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Abstract

BACKGROUND

Bacille Calmette-Guérin (BCG) instillation is recommended in patients with non-
muscle-invasive bladder cancer who have intermediate-risk and high-risk tumors.
However, granulomatous prostatitis is a rare complication induced by BCG instillation,
which can easily be misdiagnosed as prostate cancer. Here, we report a case of

granulomatous prostatitis that resembled prostate cancer.

CASE SUMMARY

A 64-year-old Chinese man with bladder cancer received BCG instillation. Three days
later, he stopped BCG instillation and received anti-infective therapy due to the urinary
tract infection. Three months after BCG restart, he had rising total prostate-specific
antigen (PSA) (9.14 ng/mL) and decreasing free PSA/total PSA (0.09). T2-weighted
images of magnetic resonance imaging (MRI) showed a 28 mm x 20 mm diffuse low
signal abnormality in the right peripheral zone, which was markedly hyperintense on

high b-value diffusion-weighted MRI and hypointense on apparent diffusion coefficient




map images. Considering Prostate Imaging Reporting and Data System score of 5 and
possibility of prostate cancer, a prostate biopsy was conducted. Histopathology showed
typical features of granulomatous prostatitis. The nucleic acid test for tuberculosis was
positive. He was finally diagnosed with BCG-induced granulomatous prostatitis.
Thereafter, he stopped BCG instillation and received anti-tuberculosis treatment.
During 10 mo follow-up, he had no evidence of tumor recurrence or symptoms of

tuberculosis.

CONCLUSION

Temporarily elevated PSA and high followed by low signal abnormality on diffusion-
weighted MRI are important indicators of BCG-induced granulomatous prostatitis.
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Core Tip: Granulomatous prostatitis is a rare complication of BCG instillation, which
can easily be misdiagnosed as prostate cancer. Here, we report a 64-year-old Chinese
man with BCG-induced granulomatous prostatitis that resembles prostate cancer.
Although histopathoémgy remains the gold standard to accurately differentiate between
the two diagnoses, some clues such as temporarily elevated PSA levels and a high
signal followed by a low-signal abnormality on high b-value diffusion-weighted MRI

are important indicators of BCG-induced granulomatous prostatitis.

INTRODUCTION




Bladder cancer is the tenth most common malignancy worldwide and the sixth most
common malignancy in menlll. Approximately 75% of bladder cancer patients present
with a disease confined to the mucosa or submucosa, which is defined as non-
muscle-invasive bladder cancer (NMIBC)E. Compared with muscle-invasive bladder
cancer, NMIBC is associated with better long-term survival and a lower risk of
cancer-specific mortality®4]. Although transurethral resection of a bladder tumor
(TURBT) can completely eradicate NMIBC, the high variability in the 3-month
recurrence rate indicates that TURBT alone is inadequatel®l. Therefore, TURBT followed
by intravesical chemotherapy or intravesical immunotherapy with bacille Calmette-
Guérin (BCG) is recommended as a standard treatment for NMIBClel.

Mycobacterium BCG, the sole tuberculosis vaccine that was first administered to a
newborn baby in 1921, has saved tens of millions of lives over the past centuryl’l. BCG
generates immunity and, therefore, has antitumor activity against tumors such as
NMIBCIEl. BCG after TURBT was confirmed to be superior to TURBT plus
chemotherapy or TURBT alone for preventing a recurrence of NMIBC in several recent
meta-analyses/*12. A Cochrane systematic review also showed that mitomycin
intravesical chemotherapy was less effective than BCG instillation in reducing the
recurrence rate of NMIBCI'3]. Therefore, intravesical BCG after TURBT is recommended
in NMIBC patients with intermediate-risk and high-risk tumors.

However, BCG instillation is associated with more local and systemic side effects
than intravesical chemotherapy, which may influence the treatment period[34. Most
patients only show mild local complications such as cystitis, urination frequency, and
macroscopic hematurial'¥l. The incidence of serious side effects is below 5% and nearly
all cases can be treated effectivelyl’®. Only 1% of patients had a BCG infection in a
registry-based cohort analysis('¢l. One study that included BCG infection cases indicated
that the top four sites of infection were the lungs, vascular tissue, the liver, and
osteoarticular tissuel7l. Several cases of BCG infection after BCG instillation have been

reported recently(18-21],




Compared with sites of infection such as the lungs and liver, genitourinary BCG
infection is not common. Granulomatous prostatitis is a rare complication induced by
BCG instillation and the exact incidence is unknown. Besides specific granulomatous
prostatitis, it may be secondary to infections, surgery, associated to malacoplakia or to
systemic granulomﬁous diseases such as sarcoidosis and Wegener's
granulomatosisl??l. Several cases have reported that granulomatous prostatitis
presents as increased serum levels of prostate-specific antigen (PSA) and a node with an
abnormal signal detected by multiparametric prostate magnetic resonance imaging
(MP-MRI). Furthermore, previous cases involved nodular or diffusely firm enlargement
on digital rectal examination, which was suggestive of prostate cancer and only resulted
in a diagnosis of granulomatous prostatitis after prostate biopsy[**¥1. Here, we present
a case of granulomatous prostatitis induced by BCG instillation and describe how to
differentiate between granulomatous prostatitis induced by BCG instillation and

prostate cancer.

CASE PRESENTATION

Chief complaints
A 64-year-old Chinese man with weekly BCG instillation visited ﬁ.lr center in January
2022 for routinely examination of bladder cancer complaining of rising total PSA level

(9.14 ng/mL) and decreasing free PSA /total PSA (0.09) with no symptom.

History of present illness
The patient was diagnosed with high-grade NMIBC in March 2020 and scheduled for
gemcitabine intravesical chemotherapy. Owing to a pathologically T1G3 bladder
carcinoma on histopathology, TURBT was repeated 3 mo later. Cystoscopy showed
necrosis attached to the surface of the scar, and pathology suggested inflammatory
necrosis with no tumor. Two months after the second TURBT, weekly BCG instillations

were recommended to replace the gemcitabine intravesical chemotherapy. Three days

after the first BCG instillation, the patient experienced fever up to 39 °C, gross




hematuria, lower abdomen pain, and perineal pain. The physical examination and
scrotal B-ultrasound indicated left hydrocele testis and epididymitis. Routine laboratory
blood results indicated that total leukocyte counts were elevated to 18.25 x 10°/L with
increasing neutrophil granulocyte count (10.62 x 10°/L) and decreasing hemoglobin
levels (114 g/L). In addition, urinary testing revealed pyuria, hematuria, and
bacteriuria. The patient was diagnosed with a urinary tract infection and received
piperacillin and tazobactam as anti-infective therapy for 6 d until his temperature
returned to normal. His urinary testing also became normal 1 wk later. He stopped BCG
instillation and restarted gemcitabine intravesical chemotherapy. Following the second
TURBT, cystoscopies and urinary B-ultrasounds were performed every 3 mo. The
results showed no evidence of tumor recurrence. Sixteen months after the second

TURBT, BCG intravesical immunotherapy was restarted.

History of past illngss

The patient had no history of tuberculosis.

Personal and family history

The patient and his family had no history of prostate cancer.

ysical examination
Digital rectal examination revealed a moderately enlarged, non-painful prostate gland

with shallow central sulcus and normal density.

Laboratory examinations

1
Laboratory tests revealed a rising serum total PSA level (9.14 ng/mL) and a decreasing
serum ratio of free PSA/total PSA (0.09).

Imaging examinations




MP-MRI was performed. Axial T2-weighted images showed a 28 mm x 20 mm low-

signal, diffuse abnormality in the right peripheral zone (Figure 1A). On diffusion-
weighted MRI with a b-value at 1500, the lesion was seen as a markedly hyperintense
focus (Figure 1B), which was consistent with a lesion with a Prostate Imaging Reporting
and Data System (PI-RADS) score of 5, with hypointense signal on an apparent

diffusion coefficient map image (Figure 1C).

RTHER DIAGNOSTIC WORK-UP
Considering the increasing PSA results and abnormal focus in MP-MRI, the patient was
primarily diagnosed with prostate cancer. A transperineal prostate neeﬂe biopsy was
conducted. Levofloxacin was used as antibiotic prophylaxis. However, the
histopathological findings showed benign prostate tissue with typical features of
granulomatous prostatitis with multinucleated giant cells, epithelioid cells, fibroblasts,
and infiltration lymphocytes (Figure 2). A nucleic acid test of tuberculosis was

subsequently performed and the result was positive (Ct = 37.18).

FINAL DIAGNOSIS

g
Based on the patient’s medical history, he was finally diagnosed with BCG-induced

granulomatous prostatitis.

TREATMENT
Thereafter, he received isoniazid, rifapentine, levofloxacin, and ethambutol as anti-
tuberculosis treatment. The BCG instillation was stopped and replaced by epirubicin

intravesical chemotherapy.

UTCOME AND FOLLOW-UP
During a follow-up visit 10 mo after prostate biopsy, the patient had no evidence of

tumor recurrence or symptoms of tuberculosis.




DISCUSSION

BCG instillation is used as standard immunotherapy in bladder cancer. As for
complications, a tuberculosis infection in the urinary system is not common, as infection
mostly occurs in the parenchymatous organs such as the testis, penis, kidneys, and
prostatel(!7l. In recent articles, granulomatous prostatitis has been reported to account for
3.5% of BCG infections®®!, and occurs in 1.06% of all bladder cancer patients who
receive BCG instillation!??l. Most cases are asymptomatic and easily misdiagnosed as
prostate cancer. Therefore, we present a case of granulomatous prostatitis induced by
BCG instillations in order to investigate useful strategies for the differential diagnosis of
the condition.

In two recent cases, elevated PSA levels ranging from 6.1 ng/mL to 8.4 ng/mL in
patients with granulomatous prostatitis after BCG instillationi243l. In our patient,
increasing total PSA levels and a decreasing ratio of free PSA/total PSA was found,
which complicated the differentiation between prostate cancer and granulomatous
prostatitis. Wang et allPll discovered that half of all patients with BCG-induced
granulomatous prostatitis had elevated PSA, while the ratio of free PSA/total PSA
decreased to less than 0.16 in all patients. Although PSA has increased during
immunotherapy for bladder cancer in some studies, the PSA elevation has been self-
limited, and only PSA elevations for over 3 to 12 mo have led to recommendations for
prostate biopsy3233l. Another study also reported that 40% of bladder cancer patients
had elevated PSA after intravesical BCG therapy, but the PSA reverted to normal within
3 mol*l. It seems that prostate biopsy should be delayed in these patients while PSA is
monitored. However, two patients whose PSA level was elevated after BCG instillations
were pathologically diagnosed with both granulomatous prostatitis and prostate cancer
[2627] In an epidemiological study, concomitant prostate cancer was reported in 35.9% of
patients with granulomatous prostatitisl’7l. In another article, prostate cancer detection
after intravesical BCG occurred frequently in patients with elevated PSA and a bladder
tumor located far from the bladder neck33l. These findings together suggest the need to

develop patterns or curves of PSA levels after BCG instillation that could be used to




distinguish between granulomatous prostatitis and prostate cancer. This strategy could
reduce the frequency of unnecessary biopsies.

MP-MRI is widely used in the diagnosis of prostate cancer because it has good
sensitivity for the localization and detection of over International Society of Urological
Pathology grade 2 carcinomas-38l. With the inability to differentiate between
granulomatous prostatitis and prostate cancer on transrectal ultrasound!®’l, specific
characteristics of BCG-induced granulomatous prostatitis on MP-MRI have been
proposed recently. In the case patient, an abnormal focus showed low signal in T2-
weighted images and an apparent diffugion coefficient in the peripheral zone, which
has been reported previouslyl2426.273139] These characteristics could occur because the
histology of granulomatous prostatitis includes stromal infiltration of chronic
inflammatory cells and extracellular fluid surrounding the prostatic cells. However,
both prostate cancer and granulomatous prostatitis present as destruction of the
prostate gland with weakened water diffusion capability, and this is visualized as lower
apparent diffusion coefficient values. The decreased signal intensity in T2-weighted
images is also caused by the decreased water content present in both prostate cancer
and granulomatous prostatitisl*l. Moreover, both BCG-related granulomatous
prostatitis and prostate cancer mostly occurs in the peripheral zone of the prostate,
which creates challenges in diagnosis/ %41,

On high b-value diffusion-weighted MRI, the lesion of the case patient had a
markedly hyperintense focus with a PI-RADS version 2 score of 5. Several other studies
support our finding of a PI-RADS version 2 score of 5243141, However, Gottlieb et all*]
reported five patients with granulomatous prostatitis whose abnormalities on high b-
value diffusion-weighted MRI were of low signal. Matsushima et all*?l described
computed-tomography-detected asymptomatic abnormalities in the prostate after BCG
therapy that naturally disappeared during the follow-up period. Similarly, one patient
was reported to have temporarily elevated PSA after BCG instillations. One article
demonstrated three different imaging patterns of BCG-related granulomatous

prostatitis on MP-MRI, and all hyperintense focus on diffusion-weighted MRI reverted




to hypointense during the follow-up period®’l. Therefore, we hypothesize that the
signal on high b-value diffusion-weighted MRI is high in acute BCG-related
granulomatous prostatitis and low in chronic BCG-related granulomatous prostatitis.
Patients with a PI-RADS score of 3 or less on MRI should be recommended for a follow-
up radiologic examination instead of undergoing prostate biopsyl*l. In one patient, an
abnormality with increased fluorodeoxyglucose activity was detected by positron
emission tomography computed tomography and pathologically diagnosed as BCG-
related granulomatous prostatitisi*3l. In granulomatous prostatitis, dynamic contrast-
enhanced persistent time of prostate lesions on enhanced MRI was longer than that of
prostate cancer!*l. These discoveries provide new clues for differential diagnosis.
Granulomas are clusters of macrophages surrounded by a mononuclear leukocytes
and plasma cells. While the pathogenesis of BCG-related granulomatous prostatitis is
uncertain, some evidence exists. BCG instillation induces a massive increase in
lymphocytes, especially in the proportion of CD4+ Thl cellsl*’; this increase is an
inflammatory reaction to BCG in the bladder. Miyashita et all*! and Butel ef all*’] noticed
that BCG-related granulomatous prostatitis often radiated from close to the prostatic
urethra toward the gland periphery in a wedge-shaped area related to one or more duct
systems. A hypothesis was put forward that granulomatous prostatitis was caused by
the intra-prostatic reflux of urine contaminated with BCG in the bladder!*8l. Therefore,
hypersensitivity reactions to BCG antigens from refluxed urine may cause infectious
complications, including BCG-induced granulomatous prostatitis#%®l. Anatomically,
ducts in the peripheral zone enter the urethra at less obtuse angles than those from
other zones and are likely to be more prone to refluxed urine and damage from
potential BCG infections!*’l. This could explain why most granulomatous prostatitis
occurs in the peripheral zone. A multivariable regression analysis indicated that
prostate volume and body mass index were significant risk factors for BCG-induced
granulomatous prostatitis(5ll. Despite the low incidence of this disease, the mechanisms

and predictors of BCG-induced granulomatous prostatitis should be further explored.




And histological evaluation remains the gold standard to differentiate granulomatous
prgstatitis from prostate cancer.

BCG-induced granulomatous prostatitis and prostatic abscesses tend to be
intermediate complications that mostly occur 4 wk from the last instillation, whereas
testicular and epididymal tuberculosis tend to be late complications (56 wk from the last
instillation)'7. However, our patient showed lower urinary tract symptoms, urinary
hydrocele testis, and epididymitis only 3 d after the first instillation. Although he
recovered after antibiotic treatment, we speculate that the BCG infection of the
urogenital system occurred after the first instillation. BCG instillation was stopped, and
the patient received anti-tuberculosis treatment after histopathological diagnosis with
BCG-induced granulomatous prostatitis. Most BCG-induced granulomatous prostatitis
is asymptomatic and does not require treatment!?¢31l. The 4-quinolones and
antituberculotics including isoniazid, rifapentine, pyrazinamide, and ethambutol are
used in symptomatic BCG-induced granulomatous prostatitis and some BCG-induced
prostatic abscesses(233052541 If anti-tuberculosis treatment is ineffective, surgery such as
transurethral resection of prostate is recommended . The diagnosis and treatment of

BCG-induced granulomatous prostatitis requires further study.

CONCLUSION

Granulomatous prostatitis is a rare complication of BCG instillation that can easily be
misdiagnosed as prostate cancer. Although histopathology remains the gold standard
to accurately differentiate between the two diagnoses, some clues such as temporarily
elevated PSA levels and a high signal followed by a low-signal abnormality on high b-
value diffusion-weighted MRI are important indicators of BCG-induced granulomatous
prostatitis. High-quality studies should be designed to improve the diagnosis of BCG-

induced granulomatous prostatitis.
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