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Introduction:  To evaluate the utility of the Aorta-Lesion-
Attenuation-Difference (ALAD) and Peak Early-phase 
Enhancement Ratio (PEER) on contrast-enhanced 
computed tomography (CT) to differentiate between the 
appearances of chromophobe renal cell carcinoma, clear 
cell renal cell carcinoma, and oncocytoma.
Material and methods:  ALAD and PEER values were 
retrospectively measured by a reviewer from 119 patients 
with surgically resected renal masses (chromophobe renal 
cell carcinoma n = 29, clear cell renal cell carcinoma n = 28, 
and oncocytoma n = 62).  The ALAD value is expressed as: 
ALAD = Hounsfield Units aorta – Hounsfield Units mass.  
PEER is expressed as (Hounsfield Units contrast tumor - 
Hounsfield Units non-contrast tumor):( Hounsfield Units 

contrast cortex - Hounsfield Units non-contrast cortex).  
Results:  The ALAD median was 27.6 for oncocytomas, 
68.5 for chromophobe renal cell carcinoma, and 55.4 for 
clear cell renal cell carcinoma.  A significant difference 
between ALAD values of oncocytoma and chromophobe 
renal cell carcinoma was observed in the nephrographic 
(area under the ROC curve 0.92) and excretory phases 
(area under the ROC curve 0.95).  The PEER median 
was 0.74 for oncocytomas and 0.37 for chromophobe renal 
cell carcinoma.  The PEER values significantly differed 
while comparing oncocytomas and chromophobe renal 
cell carcinoma in the nephrographic and excretory phases.  
Conclusions:  Preoperative contrast-enhanced CT ALAD 
and PEER values both significantly differentiate between 
chromophobe renal cell carcinoma and oncocytoma.  PEER 
may be more effective in contrast-enhanced CT scans 
lacking distinct phases.
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Introduction

A byproduct of the increase in incidentally detected 
renal masses on imaging is the unnecessary excision 
of benign masses secondary to the unreliability of 
contrast-enhanced imaging to differentiate benign 
oncocytoma from malignancy (typically renal cell 
carcinoma).1-5  The most troublesome differentiation is 
between chromophobe renal cell carcinoma (chRCC) 
and benign oncocytic masses.5  
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In order to address the problematic differentiation 
between oncocytoma and chRCC, two different 
imaging-based approaches have been developed.  
Dhyani et al introduced the idea of measuring the 
Aorta-Lesion-Attenuation-Difference (ALAD) as a 
method to characterize renal masses.6  The ALAD value 
represents the difference in detected Hounsfield units 
(HU) between the aorta and the region of interest (ROI) 
on specific phases of contrast-enhanced CT (CECT).  
Similarly, Amin et al introduced a new measure called 
the peak early-phase enhancement ratio (PEER) of 
the tumor: cortex.7  The PEER value measures the 
difference in HU between the renal cortex and the ROI 
of the lesion.  In this study, we attempt to evaluate the 
utility of the ALAD and PEER values to differentiate 
benign from malignant pathology of renal masses.
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Materials and methods

Patient selection 
We examined 826 patients who underwent radical or 
partial nephrectomy for renal masses.  We isolated all 
pathologically confirmed chRCC and oncocytomas 
followed by narrowing the cohort to patients who had 
a preoperative CECT available (n = 91) for evaluation.  
We added ccRCC patients by matching for tumor size 
with the chRCC cohort (n = 28) for ALAD evaluation.  
Following IRB approval, preoperative CECT scans 
from the 119 patients were evaluated and ALAD and 
PEER values were calculated.  

Data collection
Patient demographic data was collected regarding 
patient’s age, sex, body mass index (BMI), and MAP 
score of the tumor kidney.8  The patient’s renal mass 
size, presence of central scar, tumor homogeneity, and 
calcifications were noted.  MAP score was categorized 
as 0-3 or 4-5 and renal mass size was categorized as  
< 2 cm, 2-4 cm, or > 4 cm.  Categorization was based 
on previously studied risk of malignant renal masses.4,9  
CD117 immunostain results were also noted from the 
pathology report.

Radiographic measurements
The ALAD value was retrospectively measured from 
CECT by a single reviewer blinded to pathology 
results.  To calculate the ALAD value, HU of the aorta 
and the renal mass were measured on the same plane 
of CECT.  A circular ROI, identical to the diameter of 
the aorta, was used to measure the HU of the renal 
mass, Figure 1a and Figure 1b.  The ALAD value is 
expressed by the following equation: ALAD = HUaorta 
– HUmass.  We evaluated ALAD’s performance in the 
nephrographic and excretory phases, and also on 
CECTs that lacked distinct phases (“not specific”).

Measurements to calculate the PEER value were 
gathered by using a ROI around 1 centimeter in diameter 
to measure the HU of the renal lesion on preoperative 
CECT in patients with oncocytoma or chRCC (n = 91).   
Next, the renal cortex adjacent to the tumor was carefully 
outlined in an elliptical like shape to obtain the HU of 
the cortex as shown in Figure 1a and Figure 1b.  The 
lesion and the cortex were measured in either the 
nephrographic, excretory, or “not specific” phases.  The 
same measurements of the lesion and cortex were taken 
again on a non-contrast CT.  To calculate the PEER value, 
the HU measurements of the lesion without contrast 
were subtracted from the HU measurements of the lesion 
with contrast.7  Similarly, the HU measurements of the 
cortex without contrast were subtracted from the HU 

measurements of the cortex with contrast.  This created 
a “net enhancement difference” for both the cortex and 
the lesion.  The PEER value is the ratio of tumor net 
enhancement:cortex net enhancement.  The calculation 
of the PEER value is also represented by the following 
equation: (HUcontrast tumor - HUnon-contrast tumor):(HUcontrast cortex - 
HUnon-contrast cortex).  If a non-contrast CT was not available, 
the PEER value was calculated with measurements 
taken from CECT and the expression was simplified 
accordingly.  Measurements were carefully taken to 
avoid calcifications and central scars in lesions to avoid 
areas of hyper- or hypo-enhancement.  

Figure 1. A) Calculation of ALAD and PEER in left renal 
mass. To calculate the ALAD value, Hounsfield Units 
(HU) of the aorta and the renal mass were measured 
on the same plane of CECT.  PEER = (HUcontrast 
tumor - HUnon-contrast tumor):(HUcontrast cortex - 
HUnon-contrast cortex). B) Calculation of ALAD and 
PEER in right renal mass. ALAD and PEER values 
calculated for right renal mass utilizing the same 
formula as Figure 1A. C) Distribution of aorta-lesion-
attenuation-difference (ALAD) scores by renal mass 
pathology and CT contrast phase. D) Distribution of 
peak early-phase enhancement ratio (PEER) scores by 
renal mass pathology and CT contrast phase.
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TABLE 1.  Patient and renal mass characteristics  
    
 Oncocytoma chRCC ccRCC p value
 n = 62 n = 29 n = 28 
Patient characteristics

Median age (range), y 67 (36-83) 63 (24-81) 60 (36-72) 0.005a

Sex, No. (%)    0.25b

     Female 21 (34%) 14 (48%) 14 (50%)
     Male 41 (66%) 15 (52%) 14 (50%) 

Median BMI (range), kg/m2 26.9 (17.5-58.0) 27.0 (20.0-42.6) 31.7 (20.1-48.0) 0.017a

MAP score of tumor kidney, No. (%)    0.17b

     0-3 41 (66%) 21 (72%) 24 (86%)
     4-5 21 (34%) 8 (28%) 4 (14%) 

CD117/Kit, No. (%)    0.51b

     Not tested/negative 55 (89%) 24 (83%) NA
     Positive 7 (11%) 5 (17%) NA

Renal mass characteristics    

Median renal mass size (range), cm 2.8 (1.0-12.5) 3.0 (0.9-14.0) 3.1 (1.0-13.0) 0.14a

Homogenous, No. (%) 26 (42%) 21 (72%) 11 (39%) 0.013b

Central scar, No. (%) 27 (44%) 0 (0%) 0 (0%) < 0.001b

Calcification, No. (%) 22 (35%) 8 (28%) 2 (7%) 0.014b  

Median ALAD (range) 27.6 (-0.9-256.9) 68.5 (18.0-209.4) 55.4 (2.0-202.6) < 0.001a

Median PEER (range) 0.74 (0.30-1.15) 0.37 (0.10-0.82) NA < 0.001c

chRCC = chromophobe renal cell carcinoma; ccRCC = clear cell renal cell carcinoma; BMI = body mass index;
MAP = Mayo adhesive probability; ALAD = aorta-lesion-attenuation-difference; PEER = peak early-phase enhancement ratio.  
PEER was not available for 1 patient in the oncocytoma group.
aKruskal-Wallis test; bFisher exact test; cWilcoxon rank-sum test.

Statistical analysis
Continuous variables were summarized with the 
sample median, minimum, and maximum values.  We 
constructed box plots of ALAD and PEER according 
to pathology and CT contrast phase.  The area under 
the receiver operating characteristic curve (AUROCC) 
was estimated along with a corresponding 95% 
confidence interval (CI) to examine the ability of 
ALAD, PEER, MAP, and mass size, individually and 
in combination, to differentiate between malignant 
and benign renal masses.  Likelihood ratio tests were 
used to compare nested models.  The DeLong test10 
was used to compare non-nested models (i.e., PEER 
versus ALAD) in the ability to differentiate chRCC 
from oncocytoma.  P values less than 0.05 were 
considered statistically significant.  Separately for the 
nephrographic, excretory, and not specific phases, we 
estimated the AUROCC and determined the optimal 
threshold for both ALAD and PEER using Youden’s 
index.11  Sensitivity, specificity, positive predictive 
value, and negative predictive value were estimated 

based on the optimal threshold along with 95% CIs.  
Statistical analyses and graphics were performed using 
SAS (version 9.4; SAS Institute Inc., Cary, NC, USA).  

Results

Table 1 demonstrates characteristics of the 119 patients 
according to renal mass pathology.  Median renal 
mass size was 3 centimeters (range, 0.9 to14).  It was 
observed that every lesion with a central scar was 
pathologically confirmed as an oncocytoma.  A total 
of 32 (27%) patients had calcifications in the aorta on 
unenhanced CT.  ALAD was significantly lower among 
patients with oncocytoma (median 27.6) compared to 
those with chRCC (median 68.5, p < 0.001) and those 
with ccRCC (median 55.4, p = 0.012).  The difference 
in ALAD between those with chRCC and ccRCC 
was not statistically significant (p = 0.32).  PEER was 
significantly higher among patients with oncocytoma 
(median 0.74) compared to those with chRCC (median 
0.37, p < 0.001).  
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Table 2 shows the AUROCC for differentiating 
between malignant (chRCC or ccRCC) and benign 
(oncocytoma) renal masses.  In the nephrographic 
phase, the ALAD value demonstrates a strong ability 
to differentiate between benign and malignant lesions 
(AUROCC 0.91), chRCC and oncocytoma (AUROCC 
0.92), and ccRCC and oncocytoma (AUROCC 
0.88).  In the excretory phase, the ALAD value also 

demonstrates the ability to differentiate between 
chRCC and oncocytoma (AUROCC 0.95).  When the 
MAP score was evaluated with the ALAD value, 
it was slightly more predictive than ALAD alone 
when differentiating between malignant RCC and 
oncocytoma in the excretory phase (LRT p = 0.041)  
and when differentiating between ccRCC and 
oncocytoma in any phase (LRT p = 0.03).  The PEER 
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TABLE 2.  Area under the receiver operating characteristic curve  
    
CT contrast  RCC vs. p value chRCC vs. p value ccRCC vs. p value
phase/model oncocytomaa  oncocytomaa  oncocytomaa 

All CT contrast phases n = 119  n = 91  n = 90 
     ALAD 0.73 (0.64-0.83)  0.80 (0.70-0.89)  0.67 (0.54-0.80) 
     MAP  0.56 (0.48-0.64)  0.53 (0.43-0.63)  0.60 (0.51-0.69) 
     Tumor size 0.58 (0.49-0.67)  0.57 (0.46-0.68)  0.59 (0.48-0.70) 
     ALAD+MAP 0.74 (0.66-0.83) 0.051b 0.79 (0.70-0.88) 0.42b 0.70 (0.59-0.81) 0.030b

     ALAD+tumor size 0.74 (0.65-0.83) 0.061b 0.78 (0.68-0.89) 0.13b 0.70 (0.57-0.82) 0.096b

     PEER   0.93 (0.86-0.99) 0.008c  
     PEER+MAP   0.93 (0.86-0.99) 0.84d    

Nephrographic phase n = 56  n = 45  n = 39
     ALAD 0.91 (0.83-0.98)  0.92 (0.85-1.00)  0.88 (0.78-0.99) 
     MAP  0.55 (0.43-0.68)  0.54 (0.39-0.69)  0.70 (0.60-0.79) 
     Tumor size 0.52 (0.39-0.66)  0.53 (0.37-0.68)  0.52 (0.34-0.70) 
     ALAD+MAP 0.91 (0.84-0.98) 0.35b 0.92 (0.85-1.00) 0.99b 0.90 (0.80-0.99) 0.096b

     ALAD+tumor size 0.90 (0.83-0.98) 0.21b 0.92 (0.83-1.00) 0.34b 0.88 (0.76-1.00) 0.12b

     PEER   0.93 (0.85-1.00) 0.85c  
     PEER+MAP   0.93 (0.84-1.00) 0.51d  

Excretory phase n = 19  n = 16  n = 14 
     ALAD 0.68 (0.40-0.96)  0.95 (0.84-1.00)  0.76 (0.49-1.00) 
     MAP  0.64 (0.50-0.77)  0.64 (0.50-0.77)  0.64 (0.50-0.77) 
     Tumor size 0.70 (0.46-0.93)  0.66 (0.36-0.97)  0.76 (0.49-1.00) 
     ALAD+MAP 0.78 (0.55-1.00) 0.041b Not estimatede  0.85 (0.63-1.00) 0.17b

     ALAD+tumor size 0.78 (0.56-1.00) 0.13b 0.96 (0.88-1.00) 0.51b 0.91 (0.73-1.00) 0.15b

     PEER   0.96 (0.88-1.00) 0.76c      
     PEER+MAP   Not estimatede   

Phase “not specific” n = 34 
     ALAD 0.60 (0.42-0.77)  0.58 (0.32-0.83)  0.61 (0.39-0.82) 
     MAP  0.56 (0.43-0.69)  0.65 (0.56-0.75)  0.51 (0.35-0.67) 
     Tumor size 0.58 (0.45-0.72)  0.52 (0.31-0.73)  0.61 (0.46-0.77) 
     ALAD+MAP 0.59 (0.42-0.77) 0.32b 0.70 (0.50-0.91) 0.036b 0.64 (0.44-0.84) 0.81b

     ALAD+tumor size 0.63 (0.45-0.80) 0.26b 0.56 (0.28-0.84) 0.81b 0.66 (0.46-0.86) 0.16b

     PEER   0.90 (0.73-1.00) 0.002c  
     PEER+MAP   0.93 (0.82-1.00) 0.15d 
RCC = renal cell carcinoma; chRCC = chromophobe renal cell carcinoma; ccRRC = clear cell renal cell carcinoma; 
ALAD = aorta-lesion-attenuation-difference; MAP = Mayo adhesive probability score; PEER = peak early-phase enhancement ratio.
aArea under the receiver operating characteristic curve and 95% confidence interval is given; bP values result from the likelihood 
ratio test comparing the given model to the model with only ALAD; cP values result from comparing the model with ALAD 
only to the model with PEER only using the DeLong method; dP values result from the likelihood ratio test comparing the given 
model to the model with only PEER.; eNot estimated due to only 3 patients with MAP >3 and all 3 had chromophobe RCC.
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value also demonstrates a strong ability to differentiate 
between chRCC and oncocytoma in the nephrographic 
phase (AUROCC 0.93) and in the excretory phase 
(AUROCC 0.96).  Among the 12 patients with CD117+ 
masses, PEER performed with 100% accuracy in our 
retrospective cohort; PEER ranged from 0.58 to 1.05 
among those with oncocytoma (n = 7) and 0.10 to 0.45 
among those with chRCC (n = 5).  

On “not specific” CECT, the ALAD value appears 
ineffective in differentiating between benign 
and malignant lesions (AUC 0.60), chRCC and 
oncocytoma (AUROCC 0.58), and ccRCC and 
oncocytoma (AUROCC 0.61).  The PEER value 
demonstrated stronger predictive ability than ALAD 
on “not specific” CECT when differentiating between 
chRCC and oncocytoma (AUC 0.90 versus 0.58, 
DeLong p = 0.002).  

We did not find strong evidence of either MAP 
score or mass size improving the ability of PEER 
to differentiate between malignant and benign 
lesions; nor did mass size improve the ability 
of ALAD to differentiate between benign and 

malignant pathologies.  When differentiating between 
chromophobe RCC and oncocytoma among all CT 
phases, PEER (AUROCC 0.93, 95% CI 0.86-0.99) 
performed better than ALAD (AUROCC 0.80, 95% 
CI 0.70-0.89) (p = 0.008, Table 2).  Our data also 
suggests that the ability of ALAD to differentiate 
between malignant and benign lesions is dependent 
on CT contrast phase, Figure 1c, whereas the ability 
of PEER to differentiate between chromophobe RCC 
and oncocytoma is consistent across all CT contrast 
phases, Figure 1d.  

Youden’s index was used to determine optimal 
thresholds of ALAD and PEER to differentiate 
between oncocytoma and chRCC in our cohort, Table 3.   
For the ALAD value, the optimal threshold was 43 in 
the nephrographic phase, 28 in the excretory phase, 
and 66 in the not specific phase although ALAD did 
not prove to be a useful diagnostic tool in the not 
specific phase (AUC 0.58).  For the PEER value, the 
threshold was 0.485 in the nephrographic phase, 0.528 
in the excretory phase, and 0.560 in the not specific 
phase.  
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TABLE 3.  ALAD and PEER in specific phases  
    
ALAD threshold Nephrographic Excretory Phase 
 phase phase not specific

n 45 16 30
chRCC 17 5 7
Oncocytoma 28 11 23

chRCC vs. oncocytoma   
ALAD thresholda 43 28 66
Sensitivity (95% CI), % 82 (69-91) 100 (81-100) 71 (54-84)
Specificity (95% CI), % 93 (82-97) 82 (58-94) 57 (39-73)
PPV (95% CI), % 88 (75-94) 71 (47-88) 33 (19-51)
NPV (95% CI), % 90 (77-96) 100 (81-100) 87 (70-95)

PEER threshold Nephrographic Excretory Phase
 phase phase not specific
n 44 16 30
chRCC 17 5 7
Oncocytoma 27 11 23

chRCC vs. oncocytoma   
PEER thresholda 0.485 0.528 0.560
Sensitivity (95% CI), % 88 (76-95) 100 (81-100) 86 (69-94)
Specificity (95% CI), % 93 (81-97) 73 (48-88) 91 (76-97)
PPV (95% CI), % 88 (76-95) 63 (39-82) 75 (57-87)
NPV (95% CI), % 93 (81-97) 100 (81-100) 95 (82-99)
chRCC = chromophobe renal cell carcinoma; CI = confidence interval; PPV = positive predictive value; NPV = negative predictive value
aThe threshold was determined by taking the value with the highest Youden’s index. Youden’s index = sensitivity + specificity – 1, 
where sensitivity and specificity are expressed as proportions ranging from 0 to 1.
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Discussion

Modern imaging has proven unreliable at differentiating 
benign oncocytic neoplasms from RCC.5  Oncocytoma 
and chRCC arise from the same cell within the distal 
nephron, causing an overlap in imaging characteristics 
making them nearly indistinguishable on imaging.5,12  
Attempts to use imaging characteristics such as the 
presence of a central scar, well differentiated margins, 
and similar hyper-enhancement patterns on contrast-
enhanced imaging have noted varied results.5,12  

Dhyani et al developed the ALAD concept to 
assist in differentiating malignant from benign renal 
masses that appear on CECT.6  This group evaluated 
an initial cohort of 79 renal masses that was composed 
of 23 chRCC lesions and 56 oncocytic lesions that were 
confirmed by biopsy.  They also evaluated a validation 
cohort of 36 surgically resected lesions.  They found a 
significant difference in enhancement between chRCC 
and oncocytomas in the nephrographic, early excretory, 
and excretory phases on CECT.  This study concluded 
that in the nephrographic phase on CECT, the ALAD 
value has the potential to differentiate between benign 
and malignant renal masses if biopsy is indeterminate.  
They determined an ALAD threshold of 25.5 to best 
represent their results; ALAD values greater than 25.5 
were chRCC masses while ALAD values less than 25.5 
were oncocytic masses.  More recently, Grajo et al sought 
to validate ALAD’s ability to discriminate between 
oncocytomas and all subtypes of RCC: chromophobe, 
clear cell, and papillary.13  They evaluated 227 lesions (22 
oncocytoma, 9 angiomyolipoma, 11 chRCC, 37 papillary 
RCC, 148 ccRCC) in excretory and nephrographic 
phases on CECT.  They determined the nephrographic 
phase as the most effective in differentiating between 
oncocytoma and chRCC (AUC 0.98).13  

The PEER value was created by Amin et al in hopes 
to assist in the differentiation of CD117+ masses, which 
usually occurs in chRCC and oncocytomas.7  CD117, 
also known as c-kit, can be detected by immunostain 
on a biopsy specimen.14  This group retrospectively 
and prospectively tested the PEER value by evaluating 
renal lesions on multiphase CECT.  Of the 54 lesions 
in the retrospective cohort, 19 were CD117+, 13 were 
CD117-, and 22 were untested.  The median net early 
phase PEER value was 0.45 (range, 0.18 to 0.96) for 
chRCC and 0.77 (range, 0.50 to 1.00) for oncocytoma and 
significantly differentiated between the two pathologies 
(p < 0.001).  In the prospective cohort, PEER performed 
exceptionally well by accurately identifying all (n = 22) 
CD117+ renal lesions as their correct pathologies by 
using a PEER threshold value of 0.50; PEER over 0.50 
was an oncocytoma and PEER under 0.50 was chRCC.7

Larger renal mass size and higher MAP score 
have both been correlated with a higher likelihood 
of malignant pathology.4,9,15  The Mayo Adhesive 
Probability (MAP) score also utilizes preoperative 
imaging and was originally created to predict surgical 
difficulty.8  Bernstein et al found the MAP score to 
be a significant independent predictor of malignant 
pathology (p = 0.045); if a patient’s MAP score increased 
by one point, their odds of malignant pathology 
increased by 37.4%.9  Kocher et al found that the MAP 
score was strongly associated with adherent perinephric 
fat (p < 0.001) and adherent perinephric fat was 
associated with the presence of renal cell carcinoma  
(p = 0.04).15  These findings motivated our evaluation 
of the MAP score in conjunction with ALAD and PEER.

Our evaluation of both ALAD and PEER demonstrated 
findings analogous with the aforementioned studies.  
We found that PEER (AUC 0.93) performs significantly 
better than ALAD (AUC 0.80) (p = 0.008).  The utility 
and ease of both systems plays a role in the likelihood 
of use in the clinic setting.  From our experience, ALAD 
is easier and faster to calculate.  The PEER value is 
mathematically more involved and is slightly more 
time consuming to evaluate on CECT.  Both values can 
be calculated quickly and easily with a mathematically 
equipped spreadsheet.  We suggest the use of both ALAD 
and PEER when trying to differentiate between benign 
and malignant renal masses however we do suggest 
using PEER over ALAD in certain circumstances.  If a 
biopsy has been conducted with inconclusive pathology 
results but is CD117+, we suggest the use of PEER.  In a 
CD117+ renal mass, PEER performs with 100% accuracy.  
Our data suggests that PEER can be effective on CECT 
scans that lack distinct phases by examining the earliest 
phase available.  

Our findings align well with the previously 
published research by Dhyani et al6 and Amin et al.7  
For the ALAD value, Dhyani et al concluded that any 
value larger than 25.5 should be considered chRCC 
when ALAD is measured in the early excretory phase.  
Our results suggest that an ALAD value of 43 or higher 
in the nephrographic phase can also be predictive of 
malignant pathology.  Amin et al determined 0.5 as 
an appropriate threshold for the PEER value in the 
earliest phase available; a lesion 0.5 or larger can be 
considered an oncocytoma.  Our findings further 
identify PEER thresholds according to phase: 0.485 in 
the nephrographic phase, 0.528 in the excretory phase, 
and 0.560 in not specific phases.  The determination of 
these thresholds suggests the PEER value is superior 
when evaluating an image with no specific phases. 

To demonstrate clinical application, consider a 
patient who has a small renal mass on CECT that is 
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CD117+ on percutaneous biopsy with a central scar, an 
ALAD value of 25 and a PEER value of 0.75.  We can 
confidently predict the mass as a benign oncocytoma.  
In this situation, we may recommend watchful waiting 
in order to preserve healthy renal parenchyma and 
renal function.  

Limitations of this study include its retrospective 
nature and the inherent error that is involved in 
the ALAD and PEER values.  HU measurements of 
the aorta, ROI, and renal cortex must be exercised 
with precision and awareness.  To achieve accurate 
values, calcifications, central scars, and areas of hyper-
enhancement from metal implants must be avoided 
with every measurement.  Because this study was 
executed retrospectively, the type of CT utilized was not 
rigorously standardized.  We utilized any preoperative 
CECT scan available and even evaluated CECT scans 
with one contrasting phase.  This was done in order to 
evaluate the breadth of application of the ALAD and 
PEER values.  Additionally, the low number of patients 
with scans evaluated in the excretory phase should 
be considered while drawing conclusions from the 
statistical analysis. This study is, to our knowledge, the 
first to validate the PEER value in a large cohort with 
surgically obtained specimens.  It is also the first study 
to compare the PEER and ALAD systems and evaluate 
them on CECT scans that lack specific phases. 

In conclusion, both the ALAD and PEER values 
can successfully differentiate between chRCC and 
oncocytoma from evaluation in the nephrographic 
or excretory phases on three-phase CECT.  PEER 
also proved effective in CECT scans lacking distinct 
phases.   
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