—

External validation set
Groupl: 2PCCs VS 21 LPAS
Group2: 16 PCCs VS 29 LPAS
Group3: 12PCCs VS 4LPAS

FIGURE 1

Flowchart shows exclusion criteria for the study. PCCs,
pheochromocytomas. LRAs, lipid-rich adenomas. LPAs, lipid-
poor adenomas. Group 1: 10 HU < CTu < 25 HU. Group 2: 25
HU < CTu < 40 HU. Group 3: CTu > 40 HU.
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DEpeak was divided by CTu and expressed as an enhancement
ratio (ERpeak); (e) absolute percentage washout (APW) = (CTa -
CTv) x 100/(CTa - CTu). Relative percentage washout (RPW) =
(CTa - CTv) x 100/CTa; (f) the peak enhancement phase (arterial
or venous phase) was considered as the phase in which
enhancement was maximum with an enhancement level greater
than the other one by > 5 HU. If the level was < 5 HU different, it
was determined to be equally enhanced; (g) location: the left or
right adrenal gland; (h) shape: round/oval (the LD/SD ratio < 1.2)
and not round/oval (the LD/SD ratio > 1.2); (i) the presence of
calcification, which CTu was more than 100 HU; (j) the presence
of cystic degeneration, with CTu of low attenuation area less than
20 HU, as well as DEap and DEvp all less than 10 HU; (k) the
presence of hemorrhage on CTu was between 55 and 90 HU and
without enhancement; (1) the presence of an intratumoral vessel,
which was observed on arterial phase images.

Statistical analysis

All statistical data analyses were performed with SPSS
(version 25.0, SPSS, Chicago, IL). Statistical significance was
considered at P < 0.05. Continuous data are expressed as mean +
standard deviation or median value (from the 25™ to the 75"
percentile), whereas categorical variables are expressed as a
proportion. For continuous data, independent ¢-test was used
for comparison if the data were normally distributed; otherwise,
Mann-Whitney U test was implemented. For categorical
variables, Pearson or continuity correction chi-square test was
applied. A receiver operating curve (ROC) was utilized to
determine the cutoff values of the maximum sensitivity and
specificity obtained at the maximal value of the Youden’s index.
Subsequently, statistical significance variables on univariate
analysis were included as independent factors in the logistic
regression analysis to establish a prediction model. External
validation (AUC, accuracy, sensitivity, and specificity) was
performed to evaluate the model’s performance.

Results

Univariate analyses of the demographic
and imaging characteristics

The results of the training set are displayed in Tables 1-3.
Additional data of the external validation set are presented in
Supplementary Materials. The numbers of PCCs and LPAs in
each group of the training set are shown in these tables. As can
be seen from these tables, CTu values of all PCCs were greater
than 10 HU. 2.9% (4/136) of the PCCs had CTu values within
10-25 HU (group 1), whereas 50.7% (69/136) of the PCCs had
CTu values within 25-40 HU (group 2), and 46.4% (63/136) of
the PCCs had CTu values higher than 40 HU (group 3).
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The demographic characteristics are shown in Table 1. No
significant difference was found between adrenal PCCs and
LPAs of overall groups with patients’ age. Regarding gender,
no significant difference was found in all of these groups.

Quantitative CT features of the adrenal PCCs and LPAs in
the different groups are shown in Table 2. The difference in CTu
value between PCCs and LPAs was statistically significant in
group 1. Compared with LPAs, PCCs were significant greater in
both LD and SD values in group 3. Significant differences were
observed in the CTu, CTa, CTv, DEap, DEpeak, ERpeak, LD,
and SD values in group 2 and all subjects (groups 1, 2, and 3).
APW and RPW values also showed statistically significant
differences in all subjects (groups 1, 2, and 3).

Qualitative CT features are presented in Table 3. There were
significant differences of cystic degeneration between PCCs and
LPAs in all of these groups. In addition, intratumoral vessel and
hemorrhage were significant different in all subjects (groups 1, 2,
and 3). Intratumoral vessel was also significant different in group
2. A statistically significant difference was also observed in
location in group 3.

ROC analyses of the significant
independent variables

ROC analysis was performed of the quantitative variables,
which had shown significant differences in the univariate
analysis. In group 1, ROC curve was analyzed for CTu value,
using = 19.55 HU as the cutoff value for distinguishing PCCs
from LPAs (Figure 2A). In group 2, we established that SD (=
24.50 mm), LD (= 28.50 mm), CTv (= 87.80 HU), DEpeak (>
58.95 HU), and CTu (= 33.45 HU) were independent predictive
factors for identifying PCCs (Figure 2B). In group 3, an analysis
of ROC curve was analyzed for LD and SD values, indicating that

10.3389/fendo.2022.925577

the cutoff values of LD and SD were > 28.50 and > 22.50 mm,
respectively (Figure 2C).

In all subjects (groups 1, 2, and 3), ROC analysis was
performed by using the same approach. The results showed
that CTu (= 35.55 HU), SD (= 23.50 mm), LD (= 24.50 HU),
CTa (= 68.25 HU), CTv (= 83.35 HU), DEpeak (= 51.35 HU),
RPW (= -23.00) were independent predictive factors for
distinguishing PCCs from LPAs (Figure 2D).

Binary logistic regression analysis and
prediction model establishment

Based on the univariate analysis result, two variables (CTu
and cystic degeneration) and four variables (LD, SD, location,
and cystic degeneration) were involved in the binary logistic
regression analysis in groups 1 and 3, respectively. Finally,
statistical significance was only found in cystic degeneration
for distinguishing PCCs from LPAs in above two groups.

Based on the univariate and ROC analyses results, in group 2,
seven variables—SD, LD, CTv, DEpeak, CTu, cystic degeneration,
and intratumoral vessel—were involved in the binary logistic
regression analysis. Finally, three variables—cystic degeneration,
CTu = 33.45 HU, and DEpeak > 58.95 HU—were found to have
statistical significance (Table 4). According to the coefficients
obtained from the aforementioned analysis, the following
prediction equation for PCCs was derived as follows: Y = —8.991
+ 4.873*(cystic degeneration) + 0.151*(CTu 2 33.45 HU) + 0.062*
(DEpeak > 58.95 HU). ROC curves were drawn with an AUC of
0.94 [95% confidence interval (CI): 0.902-0.984] in the training set
(Figure 3A) and 091 (95% CI, 0.823-0.927) in the external
validation set (Figure 3B).

Based on the results of the univariate and ROC analyses in all
subjects (groups 1, 2, and 3), 10 variables—CTu, SD, LD, CTa, CTY,

TABLE 1 Demographic characteristics between adrenal PCCs and LPAs on the training set.

Group 1 P- Group 2
value value
PCCs LPAs PCCs LPAs
n=4) (n=93) n=69) (nm=173)
Age 5350 + 5177 + 0.770* 4977 + 52.93 + 0.142*
13.67 11.47 14.38 10.72
Gender
Men 2 (50) 39 (42.9)  1.000Y 33 (47.8)  28(384) 0255V
Women 2 (50) 52 (57.1) 36 (522) 45 (61.6)

Group 3 P- All subjects P-
value (groups 1, 2, 3) value
PCCs LPAs PCCs LPAs
n=63) (n=17) (n=136) (n=183)
50.71 + 4759 0.370* 50.12 + 51.85 + 0.231*
12.77 12.26 13.67 11.28
30 (50.8) 8 (53.3) 0836Y 65 (49.2) 75 (41.9)  0.198Y
29 (49.2) 7 (46.7) 67 (50.7) 104 (58.1)

Numbers of lesions in each group are indicated in brackets. *Data that conform to a normal distribution are means + standard deviation, and the statistical values are the independent

sample t-test results. WData in parentheses are percentages, and the statistical values are Pearson or continuity correction chi-square test results. PCCs, pheochromocytomas. LPAs, lipid-

poor adenomas.
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TABLE 2 Quantitative CT features between adrenal PCCs and LPAs on the training set.

Group 1 P-value Group 2 P-value Group 3 P-value All subjects P-value
(groups 1, 2, 3)
PCCs LPAs PCCs LPAs PCCs LPAs PCCs LPAs
(n=4) (n =93) (n =69) (n=73) (n = 63) (n=17) (n = 136) (n =183)

Attenuation

CTu 20.50 + 1.54 17.16 + 4.24 0.012* 35.60(31.6,38.2) 31.70(27.9,35.8) 0.001+ 44.5(42.847.7)  42.8(41.1,47.5) 0.797+ 39.30(34.7,43.9) 24.90(17.0,33.7) 0.000+

CTa 48.70(39.1,69.8) 51.40(40.3,63.0) 0.8141 102.93 + 47.88 75.37 + 21.769 0.000* 96.72 + 39.18 92.74 + 3247 0.702* 87.4(63.6,126.7) 62.20(48.5,77.8) 0.000+

CTv 52.80(42.4,92.9) 63.60(54.4,79.4) 0.3841 105.03 + 36.53 82.89 + 17.450 0.000* 95.28 + 25.31 100.82 + 21.89 0.413* 99.27 + 32.38 76.64 + 22.808 0.000*

Degree of enhancement

DEap 26.90(19.6,49.7) 34.00(24.4,45.6) 0.5251 68.31 + 47.99 43.26 + 21.09 0.000* 51.54 + 40.03 47.08 + 32.82 0.674* 46.45(25.2,84.3) 37.40(25.6,50.3) 0.003F

DEvp 32.45(22.9,71.2) 46.60(35.4,60.9) 0.2491 70.41 + 36.98 50.78 + 16.84 0.000* 50.11 + 26.13 55.17 + 23.99 0.474* 51.20(34.2,79.6) 50.10(36.4,61.6) 0.143+

DEpeak  48.00(37.5,75.5) 50.70(40.5,61.9) 0.993F 81.80 + 43.41 5552 + 16.68 0.000* 61.21 + 37.35 61.57 + 26.29 0.970* 60.70(40.0,95.8) 52.10(43.2,65.8) 0.009+

ERpeak 245 (1.9,3.6) 3.00 (2.3,4.2) 0.3141 2.10 (1.3,3.4) 1.70 (1.4,2.1) 0.016+ 1.38 + 0.88 1.40 + 0.59 0.955* 1.60(1.0,2.7) 2.20(1.60,3.10) 0.000+

APW -50.60(-152.9,34.6)  -51.08(-112.9,6.7) 0.8821 -11.45(-92.9,24.6)  -14.09(-70.8,13.2) 0.9311 -14.75(61.3,25.  -18.28(-156.6, 0.293f -15.74(-74.9,24.6)  -2525(-954,11.3)  0.043%
7) 19.1)

RPW -25.93(-86.6,28.6)  -30.59(-67.6,4.5) 0.7861 -5.89(-35.6,17.3) -6.21(-36.8,8.5) 0.6421 7.04 (222,17.  -7.07(-52.2,10. 0.5141 -7.47 (-26.6,17,1) -15,89(-53.4,7.2) 0.0027
1) 8)

Size

LD 26.50(12.8,45.5) 22.00(16.5,27.5) 0.5611 36.00(25.5,46.0) 21.00(17.5,26.5) 0.000%  38.00 (27.0, 55.  22.00(16.0,35.0)  0.022% 36.00(36.3,49.0) 22.00(17.0,27.0) 0.000+
0)

SD 21.50(11.8,36.5) 17.00(13.0,22.0) 0.4621 30.00(22.0,40.5) 17.00(14.0,22.0) 0.000%  33.00 (23.0,46.  19.00(12.527.5)  0.018% 30.00(23.0,42.0) 17.00(13.0,22.0) 0.000+
0)

LD/SD 1.23 (1.1,1.3) 1.23 (1.1,1.4) 0.479F 1.16 (1.1,1.3) 1.18 (1.1,1.3) 0.705+ 122 £0.19 121 £0.11 0.944* 117 (1.1,1.3) 1.20 (1.1,1.4) 0.073+

Each group’s tumor number is shown in brackets. *Data with normal distribution are means + standard deviation, and independent sample t-tests provide P-values. tData that do not conform to a normal distribution are expressed as the median value (from
the 25" to 75" percentile), and the statistical values are Mann-Whitney U test results. P-values written in bold indicate a significant difference between lesions. PCCs, pheochromocytomas. LPAs, Lipid-poor adenomas. CTu/CTa/CTy, the CT attenuation
value of unenhanced/arterial/venous phase. DEap, CTa - CTu. DEvp, CTv - CTu. ERpeak, DEpeak/CTu. DEpeak is the peak value between DEap and DEvp. APW = (CTa - CTv) x 100/(CTa - CTu). RPW, (CTa - CTv) x 100/CTa. LD, the long diameter. SD,
the short diameter.
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DEpeak, RPW, cystic degeneration, hemorrhage, and intratumoral on a relatively large sample. These results of our study may serve
vessel were involved in the binary logistic regression analysis. as a foundation for precision diagnosis.

Finally, statistical significance was established for three variables— Cystic degeneration was significant in all groups, which was
cystic degeneration, CTu > 35.55 HU, and DEpeak > 51.35 HU more prevalent in PCCs (73.5%) than in LPAs (5.5%). The
(Table 5). According to the coefficients obtained in the above frequency of cystic degeneration in PCCs was greater than the
analysis, the following prediction equation for PCCs was derived: one established in an earlier study (17) but that in LPAs was
Y = —7.709 + 3.617*(cystic degeneration) + 0.175*(CTu = 35.55 consistent with this previous evidence. The biggest discrepancy was
HU) + 0.068*(DEpeak > 51.35 HU). The model demonstrated a the scanning time after contrast injection (15 min versus almost
great predictive efficacy with an AUC of 0.95 (95% CI: 0.927-0.973; 1 min). That study (17) deemed cystic degeneration as low
training set) and 0.91 (95% CI: 0.860-0.929; external validation set) hypodense area persistently seen at the same level on both 1- and
(Figures 4A, B). To illustrate better the adopted imaging 15-min enhanced CT. However, we considered cystic degeneration
characteristics, the images of clinical examples of patients with a as area of low attenuation increased its attenuation by 0-10 HU on
PCC and LPA are displayed in Figures 5, 6. almost 1-min enhanced CT. Our findings support the notion that

heterogeneity was a feature associated with PCCs and not common
in LPAs, which was consistent with the findings of an earlier

] ) investigation (18).
Discussion The value of DEpeak was one of the independent predictive
factors for distinguishing PCCs from LPAs. Nagayama et al. (19)

A prediction model for identifying PCCs from LPAs based reported that a relative enhancement ratio of the venous phase to
on tri-phasic CT image features was established in this study. unenhanced CT > 210% accurately differentiated LPAs from
Cystic degeneration, CTu, and DEpeak were independent risk non-adenomas. In another research, Goroshi et al. (20) found
factors for the differentiation. We established good performance that a percentage arterial enhancement value > 100%
for the differentiation of the model with an AUC of 0.95 differentiated PCC from other malignant adrenal masses with
(training set) and 0.91 (external validation set). Our study high specificity. Nevertheless, we used the DEpeak value to
achieved an accurate diagnosis using a grouping method based evaluate the degree of enhancement in our study. DEpeak is

TABLE 3 Qualitative CT features between adrenal PCCs and LPAs on the training set.

Group 1 P- Group 2 P- Group 3 P-  All subjects (groups  P-
value value value 1,2,3) value

PCCs LPAs PCCs LPAs PCCs LPAs PCCs LPAs

(n=4) (n=93) n=69) (n=73) (n =63) (n=17) (n=136) (n=183)
Location
Right 2(50)  47(50.5)  1.000  37(53.6) 34(46.6) 0.401 20 (31.7) 10 (58.8) 0.041  59(43.4) 91(49.7) 0262
Left 2(50)  46(49.5) 32(46.4) 39 (53.4) 43(68.3) 7(41.2) 77(56.6) 92(50.3)
Shape
Round/oval 2(50)  38(40.9) 1.000  38(55.1) 46(63.0) 0.336 29 (46.0) 7 (41.2) 0.721 77(56.6) 90(49.2)  0.188
Not round/oval 2 (50) 55 (59.1) 31 (44.9) 27(37.0) 34(54.0) 10(58.8) 59(43.4) 93(50.8)
Peak enhanced phase
Arterial phase 1(25) 27(29.0)  0.842  28(40.6) 38(52.0) 0.072 24(38.1) 6(35.3) 0.753  53(39.0) 71(38.8) 0390
Venous phase 3(75) 60(64.5) 39(56.5) 28(38.4) 35(55.6) 9(52.9) 77(56.6) 97(53.0)
Equally 0 6(6.5) 2(2.9) 7(9.6) 4(6.3) 2(11.8) 6(4.4) 15(8.2)
enhanced
Calcification 1(25) 5 (5.4) 0.592 5(7.2) 3(4.1) 0.418 6(9.5) 2(11.8) 0.785 12(8.8) 10(5.5) 0.242
Cystic 2 (50) 6(6.5  0.030  50(72.5) 3(4.1) 0.000 48(76.2) 1(5.9) 0.000  100(73.5) 10(5.5) 0.000
degeneration
Hemorrhage 0(-) 2(2.2) 1.000 3(4.3) 1(1.4) 0.284 9(14.3) 1(5.9) 0.353 12(8.8) 4(2.2) 0.007
Intratumoral 1(25) 4(4.3) 0.497  19(27.5) 6(8.2) 0.003 22(34.9) 4(23.5) 0374  42(309)  14(7.7) 0.000
vessel

Data are numbers of lesions. Data in parentheses are percentages. There is a significant difference when a P-value is in bold.
PCCs, pheochromocytomas. LPAs, lipid-poor adenomas.

Frontiers in Endocrinology 06 frontiersin.org


https://doi.org/10.3389/fendo.2022.925577
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Niu et al.

10 7 10
,/'
08| / 08
& Z
E 06/ ) 2 06
2 2
7 / Z ;
5 o4 / S o4 Source of the Curve
@* / @ ; T
/ : e
DEpeat
02| / 02 ]
// Reference Line
/
09— 00
0o 02 04 06 08 10 00 02 04 06 08 10
1 - Specificity 1 - Specificity
0 10
=
08 08
S o0 £
= Z
‘B = Source of the Curve
H Source of the Curve H g T
g o4 Y E 04l CTa
so ) g?.mk
. Reference Line it RPW
£ LD
02 sD
5 Reference Line
00
00 02 04 06 o8 10 00
00 02 04 06 08 10
1 - Specificity 16103
P N 1 - Specificity
FIGURE 2

(A) Graph shows ROC of CTu for differentiating PCCs from LPAs
in group 1. (B) Graph shows ROCs of CTu, CTv, DEpeak, LD, and
SD in group 2. (C) Graph shows ROCs of LD and SD in group 3.
(D) Graph shows ROCs of CTu, CTa, CTv, DEpeak, RPW, LD, and
SD in all subjects (groups 1, 2, and 3).

the maximum value between the degree of enhancement of the
arterial phase (DEap) and the venous phase (DEvp), which
implies it has the best performance. We consider that it was
not only related to cluster 1 (possible peak enhancement on
arterial phase) versus cluster 2 (possible peak enhancement on
venous phase) but also the value of CTu.

The value of CTu was another independent predictive factor for
distinguishing PCCs from LPAs. In our study, PCCs usually had
CTu values of greater than 40 HU, but more often, between 25 and

10.3389/fendo.2022.925577
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FIGURE 3

(A) ROC analysis of the model in group 2 on the training set. The
AUC was 0.94 (95% CI: 0.902-0.984), with accuracy, sensitivity,
specificity of 88.7, 90.4, and 87.0%, respectively. (B) ROC
analysis of the model in group 2 on the external validation set.
The AUC was 0.91 (95% CI, 0.823-0.927) with accuracy,
sensitivity, and specificity of 82.2, 69.0, and 90.0%, respectively.

40 HU. Furthermore, it was noteworthy that no PCC had a lower
than 10 HU CTu value. However, the probability that the lesion
might have been a PCC was low but not zero if the CTu value of the
lesion was between 10 HU and 25 HU. Our findings were generally
in accordance with those obtained in the study of Canu et al. (21),
who found no PCCs with CTu value of less than 10 HU and that
only 0.5% of PCCs had CTu values of equal to 10 HU.

Based on the aforementioned, we can make the following
conclusions. First, if the CTu value of a lesion in incidentally
discovered adrenal masses in clinic practice is less than 10 HU,
biochemical test is not required to exclude a PCC. Our viewpoint
is in line with those of previous studies (21, 22). Nevertheless, if a
CTu value of a lesion is greater than 10 HU, especially greater than
25 HU, further biochemical test for PCCs in Als is to be inevitable.
That is particularly valid when incidentally discovered adrenal
masses exhibited these tri-phasic CT image features (cystic
degeneration, CTu = 35.55 HU, and DEpeak > 51.35 HU),

TABLE 4 Binary regression analysis for identifying adrenal PCCs in group 2 on the training set.

Variables OR B

Cystic degeneration 130.741 4.873
CTu 1.162 0.151
DEpeak 1.064 0.062
Intratumoral vessel 2.207 0.792
LD 1.077 0.074
CTv 0.979 -0.021
SD 0.921 -0.082
Constant 0.000 -8.991

Wald X>-value P-value 95% CI
26.213 0.000 20.240-844.510
4.077 0.043 1.004-1.345
8.411 0.004 1.020-1.109
1.017 0.313 0.474-10.287
0.703 0.402 0.905-1.282
1.020 0.312 0.940-1.020
0.568 0.451 0.744-1.141
10.618 o001 —_—

PCCs: Pheochromocytomas. CTu/CTYv, the CT attenuation value of unenhanced/venous phase. DEpeak is the peak value between DEap and DEvp. LD, the long diameter. SD, the short

diameter. Bold values indicate statistically significant differences.
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TABLE 5 Binary regression analysis for identifying adrenal PCCs in all subjects (groups 1, 2, and 3) on the training set.

10.3389/fendo.2022.925577

Wald X*-value P-value 95% CI
42,923 0.000 12.615-109.833
18.413 0.000 1.100-1.291
4.744 0.029 1.007-1.138
0.302 0.583 0.482-3.659
0.656 0.418 0.976-1.060
0.376 0.540 0.909-1.200
0.074 0.785 0.882-1.100
0.628 0.428 0.898-1.047
0.624 0.430 0.939-1.027
1.598 0.206 0.060-1.832
49.815 0000

Variables OR B

Cystic degeneration 37.223 3.617
CTu 1.191 0.175
DEpeak 1.071 0.068
Intratumoral vessel 1.328 0.284
RPW 1.017 0.017
SD 1.044 0.043
LD 0.985 -0.015
CTa 0.970 -0.031
CTv 0.982 -0.018
Hemorrhage 0.333 -1.101
Constant 0.000 -7.709

PCCs, Pheochromocytomas. CTu/CTa/CTv, the CT attenuation value of unenhanced/arterial/venous phase. DEpeak is the peak value between DEap and DEvp. RPW = (CTa - CTv) x 100/
CTa. LD, the long diameter. SD, the short diameter. Statistics indicate that the bolded values are statistically significant.

which highly suggests diagnosis of PCCs. Although the
probabilities of PCCs in each of these groups of our study were
not low enough to avoid biochemical tests, we provided a mean to
predict the occurrence of PCCs before biochemical tests.
Through an extensive systematic search of relevant
publications, we have developed the first prediction model for
identifying PCCs from LPAs using the grouping method based
on a relatively large sample. An earlier study (23) also established
a predictive model for the distinction of PCCs from non—PCCs,
which consisted of LRAs (CTu < 10 HU). However, our study
excluded LRAs, because CTu < 10 HU on an unenhanced CT
scan image was reliable to diagnose LRAs. Two points may be
worthy of attention concerning the clinical applicability of our
model. First, our study was setting defined by multicenter with
varied protocols of the CT scanners, which could account for
heterogeneity from center to center in different instruments used
for CT. Second, the model plays an important role in the
differentiation between PCCs and LPAs in clinical practice,

Sensitivity
Sensitivity

02 o4 06 o8 10

1 - Specificity 1 - Specificity

FIGURE 4

(A) ROC analysis of the model in all subjects (groups 1, 2, and 3) on
the training set. The value of the AUC was 0.95 (95% Cl: 0.927-
0.973). The accuracy, sensitivity, and specificity of the model were
87.1, 91.2, and 82.0%, respectively. (B) ROC analysis of the model in
all subjects (groups 1, 2, and 3) on the external validation set. The
AUC was 0.91 (95% Cl, 0.860-0.929), with accuracy, sensitivity, and
specificity of 80.9, 64.5, and 90.6%, respectively.

Frontiers in Endocrinology

08

particularly with relevance to any associated need for
biochemical tests for diagnosis PCCs in Als.

Nevertheless, the present investigation has some limitations
that need to be addressed in future studies. First, discrepancies in
the measurements and analyses performed by the two
radiologists might have occurred. However, these
measurement values were measured and averaged as definitive
results to reduce differences. Second, cystic degeneration in
PCCs was found to be much more frequent in our study than
in previous ones. This finding may limit the generalizability of
the model. Third, due to the retrospective nature of this research,
most of the biochemical screening tests data were missing.
However, the study aimed to analyze the CT imaging features

x=75 Min
2.098

cm? (358 px)

5

149 Min
2

FIGURE 5

A left adrenal LPA in a 63-year-old man. (A) Axial unenhanced
phase. (B) Axial arterial phase. (C) Axial venous phase. The values
of CTu, CTa, CTv, and DEpeak were 25.23, 70.61, 75.02, and 49.79
HU, respectively. LD and SD of the mass were 25 and 20 mm.

No cystic degeneration was seen within the tumor.
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FIGURE 6

A left adrenal PCC in a 57-year-old man. (A) Axial unenhanced
phase. (B) Axial arterial phase. (C) Axial venous phase. The values of
CTu, CTa, CTyv, and DEpeak were 37.54, 105.17, 128.79, and 91.25
HU, respectively. LD and SD of the mass were 40 and 38 mm.
Cystic degeneration was seen within the Lesion (red star).

of PCCs and LPAs. Our investigation also has a notable strength
as it clearly confirmed the effectiveness and applicability of the
predictive model validated by external test set.

In conclusion, a reliable and practical prediction model for
differential diagnosis of adrenal PCCs and LPAs was established
in the study. In addition, a novel method was provided to predict
the occurrence of PCCs before biochemical tests based on the
prediction model suggested. For a lesion in Als with CTu value
less than 10 HU, biochemical test for PCCs is not required.
Nevertheless, if the CTu value of the lesion is higher than 10 HU,
further biochemical test for PCCs should be inevitable.
Especially when imaging features, including cystic
degeneration, CTu > 35.55 HU, and DEpeak > 51.35 HU, are
present in tri-phasic CT scans, it highly suggests diagnosis of
PCCs. In such situations, application of tri-phasic CT scans
combined with biochemical screening tests should be useful for
confirmed diagnosis of PCCs by clinicians.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The study was approved by the institutional review board of
Sir Run Run Shaw Hospital, Zhejiang University School of

Frontiers in Endocrinology

09

10.3389/fendo.2022.925577

Medicine. Written informed consent was waived by the
Institutional Review Board. Written informed consent for
participation was not required for this study in accordance
with the national legislation and the institutional requirements.

Author contributions

Conceptualization, methodology: ZN, JW, FZ. Formal
analysis, investigation, resources, data curation: ZN, JW, YY,
JH, SW, ZX, MS and FZ. Writing -original draft preparation:
ZN, JW. Writing - review and editing: ZN, JW, FZ. Visualization,
supervision, project administration: FZ. All authors contributed
to the article and approved the submitted version.

Funding

This research was supported by Zhejiang Provincial Natural
Science Foundation under Grant No. LGF21H030004 and
Public Welfare Technology Application Research Project of
Shaoxing city, Zhejiang Province (No. 2020A13045).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fendo.2022.925577/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2022.925577/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.925577/full#supplementary-material
https://doi.org/10.3389/fendo.2022.925577
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Niu et al.

References

1. Young WFJr. Clinical practice. the incidentally discovered adrenal mass. N
Engl ] Med (2007) 356:601-10. doi: 10.1056/NEJMcp065470

2. Glazer DI, Mayo-Smith WW. Management of incidental adrenal masses: an
update. Abdom Radiol (NY) (2020) 45:892-900. doi: 10.1007/s00261-019-02149-2

3. Fassnacht M, Arlt W, Bancos I, Dralle H, Newell-Price J, Sahdev A, et al.
Management of adrenal incidentalomas: European society of endocrinology
clinical practice guideline in collaboration with the European network for the
study of adrenal tumors. Eur ] Endocrinol (2016) 175:G1-G34. doi: 10.1530/E]JE-
16-0467

4. Mann SJ, Gerber LM. Estimation of 24-hour sodium excretion from spot
urine samples. J Clin Hypertens (Greenwich) (2010) 12:174-80. doi: 10.1111/j.1751-
7176.2009.0024.x

5. Sawka AM, Prebtani AP, Thabane L, Gafni A, Levine M, Young WF Jr. A
systematic review of the literature examining the diagnostic efficacy of measurement
of fractionated plasma free metanephrines in the biochemical diagnosis of
pheochromocytoma. BMC Endocr Disord (2004) 4:2. doi: 10.1186/1472-6823-4-2

6. Kim YK, Park BK, Kim CK, Park SY. Adenoma characterization: adrenal
protocol with dual-energy CT. Radiology (2013) 267:155-63. doi: 10.1148/
radiol. 12112735

7. Koo H]J, Choi HJ, Kim HJ, Kim SO, Cho KS. The value of 15-minute delayed
contrast-enhanced CT to differentiate hyperattenuating adrenal masses compared
with chemical shift MR imaging. Eur Radiol (2014) 24:1410-20. doi: 10.1007/
s00330-013-3084-7

8. Boland GW, Blake MA, Hahn PF, Mayo-Smith WW. Incidental adrenal
lesions: principles, techniques, and algorithms for imaging characterization.
Radiology (2008) 249:756-75. doi: 10.1148/radiol.2493070976

9. Kebapci M, Kaya T, Gurbuz E, Adapinar B, Kebapci N, Demirustu C.
Differentiation of adrenal adenomas (lipid rich and lipid poor) from
nonadenomas by use of washout characteristics on delayed enhanced CT.
Abdom Imaging (2003) 28:709-15. doi: 10.1007/s00261-003-0015-0

10. Woo S, Suh CH, Kim SY, Cho JY, Kim SH. Pheochromocytoma as a
frequent false-positive in adrenal washout CT: A systematic review and meta-
analysis. Eur Radiol (2018) 28:1027-36. doi: 10.1007/500330-017-5076-5

11. Patel J, Davenport MS, Cohan RH, Caoili EM. Can established CT attenuation
and washout criteria for adrenal adenoma accurately exclude pheochromocytoma? AJR
Am ] Roentgenol (2013) 201:122-7. doi: 10.2214/AJR.12.9620

12. Northcutt BG, Trakhtenbroit MA, Gomez EN, Fishman EK, Johnson PT.
Adrenal adenoma and pheochromocytoma: Comparison of multidetector CT
venous enhancement levels and washout characteristics. ] Comput Assist Tomogr
(2016) 40:194-200. doi: 10.1097/RCT.0000000000000343

Frontiers in Endocrinology

10

10.3389/fendo.2022.925577

13. Northcutt BG, Raman SP, Long C, Oshmyansky AR, Siegelman SS, Fishman EK,
et al. MDCT of adrenal masses: Can dual-phase enhancement patterns be used to
differentiate adenoma and pheochromocytoma? AJR Am J Roentgenol (2013) 20:834-9.
doi: 10.2214/AJR.12.9753

14. AnYY, Yang GZ, Lin B, Zhang N, Hou HT, Zhu FM, et al. Differentiation of
lipid-poor adenoma from pheochromocytoma on biphasic contrast-enhanced CT.
Abdom Radiol (NY) (2021) 46:4353-61. doi: 10.1007/s00261-021-03121-9

15. Altinmakas E, Perrier ND, Grubbs EG, Lee JE, Prieto VG, Ng CS. Diagnostic
performance of adrenal CT in the differentiation of adenoma and pheochromocytoma.
Acta Radiol (2019) 61:1080-6. doi: 10.1177/0284185119889568

16. Szolar DH, Korobkin M, Reittner P, Berghold A, Bauernhofer T, Trummer
H, et al. Adrenocortical carcinomas and adrenal pheochromocytomas: mass and
enhancement loss evaluation at delayed contrast-enhanced CT. Radiology (2005)
234:479-85. doi: 10.1148/radiol.2342031876

17. Kang S, Oh YL, Park SY. Distinguishing pheochromocytoma from adrenal
adenoma by using modified computed tomography criteria. Abdom Radiol (NY)
(2021) 46:1082-90. doi: 10.1007/s00261-020-02764-4

18. Johnson PT, Horton KM, Fishman EK. Adrenal mass imaging with
multidetector CT: Pathologic conditions, pearls, and pitfalls. Radiographics
(2009) 29:1333-51. doi: 10.1148/rg.295095027

19. Nagayama Y, Inoue T, Kato Y, Tanoue S, Kidoh M, Oda S, et al. Relative
enhancement ratio of portal venous phase to unenhanced CT in the diagnosis of
lipid-poor adrenal adenomas. Radiology (2021) 31:210-31. doi: 10.1148/
radiol.2021210231

20. Goroshi M, Jadhav SS, Sarathi V, Lila AR, Patil VA, Shah R, et al.
Radiological differentiation of phaeochromocytoma from other malignant
adrenal masses: importance of wash-in characteristics on multiphase CECT.
Endocr Connect (2019) 8:898-905. doi: 10.1530/EC-19-0198

21. CanuL, Van Hemert JAW, Kerstens MN, Hartman RP, Khanna A, Kraljevic
I, et al. CT characteristics of pheochromocytoma: Relevance for the evaluation of
adrenal incidentaloma. J Clin Endocrinol Metab (2019) 104:312-8. doi: 10.1210/
jc.2018-01532

22. Gruber LM, Strajina V, Bancos I, Murad MH, Dy BM, Young WF, et al. Not
all adrenal incidentalomas require biochemical testing to exclude
pheochromocytoma: Mayo clinic experience and a meta-analysis. Gland Surg
(2020) 9:362-71. doi: 10.21037/gs.2020.03.04

23. Araujo-Castro M, Garcia Centeno R, Robles Lazaro C, Parra Ramirez P,
Gracia Gimeno P, Rojas-Marcos PM, et al. Predictive model of pheochromocytoma
based on the imaging features of the adrenal tumors. Sci Rep (2022) 12:2671.
doi: 10.1038/541598-022-06655-0

frontiersin.org


https://doi.org/10.1056/NEJMcp065470
https://doi.org/10.1007/s00261-019-02149-2
https://doi.org/10.1530/EJE-16-0467
https://doi.org/10.1530/EJE-16-0467
https://doi.org/10.1111/j.1751-7176.2009.0024.x
https://doi.org/10.1111/j.1751-7176.2009.0024.x
https://doi.org/10.1186/1472-6823-4-2
https://doi.org/10.1148/radiol.12112735
https://doi.org/10.1148/radiol.12112735
https://doi.org/10.1007/s00330-013-3084-7
https://doi.org/10.1007/s00330-013-3084-7
https://doi.org/10.1148/radiol.2493070976
https://doi.org/10.1007/s00261-003-0015-0
https://doi.org/10.1007/s00330-017-5076-5
https://doi.org/10.2214/AJR.12.9620
https://doi.org/10.1097/RCT.0000000000000343
https://doi.org/10.2214/AJR.12.9753
https://doi.org/10.1007/s00261-021-03121-9
https://doi.org/10.1177/0284185119889568
https://doi.org/10.1148/radiol.2342031876
https://doi.org/10.1007/s00261-020-02764-4
https://doi.org/10.1148/rg.295095027
https://doi.org/10.1148/radiol.2021210231
https://doi.org/10.1148/radiol.2021210231
https://doi.org/10.1530/EC-19-0198
https://doi.org/10.1210/jc.2018-01532
https://doi.org/10.1210/jc.2018-01532
https://doi.org/10.21037/gs.2020.03.04
https://doi.org/10.1038/s41598-022-06655-0
https://doi.org/10.3389/fendo.2022.925577
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Risk prediction model establishment with tri-phasic CT image features for differential diagnosis of adrenal pheochromocytomas and lipid-poor adenomas: Grouping method
	Introduction
	Materials and methods
	Patients
	CT image protocols
	CT image analysis
	Statistical analysis

	Results
	Univariate analyses of the demographic and imaging characteristics
	ROC analyses of the significant independent variables
	Binary logistic regression analysis and prediction model establishment

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


