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Objective: To categorize multiparametric MRI features of Bacillus Calmette-Guérin (BCG)-related granulomatous prostatitis
(GP) and discover potential manifestations for its differential diagnosis from prostate cancer

Materials and Methods: The cases of BCG-related GP in 24 male (mean age + standard deviation, 66.0 + 9.4 years; range,
50-88 years) pathologically confirmed between January 2011 and April 2019 were retrospectively reviewed. All patients
underwent intravesical BCG therapy followed by a MRI scan. Additional follow-up MRI scans, including diffusion-weighted
imaging (DWI), were performed in 19 patients. The BCG-related GP cases were categorized into three: A, B, or C. The lesions
with diffusion restriction and homogeneous enhancement were classified as type A. The lesions with diffusion restriction and
a poorly enhancing component were classified as type B. A low signal intensity on high b-value DWI (b = 1000 s/mm?) was
considered characteristic of type C. Two radiologists independently interpreted the MRI scans before making a consensus
about the types.

Results: The median lesion size was 22 mm with the interquartile range (IQR) of 18-26 mm as measured using the initial MRI
scans. The lesion types were A, B, and Cin 7, 15, and 2 patients, respectively. Cohen’s kappa value for the inter-reader agreement
for the interpretation of the lesion types was 0.837. On the last follow-up MRI scans of 19 patients, the size decreased
(median, 5.8 mm; IQR, 3.4-8.5 mm), and the type changed from A or B to C in 11 patients. The lesions resolved in four
patients. In five patients who underwent prostatectomy, caseous necrosis on histopathology matched with the non-enhancing
components of type B lesions and the entire type C lesions.

Conclusion: BCG-related GP demonstrated three imaging patterns on multiparametric MRI. Contrast-enhanced T1-weighted
imaging and DWI may play a role in its differential diagnosis from prostate cancer.
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INTRODUCTION

superficial bladder cancer, BCG immunotherapy for non-
muscle invasive bladder cancer after transurethral resection
has been widely used [1-3]. It is hypothesized that immune
system activation and the induction of inflammatory
response after BCG treatment play important roles in
treatment [4].

BCG-related granulomatous prostatitis (GP), resulting

The Bacillus Calmette-Guérin (BCG) vaccine is primarily
used against tuberculosis. Since Morales et al. [1]
introduced intravesical BCG instillation as a treatment for
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from contaminated urine reflux from a prostatic urethra, is
one of the complications after intravesical BCG instillation.
Its incidence is estimated between 0.8% and 3.3% [5-8]. It
is usually in the peripheral zone (PZ) because of the obtuse
angle between the PZ and the urethra [9-12].

Intravesical BCG instillation is associated with elevated
prostate-specific antigen levels in up to 40% of patients
[5,13]. Thus, it is important to differentiate BCG-related

Copyright © 2022 The Korean Society of Radiology
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GP from prostate cancer (PCa). There have been several
studies on the MRI features of BCG-related GP. The signal
intensity (SI) of BCG-related GP on T1-weighted images, T2-
weighted images, and diffusion-weighted imaging (DWI)
were different [14-20]. On high b-value DWI, the high
and low ST are thought to be related to acute and chronic
manifestations, respectively [14,16]. The lesions of caseous
necrosis showed rim or no enhancement [16,20]. However,
these studies were case reports or series for 10 or fewer
patients and did not assess the time course.

The purpose of this study was to categorize the
multiparametric MRI features of BCG-related GP and discover
the manifestations for its differential diagnosis from PCa.

MATERIALS AND METHODS

Study Participants

The Institutional Review Board of our hospital approved
this retrospective study, and the need for informed consent
was waived (IRB No. 1-2020-0024).

Our hospital database of pathology reports between
January 2011 and April 2019 was queried with keywords
such as “prostate,” “BCG,” “granuloma,” “granulomatous
inflammation,” and “caseous necrosis”. Eighty-four patients
were pathologically diagnosed with BCG-related GP. Among
them, 38 underwent MRI between BCG instillation and
pathologic diagnosis. Patients without focal lesions on MRI,
which would be due to the small lesion size or inactive
phase of the disease, were excluded. Finally, 24 male (mean
age + standard deviation, 66.0 + 9.4 years; range, 50-88
years) with pathologically confirmed BCG-related GP were
included (Supplementary Fig. 1). For patients with multiple
MRI scans, the last follow-up MRI scan was reviewed to

Table 1. Scan Parameters
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assess the time course. The MRI scans between the first
and last were examined for consistency of the lesions.
Histologic diagnosis was done using systematic transrectal
ultrasound-guided prostate bhiopsy in 20 patients and
radical cystectomy in four patients. Among the 20 patients
who underwent core-needle biopsy, five patients with
concurrent PCa underwent radical prostatectomy. Clinically
significant PCa was characterized by a Gleason score of > 7
on a whole prostate specimen, tumor volume of > 0.5 cc, or
extraprostatic extension.

MRI Protocol

Three types of 3T MRI machines (Intera Achieva, Philips
Medical System; Discovery MR750, GE Medical Systems;
TrioTim, Siemens) were used with a phased-array body coil.
Before the MRI, 20 mg of butyl scopolamine (Buscopan;
Boehringer Ingelheim) was injected to suppress bowel
peristalsis. The MRI sequences included T1-weighted, T2-
weighted, contrast-enhanced (CE) T1-weighted imaging,
and DWI. The acquisition parameters are summarized in
Table 1.

Image Interpretation

Two radiologists (with 18 and 3 years of experience
interpreting PCa, respectively) blinded to the clinical and
pathologic data independently interpreted the MRI scans.
On T2-weighted images, the SI of the lesions was graded
on three scales; isointense or moderately hypointense to
normal PZ and markedly hypointense similar to obturator
internus. The size of the largest lesion was measured on
T2-weighted images. On high b-value DWI, the SI of the
lesions was compared to the SI of the normal PZ. Thereafter,
we interpreted the MRI in consensus and divided the

T2-Weighted

T1-Weighted T1-Weighted,

*
Sequence DWI Sequence Contrast-Enhanced Sequence!

Fat saturation No Yes No Yes

Orientation Axial Axial Axial Axial or sagittal

Repetition time, msec 3100-6500 3290-5000 450-771 2.7-4.7

Echo time, msec 80-120 56-85 10-14.9 1.4-1.8

Field of view, mm 200-240 200-340 200-240 200-260

Matrix 512 x 360-320 x 224 192 x 192-128 x 80 512 x 353-320 x 224 272 x 268-256 x 128

b-factor, s/mm? 0 and 1000

Slice thickness, mm 3-6 3-6 3-6 4-5

*Apparent diffusion coefficient maps were generated from the DWI data using the mono-exponential model, TA bolus injection of contrast
agent (Gadoterate meglumine, Dotarem, Guerbet) was administered using a power injector and followed by a 20 mL saline flush. The dose
and injection rate of the contrast agent was 0.1 mmol/kg body weight and 2-3 mL/s, respectively. DWI = diffusion-weighted imaging

kjronline.org https://doi.org,/10.3348/kjr.2020.1369 61



Korean Journal of Radiology

MRI patterns into three types. Sequential changes of the
initially dominant lesions were evaluated on the last MRI
scans based on consensus.

Imaging Patterns of BCG-Related GP

We categorized the MRI patterns of BCG-related GP.
The lesions were classified into three types (A, B, and C)
according to the CE T1-weighted imaging and DWI. Figure
1 shows schematic illustrations of the three types. Type A
lesions demonstrate diffuse enhancement. Type B lesions
have a well-defined non-enhancing component surrounded
by an enhancing component. Both type A and B lesions
show considerable diffusion restriction. Type C lesions
demonstrate poor rim enhancement and low SI on high
b-value DWI. Type D was reserved for enhancing lesions
without diffusion restriction, which is unlikely to exist. If
a patient had multiple lesions, we evaluated the largest
dominant lesion.

Histopathological Analysis

Pathological analyses of the radical prostatectomy
specimens were performed by a pathologist (9 years of
experience for PCa). Briefly, the resected prostate gland
specimen was first grossly analyzed, fixed in neutral
buffered formalin, and embedded in a paraffin block.

JAN
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Whole-mount step sections were cut transversely at regular
intervals from the apex of the prostate to the tips of the
seminal vesicles. H&E-stained slides of each section were
examined, and the pathologic findings were matched with
the MRI findings. In the patients without whole-mount
specimens, the result of the systematic prostate biopsy was
used to localize BCG-related GP.

Statistical Analysis

We evaluated the inter-reader agreement for the imaging
patterns using Cohen’s kappa coefficient. Statistical
analysis was performed using R software (version 3.5.3.; R
Foundation for Statistical Computing).

RESULTS

The full clinical data and MRI features in the 24 individual
patients are provided in Supplementary Table 1.

Imaging Features on Initial MRI

The interval between the first day of BCG instillation and
the MRI scans ranged from 59 to 451 days (median, 172
days) for the initial MRI and from 243 to 2271 days (median,
891 days) for the last MRI. Of the 24 patients, 7, 15, and
2 patients had type A, B, and C lesions, respectively. The

T

Fig. 1. Schematic illustration of Bacillus Calmette-Guérin-related granulomatous prostatitis types A, B, and C.

A. On contrast-enhanced T1-weighted imaging, a diffusely enhancing lesion is classified as type A. If a non-enhancing area is surrounded by
an enhancing component, the lesions are classified as type B. Type C lesions does not enhance. B. On high b-value DWI, type A and B lesions
demonstrate a high signal intensity on high b-value DWI. Type C lesions are not discernible on DWI. DWI = diffusion-weighted imaging
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Table 2. Multiparametric Features on the Initial MRI of Bacillus Calmette-Guérin-Related Granulomatous Prostatitis Categorized

by Type A, B, and C

Type A Type B Type C
Margin Smooth Smooth Angled or distorted
T2WI Variable Variable Markedly low
CE-T1IWI* Diffuse enhancement Inner poorly enhancing component No
High b-value DWI* High High Low
ADC Low Low Low

*Key series for the proposed imaging pattern. ADC = apparent diffusion coefficient, CE = contrast-enhanced, DWI = diffusion-weighted

image, TIWI = T1-weighted image, T2WI = T2-weighted image

multiparametric MRI features are detailed in Table 2. On T2-
weighted images, SI was moderately hypointense relative
to PZ in 22 patients with type A and B lesions. Type C
lesions in two patients were markedly hypointense. On the
ADC map, all the lesions showed low values. The median
diameter of the GP was 22 mm (IQR, 18-26 mm).

Comparison of Initial and Last Follow-Up MRI
Follow-up MRI was performed for 19 patients. Five
patients were treated with tuberculosis medications
between the MRI scans. The imaging pattern was changed
in 12 patients, and the lesions were resolved in 4 patients.
Of the six type A patients, the type was changed to B in
one and C in three. The lesions of the two remaining type
A patients were resolved. Of the 12 type B patients, the
lesions did not change in two patients, changed to C in
eight patients, and disappeared in two patients. The only
follow-up type C lesion was unchanged. The SI decreased
on high b-value DWI when the types changed from A or B
to C (Fig. 2). The type C lesions that changed from type A
or B showed a polygonal shape with notches. The size was
decreased in 18 of the 19 patients (median, 22 to 6 mm).

Patients with Concurrent PCa

Five patients underwent prostatectomy for concurrent
PCa. The PCa in four patients was clinically significant
and demonstrated homogeneous enhancement, which is
the same as type A. The clinically significant PCa was in a
transition zone in three patients and the PZ in one patient.
The cancer and BCG-related GP lesions were in separate
locations.

The BCG-related GP was type B and C in two and three
patients, respectively. In the two patients with type B
lesions (patients no. 11, 19), the caseous necrosis on
histopathology matched with the poorly enhancing areas.
The enhancing areas surrounding the caseous necrosis
represented active inflammation. Both enhancing and
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non-enhancing components of the type B lesions showed
diffusion restriction (Fig. 3). In the three patients with
type C lesions (patients no. 1, 4, 12), the caseous necrosis
on histopathology matched with the entire extent of lesions
that demonstrated a poor enhancement and low SI on high
b-value DWI (Fig. 3, Supplementary Fig. 2).

Inter-Reader Agreement for Imaging Pattern
Table 3 is a cross-tabulation for the lesion classifications
by each reader. Cohen’s kappa value was 0.837.

DISCUSSION

We propose the MRI imaging patterns in BCG-related GP
based on sequential changes and histologic findings. The
strong inter-reader agreement (kappa = 0.837) observed in
this study may provide proof of the simplicity and clarity of
these imaging patterns. In previous studies on MRI features
in BCG-related GP [14-20], the number of patients was
limited. We analyzed 24 patients and, to the best of our
knowledge, this study has the largest group of patients with
pathologically confirmed BCG-related GP. Follow-up MRI
scans of 19 patients were compared with the initial MRI
scans to analyze sequential changes.

Gottlieb et al. [14] proposed two patterns for the acute
and chronic phases of BCG-related GP based on DWI. We
used DWI and CE T1-weighted imaging findings to guide
the diagnoses. Types A and B are regarded as acute stages,
which show diffusion restriction on DWI and intense
enhancement. The difference is the absence and presence
of a well-defined poorly enhancing area in types A and
B, respectively. Type C is a chronic lesion showing poor
enhancement and a low SI on high b-value DWI.

PCa can mimic or overlap with BCG-related GP; therefore,
we need to differentiate them using MRI findings. Type C
lesions are scored 1 by Prostate Imaging-Reporting and
Data System v2.1 due to their low SI on high b-value DWI.
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In addition, Suzuki et al. [18] proposed the polygonal type B lesions, CE T1-weighted imaging plays a role in the
shape of the nodule with a notch, and a markedly low SI differential diagnosis of BCG-related GP from PCa. Type B
on T2-weighted images helps differentiate GP from PCa. For  lesions demonstrate a well-defined poorly enhancing portion

CE-TIWI
-

prostatitis (arrows).

A. Initial MRI was taken 59 days after intravesical Bacillus Calmette-Guérin therapy. Prostate-specific antigen level: 5.12 ng/mL. T2WI shows

a heterogeneously decreased signal intensity in the enlarged left peripheral zone. The increased signal intensity on high b-value DWI and
enhancement on the CE-TIWI suggest an acute phase of the disease. The intralesional area (arrowhead) with poor enhancement indicates a type
B imaging pattern. B. Follow-up MRI was performed 6 years later to find the cause of serum prostate-specific antigen elevation (28.5 ng/mL).
T2WI shows a decrease in size, distorted margins, and signal intensity as low as that of the obturator internus. The granulomatous prostatitis is
now classified as type C due to decreased signal intensity on high b-value DWI and poor enhancement on CE-T1WI. Note the growth of prostate
cancer in the anterior transition zone, which was missed on the initial MRI scan. The prostate cancer was hypointense on T2WI, diffusion
restrictive, and heterogeneously enhanced. C. Histologic specimen reveals caseous necrosis (white dots and arrow). Concurrent prostate cancer
(black dots) is observed in the anterior prostate (hematoxylin-eosin stain; original magnificant, x 1, x 100). CE = contrast-enhanced, DWI =
diffusion-weighted imaging, TIWI = T1-weighted image, T2WI = T2-weighted image
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Fig. 3. Granulomatous prostatitis (arrows in A-C) with extraprostatic extension (arrowheads in A-C) in a 67-year-old male (patient
no. 19) treated with Bacillus Calmette—Guérin instillation 255 days earlier (prostate-specific antigen level: 4.56 ng/mL).

A. On T2WI, the lesion is heterogeneously hypointense. B. On high b-value DWI, the lesion shows increased signal intensity. C. On CE T1WI,

the lesion shows heterogeneous enhancement. D. Histologic specimen reveals caseous necrosis (white dots) corresponding to areas of poor
enhancement on MRI (black arrowheads, C) (hematoxylin-eosin stain; original magnification, x 1). CE = contrast-enhanced, DWI = diffusion-

weighted imaging, TIWI = T1-weighted image, T2WI = T2-weighted image

that corresponds to the caseous necrosis, which is unlikely
to present in PCa. In our study, the type B lesions of the
four patients with clinically significant PCa showed poorly
enhancing areas, in contrast to the diffuse enhancement of
concurrent PCa.

The differential diagnoses of type A lesions are more
challenging. Identifying a decrease in size and a change of
the type on follow-up imaging may be crucial for excluding
PCa without biopsy. For diagnosis based on initial MRI,

a clue for diagnosis may be the different enhancement
kinetics on dynamic CE (DCE)-MRI. Uysal et al. [21] reported
the diagnostic potential of DCE-MRI using the low time
to peak of PCa and the high time to peak of prostatitis.

kjronline.org https://doi.org/10.3348/kjr.2020.1369

However, Dianat et al. [19] reported a case of BCG-related
GP that showed early enhancement and washout. Moreover,
the early enhancement and washout kinetics of PCa is

not evident in some patients [22]. Hence, more dedicated
research on enhancement kinetics is required. The decrease
in size and change in the type on follow-up imaging.
Follow-up imaging may be very crucial by identifying a
decrease in size or disappearance.

This study has several potential limitations. First, the MRI
protocols were heterogeneous. The MRI scans were obtained
from various machines with heterogeneous protocols. Due
to the heterogeneity of protocols, quantitative analysis
was not available. Second, the date intervals for follow-up
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Table 3. Inter-Reader Agreement in Interpreting the MRI
Pattern in Bacillus Calmette-Guérin-Related Granulomatous
Prostatitis

Reader
Type A Type B Type C Total
Reader
Type A 7 7
Type B 15 1 16
Type C 1 1
Total 7 15 2 24

Cohen’s kappa value = 0.837.

MRI acquisition varied largely. The considerable variation
made it difficult to correlate the duration and stage of
the disease. Third, there may be bias due to the limited
diagnostic performance of core-needle biopsy. The imaging
features were evaluated in prostate zones with concordant
results on biopsy. However, there is still the risk of false-
negatives based on the extent of the disease. Fourth, this
retrospective study involved only a few patients to draw a
clinical implication. A prospective multicenter study of a
larger group of patients is needed to show external validity
and clinical guidance.

We propose three MRI patterns for BCG-related GP based
on histologic findings and sequential changes. Contrast-
enhanced T1-weighted imaging and DWI may play a role in
the differential diagnosis of type B and C lesions from PCa.
Monitoring followed by biopsy is recommended for patients
with type A lesions.
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