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Abstract

Background: Renal masses are becoming an increasingly common finding on cross-sectional images.
Characterization of the nature of the lesion either neoplastic or not, benign or malignant as well as further subtype
characterization is becoming an important factor in determining management plan. The purpose of our study with
to assess the sensitivity and specificity of both ADC mean value and ADC ratio in such characterization along with
the calculation of different cutoff values to differentiate between different varieties, using pathological data as the
main gold standard for diagnosis.

Results: Our study included 50 patients with a total of 72 masses. A final diagnosis was reached in 69 masses by
pathological examination and three masses had clinical and laboratory signs of infection. We had a total of 49
malignant lesions (68%) and 23 benign lesions (32%). The ADC value of ccRCC (1.4 × 10−3 mm2/s) was significantly
higher than all other renal masses. A cutoff ADC value of > 1.1 and a cutoff ADC ratio of > 0.56 can be used to
differentiate between clear cell renal cell carcinoma and other lesions and an ADC value of < 0.8 and an ADC ratio
of ≤ 0.56 to differentiate papillary renal cell carcinoma from other masses. There was no statistically significant ADC
value to differentiate between benign and malignant lesions but a statistically significant ADC ratio (> 0.52) was
reached.

Conclusion: ADC value and ADC ratio can be used as an adjunct tool in the characterization of different renal
masses, with ADC ratio having a higher sensitivity, which can affect the prognosis and management of the patient.
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Background
Renal cancer is one of the top ten common types of can-
cer, 90% of which are renal cell carcinoma (RCC) [1],
and thus having a significant impact on health [2].
Many renal cell carcinomas are diagnosed incidentally

as they tend to be asymptomatic or may present with
symptoms unrelated to the kidneys [1]. The increase in
cross-sectional abdominal imaging has led to an increase
in the number of incidentally discovered renal masses

[3], most of these masses are small renal masses (< 4
cm), and out of these 20 percent are benign [4].
With regard to RCC, 75% are clear cell (ccRCC), 7% to

15% are papillary (pRCC), and 5% are chromophobe
(chrRCC) subtypes. Collecting duct and medullary car-
cinomas is rare and account for < 1% of the renal tu-
mors. The variable histopathologic types are associated
with different degrees of aggressiveness and variable
prognosis [3, 5]. Clear cell renal cell carcinoma (ccRCC),
the most common RCC subtype, has the greatest poten-
tial for aggressive behavior among the common subtypes
[6].
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Therefore, it is important to distinguish between the
subtypes of renal tumors since each subtype has differ-
ent tumor behavior as well as different prognosis [7].
Characterization of renal tumors is critical to determine
the best therapeutic approach and improve overall pa-
tient survival [8].
Furthermore, the distinction between benign from ma-

lignant lesions is crucial in deciding on the therapeutic
approach; small malignant renal masses are usually sur-
gically removed or treated with minimally invasive per-
cutaneous procedures, whereas benign renal masses are
managed conservatively [9].
The most common benign renal tumor is angiomyoli-

poma which is a mesenchymal tumor consisting of blood
vessels, smooth muscle, and adipose tissue. The amount
of fat varies between angiomyolipomas, and up to 5% are
classified as fat poor, which can mimic malignant renal
neoplasms. Another common benign renal tumor is onco-
cytoma, also known to mimic RCC on imaging [3, 5].
Diffusion-weighted imaging (DWI) sequences

characterize the restriction of the random (Brownian)
movement of water molecules within tissues [10]. It is a
non-invasive technique, capable of probing the structure
of biologic tissues at a microscopic level, and thus can
be used for in vivo tissue characterization [11].
Many researchers have reported increased diagnostic

value when using DWI for tumor differentiation in the
differential diagnosis of cerebral tumors [12], whereas
other researchers have investigated the use of DWI in
differentiating between benign and malignant pediatric
abdominal tumors [13] as well as in the characterization
of focal liver lesions [14] and many other body organs.
The ratio between the ADC value of the renal mass

and the ADC value of the normal renal parenchyma has
been proposed as a potential parameter to differentiate
between benign and malignant renal masses as well as to
help in the characterization of the different subtypes of
renal tumors.
We conducted this study to investigate diffusion

weighted imaging as non-invasive non-enhanced tool in
the differentiation between benign and malignant renal
tumors as well as the characterization of the different
types of renal masses, using both the ADC value of the
different renal masses as well as the ratio between the
mass ADC and the renal parenchyma ADC as different
parameters to help in characterization of renal masses.

Methods
Subjects
This was a prospective study performed in patients with
suspected solid renal masses identified on either com-
puted tomography or ultrasound and presented for fur-
ther characterization, between January 2018 and June
2020. Patients with suspected lesions on ultrasound

proved by MRI to be cystic (Bosniak 1 and 2) as well as
patients with pseudo-lesions were excluded from the
study. Cases of lipid-rich AML were easily diagnosed
visually by CT and US and were not part of our study.
Thus, the study included 50 patients with a total of 72
masses.
Institutional approval was obtained before the study

and patient consent to participate in the study was
collected.

MRI technique
The study was performed on a 3-tesla MRI machine
(Ingenia, Philips—Netherlands), using body coils with
digital broadband technology “dSream architecture.”
Our protocol consisted of T1WI in the axial plane (TR

550 ms, TE 16 ms, slice thickness 3 mm, zero interslice
gap, matrix 400 × 235, FOV 360 × 330 mm, NAS 1) and
T2WI in the axial plane (TR 1100 ms, TE 80 ms, slice
thickness 3 mm, zero interslice gap, matrix 280 × 220,
FOV 330 × 300 mm, NAS 1) as well as fat-suppressed
T2 sequences in the axial and coronal planes (TR 1100
ms, time to echo TE 80 ms, slice thickness 3 mm, zero
interslice gap, matrix 280 × 220, FOV 350 × 330 mm,
NAS 1). Diffusion-weighted imaging (DWI) with 3 b
values (0, 400, and 800) and generated acquired diffusion
coefficient (ADC) images (TR 1900 ms, TE 82 ms, slice
thickness 3 mm, zero interslice gap, matrix 280 × 220,
FOV 450 × 400 mm, NAS 1).
The ADC values were calculated by placing ROI on

the lesion when solid or the solid parts of the lesion
when having a mixed appearance excluding areas of ne-
crosis. Identical ROIs were placed upon the normal renal
parenchyma to calculate the ADC of the renal paren-
chyma, and the ratio between the ADC of the mass to
the ADC of the parenchyma was calculated by dividing
the ADC value of the mass by the ADC value of the
renal parenchyma.
The images were analyzed by two readers, specialized

in uroradiology (with > 15 years of experience in urora-
diology). Differences between the two readers were
solved by consensus.

Statistical analysis
Data were fed into the computer and analyzed using the
IBM SPSS software package version 20.0. Qualitative
data were described using number and percent. Quanti-
tative data were described using range (minimum and
maximum), mean, standard deviation, and median. The
significance of the obtained results was judged at the 5%
level. ROC curves were plotted using the MedCalc soft-
ware version 15.8, calculating recommended cutoff
values with corresponding sensitivity, specificity, positive
predictive value, and negative predictive value.
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Final diagnosis
Final diagnoses were reached in all cases based on clin-
ical and laboratory data, pathological analysis when feas-
ible, and follow-up of the patients.

Results
Our study included 50 patients with a total of 72 masses;
our patients were 32 males and 18 females, aged be-
tween 20 and 75 years old.
The most common presenting symptom was loin pain

followed by hematuria. Other symptoms included fever,
easy fatigue, loss of appetite, or a combination of more
than one symptom. Ten cases were incidentally discov-
ered during abdominal imaging for non-related
complaints.
Twenty-three of the masses examined were small renal

masses (≤ 4 cm) with 31 masses between 4 and 7 cm, 10
masses between 7 and 10 cm, and 8 masses larger than
10 cm.
The behavior of the masses was assessed in terms of

local invasion, distant metastasis, nodal metastasis, and
invasion of the pelvicalyceal system (PCS); nine masses
were associated with local extra-renal invasion, and three
with local and distant metastasis. Twenty masses were
associated with invasion of the pelvicalyceal system and
eight masses associated with regional lymph nodes.
The final diagnosis was reached based on clinical, la-

boratory, pathological analysis, and follow-up of the pa-
tients; three cases with clinical and laboratory signs of
infection were subjected to medical treatment and
followed up until symptoms resolution, and were diag-
nosed as infection. Twelve masses were diagnosed after
core needle biopsy as follows; two of which were in a pa-
tient who had a history of urinary bladder carcinoma
treated with local instillation of BCG and pathology re-
vealed renal tuberculous granuloma, two other masses
were described as advanced-stage renal cell carcinoma
based on imaging and were pathologically diagnosed as
ccRCC, the last eight were in two patients with history
of tuberous sclerosis, core biopsy was undertaken for
renal masses with no visible fat on imaging and were
pathologically diagnosed as lipid-poor angiomyolipomas.
Finally, the remaining 57 masses were diagnosed by
pathological examination after excision of the mass (par-
tial or radical nephrectomy). We had a total of 49 malig-
nant lesions (68%) and 23 benign lesions (32%). The
final diagnosis is illustrated as follows in Table 1.
The characteristics of different masses were assessed

on DWI/ADC, with 67 out of 72 masses showing re-
stricted diffusion. The mean, median, maximum and
minimum ADC value, and ADC ratio were calculated
for each diagnostic category (Tables 2 and 3), as well as
comparing the mean ADC value and ADC ratio for each
mass (Table 4).

ROC curves for calculating different cutoff points to
reach a cutoff value for differentiating different masses
were also calculated.
Various ROC curves were computed using both ADC

value and ADC ratio to characterize the different
lesions.
ROC curves were computed to reach a cutoff point to

differentiate between neoplastic and non-neoplastic le-
sions; cases of infections (non-neoplastic) showed lower
ADC value and ADC ratio than neoplastic lesions, also
using ADC ratio had higher sensitivity than the ADC
value.
Cutoff ADC value of > 0.85 × 10−3 mm2/s can be used

to differentiate neoplastic from non–neoplastic lesions
with a sensitivity of 69.35% and specificity of 60.0%, a
negative predictive value of 13.6%, and a positive pre-
dictive value of 95.6% (p = 0.045) (Fig. 1).
Cutoff ADC ratio of > 0.41 × 10−3 mm2/s to diagnose

neoplastic from non-neoplastic lesions can be used with
a sensitivity of 85.48% and specificity of 80.00%, a nega-
tive predictive value of 30.8%, and a positive predictive
value of 98.1% (p = 0.003) (Fig. 2).
A statistically significant cutoff value to differentiate

between benign and malignant neoplastic lesions was
not reached using the ADC values, yet using the ADC
ratio had a statistically significant cutoff point.
Cutoff ADC ratio of > 0.52 × 10−3 mm2/s can be used

to diagnose malignant from benign neoplastic lesions
with a sensitivity of 65.31% and specificity of 92.1%, a
negative predictive value of 41.1%, and a positive pre-
dictive value of 97% (p = 0.038) (Fig. 3).
A cutoff value was calculated to differentiate between

clear cell RCC from other lesions showing diffusion re-
striction using ADC value and ACD ratio in order, with
the ADC ratio showing more sensitivity.
Cutoff ADC value of > 1.1 × 10−3 mm2/s to differenti-

ate cases of clear cell RCC from other tumors can be

Table 1 The final diagnosis for the studied masses (n = 72)

No. %

Definite diagnosis (n = 72)

Clear cell RCC 27 37.5

Papillary RCC 15 20.8

AML 12 16.7

Oncocytoma 4 5.6

Chromophobe 4 5.6

Infection 3 4.2

T.B nephritis 2 2.8

Metanephric adenoma 2 2.8

Sarcoma 1 1.4

TCC 1 1.4

Collecting duct carcinoma 1 1.4
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used with a sensitivity of 72.41% and a specificity of
95.74%, a negative predictive value of 84.9%, and a posi-
tive predictive value of 91.3% (p < 0.001) (Fig. 4).
A cutoff ADC ratio of > 0.56 × 10−3 mm2/s to diag-

nose cases with clear cell RCC from other masses can be
used with a sensitivity of 88.89% and specificity of 90%, a
negative predictive value of 85.7%, and a positive pre-
dictive value of 92.3% (p < 0.001) (Fig. 5).
A cutoff value to differentiate between papillary RCC

from other lesions showing diffusion restriction was cal-
culated using both ADC value and ACD ratio.
Cutoff ADC value of ≤ 1 × 10−3 mm2/s to diagnose

cases with papillary RCC from other cases can be used
with a sensitivity of 88.24% and specificity of 49.15%, a
negative predictive value of 93.5%, and a positive pre-
dictive value of 33.3% (p < 0.001) (Fig. 6).
Cutoff ADC ratio of ≤ 0.56 ADC to diagnose cases

with papillary RCC from other masses can be used with
a sensitivity of 88.67% and specificity of 50%, a negative

predictive value of 92.9%, and a positive predictive value
of 33.3% (p = 0.004) (Fig. 7).
No statistically significant cutoff value was found to

characterize AML from other masses, using neither the
ADC value nor the ADC ratio.
Examples of some of the different masses detected by

MRI in our study are presented in Figs. 8, 9, 10, and 11.

Discussion
Renal masses are frequently encountered on cross-
sectional imaging done either for kidney-related symp-
toms or as an incidental finding. The increased inci-
dence especially in elderly people and those with
multiple co-morbidities warrants the need for a non-
invasive tool to characterize those lesions.
Renal cell carcinoma is the most common renal neo-

plasm and of which clear cell subtype is the most com-
mon subtype. Each subtype has a different
aggressiveness and thus a different prognosis.

Table 2 Min., max., mean, and median ADC for different masses (n = 67)

Definite diagnosis N ADC

Min.-max. (× 10−3 mm2/s) Mean ± SD. (× 10−3 mm2/s) Median (× 10−3 mm2/s)

Clear cell RCC 27 0.80-1.60 1.4 ± 0.19 1.20

Papillary RCC 15 0.50-1.10 0.80 ± 0.18 0.80

AML 9 0.70-1.10 0.89 ± 0.16 0.85

Chromophobe RCC 4 0.70-1.0 0.85 ± 0.13 0.85

Oncocytoma 3 0.90-1.40 1.10 ± 0.26 1.0

Infection 3 0.80-0.90 0.87 ± 0.06 0.90

Tuberculoma 2 0.70-0.70 0.70 ± 0.0 0.70

TCC 1 1.10

Sarcoma 1 0.90

Metanephric adenoma 1 1.0

Collecting duct carcinoma 1 0.70

Table 3 Min., max., mean, and median ADC ratio for different masses (n = 67)

Definite diagnosis N ADC ratio

Min.-max. (× 10−3 mm2/s) Mean ± SD. (× 10−3 mm2/s) Median (× 10−3 mm2/s)

Clear cell RCC 27 0.44-0.80 0.64 ± 0.07 0.65

Oncocytoma 3 0.47-0.50 0.49 ± 0.02 0.50

Sarcoma 1 0.56

Abscess 3 0.40-0.42 0.41 ± 0.01 0.41

AML 9 0.37-0.52 0.47 ± 0.05 0.47

Chromophobe 4 0.40-0.46 0.44 ± 0.03 0.45

T.B nephritis 2 0.34-0.35 0.35 ± 0.01 0.35

TCC 1 0.65

Papillary RCC 15 0.29-0.61 0.45 ± 0.11 0.44

Metanephric adenoma 1 0.62

Collecting duct carcinoma 1 0.41
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Multiple studies aiming at investigating different pa-
rameters in a trial to differentiate those subtypes based
on imaging were done. Finding a method to distinguish
the lesion along with its extensions is important for the
management, and as contrast-enhanced studies are not
always feasible (either due to patient-related factors or
technical difficulties as well as cost-related issues), our
study aimed at studying the role of DWI/ADC as a tool
in diagnosis and characterization, as well as comparing
ADC value and ADC ratio and their roles in the
characterization of the renal masses.
ccRCC was the most common subtype with a higher

mean ADC than other benign and malignant lesions
showing a mean ADC value of 1.4 ± 0.19 × 10−3 mm2/s,
and the results are consistent with those by Zhang et al.,
de Silva et al., Sevcenco et al., Serter et al., and el Ser-
ougy et al. reporting mean ADC value of 1.53 ± 0.31 ×
10−3 mm2/s [15], 1.50 × 10−3 mm2/s [16], 1.38 0.56 ×
10−3 mm2/s [4], 1.474 ± 0.575 × 10−3 mm2/s [17], and
1.56 ± 0.27 × 10−3 mm2/s [18], respectively. Mirka et al.
used the median ADC to report their results, reporting a
median of 1.365 × 10−3 mm2/s for ccRCC [19], which is

Fig. 1 ROC curve to assess agreement (sensitivity, specificity) of the ADC value to diagnose neoplastic from non–neoplastic lesions. A cutoff value
of > 0.85 × 10−3 mm2/s can be used to differentiate neoplastic from non–neoplastic lesions with a sensitivity of 69.35% and specificity of 60.0%

Table 4 Mean ADC value and ADC ratio for different masses (n
= 67)

Definite diagnosis N ADC value
Mean ± SD.
(× 10−3 mm2/s)

ADC ratio
Mean ± SD.
(× 10−3 mm2/s)

Clear cell RCC 27 1.4 ± 0.19 0.64 ± 0.07

Oncocytoma 3 0.80 ± 0.18 0.49 ± 0.02

Sarcoma 1 0.89 ± 0.16 0.56

Abscess 3 0.85 ± 0.13 0.41 ± 0.01

AML 9 1.10 ± 0.26 0.47 ± 0.05

Chromophobe 4 0.87 ± 0.06 0.44 ± 0.03

T.B nephritis 2 0.70 ± 0.0 0.35 ± 0.01

TCC 1 1.10 0.65

Papillary RCC 15 0.90 0.45 ± 0.11

Metanephric adenoma 1 1.0 0.62

Collecting duct carcinoma 1 0.70 0.41

Shaaban et al. Egyptian Journal of Radiology and Nuclear Medicine          (2021) 52:203 Page 5 of 13



Fig. 2 ROC curve to assess agreement (sensitivity, specificity) of the
ADC ratio to diagnose neoplastic from non-neoplastic lesions. Cutoff
ADC ratio of > 0.41 × 10−3 mm2/s to diagnose neoplastic from non-
neoplastic lesions can be used with a sensitivity of 85.48% and
specificity of 80.00%

Fig. 3 ROC curve to assess agreement (sensitivity, specificity) of the
ADC ratio to diagnose malignant from benign neoplastic lesions.
Cutoff ADC ratio of > 0.52 × 10−3 mm2/s can be used to diagnose
malignant from benign neoplastic lesions with a sensitivity of
65.31% and specificity of 92.1%

Fig. 4 ROC curve to assess agreement (sensitivity, specificity) of the
ADC value to diagnose cases with clear cell RCC from other tumors.
Cutoff ADC value of > 1.1 × 10−3 mm2/s can be used to distinguish
cases of clear cell RCC from other tumors with a sensitivity of
72.41% and a specificity of 95.74%

Fig. 5 ROC curve to assess agreement (sensitivity, specificity) of the
ADC ratio to diagnose cases with clear cell RCC from other masses.
A cutoff ADC ratio of > 0.56 × 10−3 mm2/s to diagnose cases with
clear cell RCC from other masses can be used with a sensitivity of
88.89% and specificity of 90%
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close to our results having a median of 1.2 × 10−3 mm2/
s for ccRCC.
Razek et al. had a higher mean ADC for ccRCC of

1.74 ± 0.12 × 10−3 mm2/s [20], which could be attrib-
uted to the fact that their study was conducted on a
1.5T machine whereas ours was performed on a 3T ma-
chine, in addition to the different sample sizes (27 cases
of ccRCC in our study compared to 19 in the study by
Razek et al.).
In our study, we had a mean ADC value for pRCC of

0.80 ± 0.18 × 10−3 mm2/s; results are close to those by
de Silva et al., Sevcenco et al., and el-Serougy et al.
reporting a mean ADC value of 0.76 × 10−3 mm2/s [16],
1.016 ± 0.377 × 10−3 mm2/s [4], and 0.96 ± 0.25 ×
10−3mm2/s [18], respectively. Mirka et al. used the me-
dian ADC to report their results, reporting a median of
1.0 × 10−3 mm2/s for pRCC [19], which is close to our
results having a median of 0.8 × 10−3 mm2/s for pRCC.
However, Razek et al. had different results reporting a

mean ADC value for pRCC of 1.65 ± 0.26 × 10−3 mm2/s
[20], the difference again is likely because their study
was conducted on a 1.5T machine while our study was
performed on a 3T machine, in addition to the different
sample sizes (15 cases of pRCC in our study compared
to six in the study by Razek et al.).
In our study, we had nine cases of AML showing re-

striction with a mean ADC of 0.89 ± 0.16 × 10−3mm2/s,
which aligns with other studies by Emad-Eldin et al.
and Sevcenco et al. who reported a mean ADC of
0.95 ± 0.3 × 10−3 mm2/s [21], and 0.828 ± 0.227 ×
10−3 mm2/s [4], respectively. While Ghoneim et al.
and de Silva et al. had different results reporting a mean
of 0.75 × 10−3 mm2/s [22] and 0.69 × 10−3 mm2/s [16], re-
spectively, this can be attributed to the difference in mag-
net strength (both studies performed on 1.5-tesla machine
while ours was on 3-tesla machine).
In our study, we had four cases of chrRCC with a

mean ADC value of 0.85 ± 0.13 × 10−3 mm2/s, similar to
findings by el-Serougy et al. who reported a mean ADC
value of 0.89 ± 0.13 × 10−3mm2/s [18]. This is incompat-
ible with other studies by de Silva et al., Razek et al., and
Sevcenco et al. who reported a mean ADC of 1.11 ×
10−3 mm2/s [16], 1.44 ± 0.12 × 10−3 mm2/s [20], and
1.239 ± 0.334 × 10−3mm2/s [4], respectively. This can be
attributed to the different magnet strength in the former
and the larger sample size in the latter two compared to
our study. Mirka et al. used the median ADC to report
their results, reporting a median of 1.06 × 10−3 mm2/s
for chrRCC [19], this was not in concordance with our
calculated median of 0.85 × 10−3 mm2/s for chrRCC; this
can be attributed to the small sample size.
In the current study, we had three out of four cases of

oncocytoma showing restricted diffusion with a mean
ADC value of 1.10 ± 0.26 × 10−3 mm2/s, which is not in

Fig. 6 ROC curve to assess agreement (sensitivity, specificity) of the
ADC value to diagnose cases with papillary RCC from other cases
(neoplastic and non-neoplastic). Cutoff ADC value of ≤ 1 × 10−3

mm2/s to diagnose cases with papillary RCC from other cases can
be used with a sensitivity of 88.24% and specificity of 49.15%

Fig. 7 ROC curve to assess agreement (sensitivity, specificity) of the
ADC ratio to diagnose cases with papillary RCC from other masses.
Cutoff ADC ratio of ≤ 0.56 ADC to diagnose cases with papillary RCC
from other masses can be used with a sensitivity of 88.67% and
specificity of 50%
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concordance with other studies by Razek et al. and Sev-
cenco et al. who reported a mean ADC of 2.10 ± 0.10 ×
10−3mm2/s [20], and 1.603 ± 0.636 × 10−3 mm2/s [4], re-
spectively. This can be attributed to the different magnet
power in the former study, and the larger sample size in
the latter study. Mirka et al. used the median ADC to re-
port their results, reporting a median of 1.65 × 10−3

mm2/s for oncocytoma [19], this was not in concordance
with our study; the median in ours was 1 × 10−3 mm2/s,
which can be attributed to the different sample size

(three cases in our study and 11 in the study by Mirka
et al.).
In our study, we only had one case of TCC which had

an ADC value of 1.1 × 10−3 mm2/s, and this aligns with
the mean calculated in the studies by Ghoneim et al.,
Emad-Eldin et al., and Sevcenco et al. of 1.1 × 10−3

mm2/s [22], 1.15 ± 0.3 × 10−3 mm2/s [21], and 1.2 ±
0.81 × 10−3 mm2/s [4], respectively; each of the studies
included 3 cases, as well as the median calculated by
Mirka et al. of 1.028 × 10−3 mm2/s [19].

Fig. 8 A 59-year-old male patient with accidental detection of a left renal mass on ultrasound during surveillance for HCC. MRI revealed a left
lower zonal heterogeneous mass lesion. a T2WI, b T1WI, c and d DWI and ADC showing heterogeneous foci of diffusion restriction, ADC = 1.4 ×
10−3 mm2/s, e and f gross and histo-pathological photograph H&E × 400, clear cell RCC
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In our study, we had only three cases of renal infec-
tion, with a mean ADC value of 0.87 ± 0.06 × 10−3
mm2/s, and two masses of T.B nephritis with a mean
ADC value of 0.70 × 10−3 mm2/s.
This is not in concordance with the study by Goyal

et al. who reported a mean ADC value for the inflam-
matory lesions of 1.12 ± 0.21 × 10−3 mm2/s. The dif-
ference can be attributed to the different sample sizes
(20 cases in their study compared to three cases in
our study) [23].
In our study, we only had one case of collecting duct

carcinoma; it had an ADC value of 0.7 × 10−3 mm2/s.

While Razek et al. had two cases with a higher mean
ADC value of 1.1 ± 0.14 × 10−3 mm2/s [20]. The differ-
ence in the ADC value can be attributed to the reason
that their study was conducted on a 1.5T machine,
whereas our study was performed on a 3T machine.
In our study, we reached a cutoff value to differentiate

between neoplastic and non-neoplastic lesions, where a
cutoff ADC value of > 0.85 × 10−3 mm2/s can be used
with a sensitivity of 69.35% and specificity of 60.0%, a
negative predictive value of 13.6%, and a positive pre-
dictive value of 95.6% (p = 0.045), and a cutoff ADC ra-
tio of > 0.41 × 10−3 mm2/s can be used with a sensitivity

Fig. 9 A 50-year-old female coming with left loin pain a T2 WI showing a hypointense left renal mass with central scar, b T1WI iso to
hypointense, c, d DWI with ADC showing restricted diffusion; ADC = 1.18 × 10−3 mm2/s, e gross surgical specimen after partial nephrectomy, f
histopathology; oncocytoma; H&E × 400

Shaaban et al. Egyptian Journal of Radiology and Nuclear Medicine          (2021) 52:203 Page 9 of 13



of 85.48% and specificity of 80.00%, a negative predictive
value of 30.8%, and a positive predictive value of 98.1%
(p = 0.003).
None of the previous studies used the ADC ratio in

comparing between neoplastic and non-neoplastic lesions.
Also, Goyal et al. showed a statistical difference be-

tween inflammatory masses and RCC, however, at a
much higher value of 1.41 × 10−3 mm2/s, with a sensitiv-
ity of 100% and specificity of 78.1%. The difference in
the cutoff value could be attributed to the different sam-
ple sizes and the fact that our study was conducted on a
3T machine compared to a 1.5T machine in the study
by Goyal et al. [23].
Although a cutoff value to differentiate benign and

malignant lesions cannot be reached using ADC value,
the use ADC ratio calculated a cutoff value of > 0.52 ×
10−3 mm2/s to differentiate between malignant and be-
nign lesions, this can be used with a sensitivity of 65.31%
and specificity of 92.1%, a negative predictive value of
41.1%, and a positive predictive value of 97% (p = 0.038);
this was not in concordance with the study by Ludwig

et al. who reported an ADC ratio of < 0.89 × 10−3 mm2/s
to discriminate malignant from benign lesions, with a sen-
sitivity of 74% and specificity of 78% [24]. This can be at-
tributed to the fact that their study was restricted to T1
hyperintense small lesions while our study had more cases
diversity.
Sevcenco et al. in their study also reported no cutoff

value between benign and malignant masses using ADC
value [4], while Razek et al. reported an ADC value of
1.84 × 10−3 mm2/s as a threshold for differentiating ma-
lignant from benign renal tumors, with a sensitivity of
89%, a specificity of 89%, a positive predictive value of
89%, and a negative predictive value of 89% [20], and
Ghoneim et al. reported an ADC value of 1.11 × 10−3

mm2/s, with a sensitivity of 60%, a specificity of 75%, a
positive predictive value of 70.5%, and a negative pre-
dictive value of 65.2% [22]. This can be attributed to the
difference in magnet strength (1.5 T in both studies
compared to 3 T in ours.).
Our findings also contributed to suggesting a cutoff

value to help differentiate ccRCC from other neoplastic

Fig. 10 A 43-years-old male coming with left loin pain, fever, malaise. a, b T2 WI axial and sagittal showing a left upper pole heterogeneous
lesion with central fluid intensity, c, d DWI with ADC showing restricted diffusion among the central fluid; ADC = 0.8 × 10−3 mm2/s
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lesions; a cutoff value of > 1.1 × 10−3 mm2/s had a sensi-
tivity of 72.41% and a specificity of 95.74%.
The cutoff value using ADC ratio to differentiate be-

tween ccRCC and other masses was > 0.56 × 10−3 mm2/
s, with a sensitivity of 88.89% and a specificity of 90%;
thus, the ADC ratio is more sensitive with slightly less
specificity.
El Serougy et al. calculated a cutoff ADC value in the

differentiation between clear cell RCC and non-clear cell
RCC of 1.35 × 10−3 mm2/s with a sensitivity of 91.7%
and specificity of 76.7%. However, the ADC ratio

demonstrates a cutoff value of 0.64 × 10−3mm2/s with a
sensitivity of 91.7% and a specificity of 81.4% [18]. The
difference can be attributed to the diversity of cases in
our study including both benign and malignant neoplas-
tic as well as non-neoplastic lesions compared to only
RCC subtypes in their study.
De Silva et al. also calculated a cutoff value of differen-

tiate between the different subtypes of RCC, where le-
sions having ADC value < 1.3705 × 10−3 mm2/s being
more likely a non-clear cell RCC of low malignant po-
tential (chrRCC or pRCC) rather than ccRCC [16].

Fig. 11 A 32-year-old male known to have tuberous sclerosis complex a-d MRI showing bilateral renal lipid poor AML; a T2WI showing bilateral
hypointense renal masses, b T1WI hypointense, c, d DWI with ADC showing restricted diffusion; ADC averaging 0.8-1 × 10−3 mm2/s, e, f MRI brain
of the same patient showing subependymal tubers and white matter changes
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Again, the difference can be attributed to the diversity of
cases in our study including both neoplastic and non-
neoplastic lesions.
Razek et al. suggested a cutoff value to differentiate

RCC from other renal malignancies, not to differentiate
between different subtypes, they used an ADC value of
1.15 × 10−3 mm2/s which revealed an accuracy of 72%, a
sensitivity of 95%, a specificity of 50%, a positive predict-
ive value of 66%, and a negative predictive value of 57%
[20].
A cutoff value to differentiate pRCC from other neo-

plastic lesions was also reached in our study by ROC
analysis with a value of ≤ 1 × 10−3 mm2/s with a sensi-
tivity of 88.24% and specificity of 49.15%.
This was close to the cutoff value suggested by Sev-

cenco et al. (≤ 0.954 × 10−3 mm2/s), with a sensitivity of
64.3% and a specificity of 77.1% for the diagnosis of pap-
illary RCC [4].
Using ADC ratio, a cutoff value of ≤ 0.56 × 10−3 mm2/

s can be used to differentiate pRCC from other neoplas-
tic lesions with a sensitivity of 88.67% and specificity of
50%, a negative predictive value of 92.9%, and a positive
predictive value of 33.3%. This point was not addressed
by other studies.
Although in the current study, a pathological correl-

ation was performed for all neoplastic lesions as well as
granulomatous lesions, the small sample size along with
the paucity of some varieties, such as granulomatous le-
sions, TCC, and sarcoma, was a limiting factor.

Conclusions
DWI with ADC value is a simple non-invasive and non-
enhanced tool that can be used as an adjunct in the
characterization of different renal masses, which can
greatly affect the prognosis and management of the pa-
tient. The use of the ADC ratio add further benefit in
differentiating neoplastic from non-neoplastic lesions
as well as benign from malignant lesions, it also
shows more sensitivity in further RCC subtype
characterization.
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