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Abstract 
We present a case of a 70 year old black male with innumerable small osseous metastases which were not visible on 
FDG-PET/CT or CT and were only detected by NaF18-PET/CT bone scan. To our knowledge, this is the first case in the 
literature reporting the use of NaF18-PET/CT bone scan in the initial staging of signet ring cell bladder carcinoma. 
Metastatic bone disease was widely spread throughout the skeleton. Some bladder cancers are detected in late stages and 
have occult distant metastases. Signet ring type adenocarcinomas of the bladder are very rare and they have a very 
aggressive nature. Proper staging can save the patients from undue surgical procedures. NaF-PET/CT may be a necessary 
tool in the diagnostic staging of aggressive bladder cancers. 
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1 Introduction 
Bladder cancer is the fourth most common cancer in men and tenth most common cancer in women [1, 2]. The incidence is 
three times higher in men than in women and whites have double the risk compared to blacks [2, 3]. The overall incidence of 
bladder cancer is increasing [4]. Cigarette smoking contributes as the most common risk for developing bladder cancers [1]. 
The rate of smoking is higher in black males than in white males and the fact that bladder cancer is more prevalent in white 
males suggest other etiologies for bladder cancer [5]. Other known risk factors include exposure to aniline dyes, chronic 
exposure to cyclophosphamide, the drugs phenacetin and chlornaphazine, bladder stones, and exposure to the parasite 
Schistosomahaematobium [2, 6]. Gene mutations have also been implicated in bladder cancer. Receptor-tyrosine kinase-Ras 
signal transduction pathway mutation and fibroblast growth factor receptor 3 (FGFR3) mutation tend to result in low grade 
tumors [1]. On the other hand, p53, p21, and RB gene mutations can lead to recurrence and distant  
metastasis [1, 7]. The median age of diagnosis is 65 years [2]. 

Over 95% of bladder cancers in the U.S. are transitional cell type. Other less common types are squamous cell type 3%, 
adenocarcinomas 2% and small cell tumors <1% [2]. Adenocarcinomas can assume signet ring type histology and the 
prevalence of this type is only 0.24% of all primary bladder cancers [8]. Signet ring morphology is described as abundant in 
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cytoplasm with the nucleus pushed to one side [9]. Signet ring cells are most often of gastric, esophageal, ovarian, 
colorectal and breast origin [10]. Moreover, this particular type of bladder carcinoma is associated with advanced stage at 
presentation, lymph node involvement, and bad prognosis [10]. At presentation, 75% of bladder carcinomas are superficial, 
20% are muscle invasive and 5% are metastatic [2]. The common sites of hematogenous spread are lung, liver, bone and 
brain [2]. Depending on the first site of metastasis, the recurrence rate is different. Bone has a higher recurrence rate than 
liver or lung [11]. Hematuria is the most common but non-specific clinical presentation and occurs in 80-90% of patients 
with bladder cancer [2]. Still, only 2% of microscopic hematuria is due to bladder carcinoma [2]. Flank pain and bone pain 
are other non-specific symptoms.  

Management of bladder cancer depends on whether the tumor has invaded the muscle wall and whether there is regional 
lymph node involvement. Superficial tumors can be treated with endoscopic resection. For tumors that have invaded the 
muscle, radical cystectomy or complete cystectomy approaches can be adopted [12]. For metastatic tumors, chemotherapy 
remains the best treatment option. Combination therapies that are used include methotrexate, vinblastine, doxorubicin, and 
cisplatin (M-VAC), cisplatin and paclitaxel (PT), gemcitabine and cisplatin (GC), and gemcitabine, paclitaxel, and 
cisplatin (GTC) [13]. Despite the various tratment options, the median survival for patients with bone metastasis is only 9.3 
months [2]. 

2 Case presentation 
We present the case of a 70 year old black male who presented to the Emergency Department because he was unable to 
void urine. He had a past medical history of hypertension, diabetes, malaria, post-traumatic stress disorder (PTSD), benign 
prostatic hypertrophy (BPH), marijuana, cocaine use and exposure to Agent Orange. He smoked half a pack of cigarettes a 
day for 40 years and he drank socially. The patient's family history is positive for liver cancer and pancreatic cancer. Prior 
CT scan showed moderate bilateral hydronephrosis with hydroureter and extremely thick-walled bladder. He already had 
a right nephrostomy tube in place and a new left nephrostomy tube was placed at our hospital. Urinalysis showed 
microscopic hematuria. Cystoscopy was done and it revealed inflammation inside the bladder. Biopsy samples taken from 
the cystoscopy revealed bladder carcinoma with signet ring appearance and invasion into the muscularispropria layer. 
Immunohistochemistry was performed on the tissue samples and the results reveled CK 7+, CK20+, p501S -, mucicarmine 
+, and p63+. Initial FDG-PET/CT was negative for metastasis. Subsequent NaF18-PET/CT bone scan was ordered and 
this exam showed innumerable small osseous metastases. Based on the results of the NaF-PET/CT, the bladder tumor was 
staged as stage IV (T2N2M1). The patient was started on carboplatin and gemcitabine palliative chemotherapy. The 
patient did not tolerate the treatment well and he died about 6 months after the initial staging.  

3 Discussion 
To our knowledge, this is the first case in the literature reporting the use of NaF18-PET/CT bone scan in the diagnostic 
staging of signet ring cell type bladder carcinoma. According to our literature search, this is the third case of bladder cancer 
metastasizing to the right acromion (see Figure 1), which is very rare [14, 15], although in our case, it was spread throughout 
the entire axial skeleton. Bladder cancers are more prevalent in whites than in blacks [3] and we report a very rare type of 
bladder cancer in a black man. Our patient had a 40 year smoking history and this is a major risk factor for developing 
bladder carcinoma. Hematuria is the most common presentation of bladder cancer [2]. Although our patient had 
microscopic hematuria, his chief complaint was that he was unable to urinate. Other studies had similar findings as ours of 
CK 7+, p63+ and CK20+ in immunohistochemistry staining of signet ring cells [10, 14]. Even though our patient had 
innumerable small bone metastases, he did not have any bone symptoms. He was started on carboplatin and gemcitabine 
palliative chemotherapy. However, no effective systemic chemotherapy has been established for this subtype of bladder 
cancer [8]. Patients with signet-ring cell carcinoma of the bladder have lower survival rates compared to patients with 



www.sciedu.ca/jbgc                                                                 Journal of Biomedical Graphics and Computing, December 2012, Vol. 2, No.2 

ISSN 1925-4008   E-ISSN 1925-4016 94

urothelial carcinoma of the bladder [16]. Our patient died about 6 months after diagnosis and this is within the predicted 
range of 9.3 month median survival for bone metastasis patients [2]. 

 

Figure 1. (a) Rotating 3D MIP image from the NaF18-PET/CT bone scan showing innumerable small osteoblastic bony 
metastases in the axial skeleton including all vertebral bodies, right acromion, bilateral ribs and within the pelvis. (b) Axial 
CT image, for attenuation correction and antomic localization, shows no bony abnormalities. (c) Same Axial NaF-18 
image and (d) NaF 18-PET/CT fusion image showing metastasis on T11 vertebral body. (e) Axial CT image, for 
attenuation correction and antomic localization, shows no bony abnormalities. (f) Same axial NaF-18 image and (g) 
NaF18-PET/CT fusion image showing metastases on T9 vertebral body, sternum and right rib.  

 

Figure 2. (a) Rotating 3D MIP image from the FDG-PET/CT exam showing no bony metastases. Axial images at the same 
level as Fig.1b,1c, and 1d. (b) Axial CT image, for attenuation correction and antomic localization, shows no bony 
abnormalities on T11. (c) Same axial FDG image and (d) FDG-PET/CT fusion image show no bone metastasis on T11. 
Axial images at the same level as Fig.1e, 1f, and 1g. (e) Axial CT image, for attenuation correction and antomic 
localization, shows no bony abnormalities on T9, sternum or right rib. (f) Same axial FDG image and (g) FDG-PET/CT 
fusion image show no bone metastasis on T9, sternum or right rib. 
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According to Kibel et al., CT and MRI have low accuracies in detecting metastatic bladder carcinomas [17]. Our patient had 
a CT scan of abdomen and pelvis that did not identify any metastatic bone lesion. About 9 weeks after the CT, our patient 
had both FDG-PET/CT and NaF18-PET/CT exams (see Figure 1 and 2). NaF18-PET/CT is more sensitive than 
Tc99m-MDP in detecting bone metastases [18]. NaF18-fluoride has double the bone uptake and faster blood clearance than 
Tc99m labeled phosphonate compounds, and so, it provides a better quality image [19]. In our case, FDG-PET/CT (see 
Figure 2) and diagnostic CT failed to detect the numerous small bone metastases and only the NaF-PET/CT found the 
bony metastasis. Chakraborty et al. reported a similar experience where they did Tc99m-MDP, FDG-PET/CT and NaF18 
PET/CT exams on one patient [19]. In their case, FDG-PET/CT and Tc99m-MDP failed to detect the osseous metastases of 
the bladder cancer and only the NaF18 PET/CT found the bony lesions [19]. This further confirms the fact that 
NaF18-PET/CT bone scan may be the most sensitive imaging test to detect whole body bone metastasis.  

Brauers et al. and Taher et al. recommended the use of Tc99m-MDP in the routine diagnostic staging procedure for the 
muscle invasive bladder cancers [20, 21]. Based on the experience from our patient and based on the information from the 
literature, we propose the use of NaF18-PET/CT in the initial workup for bladder cancers. This can save patients from 
undue surgical procedures such as cystectomies with associated bad quality of life and unjustified financial burdens.  
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