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 Due to the positive effects of tamoxifen on 
bone fracture rate it may be the drug of choice in 
endocrine treatment of elderly node-negative breast 
cancer patients in Scandinavia. 

 Consequently, a sub-study in elderly Scandinavian 
breast cancer patients with osteoporosis, history of 
fractures, or low bone mineral density may be war-
ranted to address differences in bone health between 
tamoxifen and AIs.   
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 To the Editor, 

 10 – 30% of patients diagnosed with medullob lastoma 
develop extraneural metastases (ENM), of which 
bone metastases are the most common [1]. Median 
survival is approximately eight months after diagno-
sis of ENM, [2], and effi cient treatment strategies are 
urgently needed. 

 The hedgehog (Hh) signaling pathway is impor-
tant in the regulation of cerebellar maturation and 
development, and constitutive activation of this path-
way occurs in about 30% of human medulloblasto-
mas. It is signifi cant that Hh pathway activation 
occurs in over 50% of adult medulloblastomas 

[3,4]. Vismodegib (GDC-0449) is a Hh signaling 
inhibitor that has shown promising preclinical effi -
cacy in medulloblastoma [5]. Only one case in which 
medulloblastoma was treated with vismodegib has 
been published [6]. 

 3 ′ -Deoxy-3 ′ -[18F]-fl uorothymidine positron emis-
sion tomography (FLT PET) correlates   well with 
proliferative activity in many cancers, including 
brain tumors [7 – 9]. It is also possible to use FLT 
PET to quantify bone marrow response during 
radiotherapy [10] and chemotherapy [11], while 
sodium [18F] fl uoride PET (NAF PET) is superior 
to conventional technetium bone scintigraphy 
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for the detection and evaluation of skeletal metas-
tases [12 – 14].  

 The case 

 A male patient was 38 years of age in 2009 when diag-
nosed with a nodular desmoplastic medulloblastoma, 
with bilateral manifestation in the cerebellum. Surgery 
was almost radical, with a residual tumor of approxi-
mate size 1 cm in the transverse sinus. The patient 
received adjuvant craniospinal radiotherapy followed 
by eight courses of adjuvant temozolomide therapy. 

 Disseminated ENM was diagnosed in November 
2010 during investigation of skeletal pain, and was 
confi rmed by bone marrow biopsy. The patient 
received second-line therapy, according to a dose-
reduced version of the HIT 2000 protocol, which 
included vincristine, cyclophosphamide, methotrex-
ate, carboplatin and etoposide. The side effects of 
the treatment were unacceptable, and treatment 
was switched to metronomic antiangiogenic chemo-
therapy, as described by Kieran et   al. [15] and 
Buchroitner et   al. [16]. Autologous stem-cell trans-
plantation was discussed but considered of no ben-

  Figure 2.     [18F]-fl uorothymidine positron emission tomography (FLT PET) response. Four repeated FLT PET/CT scans in coronal 
view before (Figure 2A), and 2 weeks (Figure 2B), 2 months (Figure 2C) and 5 months (Figure 2D) after the start of vismodegib 
treatment. The uptake of FLT in the bone marrow is heterogeneous in Figure 2A. The spleen is enlarged and FLT uptake is intense. 
Figure 2B and C show a considerable reduction in FLT activity in bone marrow. The spleen is still enlarged with a high FLT uptake. 
A slight increase in the uptake can be seen in Figure 2D, heterogeneously distributed in the ribs, proximal humeri and femora. Uptake 
remains low in the spine. The sizes of the liver and spleen have decreased.  

  Figure 1.     Sodium [18F] fl uoride PET (NAF PET) response. Four repeated NAF PET/CT scans in coronal view before (Figure 1A), and 
2 weeks (Figure 1B), 2 months (Figure 1C) and 5 months (Figure 1D) after the start of vismodegib treatment. A generalized uptake of 
NAF is seen in Figure 1A. The intensity of uptake in the pelvic and hip bone has decreased in Figure 1B, and remains unchanged in 
Figure 1C. The uptake in the skeleton is still heterogeneous in Figure 1D, and has increased slightly.  
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efi t, due to the patient ’ s insuffi cient treatment 
response to chemotherapy. 

 The disease recurred in December 2011 in the 
thoracic and lumbar spine causing severe radiating 
pain, 10 out of 10 on the visual analogue scale (VAS). 
This initially required sedation and treatment with 
intravenous infusions of ketamine and morphine 
hydrochloride at an intensive care unit. Subsequently, 
very high doses of oral analgesics, with daily doses of 
150 mg ketamine, 90 mg methadone, 3600 mg gaba-
pentin and 60 mg morphine hydrochloride were 
given, together with 9 mg of betamethasone and ben-
zodiazepines. NAF PET/computed tomography 
(CT) showed generalized uptake in the bone 
(Figure 1A). The patient had previously received 
radiation treatment to the entire spine, as described 
above, but FLT PET/CT showed that activity in the 
bone marrow was still high and heterogeneous, even 
in the vertebral column (Figure 2A). The spleen was 
enlarged and displayed intense proliferative activity. 
This was consistent with extramedullary hematopoi-
esis in the spleen caused by severe bone marrow sup-
pression [17], mainly as a result of tumor infi ltration 
into the bone marrow compartment. A secondary 
cause was the craniospinal irradiation described ear-
lier. Retreatment with palliative radiotherapy to the 
spine was given to alleviate the pain with a short-
course fractionation using a single posterior fi eld. 

 No documented treatment option remained open, 
but we were aware of a case report that described 
tumor regression induced by a Hh pathway inhibitor 
in a patient with metastasized medulloblastoma [6]. 
We decided to analyze the patient ’ s tumor for Hh 
pathway activity (as described in Supplementary 
 “ Materials and methods ” , available online at 
http://informahealthcare.com/doi/abs/10.3109/0284
186X.2012.724537) before considering treatment 
with vismodegib. This drug is an inhibitor of Smooth-
ened (SMO), a G-protein-coupled receptor (GPCR)-
like molecule that plays a key role in Hh signaling. 

 Real-time-PCR analysis of two separate parts of the 
patient ’ s primary tumor taken before treatment 
revealed strongly upregulated expression of Hh 
pathway target genes. The two direct Hh target genes, 
GLI1 and patched homologue 2 (PTCH2), were 
expressed at levels 70 – 140 times higher in the medullo-
blastoma tumor cells than in Daoy cells (Figure 3A 
and B). Daoy is a well-characterized human medullo-
blastoma cell line with active Hh  signaling [18], and 
the mRNA levels of GLI1 are comparable to the lev-
els in primary medulloblastomas classifi ed as belong-
ing to the Hh pathway active subgroup [19]. 

 The expression level of the Hh pathway member 
GLI2, which is not a direct transcriptional target of 
the pathway, was also increased but to a much lesser 
extent (Figure 3A and B). The highly increased Hh 
target gene expression suggests that tumor cell growth 
is driven by dysregulated Hh signaling. 

 Treatment with vismodegib was started in Janu-
ary 2012 with a continuous dose of 150 mg daily 
[20,21]. After two weeks, there was a clear and gen-
eral reduction in proliferative activity as assessed by 
FLT PET/CT (Figure 2B), indicating that the effect 
was general and not restricted to the treatment fi eld 
of the radiotherapy. After eight weeks (Figure 2C), 
the intensity and distribution of FLT were the same 
as they had been in the FLT PET/CT examination 
performed after two weeks of treatment. The NAF 
PET/CT activity in the pelvic bone (Figure 1A – C) 
fell slightly during this period. 

 Pancytopenia also improved during treatment 
with vismodegib. The need for erythrocyte transfu-
sions decreased from one to two times weekly, with 
a baseline hemoglobin (Hb) of 64 g/L, to once 
every second month. In June 2012 the Hb level 
was above 100 g/l. Platelets were transfused every 
second week before treatment with vismodegib, 
while the last transfusion was given at the begin-
ning of February. This was accompanied by a small 
increase of leucotyes from slightly below 3 � 10 9 /L 

  Figure 3.     Hedgehog signaling in the tumor compared to Daoy cells. Hedgehog (Hh) pathway activation in medulloblastoma tumor cells 
compared to activation in the Daoy cell line. The mRNA levels (assayed by real-time RT-PCR) of GLI1 and PTCH2 are strongly 
upregulated and the GLI2 mRNA level moderately upregulated, relative to the levels in the Daoy cell line. Shown are two biological 
replicates (Figure 3A and B) measured in technical triplicates, which were analyzed using the 2 �  Δ  Δ CT method using the housekeeping 
genes RPLP0 and 18S as references. Stdev (ct)  �  0.64.  
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to slightly above that level. The improved status 
and well-being of the patient during the same time 
period can be seen in the improvement in albumin, 
which increased from 26 – 32 g/L to 40 – 44 g/L 
(reference range, 36 – 45 g/L). 

 The only side effect of vismodegib so far has been 
slight myalgia in the lower legs. The pain, including 
myalgia, has decreased to VAS 1, allowing a consider-
able reduction in the doses of analgesics. Five months 
after the start of treatment with vismodegib, in June 
2012, the daily doses of methadone and gabapentin 
had been reduced to 30 mg and 900 mg, respectively, 
while ketamine and betamethasone had been com-
pletely tapered off. NAF PET/CT (Figure 1D) in June 
2012, after fi ve months of treatment with vismodegib, 
showed a slight increase in activity from that of the 
previous scan (Figure 1C), as was also shown by FLT 
PET/CT (Figure 2D). There was a slight increase in 
activity bilaterally in the proximal femora and humeri 
and also in the ribs from the activity recorded in the 
previous examination (Figure 2C), while the activity 
in the previously irradiated vertebral column was still 
low (Figure 2D). The spleen had been reduced in size 
considerably, and the liver to a lesser extent. 

 Early disease progression based on the most recent 
PET/CT examinations (Figures 1D and 2D) cannot 
be ruled out by these observations. However, the 
increase in activity did not include the previously irra-
diated vertebral column, from which the patient ’ s 
initial severe neurological symptoms originated. In 
addition, the reduction in the size of the spleen sug-
gests that the extramedullary hematopoietic activity 
had fallen [17], which is consistent with an improved 
bone marrow function. Finally, and most importantly, 
a substantial clinical and hematological improvement 
was evident, confi rming that a partial restoration of 
bone marrow has occurred. As treatment with vismo-
degib was started the platelet level was 14 � 10 9 /L. 
After two months of treatment it was 19 � 10 9 /L (cor-
responding to PET/CT examinations represented by 
Figures 1C and 2C), while the platelet level after fi ve 
months of treatment was 85 � 10 9 /L (corresponding to 
PET/CT examinations represented by Figures 1D and 
2D) and 102 � 10 9 /L the same month, but two weeks 
after the examinations. The slight increase in isotope 
activity was therefore interpreted to indicate vitalized 
bone marrow after a long period of bone marrow 
suppression secondary to infi ltrating tumor cells. 

 Compared to a previous case report of metasta-
sized medulloblastoma treated with vismodegib [6], 
the patient described here experienced a substantial 
improvement of pancytopenia. The previously 
reported patient succumbed to the disease approxi-
mately fi ve months after the start of treatment with 
vismodegib [6], while the patient described here 
has performance status grade 1 (according to the 

WHO- ECOG criteria) after fi ve months of 
treatment (June 2012). A pathway that may explain 
differences in outcome among patients treated with 
inhibitors of Hh signaling requires a mutation of 
 SMO- WT to  SMO-D473H  [22], existing either 
already before treatment start or as a feature that 
arose during the course of treatment. 

 In conclusion, we present a case of a patient 
with metastasized medulloblastoma, refractory to 
treatment with conventional cytostatic drugs, but 
showing a remarkable clinical and hematological 
response to vismodegib. The side effects are mild, 
and the patient is still in a good condition 19 months 
after the diagnosis of ENM medulloblastoma and 
fi ve months after introducing vismodegib.            
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 To the Editor, 

 Glivec (STI 571), an inhibitor of bcr-abl tyrosine 
kinase, has become a fi rst line agent in the treatment 
of Ph �  chronic myeloid leukemia (CML) and meta-
static gastrointestinal stromal tumors [1]. Activation 
of tyrosine kinases leads to phosphorylation of key 
substrates within the cell [2]. 

 Tyrosine kinase inhibitors compete with ATP 
for binding to the ATP binding site found on all 
tyrosine kinases [3]. Such action occurs not only 
in cancer cells but also in normal cells and causes 
adverse effects including fl uid retention, edema, 
nausea, vomiting, diarrhea, fatigue, and some 
skin disorders [4,5]. Pancytopenia has also been 

reported as an adverse effect, though its mecha-
nism is not known [6]. Vocal fold hemorrhage may 
be caused by laryngeal trauma, phonotrauma, 
aspirin and non-steroid anti-infl ammatories, and 
hormonal imbalance [7]. There have been reports 
associating vocal fold hemorrhage with factor VIII 
defi ciency, tenecteplase thrombolysis, and others; 
however, no cases have been reported of vocal fold 
hemorrhage occurring after the use of Glivec. 
Along with a literature review, we report a case in 
which we treated vocal fold hemorrhage discovered 
by laryngendoscopy in a patient who had been 
diagnosed with CML and had received Glivec 
treatment.  

  Correspondence: Seung Hoon Woo, Department of Otorhinolaryngology, Gyeongsang National University, 90 Chilam-dong, Jinju, South Korea, 660-702. 
Tel:  �    82 55 750 8173. E-mail : lesaby@hanmail.net  

 (Received   21   August   2012  ; accepted   4   September   2012  ) 

ISSN 0284-186X print/ISSN 1651-226X online © 2013 Informa Healthcare
DOI: 10.3109/0284186X.2012.728715

Supplementary materials available online 

Supplementary  “ Materials and methods ” .


