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Abstract

Purpose: To evaluate prognostic factors affecting local control (LC), distant metastases-free survival (DMFS)
and overall survival (OS) in bladder carcinoma patients undergoing extravesical extensidpatients and Methods:
We retrospectively reviewed the charts of 61 consecutive patients with T3 or T4 bladder carcinoma, treated with
definitive radiotherapy from 1999 through 2007 Results: Median age was 69 years and follow-up was 29 months.
The LC rate was 33% at 4 years and was increased in patients with a Bb2 g/dl (p=0.003) or a LDH<180 U/L
(p=0.021) and in those who received concurrent chemotherapy (p=0.022) on univariate analysis. DMFS was
affected by anemia (Hb<12 g/dl) (p=0.039), the absence of chemotherapy (p=0.034) and the presence of newly-
diagnosed disease (p=0.01). The OS rate was 19% at 4 years. Non-pure transitional cell carcinoma histological
type (p=0.024), anemia (p=0.004), elevated LDH (p=0.003), and newly diagnosed disease (p=0.011) were poor
prognostic factors on univariate analyses for OS. Anemia was the only negative prognostic factor for LC (p=0.03),
DMFS (p=0.002) and OS (p<0.0001) on multivariate analysi€onclusion: Pre-treatment Hb level is the most
important prognostic factor in patients treated with definitive radiotherapy, so that anemia may act as a surrogate
biological marker for aggressive disease.
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Introduction The relationship between anemia and hypoxia, however,
is complex and influenced by multiple variables.
The optimal initial treatment for muscle-invasive According to one hypothesis, low Hb levels may
bladder cancer has not yet been determined and regatively influence intratumoral oxygen tension leading
controversial. Although radical cystectomy is consideredo radiation resistance. Other researchers have speculated
the gold standard for muscle-invasive bladder cancethat low Hb levels are merely a symptom of a more
previous trials have suggested that definitive radiotherapgggressive and intrinsically radioresistant malignancy.
(RT) with surgical salvage produces a survival rate similalherefore, the correction of Hb levels would have a little
to that of immediate surgery (Hayter et al., 1999; Scrimgechance in altering outcomes (Hill et al., 1971; Fyles et
et al., 2001; Tsukamoto et al., 2004; Kotwal et al., 2008)al., 2000).
The best candidates for radical cystectomy are those who To our knowledge, previous studies have emphasized
are mostly young and otherwise healthy. Such patienthe prognostic importance of anemia in patients with T2
often have small tumors that are confined to the bladdeo T4 bladder cancer. In this study, we retrospectively
and are able to tolerate adjuvant systemic treatmenanalyzed data from patients treated with definitive RT for
However, a significant proportion of the patients treatedladder carcinoma with extravesical extension (T3 to T4
with RT are not suitable for surgery because they areuimors). Irresectable large tumors or comorbid illnesses
elderly, have significant co-morbidity, and/or have locallymade surgical treatment inconvenient or patients refused
advanced disease (Moonen et al., 1998; Santacaterinaseirgery. Our aim was to identify factors affecting local
al., 2002; Chahal et al., 2003). Previous studies haveontrol, distant recurrence-free survival and overall
attempted to identify variables that have prognostic valusurvival.
in patients with bladder cancer undergoing RT. One such
variable is the pre-treatment hemoglobin (Hb) levelMaterials and Methods
(Milosevic et al., 2007). It has long been recognized that
oxygen plays an important role in the stabilization ofPatients
genetic damage from ionizing radiation (Gray et al., 1953). We identified 61 consecutive patients with T3 or T4
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non-metastatic bladder cancer who were treated in ogiple 1. Characteristics of the Patients

clinic between October 1999 and April 2007. All patients
were initially evaluated by a team of radiation oncologists,

Number (%)

medical oncologists, and urologists. The extent of thé&ender Male 55 (90%)

disease was defined using the American Joint Committee Female 6 (10%)

on Cancer Staging Manual, 2002 (AJCC, 6th Edition)"9€ (years) ggd'a” 69 (rgr;g(es,si/o)-% years)
. . .. . (0]

All patients received definitive RT since they were not 570 29 (47%)

suitable for primary surgery by virtue of advanced diseasgs;, sification of histology pure-TCC 48 (79%)

(54%) or comorbid illnesses (25%) or because they refused
cystectomy (21%). Transurethral resection of bladder

epidermoid

4 (6%)

adenocarcinoma 2 (3%)
(TURB) was performed as completely and safely as transitional with squamous cell mixt 7 (12%)

possible; TURB was judged to be complete in 34 patientisease progressive 19 (31%)
(56%). primary 42 (69%)
Complete hematological and biochemical profilesPre-RT treatment TURB 34 (56%)
were checked before the treatment. An erythrocyt _ biopsy alone 27 (44%)
suspension was administered before RT if a patient’s &idl'gng dl 107 g/dléga?gzeo’/o(;'s_ 15.6 g/d)
level was < 12 g/dl, lalso during treatment..Patlents who Hb=12 g/d| 23 (38%)
developed suspicious bone metastasis symptomgn median 216 U/L (range; 35-638 U/L)
underwent whole body bone scintigraphy. <180 U/L 20 (33%)
The follow-up evaluations included clinical >180 U/L 26 (43%)
examination and repeat resection 6 weeks after the end of unknown 15 (25%)
(RT), every 3 months for the first year, biannually for 5ALP median 86 U/L (range; 50-305 U/L)
years, and yearly thereafter. Data were collected regarding <100 UL 28 (46%)
patient demographics, disease and treatment parameters iigg(x\fh 113 ((?;g;//‘;))
and outcomes. Tumor grade  low 17 (28%)
, high 40 (65%)
Radiotherapy: unknown 4 (7%)
All patients were placed in the supine position duringr stage T3 19 (31%)
RT. A pelvic box technique was used. Individual lead T4 42 (69%)
blocks or multileaf collimators were used to protect normaN stage NO 47 (77%)
tissues. Wedge and compensator filters were used to N1 5 (8%)
optimize the dose distribution. Patients were treated with N2 8 (13%)
Co60 instrument until the year 2000 and later with LINAC _ . . N3 1 (2%)
Clinical Stage 1l 40 (66%)
6-18 MV photon. = . . IV 21 (34%)
Radiation was delivered at 1.8 Gy/fraction once dailys catment RT alone 28 (46%)

5 days per week. 45 Gy RT was administered to the tumor
and bladder including the external and internal iliac lymph

nodes. The following field borders were used: the L5-S radiotherapy; TURB, transurethral resection of the bladder; ALP,

interspace cephalad, at least 1 cm beyond the pelvis boﬂﬁaline phosphatase; LDH, Lactate dehydrogenase; CDDP,
laterally, and the inferior border of the obturator foramenygpjatin

caudally. Later, 15 to 21 Gy dose was applied to the
bladder. Acute and delayed toxicities arising from RT weréwo-tailed test was used as appropriate to compare the
reported according to standard RTOG criteria. categorical variables. The Fisher-exact test was used to
compare the complication rates between the different
Chemotherapy: treatment modalities. Factors that seemed determinant
Patients received Cisplatin (CDDP); the dose wasvere subsequently evaluated with Kaplan—Meier survival
either 100 mg/rhon days 1, 22 and 43 or 40 mg/omce  curves and by the Log-rank test. Finally, the significant
a week. Both regimens were administered concurrentfactors in the univariate analysis were tested in a
with RT when possible. Patients who were not goodnultivariate analysis using the Cox regression model. A
candidates for CDDP, due to impaired kidney functionfwo-sided 5% significance level was applied for the
received carboplatine. Toxicity arising from chemotherapyomparison of the groups. P was considered statistically
was reported according to World Health Organizatiorsignificant when <0.05.
(WHO) criteria.

Concurrent CDDP 33 (54%)

b, hemoglobin; TCC, Transitional cell carcinoma; RT,

Results
Statistical Analysis:
Follow-up was estimated from the first date of RT toPatients and tumor characteristics:

the date of death or the last contact date. Clinical and The median follow-up was 29 months (range; 0.5 to
therapeutic factors as well as tumor characteristics wefl months). The clinical and demographic characteristics
first analyzed in a univariate analysis. Summary tablesf all 61 patients are listed in Table 1. Fifty-five patients
(absolute and relative frequencies) were used fo{90%) were male. The median age was 69 years (range;
descriptive analysis of the categorical variables. ¥he 40 to 93 years). Histologic analysis showed that 48 patients
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Table 2. Prognostic Factors for 2 Years Local Control

Factor Category Control Log-rank  Cox
rate (%) test  regression

Anemia Hb<12 g/dl 22 <0.0001 0.009
Hb>12 g/dl 87

LDH <180 U/L 58 0.005 NS
>180 U/L 41

Concurrent CDDP Yes 69 <0.0001 NS
No 22

Completely TURB Yes 37 0.013 NS
No 27

Treatment details:

Chemotherapy concomitant with RT was applied to
the 33 (54%) of the patients. The median RT dose was 62
Gy (range; 9 to 68 Gy). Fifty-six patients (92%) completed
their planned treatment. RT duration of <50 days was a
significantly important prognostic factor for local control
in the patients who completed their planned definitive
treatment (log-rank; p=0.021). The 2-year local control
rate was 58% in patients with a RT duration of <50 days
versus 33% in the patients with a RT durat®0 days.

Hb, hemoglobin; LDH, Lactate dehydrogenase; CDDP, cisplatin;Thl’_ee patients refuse(_j to Compk?te treatment QUe to acute
NS, non-significant; TURB, Transurethral resection of bladdetoxic effects. Two patients died of acute cardiovascular

Table 3. Prognostic Factors for 2 Year Distant
Metastasis Free Survival

Factor Category DMFS Log-rank Cox
rate (%) test

Anemia Hb<12 g/dl 19 0.004 0.002
Hb=12 g/dl 66

Concurrent CDDP Yes 69 0.034 NS
No 22

Disease Progressive 73 0.01
Primary 46

Hb, hemoglobin; CDDP, cisplatin; NS, non-significant

Table 4. Prognostic Factors for Overall Survival

Factor Category OS Log-rank  Cox
rate (%) test  regression

Anemia Hb<12 g/dl 19 0.004 <0.0001
Hb=12 g/dl 66

Histological type Pure TCC 43 0.024 NS
Others 9

LDH <180 U/L 55 0.003 NS
=180 U/L 25

Disease Progressive 43 0.011 NS
Primary 12

complication during concurrent chemoradiotherapy.
Treatment was generally well tolerated. Acute side

effects related to RT were seen in 31 (50.8%) patients.

There was no Grade IV acute toxicity. The most common

regression treatment-related acute side effect was urinary toxicity

(n=31): 19 patients (31.1%) had pure urinary toxicity, 4
patients (6.6%) had pure bowel toxicity and 8 patients
(13.1%) had combined bowel and urinary toxicity. Grade
3 acute urinary toxicity was recorded in 9 patients (14.7%)
and 4 patients (6.6%) experienced grade 3 acute bowel
toxicity. Moreover, 4 patients (6.6%) experienced grade
3 or 4 late urinary toxicity. One (1.6%) of the 61 patients
developed grade 4 late bowel toxicity without tumor
progression.

Data for prognostic factors are summarized in Tables
2-4.

Local control:

The local control rates at 2 years and 4 years were
44% and 33%, respectively. The Kaplan-Meier survival
curve for local control is shown in Figurel. Local
recurrence was detected in the bladder of 23 patients
(38%). Twenty-two patients had muscle-invasive
recurrence. Only one patient had superficial recurrence

Hb, hemoglobin; TCC, transitional cell carcinoma; NS, non-that was treated with TURB and Bacille Calmette-Guérin

significant

(79%) had transitional cell carcinoma. The remaining " ”

patients (21%) has less common bladder tumc
squamous cell carcinoma (4 patients), adenocarcin
(2 patients) and transitional with squamous cell mi
type carcinoma (7 patients). 65% of the patients had h
grade tumors. The diagnosis of 19 (31%) patients v
muscle-invasive carcinoma was made on follow-up
superficial in situ or T1 carcinoma. Nineteen patie
(31%) had T3 disease and 42 patients (69%) hac
disease. Positive nodal disease was detected in 14 pa
(23%). Forty patients (66%) had stage 11l disease ant
(34%) had non-metastatic stage 1V disease. Before
the median Hb value was 10.7 g/dl (6.5-15.6 g/dl),
median alkaline phosphatase (ALP) was 86 U/L (ran
50-305 U/L) and the median lactate dehydrogenase (LI
was 216 U/L (range; 35-638 U/L).

Thirty-eight (62%) patients had a Hb level of <12
dl before the treatment. There was a significant correla

(BCG). Three patients were treated with salvage
cystectomy, and the other patients with chemotherapy or
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between pre-treatment anemia and non-pure transitiunp,gure 1. Kaplan-Meier Survival Curves Showing the

cell carcinoma histologic type (p=0.01), WHO pifference in Local Control between Anemic and Non-
performance status (p<0.0001), and LDH level (p=0.005)% hemic Patients
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1,.F . .
Distant recurrence-free survival:
- The estimated distant recurrence-free survival was
| "

30.8t3.7 months (95% CI; 23.4 months to 38.1 months).

of 2180 U/L (log-rank; p=0.057). When the variables were
tested in the Cox regression model, the only prognostic
i Y = ' : g x variable was the Hb level (p=0.002).

LE L ue 44 - [ L]

ik 1
' L Distant recurrence was detected in 15 patients (25%), 5
E !| with pure bone recurrence, 5 with pure lung recurrence, 2
“iu | with pure liver recurrence and 3 with multiple metastases.
& '"} — The distant recurrence-free survival was significantly
5 Sy affected by a Hb level of <12 g/dl (log-rank; p=0.039),
P : the absence of concurrent of chemotherapy (log-rank;
i L —Tp<12 gfdl p=0.034) and the presence of newly-diagnosed disease
- | —Fbz12 g/dl (log-rank; p=0.01). In addition, there was a positive trend
", | I~ 1-cenaored in favor of better recurrence-free survival in patients with
i Pl an LDH of <180 U/L compared with those with an LDH
I
1

Time [{montheEl
Overall survival:

Overall survival rates at 2 years and 4 years were 33%
and 19%, respectively. The Kaplan-Meier survival curve
for overall survival is shown in Figure 2. Thirty-five
patients (57%) had died at the time of this analysis. Overall
survival was 11.81.6 months in patients with a Hb level

| of <12 g/dl and 33:64.8 months in the patients with a Hb
level of>12 g/dl. There was no significant difference in
" IHl overall survival between the patients with T3 and T4
I'| disease (95% CI; 25%.6 months for patients with T3
- versus 18.43 months for T4 disease, log-rank; p=0.45).
Overall survival was significantly lower in the patients
_ L . with newly diagnosed muscle-invasive bladder carcinoma
! than in those with progressive disease (2-year survival of
s FUHnci? gldl 11% versus 42%, log-rank; p=0.011). The significant
1 HoE1z gidl important poor prognostic factors on the log-rank test for
I-|-. F lecensaped overall survival were non-pure transitional cell carcinoma

B + 2-censared histologic type (p=0.024), a Hb level of <12 g/dI
(p=0.004), LDH>180 U/L (log-rank; p=0.003), and newly
diagnosed disease (p=0.011). Concurrent chemotherapy
did not significantly affect overall survival (p=0.096). For

' e £e " o e ~' overall survival, the only significantly negative prognostic
Time (mowihe) factor on multivariate analysis was a Hb level of <12 g/dl
Figure 3. Kaplan-Meier Survival Curves Showing the  (P<0.0001).
Difference in Overall Survival between Anemic and
Non-anemic Patients Discussion

Figure 2. Kaplan-Meier Survival Curves Showing the
Difference in Distant Metastasis-free Survival between
Anemic and Non-anemic Patients

il st ive survival

chemoradiotherapy or the best supportive care owing to Radical cystectomy is regarded as the mainstay of
poor general health, locally advanced disease, distamteatment for muscle-invasive bladder carcinoma.
metastases or refusal of surgery. Local control at 2 yearadiotherapy is usually reserved for those patients who
was found to be similar between T3 and T4 disease (61%re medically unfit, have advanced tumor for surgery or
for patients with T3 disease versus 54% for T4 diseasgiave refused cystectomy. The purpose of this study was
log-rank; p=0.42). However, these rates were 40% ino determine the prognostic factors affecting local control,
patients with a Hb level <12 g/dl versus 65% with a Hbdistant metastases-free survival and overall survival in
level 0f=12 g/dl. Univariate analysis showed that the localbladder carcinoma patients with extravesical extension
control rate was significantly increased in the patients witvho were treated with definitive RT. We found that
a Hb level 012 g/dI (log-rank; p=0.003) and those with patients who had locally advanced T3 to T4 tumors with
an LDH of <180 U/L (log-rank; p=0.021), in those who either fatty or adjacent organ involvement and/or positive
underwent complete TURB (log-ranks test; p=0.013) andymph nodes had a poor prognosis. Moreover, our study
in those who received concurrent chemotherapy (log-rankhowed that the most important prognostic factor for these
; p=0.022). All of these parameters dropped out of thatients was their pre-treatment Hb level.

Cox regression model. The only prognostic factor related The population of this study is typical of a clinical
to local control was the Hb level (p=0.009). practice in that patients treated with definitive RT tend to
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have medical comorbidities, advanced disease andam indicator of metastasis. The presence of anemia should
poorer performance status. Definitive external-beam Rbe considered a micrometastatic disease, which can not
leads to local control of muscle-invasive bladder cancese seen with current imaging techniques.
in approximately 30% to 50% of patients. Nevertheless, Radiotherapy has been combined with chemotherapy
distant metastases develop in >50% of patients, and the treat bladder cancer in many studies with the aim of
long-term overall survival rate ranges from 25% to 30%enhancing local tumor control, reducing metastasis
(Milosevic, Gospodarowicz et al. 2007). Our results werelevelopment, and improving patient survival. Cisplatin
different than previous reports in that our local controis the most active single agent in the treatment of patients
and overall survival rates were lower (our 4-year localith muscle-invasive bladder cancer (Coppin et al. 1996;
control was 33% and the overall survival was 19%). ThiScrimger et al., 2001; Milosevic et al., 2007). Univariate
discrepancy might be explained by our small sample arghalysis showed that concurrent chemoradiotherapy
the unfavorable selection criteria. significantly increased local control and distant
Salvage cystectomy is an important part of theaecurrence-free survival rates. Although an association was
integrated management plan for progressive or recurrefdund between chemotherapy and overall survival, it was
disease after RT (Milosevic et al., 2007). However, ounot a statistically significant one (p=0.096).
patients had tumors that were more advanced or they had Gross complete TURB before RT is related to
comorbid illnesses at the initial evaluation, excluding thémproved local control, although this finding has not been
possibility of effective salvage cystectomy after RT failurereported consistently (George et al., 2004; Milosevic et
How an institution defines anemia is important inal., 2007). Our results showed that gross complete TURB
patients who are treated with RT. According to the WHGwas a statistically significant parameter for local control.
and the National Cancer Institute, anemia is defined askowever, distant recurrence-free survival or overall
Hb level< 12 g/dl (Bron et al., 2001). Although the bloodsurvival was not affected by TURB before definitive RT.
Hb values that might lead to hypoxia in tumors have not Advanced T category, large tumor size and the
been clearly described, patients with a Hb value of 12—-1dresence of extravesical disease all have been associated
g/dl are considered to have an optimal oxygen pressutgith local disease recurrence. Several studies have
(Vaupel et al., 1991). Therefore, we defined anemia agported overall treatment results of T4 disease were
Hb<12 g/dlin our clinical practice. The presence of anemipoorer than that of T3 disease(Duncan and Quilty, 1986;
can be used to predict reduced local control after RT aSeorge et al., 2004; Chung et al., 2007). All treatment
well as higher rates of distant metastases and death framsults were better in the patients with T3 tumors than in
bladder cancer. Both Quilty and Duncan (1986) andhose with T4 tumors in our study but the differences were
Gospodarowicz et al (1991) reported that a pre-treatmenbt statistically significant. This result may be related to
Hb level <12 g/dl was a poor prognostic indicator forunderestimation of the extent of the T3 disease, since our
tumor response, local control and overall survival inpatients were staged according to clinical staging rather
patients with muscle-invasive bladder cancer. This maghan pathological staging.
be explained by anemia-induced tumor hypoxia, which Most of the complications caused by definitive RT
leads to genetic instability and the emergence of morg@ere associated with the bladder and bowel.
aggressive metastatic phenotypes. Furthermore, patied&pproximately 50% of patients had dysuria and urinary
who are anemic at diagnosis may be more likely to havieequency during treatment, and 15% of patients reported
advanced disease (Joynson et al., 2006). acute toxic effects of the bowel (Henningsohn et al., 2002).
In our study, the multivariate analyses showed thaDur study showed that acute urinary toxicity developed
the pre-treatment Hb level was the only independerith 44.2% of the patients, and 19.7% of the patients
prognostic factor for local control, distant recurrence-fre@xperienced acute bowel toxicity. Late morbidity is
survival and overall survival. The local control rates inimportant issue related to RT. Chahal et al (2003) reported
anemic patients were significantly lower than those seethat 5.2% of their patients had severe late bladder and
in patients with a normal pre-treatment Hb level. Howevers.6% of their patients suffered significant complications.
the patients who had anemia either before or during RIn this study, 6.6% of the patients experienced severe late
received blood transfusions, and the Hb levels in oubladder toxicity symptoms. Moreover, 1.6% of them
patients were within the normal range during RT.developed severe late bowel toxicity without tumor
Therefore, it is unlikely that either anemia-related tumoprogression. In our study, two patients died of treatment-
hypoxia or hypoxia-related radioresistance can explairelated toxicities, which is similar to previous reports
why the local tumor control rate in the patients with anemigChahal et al., 2003). However, due to the retrospective
was poor. Moreover, previously published data suggestature of our database, we cannot exclude the possibility
that anemia has a prognostic role in the treatment aff interreporting of the treatment toxicity in some patients.
malignancy, apart from its role in radiosensitivity (Joynson More than 90% of all malignant bladder tumors are
et al., 2006). Additionally, the surgical series in whichtransitional cell carcinoma. Squamous cell carcinomas and
anemia has been reported to have a negative prognossidenocarcnomas accounted for 5% and 2% of all
role, also support this finding. Thrasher et al (1994)malignant bladder tumors, respectively (Mostofi, 1988).
reported that a pre-cystectomy Hb level below 12 g/dEach has, for example, a different propensity for metastasis
was a predictor of poor cancer-specific survival. Inand local recurrence. One common observation to all
addition, in the presented study, the high incidence ddubtypes is that variant histology usually imparts a poorer
anemia and distant metastases suggested that anemigrisgnosis than pure-transitional cell carcinoma (Black et
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al., 2008). Our study supports this hypothesis - we found In conclusion, this study suggests that a patient’s pre-

that the non-pure transitional cell carcinoma histologid¢reatment Hb level is the most important prognostic factor

subtype significantly decreased the overall survival in théor local control, distant metastases-free survival and

univariate analysis. Moreover, there was a significanbverall survival in those treated with definitive RT.

correlation between non-pure transitional cell carcinom&urthermore, these outcomes can not be solely explained

histologic subtypes and anemia. This relation may explaiby radiosensitivity since all of the patients with a Hb

why the non-pure histologic subtypes have the potentidvel<12 g/dl received erythrocyte suspension before and

to become more aggressive. during RT. Our study states that anemia may act as a
A large number of publications have emphasized theurrogate biological marker for aggressive disease and the

importance of overall treatment time, implying that tumorcorrection of anemia does not improve treatment results.

proliferation during RT (Withers et al. 1988; Saunders eThe limitations of this study are intrinsic to its

al. 1996). Maciejewski and Majewski (1991) found thatretrospective design and its small patient cohort, although

protraction of the overall treatment time from 40 to 55our results may provide some helpful information for daily

days led to a decrease in local control rates from 50% faractice.

about 5%. Our study showed a significant influence of

overall treatment time in the patients who completed theiAcknowledgments

planned treatment on local tumor control in the univariate
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