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Purpose: To validate whether FAM70B, which was found in our micro-array profiling
as a prognostic marker for cancer survival, could accurately predict prognosis in pa-
tients with muscle-invasive bladder cancer (MIBC).

Materials and Methods: A total of 124 patients with MIBC were enrolled in this study.
The FAM70B expression level was analyzed by real-time polymerase chain reaction
by using RNA from tumor tissues. The prognostic effect of FAM70B was evaluated by
Kaplan-Meier analysis and a multivariate Cox regression model.

Results: Kaplan-Meier estimates showed a significant difference in progression-free
survival (log-rank test, p=0.011) and cancer-specific survival (log-rank test, p=0.017)
according to FAM70B gene expression level. By multivariate Cox regression analysis,
high FAM70B expression was predictive of cancer progression (hazard ratio [HR],
2.115, p=0.013) and cancer-specific death (HR, 1.925; p=0.033). In the subgroup analy-
sis, high expression of FAM70B was associated with poor cancer-specific survival, pro-
gression-free survival, and overall survival in the patients who underwent cystectomy
(log-rank test, p=0.013, p=0.036, p=0.005, respectively). In the chemotherapy group,
FAM70B expression was associated with cancer-specific survival and progression-free
survival (log-rank test, p=0.013, p=0.042, respectively). Moreover, high FAM70B ex-
pression was associated with shorter cancer-specific survival in localized or locally ad-
vanced tumor stages (log-rank test, p=0.016).

Conclusions: We confirmed the significance of FAM70B as a prognostic marker in a vali-
dation cohort. Therefore, we propose that the FAM70B gene could be used to more pre-
cisely predict cancer progression and cancer-specific death in patients with MIBC.
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either non-muscle-invasive bladder cancer (NMIBC) or
muscle-invasive bladder cancer (MIBC) on the basis of

INTRODUCTION

Bladder cancer is the second most common genitourinary
tumor in human populations, and it was estimated in 2012
that 73,510 new cases of cancer of the urinary bladder were
diagnosed in the United States and 14,680 deaths were at-
tributable to bladder cancer [1]. In Korea, bladder cancer
is also the second most common urological malignancy and
is about five times more common in men than in women
[2,3]. Urothelial carcinoma of the bladder is classified as
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pathology and clinical behavior [4]. Although only 20% of
bladder cancer patients are diagnosed with MIBC, the vast
majority of cancer-specific deaths are due to MIBC, which
leads to local invasion and distant metastasis. Although
radical cystectomy is considered the gold standard for
treatment of patients with localized MIBC, about 50% of
such patients develop metastases within 2 years after cys-
tectomy and subsequently die of the disease [5,6].
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Bladder cancer has diverse biological and functional
characteristics. Conventional histopathological evalua-
tion, such as tumor stage or grade and lymph node status
and numerous biomarkers have been investigated as prog-
nostic indicators of MIBC [7,8]. However, none of the histo-
logical criteria or biomarkers reported to date have suffi-
cient sensitivity and specificity for detecting the whole
spectrum of bladder cancer diseases in a routine clinical
practice [9]. The limited value of the established prognostic
markers requires the analysis of new molecular parame-
ters in predicting the prognosis and treatment of bladder
cancer patients. Recently developed micro-array technol-
ogy has permitted the development of numerous cancer
classifiers, identification of tumor subclasses, discovery of
progression markers, and prediction of disease outcome in
many types of cancer [10-12]. Molecular staging may pro-
vide more accurate predictions of patient outcome than is
currently possible with histopathological staging. Also,
molecular staging could improve the treatment of patients
by allowing treatment to be tailored to the severity of the
disease. Although considerable effort has been devoted to
identifying a prognostic model of MIBC that can provide
useful information about survival and treatment options
at diagnosis, the ability to predict the survival of MIBC pa-
tients remains a major clinical challenge. Thus, there is a
critical need for methods capable of assessing the prognosis
of patients with MIBC [13].

We have bladder cancer micro-array data and we have
investigated genetic signatures associated with disease
progression in patients with bladder cancer [7,13-15].
From previously published micro-array data, we found a
new gene predicting cancer-specific survival in patients
with MIBC. In this study, we validated this newly identi-
fied gene, FAM70B, as a prognostic marker in patients with
MIBC by using techniques for quantifying RNA expression
in a relatively large-scale, long-term, follow-up indepen-
dent study population.

MATERIALS AND METHODS

1. Bladder cancer micro-array data

Micro-array gene-expression profiling techniques were de-
scribed in previous reports [7]. In brief, we used 165 pri-
mary bladder cancer samples, 23 recurrent non-muscle-in-
vasive tumor tissues, 58 normal-looking bladder mucosa
surrounding cancer, and 10 normal bladder mucosa for mi-
cro-array analysis. Hierarchical clustering was used to
stratify the prognosis-related gene classifiers. The full mi-
cro-array data set is available online at http://www.ncbi.
nlm.nih.gov/geo/ under the data series accession number
GSE13507.

2. Patients and tissue samples

Sixty-two patients with MIBC were selected by micro-ar-
ray profiling (original cohort). We collected new tumor
specimens from 124 MIBC patients with histologically
verified urothelial cell carcinoma as a validation cohort. To
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reduce confounding factors affecting the analyses, and to
delineate a more homogeneous study population, any pa-
tients diagnosed with a concomitant carcinoma in situ or
for whom data collection was incomplete were excluded. All
tumors were macro-dissected, typically within 15 minutes
of surgical resection. Each bladder cancer specimen was
confirmed by pathological analysis of a part of the tissue
sample in fresh-frozen sections from cystectomy and tran-
surethral resection (TUR) specimens, then frozen in liquid
nitrogen and stored at -80°C until use. The collection and
analysis of all samples was approved by the Institutional
Review Board of Chungbuk National University (IRB ap-
proval number 2006-01-001), and informed consent was
obtained from each subject.

Tumors were staged according to the 2002 tumor-node-
metastasis (TNM) classification and the 1973 World
Health Organization grading system, respectively [4,16].
All diagnoses were confirmed by pathological analysis of
frozen sections from cystectomy and TUR specimens.
Patients with localized or locally advanced tumors and
good Eastern Cooperative Oncology Group (ECOG) per-
formance status (0 or 1) underwent radical cystectomy and
complete pelvic lymph node dissection. Patients who were
not eligible for radical cystectomy owing to metastatic dis-
ease, poor life expectancy, or poor ECOG performance sta-
tus (=2) underwent TUR for histopathological diagnosis.
Patients with pT3, pT4, or node-positive disease according
to the analysis of radical cystectomy specimens, or with
metastatic disease but good performance status, received
at least four cycles of cisplatin-based chemotherapy. Each
patient was followed and managed according to standard
protocols [17]. In this study, progression was defined as lo-
cal regional recurrence or new distant metastasis in the
cystectomized group and a =20% increment of mass or new
distant metastasis in the noncystectomized group.

3. RNA extraction and construction of cDNA

One milliliter TRIzol (Invitrogen, Carlsbad, CA, USA) was
added to bladder cancer tissue and homogenized in a 5-ml
glass tube. The homogenate was transferred to a 1.5-ml
tube and was mixed with 200 pl chloroform. After in-
cubation for 5 minutes at 4°C, the homogenate was centri-
fuged for 13 minutes at 13,000xg at 4°C. The upper aqueous
phase was transferred to a clean tube and 500 pl iso-
propanol was added, followed by incubation for 60 minutes
at 4°C. The tube was then centrifuged for 8 minutes at
13,000xg and 4°C. Then, the upper aqueous phase was re-
moved, mixed with 500 ul of 75% ethanol, and centrifuged
for 5 minutes at 13,000xg and 4°C. After the upper aqueous
layer was discarded, the pellet was dried at room temper-
ature, dissolved with diethylpyrocarbonate-treated water,
and stored at -80°C. The quality and integrity of RNA were
confirmed by agarose gel electrophoresis and ethidium bro-
mide staining, followed by visual examination under ultra-
violet light. The cDNA was then prepared from 1 ug of ran-
dom priming by using a First-Strand cDNA Synthesis Kit
(Amersham Biosciences Europe GmbH, Freiburg, Ger-
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many) according to the manufacturer’s protocol.

4. Real-time polymerase chain reaction (PCR)

To quantify the expression levels of FAM70B, real-time
PCR amplification was performed with a Rotor Gene 6000
instrument (Corbett Research, Mortlake, Australia).
Real-time PCR assays using SYBR Premix EX Taq (Takara
Bio Inc., Otsu, Japan) were carried out in micro-reaction
tubes (Corbett Research, Mortlake, Australia). The pri-
mers used for amplifying FAM70B (220 bp) were 5-CCC
TCG CCC GCC TAC TAT-3’ and 5-GCT GGG CGG GGT
TGT AGA-3’. The PCR reaction was performed in a final
volume of 10 pl, consisting of 5 pl of 2x SYBR premix EX
Taq buffer, 0.5 ul of each 5’- and 3’- primer (10 pmol/ul), and
1 wl of the sample cDNA. The product was purified with a
QIAquick Extraction kit (QIAGEN, Hilden, Germany),
quantified with a spectrometer (Perkin Elmer MBA2000,
Fremont, CA, USA), and sequenced with an automated la-
ser fluorescence sequencer (ABI PRISM 3100 Genetic
Analyzer, Foster City, CA, USA). The known concentration
of the product was 10-fold serially diluted from 100 pg/ul
to 0.1 pg/pl. The dilution series of PCR products were used
for establishing the standard curve of real-time PCR. The
real-time PCR conditions were 1 cycle at 96°C for 20 sec-
onds, followed by 40 cycles of 3 seconds at 96°C for denatura-
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tion, 15 seconds at 60°C for annealing, and 15 seconds at
72°C for extension. The melting program was performed at
72 to 95°C with a heating rate of 1°C per 45 seconds. Spectral
data were captured and analyzed by using Rotor-Gene
Real-Time Analysis Software 6.0 Build 14 (Corbett Resear-
ch, Mortlake, Australia). All samples were run in triplicate.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was applied as an endogenous RNA reference gene. Gene
expression was normalized to the expression of GAPDH.

5. Statistical analysis

To normalize the highly skewed distribution of FAM70B
mRNA expression, the data were examined as the natural
log. Patients were classified as having a high expression of
FAM?70B or low expression of FAM70B, with the median
(115.8x10* copies/ul) of the mRNA expression as the cutoff
value. The Kaplan-Meier method was used to estimate can-
cer-specific survival, and differences were assessed by us-
ing log-rank statistics. The prognostic value of FAM70B ex-
pression was analyzed by using univariate and multi-
variate Cox proportional hazard regression models.
Statistical analyses were performed by using SPSS ver.
12.0 (SPSS Inc., Chicago, IL, USA), and p-values of less
than 0.05 were considered statistically significant.
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FIG. 1. Effect of FAM70B expression on cancer prognosis of
muscle-invasive bladder cancer patients from original cohorts.
(A) Progression-free survival (log-rank test, p=0.005); (B)
cancer-specific survival (log-rank test, p=0.013); and (C)
overall survival (log-rank test, p=0.008).
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TABLE 1. Baseline characteristics of the patients with muscle-
invasive bladder cancer

Parameter Value
Age (yr) 67.2+9.1
Follow-up period (mo) 16.9 (2.1-193.1)
Gender
Male 103 (83.1)
Female 21 (16.9)
Grade
G2 40 (32.3)
G3 84 (67.7)
T stage
T2 60 (48.4)
T3 35 (28.2)
T4 29 (23.4)
N stage
NO 94 (75.8)
N1 17 (13.7)
N2 11 (8.9)
N3 2(1.6)
M stage
MO 106 (85.5)
M1 18 (14.5)
Radical cystectomy
No 54 (43.5)
Yes 70 (56.5)
Chemotherapy
No 68 (54.8)
Yes 56 (45.2)
Progression
No 61 (49.2)
Yes 63 (50.8)
Survival
Alive 52 (41.9)
Deceased 72 (58.1)
Cancer-related 61 (84.7)
Non-cancer-related 11 (15.3)

Values are presented as mean+SD, median (range) or number (%).

RESULTS

1. Cancer-specific survival-related gene classifier

In the original cohort, FAM70B was associated with higher
risk for cancer-specific death (hazard ratio [HR], 33.675; p
<0.001), cancer progression (HR, 30.82; p=0.007), and
overall survival (HR, 20.903; p=0.002) in patients with
MIBC. Kaplan-Meier survival curves showing the effect of
FAM70B expression on progression-free survival (log-rank
test, p=0.005), cancer-specific survival (log-rank test,
p=0.013), and overall survival (log-rank test, p=0.008) are
shown in Fig. 1A, 1B, and 1C, respectively.

2. Baseline characteristics in the validation cohort and
FAM70B mRNA expression stratified by clinicopatho-
logical parameters

The baseline characteristics of the newly enrolled patients

are listed in Table 1. Mean patient age was 65.2 years
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(range, 38 to 87 years) and meanz+standard deviation fol-
low-up was 37.8+45.9 months (median, 16.9; range, 2.1 to
193.1 months). A total 70 of 124 patients (56.5%) under-
went radical cystectomy for MIBC. Other patients (43.5%)
underwent TUR or biopsy for histopathological diagnosis.
Systemic chemotherapy was performed in 56 patients
(45.2%) after intervention. During the follow-up, 63 of 124
patients (50.8%) with MIBC experience progression and 61
(49.2%) died of their bladder tumor. Progression-free sur-
vival and cancer-specific survival were 32.9 months
(median, 13.2 months) and 37.7 months (median, 16.9
months), respectively.

3. Predictive value of FAM70B expression for cancer prog-

nosis

FAM70B expression and progression-free survival in
MIBC: Kaplan-Meier estimates revealed significant dif-
ferences in time for cancer progression according to
FAM70B expression status. The patients with low FAM70B
expression had significant progression-free survival bene-
fits compared with those with high expression (log-rank
test, p=0.011) (Fig. 2A). Univariate Cox regression analy-
sis revealed that stage, radical cystectomy, and FAM70B
expression each had a significant impact on the disease pro-
gression rate. In the multivariate analysis, gender (HR,
2.156; p=0.018), TNM stage T4 or >=N1 or M1 (HR, 2.571;
p=0.003), and FAM70B expression (HR, 2.115; p=0.013)
were independent predictors of progression (Table 2).

FAM70B expression and cancer-specific death in MIBC:
Kaplan-Meier estimates in the validation cohort revealed
that patients with high FAM70B expression had sig-
nificantly reduced cancer-specific survival compared with
those with low FAM70B expression (log-rank test, p=
0.017) (Fig. 2B). Age, TNM stage, radical cystectomy, and
FAM?70B expression each had a significant impact on the
progression-free survival of MIBC patients by univariate
analysis. In the multivariate analysis, gender (HR, 2.106;
p=0.027), TNM stage T4 or =N1 or M1 (HR, 3.925; p
<0.001), chemotherapy (HR, 0.511; p=0.036), radical cys-
tectomy (HR, 0.534; p=0.036), and FAM70B expression
(HR, 1.925; p=0.033) were independent predictors of over-
all survival (Table 3).

FAM70B expression and overall survival in MIBC:
Kaplan-Meier estimates revealed no significant differ-
ences in overall survival of MIBC on the basis of FAM70B
expression status (log-rank test, p=0.068) (Fig. 2C).

4. Predictive value of FAM70B expression for cancer prog-

nosis according to cystectomy and chemotherapy status
To create more homogeneous patient groups, patients were
categorized according to chemotherapy and radical cys-
tectomy status. In the patient group who underwent radi-
cal cystectomy, Kaplan-Meier estimates revealed a sig-
nificant association between FAM70B expression and can-
cer-specific survival (log-rank test, p=0.013) (Fig. 3A).

Korean J Urol 2012;53:598-606
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FIG. 2. Probability of progression and survival according to the
FAM70B expression status in independent cohorts. (A)
Progression-free survival (log-rank test, p=0.011); (B) cancer-
specific survival (log-rank test, p=0.017); and (C) overall
survival (log-rank test, p=0.068).

TABLE 2. Univariate and multivariate Cox regression analysis for prediction of disease progression

Univariate Cox regression

Multivariate Cox regression

Variable
HR (95% CI) p-value HR (95% CI) p-value

Age 1.023 (0.995-1.053) 0.108 0.999 (0.967-1.031) 0.941
Gender (male vs. female) 1.750 (0.965-3.174) 0.065 2.156 (1.138-4.086) 0.018
FAM70B expression (low vs. high) 2.067 (1.169-3.656) 0.013 2.115 (1.168-3.830) 0.013
Grade (G2 vs. G3) 1.223 (0.718-2.084) 0.458 1.207 (0.694-2.100) 0.506
T stage

T2 1 - 1 -

T3 0.953 (0.463-1.961) 0.897 1.351 (0.625-2.923) 0.445

T4 or =N1 or M1 1.918 (1.082-3.400) 0.026 2.571 (1.366-4.838) 0.003
Chemotherapy (no vs. yes) 0.771 (0.466-1.276) 0.311 0.679 (0.368-1.254) 0.216
Radical cystectomy (no vs. yes) 0.574 (0.343-0.963) 0.035 0.635 (0.361-1.147) 0.132

HR, hazard ratio; CI, confidence interval.

Similar results were identified in the chemotherapy group
(log-rank test, p=0.013) (Fig. 4A). However, in the patient
group who had not undergone radical cystectomy and had
not received chemotherapy, FAM70B expression did not
predict cancer-specific survival (Figs. 3B, 4B). Also,
FAM70B expression successfully predicted progression-
free survival and overall survival in MIBC patients who un-
derwent radical cystectomy (log-rank test, p=0.036, p=
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0.005, respectively). In the chemotherapy group, FAM70B
expression was associated with progression-free survival
(log-rank test, p=0.042; data not shown).

5. Predictive value of FAM70B expression for cancer prog-
nosis according to TMN stage and tumor grade

Kaplan-Meier estimates revealed that FAM70B expres-

sion successfully predicted cancer-specific survival in the
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TABLE 3. Univariate and multivariate Cox regression analysis for prediction of cancer-specific death

Univariate Cox regression Multivariate Cox regression
Variable
HR (95% CI) p-value HR (95% CI) p-value
Age 1.031 (1.002-1.061) 0.035 0.995 (0.962-1.029) 0.770
Gender (male vs. female) 1.616 (0.875-2.986) 0.125 2.106 (1.087-4.081) 0.027
FAMT70B expression (low vs. high) 1.998 (1.120-3.565) 0.019 1.925(1.053-3.518) 0.033
Grade (G2 vs. G3) 1.192 (0.697-2.037) 0.521 1.178 (0.672-2.064) 0.567
T stage
T2 1 - 1 -
T3 1.254 (0.575-2.731) 0.569 1.976 (0.862-4.529) 0.108
T4 or >=N1 or M1 2.733 (1.480-5.046) 0.001 3.925 (2.015-7.646) <0.001
Chemotherapy (no vs. yes) 0.643 (0.386-1.073) 0.091 0.511 (0.273-0.958) 0.036
Radical cystectomy (no vs. yes) 0.506 (0.303-0.844) 0.009 0.534 (0.297-0.960) 0.036
HR, hazard ratio; CI, confidence interval.
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FIG. 3. Effect of FAM70B expression on cancer-specific survival of muscle-invasive bladder cancer patients, categorized according to
radical cystectomy status. (A) Patients who underwent radical cystectomy (log-rank test, p=0.013). (B) Patients who did not undergo
radical cystectomy (log-rank test, p=0.0689).
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tumor stage. (A) Patients with localized or locally advanced tumor stage (pT2-3NOMO) (log-rank test, p=0.016). (B) Patients with pT4

or node-positive or metastatic disease (log-rank test, p=0.372).

subjects with localized or locally advanced tumors
(log-rank test, p=0.016) (Fig. 5A). In contrast, FAM70B ex-
pression was not associated with the cancer-specific sur-
vival in patients with tumor stage T4 or =N1 or M1
(log-rank test, p=0.372) (Fig. 5B).

DISCUSSION

The current study identified a gene expression signature
associated with cancer progression and cancer-specific
death in MIBC and demonstrated that this signature pre-
dicts the prognosis of MIBC. The gene network analysis
suggests that a molecular mechanism involving genes
might be responsible for cancer-specific death and cancer
progression. The validity of this newly found gene as a prog-
nostic indicator was confirmed in independent analyses of
new MIBC cohorts. This study investigated the mRNA ex-
pression levels of FAM70B in human MIBC tissue, and our
data showed a strong association between increased
FAM70B mRNA expression and progression and can-
cer-specific death in patients with MIBC.

Bladder cancer is a genetic disorder driven by the pro-
gressive accumulation of multiple genetic and epigenetic
changes [8,18]. At the molecular level, these genetic
changes result in uncontrolled cell proliferation, decreased
cell death, invasion, and metastasis. The specific alter-
ations in gene expression that occur as a result of cross-talk
between various cellular pathways determine the bio-
logical behavior of the tumor, including growth, re-
currence, progression, and metastasis, and may influence
patient survival. To detect and monitor cancer and de-
termine the likely prognosis, it is necessary to identify mo-
lecular markers of the disease that can be used in the clinic.
The advent of high-throughput microarray technology
makes it possible to gain comprehensive insights into the
molecular basis of numerous human diseases [19,20].
Micro-array gene expression analysis could be used to facil-
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itate the identification of molecular prognostic markers
that correlate with outcomes of numerous malignancies
[21-26]. With this technology, hundreds or even thousands
of genes in a tumor can be evaluated simultaneously, and
individual molecular targets or gene classifier sets that cor-
relate with particular bladder cancer outcomes can be
identified. These studies open up the possibility of rapidly
assessing gene expression patterns in individual tumors to
determine tumor classification or to predict clinical out-
comes and response to therapy [10,11,15,27].

The present study was designed to assess the indepen-
dent prognostic utility of FAM70B in MIBC patients with
a focus on cancer progression, cancer-specific survival, and
overall survival. Kaplan-Meier estimates revealed the pa-
tients with low FAM70B expression had significant pro-
gression-free survival and cancer-specific survival bene-
fits compared with those with high expression. Multiva-
riate analysis showed the FAM70B was an independent
predictor of cancer progression and cancer-specific death.
Because radical cystectomy and chemotherapy are the
most influential prognostic factors for MIBC, we per-
formed a subgroup analysis to create more homogeneous
patient groups. In the patients who underwent radical cys-
tectomy or received chemotherapy, FAM70B expression
was identified as a reliable biomarker for predicting can-
cer-specific survival and progression-free survival. How-
ever, in the patient group who had not undergone radical
cystectomy and had not received chemotherapy, FAM70B
expression did not show a significant difference in pre-
diction of survival. In the subgroup analysis according to
tumor stage, FAM70B expression did not show a sig-
nificant difference in prediction of cancer-specific survival
in the subjects who had advanced or metastatic disease.
Although we do not know the exact reason, one possibility
is that the patient group who had not undergone cys-
tectomy and had not received chemotherapy had a rela-
tively poor life expectancy or relatively poor ECOG per-
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formance status. Thus, this gene did not influence surviv-
al-related prognosis in these patients.

FAM70B (official full name: family with sequence sim-
ilarity 70, member B) was found as part of the results of the
Human Genomic Project [28,29]. The locus of the gene is
on chromosome 1334, and its function is protein coding.
The exact mechanism of action of the gene has yet to be
characterized in the oncological research field. Although
the exact function of this gene has not been determined, our
study showed the usefulness of this gene as a potential
prognostic marker for bladder cancer. Additional studies
are needed to define the precise roles of FAM70B on tumori-
genesis and metastasis in bladder cancer.

A possible limitation of the present study is that we did
not evaluate the protein level of FAM70B, such as by
Western blot or immunohistochemical staining. FAM70B
is a newly found gene and no antibody is yet available. To
overcome these concerns, our group is planning to collect
more MIBC tissues and to cooperate with other research
groups and companies to identify the function of this novel
biomarker.

CONCLUSIONS

This study showed that FAM70B is a promising biomarker
for assessing the prognosis of patients with MIBC. Our da-
ta indicate that the expression level of FAM70B can be rec-
ommended as a useful marker for predicting disease pro-
gression as well as the cancer-specific survival of patients
with MIBC. A functional study will be necessary to identify
the function of the gene.
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