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SUMMARY
We report on a case of urinary bladder leiomyosarcoma in a 23-year-old woman, 22 years after therapy for bilateral retinoblastoma.
The tumor presented with dysuria and macroscopic haematuria. Cystoscopy revealed a tumor localized in the trigonum covered by an
ulcerated urothelium. The patient underwent a transvesical tumor resection. Eight months later, a second leiomyosarcoma developed in
the vertex, at a site different from the previous one. A cystoscopic trans-urethral tumor resection was performed, followed by combined
chemotherapy. One year later another recurrence occurred at the site of the primary resection. Open laparotomic resection of the in-
volved bladder wall was performed. The patient remains both recurrence and metastases free after twenty months of follow-up. Molec-
ular analysis of the peripheral blood showed rare germline point mutation in the intron 24 of the RB1 gene. FISH analysis of the tumor
tissue revealed polyploid cells with relative loss of normal RB1 gene locus, indicating deletion and second hit loss of the second RB1 al-
lele function. Along with the ten previously reported cases, this report suggests a non-random association between the hereditary retinoblas-
toma and urinary bladder leiomyosarcoma. Therapy with cyclophosphamide seems to be an important risk factor. Life-long surveillance
for second malignancies, including bladder leiomyosarcoma is therefore mandatory in these patients.
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Recidivujúci multifokálny leiomyosarkóm moãového mechúra 22 rokov po lieãbe bilaterálneho 
(hereditárneho) retinoblastómu: popis prípadu a prehºad literatúry

SÚHRN
Popisujeme prípad leiomyosarkómu moãového mechúra u 23 roãnej Ïeny, 22 rokov po lieãbe bilaterálneho retinoblastómu. Nádor sa
prezentoval dysúriou a makroskopickou hematúriou. Cystoskopicky bol zisten˘ ulcerovan˘ nádor lokalizovan˘ v trigone. Následne bo-
la vykonaná jeho transvezikálna resekcia. Osem mesiacov neskôr na inom mieste moãového mechúra, vo vertexe , vznikol u pacientky
druh˘ leiomyosarkóm. Bola vykonaná cystoskopická transuretrálna resekcia nádoru s následnou kombinovanou chemoterapiou. Po jed-
nom roku sa objavila recidíva v mieste prvej resekcie. Bola vykonaná otvorená resekcia postihnutej steny mechúra. DvadsaÈ mesiacov
po poslednej operácii je pacientka bez známok recidívy alebo metastáz. Molekulárnou anal˘zou periférnej krvi bola dokázná vzácna
zárodoãná bodová mutácia v intróne 24 RB1 génu. FISH anal˘za nádorového tkaniva dokázala polyploiditu nádorov˘ch buniek s re-
latívnou stratou lókusu RB1, indikujúc ,,second hit” deléciu a t˘m stratu funkcie druhej RB1 alely. Spolu s desiatimi doposiaº popísan˘-
mi prípadmi, ná‰ prípad svedãí pre nenáhodnú asociáciu medzi hereditárnym retinoblastómom a leiomyosarkómom moãového mechúra.
DôleÏit˘m rizikov˘m faktorom je pravdepodobne lieãba cyklofosfamidom. U t˘chto pacientov je dôleÏité celoÏivotné sledovanie na v˘skyt
sekundárnych malignít, vrátane leiomyosarkómu moãového mechúra.
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Leiomyosarcoma is the most common malignant mesenchymal
tumor of the urinary bladder, but it accounts for less than 1 % of
all malignant bladder neoplasms (1,2). The treatment with cy-
clophosphamide currently represents the only known risk factor
(1,3–5). To date, only ten cases of bladder leiomyosarcoma have
been reported as a second malignancy in retinoblastoma survivors
(4,6–14). We describe an additional case of bladder leiomyosar-
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coma occurring 22 years after the treatment of hereditary
retinoblastoma with cyclophosphamide.

CLINICAL HISTORY 

A twenty-three-year-old woman was treated for a bilateral
retinoblastoma at 17 months of age. The treatment consisted of uni-
lateral eye enucleation and a combined chemotherapy with vin-
cristin, doxorubicin and cyclophosphamide and intrathecal
methotrexat application. The contralateral tumor was successfully
managed with this therapy.

Currently, the patient has presented with a 2-week history of
dysuria and macroscopic haematuria. Abdominal computed tomog-
raphy showed a well-circumscribed tumorous mass in the posteri-
or wall of the urinary bladder, measuring 4 centimetres in diame-
ter. Cystoscopy performed two weeks later revealed a pedunculat-
ed tumor measuring 8 centimetres in diameter. Transvesical resec-
tion of the tumor was performed, with a margin of uninvolved tis-
sue, verified by frozen section biopsy. At that time, no adjuvant ther-
apy was given, considering the risk of other further malignancies
in the future. However, eight months later, a second tumor devel-
oped in the vertex of the urinary bladder, in a site unequivocally
different from the previous one. Cystoscopic transurethral resec-
tion of the tumor measuring one centimetre was performed, and the
patient received chemotherapy consisting of three cycles of ifos-
famid and four cycles of cisplatina, together with mesna (for pre-
vention of haemorrhagic cystitis) and pegfilgrastim (a granulocyte
colony stimulating factor). One year after the chemotherapy, an-
other recurrence occurred at the site of primary resection. An open
laparotomic resection of the involved bladder wall was performed.
The patient was both recurrence and metastases free after twenty
months of follow-up. A whole body PET scan did not find any
metastatic disease.

MATERIALS AND METHODS

From routinely processed formalin-fixed and paraffin-embeded
material, five-micrometer-thick sections were stained with hema-
toxylin and eosin. Immunohistochemical staining was performed us-
ing the standard avidin-biotin detection technique with diaminoben-
zidine as chromogen, according to the manufacturer’s data sheets,

with the following primary antibodies: muscle-specific actin (clone
HHF-35, Biogenex), caldesmon (clone h-CD, Biogenex), CD246
(ALK-1, DAKO), desmin (clone 33, Biogenex), Ki-67 (clone MIB-1,
DAKO), p53 (clone DO-7, Neomarkers), CD34 (clone QBEND/10,
Biogenex) and CD117 (c-kit, polyclonal, DAKO).
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Fig. 1. Gross aspect of the first resection specimen, showing fish-flesh
appearing tumor. 

Fig. 2. Microscopically, the tumor consisted of fascicles of elongated spin-
dle-shaped cells with cigar-shaped nuclei. Many mitotic figures are pres-
ent. Haematoxylin-eosin, magnification 200x.

Fig. 3. Strong p53 positivity in almost all tumor nuclei. Immunohistochem-
istry, ABC technique, magnification 200x.

Fig. 4. Fluorescence in situ hybridization showing polyploid cells (green signals,
marking 13q34) with relative loss of the retinoblastoma gene (orange signals).



Fluorescence in situ hybridization (FISH) was performed using
Vysis LSI (13q34) SpectrumGreen probe (Abbott) and Vysis LSI 13
(RB1) SpectrumOrange probe (Abbott) according to the manufac-
turer’s data sheets.

For molecular biology studies, DNA was extracted from pe-
ripheral blood, assayed and PCR amplified using specific intron-
ic primers (INGENY) designed to include the splice site for ex-
ons 2 to 27. Reactions were performed in a 25 μl volume con-
taining 100 ng of genomic DNA, 2 pmol of each primer, 12.5
μl Thermo Start Master Mix with 2 mM MgCl2 (Thermo Scientif-
ic) and 9.5 μl nuclease free water. Amplified products were sep-
arated on a 20–65% polyacrylamide gel (Denaturing Gradient
Gel Electrophoresis). 

The sequencing analysis for the mutation detection was per-
formed using the primers tailed at the 5@ end with sequence of
M13 Rev and 21M13. Amplification conditions consisted of one
initial denaturing step of 15 minutes at 95°C, followed by 40 cy-
cles of 30 seconds at 95°C, 45 seconds at 60°C and 45 seconds
at 72°C, with a final extension step of 10 minutes at 72°C. The 25μl
of PCR products were purified with Exo-Sap (Fermentas) followed
by a sequencing reaction with Big Dye Terminator v 3.1 (Applied
Biosystems) according to the manufacturer´s protocol. The sequenc-
ing products were purified through an Ex-Terminator kit (A&A
Biotechnology, Poland) before being run on a 3130 Genetic Anal-
yser (Applied Biosystems). The sequencing data were analyzed us-
ing the Sequencing Analysis Software v 5.2 Patch 2 (Applied
Biosystems).
Sequencing primers: 
Forward: 5´ – tgtaaaacgacggccagtAAACTTGCCTTTGCCCTCCC – 3´
Reverse: 5´ – caggaaacagctatgaccTGCAATATGCCTGGATGAGGT – 3´

RESULTS

The specimen from the first resection consisted of two pieces of
tan-grey tissue covered with an ulcerated mucosa and a pink-white
cut surface resembling fish flesh (Fig.1).

Microscopically, the tumor showed fascicular growth of elon-
gated spindle-shaped cells with typical cigar-shaped nuclei and
eosinophilic cytoplasm. There was mild to moderate nuclear atyp-
ia and a remarkably high mitotic rate (35–40 mitoses per 10 high-
power fields) (Fig. 2). Atypical mitoses were easy to find and few
foci of coagulation necrosis were noted. The tumor ulcerated the
urothelial mucosa. Vascular or lymphatic invasion was not found.

The resection margin was free of the tumor. Specimens from all con-
sequent biopsies and resections showed essentially the same tumor. 

Immunohistochemistry showed diffuse cytoplasmic reactivity for
muscle-specific actin, caldesmon, desmin and CD246 (ALK-1). The
CD34 and CD117 (c-kit) were both negative. Ki-67 staining showed
a proliferation rate of 50 % and p53 labeled approximately 80 %
of nuclei (Fig. 3). According to the criteria proposed by Martin et
al. (2), a diagnosis of high grade leiomyosarcoma was made. FISH
analysis revealed polyploid cells (four to ten green signals mark-
ing control locus 13q34) with a relative loss of normal RB1 gene
locus staining, with a ratio to control of less than 0.8, indicating
a deletion (Fig. 4).

Molecular analysis of the peripheral blood showed point muta-
tion (c.2520+2T>A) in the intron 24 of the RB1 gene, affecting in-
variant nucleotides in the splicing site, with the predicted result of
out of frame exon skipping and a downstream stop codon, first
described by Alonso et al. (15)(Fig. 5). The splice effect was at-
tested to at http://spliceport.cs.umd.edu/. 

DISCUSSION

Currently, approximately 70 % of patients with childhood ma-
lignancies are long-time survivors. This population is at risk of de-
veloping a second malignant neoplasm with an estimated incidence
of approximately 3 % at 20 years of age (16). The risk of subse-
quent cancer is elevated almost 7-fold in non-irradiated heredi-
tary retinoblastoma patients and radiation further increases this risk
3.1-fold. The cumulative incidence of second malignancies in sur-
vivors of hereditary retinoblastoma reaches 36 % at 50 years of
age. On the contrary, it seems that survivors with nonhereditary
retinoblastoma are not prone to secondary cancer (17). Germline
mutation in the RB1 tumor suppressor gene is often associated with
the developement of osteosarcoma, fibrosarcoma, chondrosarco-
ma, Ewing sarcoma, pinealoblastoma, epithelial tumors, leukaemia,
lymphoma, melanoma, and brain tumors (18). 

In a recent study of 963 one-year survivors of hereditary
retinoblastoma, a total of 69 soft tissue sarcomas were diagnosed
in 68 patients. No soft tissue sarcomas were diagnosed in survivors
of nonhereditary retinoblastoma. Leiomyosarcoma was the most
common histologic subtype, comprising 33 % of cases. Eighteen
of the 23 leiomyosarcoma (78 %) were diagnosed 30 or more years
after retinoblastoma. In contrast to other types of soft tissue sarco-
mas in this group, leiomyosarcoma was diagnosed more frequent-
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Fig. 5. Sequencing analysis of the intron/exon 24 with point mutation - substitution of the nucleotides (arrow).



ly outside the radiation field, including 5 leiomyosarcomas of the
corpus uteri, suggesting a genetic predisposition independent of ra-
diation. The risk for soft tissue leiomyosarcoma was statistically sig-
nificantly higher in patients treated with radiation and chemother-
apy as compared with radiation alone (17).

To date, ten cases of urinary bladder leiomyosarcoma in a hered-
itary retinoblastoma patient have been reported (4,6–14). These
tumors occurred 16 to 47 years after treatment of the retinoblas-
toma. Seven of these ten patients were younger than 25 years of
age. Administration of cyclophosphamide seems to be an impor-
tant risk factor, although two of the ten patients did not receive cy-
clophosphamide (10,14).

In soft tissue and uterine corpus leiomyosarcomas, loss of the
chromosome 13 material with the RB1 gene has been implicated
in their pathogenesis and analysis of the genes and proteins in
the Rb-cyclinD pathway has revealed frequent abnormalities
(17,19). Similarly, in hereditary retinoblastoma patients, radia-
tion-induced chromosome instability with loss of the chromosome
13 material was implicated in the development of secondary sol-
id tumors in the field of radiotherapy (20). In our case, we have
proved germline mutation in the RB1 gene, and FISH analysis of
the tumor tissue revealed polyploid cells with a relative loss of nor-
mal RB1 gene staining, indicating second-hit chromosomal in-
stability and loss of the second RB1 allele function. Only two pre-
vious cases of bladder leiomyosarcoma in retinoblastoma patients
were investigated for possible molecular pathogenesis. In both
of them, absence of the normal retinoblatoma gene product was
demonstrated at the level of the retinoblastoma protein and RB
mRNA, respectively (7,10). Moreover, in one of these two cases,
significant reduction of the tumor suppressor p53 was demonstrat-
ed (7). Our case showed diffuse (approximately 80 %) and strong
immunohistochemical nuclear positivity for p53, indicating accu-
mulation of an abnormal p53 protein and its possible role in the
pathogenesis.

Interestingly, the tumor in our case showed convincing immuno-
histochemical cytoplasmic CD246 (ALK-1) positivity (not shown),
bringing the inflammatory myofibroblastic tumor (IMT) into the dif-

ferential diagnosis. In two studies, twelve of sixteen cases of urinary
bladder IMT and all of six cases of uterine IMT showed ALK-1 im-
munostaining as compared with negativity in five genitourinary and
six uterine leiomyosarcomas (21,22). However, diagnosis of IMT in
our case was excluded because the typical inflammatory compo-
nent was lacking and the tumor was caldesmon positive. Unfortu-
nately, in our case no studies were performed to prove possible
ALK-1 gene rearrangement and we have no convenient explana-
tion for this phenomenon.

The treatment of bladder leiomyosarcoma in the ten reported cas-
es varied from endoscopic resection to total cystectomy with adju-
vant chemotherapy (4,6–14). Long term prognosis of this tumor is
difficult to asses, because of its rarity and relatively short follow-
up in reported cases. One patient experienced lung metastases 18
months after the initial diagnosis of leiomyosarcoma and received
a combination of chemotherapy with cisplatinum and doxorubicin
(10). In only one reported case did the patient develop a second
bladder leiomyosarcoma, 12 years following partial cystectomy.
The second tumor was managed by transurethral resection, just like
in our case (8). 

In conclusion, we report an additional case of urinary bladder
leiomyosarcoma in a hereditary retinoblastoma patient. The oc-
currence of two leiomyosarcomas in our patient, along with the oth-
er ten reported cases, suggests a non-random association between
the hereditary retinoblastoma and urinary bladder leiomyosarco-
ma. Therapy with cyclophosphamide seems to be an important
risk factor. Life-long surveillance for second malignancies, includ-
ing bladder leiomyosarcoma is therefore mandatory. Appropriate
management for this type of secondary malignancy should be des-
ignated in the future, as still more cases are identified.
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■ NEUROPATOLOGIE ◗

... WHO klasifikácia mozgov˘ch nádorov je zaÈaÏená nezane-
dbateºn˘m stupÀom neurãitosti

Pre onkologickú lieãbu, nie len mozgov˘ch nádorov, je nevy-
hnutná patologická diagnóza. Globálnym ‰tandardom pre dia-
gnózu tumorov je klasifikácia Svetovej Zdravotníckej Organizá-
cie (WHO). Napriek podrobn˘m popisom histopatologick˘ch zna-
kov vo WHO klasifikácii mozgov˘ch tumorov, mnohé jednotky
môÏe byÈ problematické spoºahlivo diagnostikovaÈ. Je to dôsle-
dok vysokej morfologickej heterogenity mozgov˘ch nádorov a zá-
roveÀ nejednoznaãnosti mnoh˘ch diagnostick˘ch kritérií pre jed-
notlivé diagnostické kategórie. Autori publikácie analyzovali tú-
to neurãitosÈ na základe troch kºúãov˘ch bodov: ‰pecificita (‰pe-
cifické vs. neurãité znaky), kon‰tantnosÈ (kon‰tantné vs. premen-
livé znaky) a v˘luãnosÈ (v˘luãné vs. duplicitné znaky). Ako ‰pe-
cifick˘ definovali znak, ktor˘ môÏe byÈ posúden˘ bez ‰peciali-
zovan˘ch znalostí ãi skúseností. Napríklad nekróza je ‰pecifick˘
znak, nekrózu mozgového tkaniva môÏe posúdiÈ i patológ, kto-
r˘ nie je ‰pecializovan˘m neuropatológom. Neurãit˘ znak je ne-
jednoznaãne definovan˘, alebo jeho rozsah nie je presne defino-
van˘. Napríklad „briskná“ mitotická  aktivita je nejednoznaãn˘
znak, nie je stanoven˘ hraniãn˘ poãet mitóz pre „brisknosÈ“. Kon-
‰tantn˘m znakom je tak˘, ktor˘ je prítomn˘ vÏdy (prípadne ni-
kdy) v danom tumore. Kon‰tantn˘m znakom sú napríklad bipo-
lárne bunky v pilocytickom astrocytóme. Premenliv˘ znak môÏe,
alebo nemusí byÈ prítomn˘ v tumore ako napríklad Rosenthalo-
vé fibrily, ktor˘ch prítomnosÈ nie je nevyhnutná pre pilocytick˘
astrocytóm. V˘luãn˘ znak môÏe byÈ zachyten˘ len v jednom ty-
pe tumoru. Nález takéhoto znaku by bol potom sám o sebe dia-
gnostick˘ pre konkrétny tumor. Naprostá väã‰ina histologick˘ch
znakov je ale duplicitn˘ch, teda tak˘ch, ktoré moÏno pozorovaÈ
vo viacer˘ch tumoroch v rámci diferenciálnej diagnostiky. Za pod-
mienok neurãitosti nie je moÏná 100% istota správnej diagnózy.
Na piatich diagnózach (pilocytick˘ astrocytóm, pleomorfn˘ xan-
toastrocytóm, difúzny astrocytóm, anaplastick˘ astrocytóm, gli-
oblastóm) bolo analyzovan˘ch desaÈ diagnostick˘ch morfologic-
k˘ch znakov z hºadiska ich neurãitosti. Autori tieÏ odkazujú na
informaãnú teóriu. Ak by sme nukleárnu atypiu popisovali “N”
poãtom znakov a kaÏd˘ z t˘chto znakov by mal len dve hodno-
ty (prítomn˘, neprítomn˘) dostali by sme 2N kombinácií. A ak

by sme pre tento model zvolili 10 znakov, celkov˘ poãet nukle-
árnych morfológii by bol 1024 (poãet rozliãn˘ch atypick˘ch ja-
dier je veºmi veºk˘ na to, aby bol tento znak jednoducho repro-
dukovateln˘). Z anal˘zy vypl˘va, Ïe 75 % pouÏit˘ch znakov je
zaÈaÏen˘ch rozliãn˘m stupÀom neurãitosti. V podmienkach ne-
urãitosti patológovia analyzujú histologické obrazy ich porovná-
vaním so v‰eobecne známymi faktami alebo obrázkami (heuris-
tická anal˘za), skôr ako aplikovaním nie úplne jednoznaãn˘ch
diagnostick˘ch kritérií. 

Je otázne, na koºko je moÏné posudzovaÈ histopatologickú di-
agnostiku na základe matematick˘ch modelov a informaãnej teó-
rie. Známym faktom ale je, Ïe interpersonálna variabilita hodno-
tenia mozgov˘ch tumorov je znaãná, i medzi expertn˘mi neuro-
patológmi. Jej hlavnou príãinou je pravdepodobne nejednoznaã-
nosÈ diagnostick˘ch kritérií pre jednotlivé nádory. V rutinnej praxi
ãasto zápasíme s otázkami: âo je signifikantná mitotická aktivita?
Kde je hranica medzi astrocytómom, oligoastrocytómom a oligo-
dendrogliómom? Ak˘ je rozdiel medzi glioblastómom s oligodend-
rogliovou zloÏkou a anaplastick˘m oligodendrogliómom? Je „‰edá
zóna“ medzi CNS PNETom s gliovou diferenciáciou a glioblastó-
mom s neuronálnou diferenciáciou? Tieto hranice môÏu byÈ pre
neuroonkológa veºmi v˘znamné, ale pre neuropatológa veºmi vág-
ne. Z vlastn˘ch skúseností vieme, Ïe mnohí na‰i klinickí kolegovia
pokladajú patológiu za exaktnú disciplínu, preto je Ïiadúca osve-
ta v tejto oblasti. Zo strany patológie je zase do budúcna nevyhnut-
ná snaha zlep‰ovaÈ reprodukovatelnosÈ diagnostick˘ch kritérií
v ìal‰ích WHO klasifikáciách a do diagnostiky zapájaÈ objektív-
nej‰ie (imunohistochemické a genetické) metodiky, ako len samot-
né pomerne subjektívne histomorfologické hodnotenie. UÏ teraz
môÏeme sledovaÈ tendenciu deliÈ infitrujúce gliómy na 1p/19q LOH
pozitívne a negatívne, ãi IDH1/2 mutované a nemutované. Záve-
rom je moÏné dodaÈ, Ïe väã‰ím alebo men‰ím stupÀom neurãitos-
ti nie je zaÈaÏená len neuropatológia, ale tieÏ histopatologická di-
agnostika v‰etk˘ch ostatn˘ch orgánov˘ch systémov. 
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