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Background: Bladder inflammatory myofibroblastic tumor (IMT) is a rare
intermediate malignancy. Muscle-invasive bladder IMT is associated with a high
risk of recurrence and metastasis, and bladder-sparing treatments for this
condition are still under exploration. This case aims to evaluate the therapeutic
efficacy of 1470 nm diode laser transurethral en bloc resection (ERBT) followed
by laparoscopic partial cystectomy in the treatment of muscle-invasive
bladder IMT.

Methods and results: A 23-year-old male patient presented with painless
terminal gross hematuria and was treated at Shandong Provincial Hospital of
Shandong First Medical University. Computed tomography urography (CTU) and
magnetic resonance imaging (MRI) identified a large tumor on the anterior
bladder wall with muscle layer invasion, measuring approximately 5.0 X 3.9 x
4.3 cm. The patient underwent 1470 nm laser ERBT, followed by laparoscopic
partial cystectomy 35 days later. Pathological examination following 1470 nm
laser resection confirmed the diagnosis of an IMT with malignant potential,
showing anaplastic lymphoma kinase (ALK) positivity, a Ki-67 index of 20% in
hotspot regions, and ALK gene rearrangement detected by fluorescence in situ
hybridization (FISH). Pathology after the secondary laparoscopic partial
cystectomy showed tumor invasion into the superficial muscle layer, with
negative margins at the resection site. MRI and cystoscopy showed no
recurrence during 1 year follow-up.
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Conclusion: This case presents a patient with a huge muscle-invasive bladder
IMT who received bladder-sparing therapy through 1470 nm diode laser ERBT
followed by laparoscopic partial cystectomy. During subsequent follow-ups, the
patient showed good recovery with no signs of recurrence, providing a promising
treatment concept for bladder-sparing therapy in muscle-invasive bladder IMT.
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inflammatory myofibroblastic tumor, muscle invasion, transurethral en bloc resection
of bladder tumor, laparoscopic partial cystectomy, bladder tumor, 1470 nm laser,

case report

1 Introduction

Bladder inflammatory myofibroblastic tumor (IMT) is a rare
intermediate-grade malignancy arising from mesenchymal tissues
(1, 2). Since Roth’s initial report of bladder IMT in 1980 (3), only
less than 100 cases have been reported worldwide (2). Due to its
rarity, the risk factors for bladder IMT remain not fully elucidated.
Nonetheless, factors such as smoking, minor trauma, and
conditions associated with IgG4 have been proposed as potential
contributors to its pathogenesis (4, 5). The most frequent initial
manifestation of bladder IMT is painless gross hematuria, which is
often accompanied by urinary symptoms including frequency,
urgency, and dysuria (6).

The primary treatment for bladder IMT is surgical resection (4).
Given the tumor’s primary location, size, ages of the patients, and
the risks associated with various surgical procedures, selecting a safe
and appropriate surgical approach is crucial in the management of
bladder IMT. In our previous study (7), we reported a 42-year-old
male patient with a huge non-muscle-invasive bladder IMT that
was successfully treated with en bloc resection of the bladder tumor
(ERBT) using a 1470 nm diode laser, followed by a secondary
transurethral resection. This provides a safe and effective surgery
option for non-muscle-invasive bladder IMT.

Reports on the treatment of muscle-invasive bladder IMT
remain scarce. Typically, radical cystectomy (RC) is traditionally
considered the gold standard for muscle-invasive bladder tumors
(8). However, due to the high complication rates and the profound
effect on patients” quality of life, bladder-sparing approaches have
gained prominence in recent years (9).

Abbreviations: IMT, Inflammatory Myofibroblastic Tumor; ERBT,
Transurethral En Bloc Resection; ALK, Anaplastic Lymphoma Kinase; MRI,
Magnetic Resonance Imaging; CTU, Computed Tomography Urography; FISH,
Fluorescence in Situ Hybridization; RC, Radical Cystectomy; DWI, Diffusion-
Weighted Imaging; ADC, Apparent Diffusion Coefficient; THC,
Immunohistochemistry; SMA, Smooth Muscle Actin; WHO, World Health
Organization; TURBT, Transurethral Resection of the Bladder Tumor; NGS,

Next-Generation Sequencing.
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In this report, we present a 23-year-old male patient with a huge
muscle-invasive bladder IMT who was treated with ERBT using a
1470 nm diode laser, followed by laparoscopic partial cystectomy
within six weeks. Over a one-year follow-up period, MRI and
cystoscopic examinations showed no recurrence. The objective of
this case report was to provide a promising treatment concept for
bladder-sparing therapy in muscle-invasive bladder IMT.

2 Case presentation
2.1 Preoperative condition

A 23-year-old male patient was admitted to the Department of
Urology on January 18, 2024, due to experiencing painless terminal
gross hematuria for a week. The patient had a 5-year history of
smoking, averaging 10 cigarettes per day, with no history of chronic
diseases such as hypertension or diabetes and no family history of
hereditary diseases. Clinical laboratory tests, including routine
blood tests, serum electrolytes, liver function, lipid profile, and
renal function were all within normal limits. Urinalysis revealed red
blood cells at 1511.8/HPF (normal range < 3/HPF). Computed
tomography urography (CTU), magnetic resonance imaging (MRI)
and cystoscopic examination identified a large tumor on the
anterior bladder wall with muscle layer invasion, measuring
approximately 5.0 x 3.9 x 4.3 cm (Figures 1A-D; Supplementary
Video S1). Diffusion-Weighted Imaging (DWI) and Apparent
Diffusion Coefficient (ADC) demonstrated significant diffusion
restriction (Figures 1E, F). Preoperative bladder biopsy pathology
indicated an inflammatory myofibroblastic tumor (IMT), with
immunohistochemistry (IHC) showing Ki-67 positivity (hotspot
area 20%) and positivity for anaplastic lymphoma kinase (ALK)
(Figures 1G-I). Based on the biopsy pathology and imaging
findings, the preoperative diagnosis was a huge muscle-invasive
IMT of the bladder. Given the high Ki-67 expression and
myometrial invasion, we opted for a two-stage surgical approach
to prevent tumor cell dissemination and diminish the extent of
surgical resection associated with direct laparoscopic partial
cystectomy, thereby improving bladder preservation rates.
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FIGURE 1
The results of preoperative examination. (A) CTU revealing a mass lesion (5.0 X 4.3 cm) in the anterior bladder wall with heterogeneous
enhancement during the excretory phase, suggesting potential muscle layer infiltration. (B-F) MRI revealed a bladder tumor (5.0 x 3.9 X 4.3 cm) with
mildly elevated T2-weighted signals in sagittal (B), coronal (C), and transverse (D) views, with significant diffusion restriction visible on DWI (E) and
ADC (F). (G) HE of the bladder biopsy showing IMT with HE staining. (H) The Ki-67 positivity index is approximately 20%. () ALK-positive results
on IHC.

Initially, we performed an en bloc resection of the bladder tumor
(ERBT) to achieve maximum tumor removal, followed by
laparoscopic partial cystectomy six weeks later.

2.2 En bloc resection of bladder IMT and
postoperative pathological results

After thorough preoperative preparation, the patient underwent
en bloc resection of the bladder tumor (ERBT) on January 23, 2024.
The procedure utilized a 1470 nm diode laser treatment system
(Wuhan Qizhi Laser Technology Co., Ltd.), with a cutting power set
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at 100 W and coagulation power at 30 W, using sterile saline as the
irrigation fluid. Energy was delivered via a 600 um fiber through a
26 F continuous-flow cystoscope (Batch number DQH-111, Hawk,
Hangzhou, China). General anesthesia was administered, and the
patient was positioned in the lithotomy position. The lead surgeon
lubricated the obturator with sterile paraffin oil, inserted it through
the urethra, and removed the inner core before introducing the
cystoscope. A thorough cystoscopic examination revealed a
polypoid tumor approximately 5 x 4 cm on the anterior bladder
wall (Figure 2A). After confirming the tumor’s location, a 1470 nm
diode laser fiber was introduced. The tumor’s boundary was marked
in a circular manner about 2 cm from the edge, cutting down to the
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FIGURE 2

En Bloc Resection of Bladder Tumor and Pathological Findings. (A) Intraoperative view displaying a large polypoid inflammatory myofibroblastic
tumor (IMT) of the bladder. (B) The tumor is being resected with a 1470 nm semiconductor laser, following the circular muscle layer marking toward
the tumor base. (C) The surgical site post-complete tumor resection. (D, E) The excised tumor was removed using a tissue morcellator. (F) Initial
postoperative pathological results indicating bladder IMT, visualized with hematoxylin-eosin (HE) staining. (G, H) Immunohistochemical (IHC) analysis
shows positive results for a Ki-67 proliferation index of 15% (G) and anaplastic lymphoma kinase (ALK) (H). (I) Fluorescence in situ hybridization (FISH)

confirms the presence of positive ALK gene rearrangement.

detrusor layer. This allowed the tumor to retract towards the center
after releasing the mucosa and submucosa while also pre-
coagulating the surrounding exposed submucosal vessels.
Subsequently, along the marked muscle layer, either an antegrade
or retrograde approach was used to excise the tumor, employing a
combination of sharp and blunt dissection towards the base. The laser
was used to dissect the tumor’s base, visually separating the myofibers
until the entire tumor was removed, thus obtaining a complete
pathological specimen, which was extracted using a tissue
morcellator (Figures 2B-E; Supplementary Video S2). The incision
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surface was carefully examined, and laser coagulation was used
for hemostasis.

Intraoperative blood loss was minimal, and the surgery proceeded
smoothly without complications such as obturator nerve reflex, bladder
perforation, or significant bleeding. An F20 three-way catheter was
retained postoperatively, and continuous bladder irrigation was
performed for two days. The postoperative pathological results
indicated bladder IMT (Figure 2), with a small amount of tumor
present in the bladder base tissue. Immunohistochemistry (IHC)
results showed Ki-67 positivity (15%), with positive staining for
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smooth muscle actin (SMA) and anaplastic lymphoma kinase (ALK) in
the bladder IMT. Fluorescence in situ hybridization (FISH) confirmed
positive ALK gene rearrangement (Figures 2F-T).

2.3 Laparoscopic partial cystectomy and
postoperative pathology

The patient underwent laparoscopic partial cystectomy on
February 27, 2024. Preoperative MRI revealed localized
thickening of the anterior bladder wall, with the thickest part
measuring approximately 1.4 cm and showing a slightly elongated
T2 signal, without significant diffusion restriction on DWI

(A)

FIGURE 3

10.3389/fonc.2025.1519676

(Figures 3A, B). Under general anesthesia, the patient was
positioned in the lithotomy position, and a cystoscope was
inserted. A comprehensive cystoscopic examination revealed
surgical scars and an area of inflammatory edema on the anterior
bladder wall. An approximately 1 cm circular margin was marked
around the scar and edematous area as the resection boundary for
the laparoscopic partial cystectomy (Figure 3C). Tissue was
vaporized along the marking down to the muscular layer
(Figure 3D), and an F20 triple-lumen catheter was left in place
after cystoscope withdrawal.

The patient was then repositioned in a head-down, foot-up
posture with the pelvis elevated, and the surgical field was
disinfected and draped. Trocar insertion points were selected at

Results of the Secondary Laparoscopic Partial Cystectomy and Postoperative Pathology. (A, B) Preoperative MRl demonstrated irregular thickening of
the anterior bladder wall (A), with no significant diffusion restriction observed on DWI (B). (C) A 1470 nm semiconductor laser was utilized to mark
the resection margin for the laparoscopic partial cystectomy. (D-F) Under laparoscopy, the original surgical scar was completely excised 1.5 cm
beyond the marked margin, followed by suturing of the bladder. (G) Postoperative HE staining reveals bladder IMT affecting the superficial muscle
layer of the bladder. (H, 1) IHC results indicate Ki-67 positive (15%) (H) and ALK-positive (I).
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the upper umbilical region, the intersection of the middle and inner
thirds of the line connecting the umbilicus and the left/right
anterior superior iliac spines, and the middle and outer thirds of
the line connecting the umbilicus and the right anterior superior
iliac spine. Pneumoperitoneum was established using a Veress
needle set to 15 mmHg pressure. A 10 mm trocar was inserted at
the umbilicus for an observation scope, while other trocars were
inserted into the remaining puncture sites. After inserting the
observation scope, a thorough examination of the abdominal
organs was performed, and the bladder boundaries were
identified. The peritoneum at the base of the abdomen was
opened with an ultrasonic scalpel, carefully freeing the anterior
dome of the bladder. After bladder distention, a full-thickness
excision of the original surgical scar, 1.5 cm external to the laser-
marked margin, was performed (Figure 3E). The excised tissue was
placed in a specimen bag. The bladder was then sutured in two
layers using 2-0 V-Lok sutures (Figure 3F). A latex drain was placed
behind the pubic bone and exited through a trocar port. After
bladder filling, no leakage was observed (Supplementary Video S3).

After specimen removal, the surgical area was inspected for
bleeding points. Once the correct placement of instruments and
gauze was confirmed, the incision was closed in layers.
Postoperative pathology reported bladder IMT involving the
superficial muscle layer of the bladder, with no tumor found at
the bladder’s margins or base. Immunohistochemistry results
showed ALK positivity and Ki-67 positivity (15%) (Figures 3G-I).

(A)

Admitted in department of urology.
CTU, MRI, Cystosopy.

18 Jan.

|
|
|
| 2024
|
|
|

En bloc resection of bladder IMT with
1470nm diode laser.

Secondary Partial Cystectomy

|
w27 Feb.
23 Jan. 2024 / 24 Ma
2024 2024

10.3389/fonc.2025.1519676

2.4 Postoperative follow-up conditions

The bladder MRI and flexible cystoscopy revealed no tumor
recurrence or other abnormalities during 1-year follow-up
(Figures 4A-D). The patient has undergone cystoscopic follow-up
every 3 months and remains in good condition with no evidence of
tumor recurrence (Supplementary Video S4). Throughout a one-
year follow-up period, the patient expressed satisfaction with the
treatment outcomes. The timeline for the diagnosis and treatment
plan is shown in the flowchart in Figure 4E.

3 Discussion

This study presents a case of a huge (>5 cm) muscle-invasive
bladder inflammatory myofibroblastic tumor (IMT) successfully
treated with en bloc resection of the bladder tumor (ERBT) using a
1470 nm diode laser, followed by a secondary laparoscopic partial
cystectomy. Immunohistochemistry (IHC) revealed a Ki-67 index
of 15%, with positive staining for anaplastic lymphoma kinase
(ALK) and fluorescence in situ hybridization (FISH) confirmation
of ALK gene rearrangement. To prevent recurrence and ensure
complete tumor removal, a secondary laparoscopic partial
cystectomy was performed within six weeks. The 1470 nm diode
laser was innovatively used to mark the resection margin, followed
by full-thickness excision of the previous surgical scar.

el |

No recurrence |

Performed MRI regularly combined |
with flexible cystoscopy every 3 months.

L e e = = = = = o e e e mm e e o e e e e e e = o

FIGURE 4

Postoperative Follow-up Examination Results. (A-C) One year after surgery, MRI scans show no evidence of tumor recurrence in the axial views
(A), with no diffusion restriction observed on DWI (B) and ADC (C). (D) Flexible cystoscopy performed postoperatively demonstrated the healing
status of the surgical wound. (E) A timeline flowchart outlining the diagnosis and treatment process.
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Postoperative pathology confirmed tumor involvement in the
superficial muscle layer but no residual tumor at the resection
margins. The patient remained recurrence-free after 1 year of
regular MRI and cystoscopic follow-up.

IMT is a rare tumor composed primarily of spindle-shaped
fibroblasts and myofibroblasts, accompanied by inflammatory cells
such as lymphocytes, plasma cells, and eosinophils (10). Due to its
intermediate malignancy, invasiveness, and recurrence potential,
the World Health Organization (WHO) classifies IMT as a tumor of
intermediate grade (1, 5). IMT typically affects children and young
adults, most commonly in the lungs, head, and neck, but
occurrences in the bladder are exceptionally rare (11-14).

Surgical resection is the preferred treatment for bladder IMT,
with the standard approach being complete excision with negative
margins (2, 4, 15). Radical cystectomy (RC) is the gold standard for
muscle-invasive bladder tumors (8). The 2003 edition of the
Chinese Guidelines for Diagnosis and Treatment of Urological
and Andrological Diseases states that radical cystectomy is a
high-risk surgery, with perioperative complications ranging from
28% to 64% and a mortality rate of 2.5% to 2.7%. Additionally,
urinary diversion following radical cystectomy severely affects
patients’ quality of life. As a result, bladder-sparing therapies have
gained increasing attention in recent years (9, 16). In this case, the
23-year-old patient was not a candidate for RC, and traditional
transurethral resection of the bladder tumor (TURBT) was unlikely
to achieve complete excision with clear margins. Laparoscopic
partial cystectomy was chosen instead, but it carries the risk of
tumor implantation and metastasis within the abdominal cavity
(17). After careful consideration, we opted for a two-step approach
involving ERBT using a 1470 nm diode laser, followed by secondary
laparoscopic partial cystectomy to ensure a tumor-free
surgical environment.

TURBT uses monopolar or bipolar current and segmental
resection techniques, which can lead to complications such as
bleeding, obturator nerve reflex, and bladder perforation.
Advances in laser technology have led to the use of various lasers
for tumor resection, and compared to traditional TURBT, the 1470
nm diode laser for en bloc resection offers significant benefits. These
include reduced intraoperative bleeding, shorter postoperative
bladder irrigation times, fewer complications, and faster recovery
(18). In this study, the patient was marked by a 1470 nm diode laser
combined with a tissue morcellation system for complete tumor
excision. Six weeks later, laparoscopic partial cystectomy was
performed, with the 1470 nm diode laser used to precisely mark
the incision line, ensuring complete excision with negative margins
and minimizing the risk of tumor dissemination and metastasis.
Given these advantages, the combination of 1470 nm diode laser
ERBT and a secondary laparoscopic partial cystectomy may be
considered an effective treatment option for large muscle-invasive
bladder IMT.

Bladder IMT is a rare tumor with nonspecific clinical
manifestations, often mistaken for bladder cancer (5). Unlike
bladder cancer, IMT typically appears as a smooth, broad-based
lesion on imaging, rather than a papillary mass (19). Cystoscopy
typically reveals a solitary, polypoid intraluminal mass, which helps
differentiate it from bladder cancer (20). However, the gold
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standard for diagnosis remains pathological examination and
immunohistochemistry (21). Therefore, preoperative cystoscopy
and biopsy are crucial for the accurate diagnosis of bladder IMT.

ALK is a transmembrane tyrosine kinase encoded by the ALK
gene on chromosome 2, playing a critical role in the pathogenesis of
IMT (21). About 50% of IMTs display ALK gene rearrangements,
primarily in the form of translocations, resulting in abnormal ALK
fusion protein expression (22). The most common method for
detecting these rearrangements is fluorescence in situ hybridization
(FISH), with ALK positivity identified by the presence of ALK
immunopositivity or FISH-detected ALK rearrangement in at least
15% of tumor cells (21). For patients who test negative for both ALK
and FISH, next-generation sequencing (NGS) can provide a
definitive diagnosis, offering insights into kinase fusions and
identifying specific fusion partners (23). NGS has proven to be
more reliable than THC for diagnosing ALK fusion-positive
IMT (24).

Ki-67 serves as a marker of tumor cell proliferation and
malignancy, with a high Ki-67 index often linked to increased
risks of recurrence, progression, and decreased survival rates (25).
In this case, the patient had a Ki-67 index of 20% and exhibited
muscle layer infiltration, indicating a heightened risk of recurrence.
Consequently, a combination of 1470 nm diode ERBT and
laparoscopic partial cystectomy was performed to ensure
complete tumor removal while adhering to the principle of
achieving tumor-free margins.

This study has the following limitation: Although 1470 nm laser
en bloc resection of bladder tumors (ERBT) combined with
laparoscopic partial cystectomy is feasible, the follow-up period is
insufficient to assess the prognosis of muscle-invasive bladder IMT.

4 Conclusion

Bladder IMT is a rare tumor that can exhibit malignant
potential. The primary treatment strategy involves surgical
resection with negative margins to preserve bladder function. For
huge, muscle-invasive cases of bladder IMT, the combination of
1470 nm diode laser ERBT and laparoscopic partial cystectomy
effectively prevents tumor dissemination and metastasis, preserves
bladder function, and significantly improves the patient’s quality
of life.
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