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Summary: Bladder cancer remains a commonly diagnosed malignancy worldwide, bringing huge eco-
nomic burden and high morbidity for patients. Assessment of prognostic significance of lymphovascular
invasion (LVI) is a critical issue in the surgical management of bladder cancer after transurethral resec-
tion or radical cystectomy. A systematic search of PubMed, Embase and Cochrane Library was per-
formed up to Oct 10, 2014 to identify eligible studies. Outcomes of interest were collected from studies
comparing overall survival (OS), cancer specific survival (CSS) and recurrence free survival (RFS) in
patients with the LVI. Results of studies were pooled, and combined hazard ratios (HRs) with corre-
sponding 95% confidence intervals (ClIs) for survival were used as the effect size estimation. Funnel
plots were done to show the publication bias, while the forest plots and subgroup analyses were used to
limit the heterogeneity. A total of 20 studies (10663 patients) met the eligibility criteria and were in-
cluded for this meta-analysis. Our pooled results showed that there were significant differences in OS
(pooled HR, 1.71; 95%CI, 1.52-1.92; P<0.00001), CSS (pooled HR, 2.25; 95% CI, 1.80-2.81;
P<0.00001) and RFS (pooled HR, 1.91; 95% CI, 1.57-2.32; P<0.00001) between the patients with LVI
and the patients without LVI. There were significant heterogeneities observed in the studies concerning
the relationship between LVI and CSS, RFS. There was no clear evidence of publication bias. When tu-
mor stage was beyond T3, LVI lost its predictive value for CSS and RFS. For the patients who had
negative lymph nodes, LVI was still an adverse predictor. Our pooled results demonstrate that LVI indi-
cates poor prognosis of patients with bladder cancer after surgical procedures, and it can be of particular
importance in clinical practice. However, these results need to be further confirmed by more adequately
designed prospective studies.
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Bladder cancer remains a commonly diagnosed
malignancy, with more than 350000 new cases world-
wide each year''l. Approximately 70% of newly diag-
nosed bladder tumors are nonmuscle invasive bladder
cancer (NMIBC) at diagnosis and patients diagnosed
with bladder cancer in early stage present excellent
prognosis, in contrast to the dismal outcomes of those
with muscle invasive disease!”. Contemporarily, radical
cystectomy (RC) (with pelvic lymphadenectomy and
urinary diversion) remains the mainstay of treatment for
muscle-invasive diseases, while transurethral resection of
the bladder in combination with intravesical chemother-
apy or immunothera;[) is considered as the standard
treatment for NMIBC™ *. There is also a growing body
of evidence supporting the use of extended lym-
phadenectomy in accurate staging or in improving pa-
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tient survival’®’. Besides, the role of systemic chemother-
apy, neoadjuvant therapy and other adjuvant therapies
can also reduce the morbidity and recurrence in urothe-
lial urinary bladder cancer'.

Urinary bladder cancer is a highly heterogeneous
disease with diverse genetic and environmental risk fac-
tors that can influence disease risk or clinical course of
recurrence, progression, and survivall”!. Despite of many
improvements in diagnosis and management of bladder
tumors, the risk of both recurrence and progression re-
mains significant and elusive. Thus, it is of particular
value to identify certain predictors that can give accurate
assessment of tumor prognosis. Some molecular bio-
markers and clinicopathologic features can provide much
information for us to adjust our prediction of prognosis
and our therapies for specific patient™® ', So far, effec-
tive predictive tools or nomograms are absent for bladder
cancer after surgical procedures, thus more studies are
needed to better evaluate the existing predictors and dis-
cover the promising ones.

The definition of lymphovascular invasion (LVI) is
the presence of tumor cells inside an endothelial lined
space without underlying muscular walls adjacent to the
lymph node capsule. The invasion of the space near an
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arteriole, the unequivocal involvement of the endothelial
lining with more than one tumor cell and the presence of
a complete free thrombus consisting of tightly cohesive
cells with smooth border within an endothelial-lined
space were considered to be typical diagnostic features
of LVI'!. The reported incidence of LVI in patients who
underwent cystectomy varies much and the pathological
standards may also be different. Generally speaking, LVI
is seen as an independent factor for bladder cancer after
resection; however, the poor diagnosis reproducibility
restricts the use of LVI for prognostic prediction. Now
that more well-designed studies are completed and the
detection of LVI is more accurate, we can analyze the
prognosis role of LVI in bladder cancer with more confi-
dence in this article.

1 METHODS

1.1 Literature Search Strategy

A systematic review of original articles of the elec-
tronic databases, including PubMed, Embase and Coch-
rane Library, was conducted to identify literatures pub-
lished up to Oct. 10, 2014 focusing on the prognostic
impact of LVI on bladder cancer after surgical resection.
The following search terms were used to identify the
relevant studies: [bladder cancer] AND [lymphovascular
invasion] AND [survival] AND [transurethral resection]
OR [radical cystectomy]. Then the articles concerned
with the predictive values of LVI were selected. All of
the eligible literatures were written by English language
in full-text. The references of the retrieved articles which
seemed to be eligible were searched in order to identify
other potentially suitable studies, which were not in-
cluded in the initial automated search.
1.2 Inclusion and Exclusion Criteria

In order to limit the inter-study heterogeneity, we
used rigorous inclusion and exclusion criteria to increase
the reliability of this meta-analysis. Studies were consid-
ered eligible if they met the following criteria: (1) arti-
cles were published in English; (2) LVI was evaluated in
the bladder cancer patients after transurethral resection of
bladder tumor (TURBT) or RC; (3) the histological type
of tumor was bladder cancer; (4) the authors must offer
the sample size, hazard ratios (HR) and their 95% confi-
dence intervals (CIs), or the survival results can be ana-
lyzed from the given information in the papers (e.g. Kap-
lan-Meier curves). Articles were excluded based on the
following criteria: (1) review articles or letters, (2) non-
English articles, (3) laboratory studies on cancer cell
lines and animal models, or other non-human research
and (4) studies which cannot offer sufficient data to ac-
quire HR and its standard error (SE) .
1.3 Data Extraction and Survival End-points

To minimize the bias and improve the reliability of
the results, two reviewers investigated all the potentially
relevant studies, respectively. The information extracted
from the eligible studies consisted of data as follows: (1)
baseline characteristics of eligible studies: last name of
first author, publication year, country, period of recruit-
ment, type of study design, inclusion and exclusion crite-
ria (yes or no), consecutiveness of patients, definition of
survival, sample size of patients, age, gender, operative
procedures, adjuvant therapies, definition of LVI, num-
ber and percentage of LVI, histological subtype, stage,

grade, lymph node condition, duration of follow-up; (2)
HR corresponding 95% Cls and P value of Cox’s propor-
tional hazards regression models, the Kaplan-Meier
curves. If the above information was not mentioned or
could not be extracted in the original study, the item was
treated as “Not Available (NA)”. Two inquirers extracted
data from the suitable studies independently and dis-
cussed the discrepancies, thus the disagreements could
be resolved by consensus smoothly. Our outcomes of
interest were overall survival (OS), cancer specific sur-
vival (CSS) and recurrence free survival (RFS).

1.4 HR Pooled and Statistical analysis

HRs and 95% CIs were used to estimate the pre-
dictive significance of LVI on OS, CSS or RFS of the
bladder cancer patients. A combined HR>1 implied a
worse survival of the positive LVI group as compared
with the negative one, and it was considered statistically
significant if 95% CI for the combined HR did not over-
lap 1, in other words, P<0.05. If the HRs and 95% CIs
results of trials could not be obtained directly from the
text or tables of the papers but the Kaplan-Meier curves
were available, the specific curves were extracted and
read by Engauge Digitizer version 4.1 (http://digitizer.so-
urceforge.net/). This work was performed by two inde-
pendent persons to reduce inaccuracy in the extracted
survival rates.

We performed the meta-analysis by using the Re-
view Manager Software (RevMan 5.1, Cochrane Col-
laboration, Oxford, UK). We used HRs and their 95% CI
to evaluate the association between the pathological fac-
tors and prognosis of bladder cancer patients after sur-
gery. The respective analysis of OS, CSS and RFS was
conducted using results of HRs and 95% CI. The statisti-
cal assessment was performed using a Chi*-based test of
homogeneity and evaluation of the inconsistency index
(1?) statistic. The I* statistic is defined as the percentage
of variability due to heterogeneity rather than chance,
and the values >50% represents the possibility for sub-
stantial heterogeneity!'?. By heterogeneity test, if P>0.05,
we selected the fixed-effect model, and if not, a random-
effect model was used. The heterogeneity of respective
combined HRs was also evaluated by graphical examina-
tion of the Forrest plots, while funnel plots were used to
manifest any possible publication bias.

1.5 Subgroup Analysis

In order to rule out other confounding factors, we
also conducted analysis of the subgroup which was cate-
gorized by surgical procedures (RC vs. TURBT), tumor
stage (<T2 vs. >T3), lymph node status (negative Vs.
overall), area (eastern vs. western), year of publication
(>2010 vs. <2010) and sample size (>250 vs. <250). The
pooled HRs and 95% CIs were calculated, respectively,
and compared in subgroups. Then the between-study
heterogeneity might be explained and managed better.

2 RESULTS

2.1 Study Selection and Characteristics

According to the searching strategies, a total of
493 studies were identified from electronic databases.
Totally, 253 studies of PubMed, 237 from Embase and 3
from Cochrane were identified through initial searches.
We removed 137 articles for duplicating and 356 studies
remained. After the titles and abstracts of all identified
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studies were carefully reviewed, we abnegated 238 arti-
cles which were reviews, editorials, comments, non-
English articles or irrelevant topics. Based on the inclu-

sion/exclusion criteria mentioned above, 20 studies were
eventually eligible for the meta-analysis''>>*. More de-
tails can be seen from the flow chart in fig. 1.

[ PubMed: N=253 |
|

[ Embase: N=237 | [ Cochrane: N=3 |
|

searches of electronic
databases: N=4

Studics identified through initial

| Duplications: N=137

N=356

Titles and abstracts screened:

Excluded studies: N=238
-Reviews:n=119

-Editorials or comments: n=1
l—‘ -Conference abstract: n=6
-Written not in English: n=19

Full-text articles screened:
N=118

-Irrelevant topics: n=81

Excluded studies: N=98

-Data not extractable: n=41

-Out of scope: n=29
-Double use of database: n=3

Included studies: N=20

‘ -No prognosis: n=25

Fig. 1 The flow diagram of the literature selection process

A total of 10 663 patients were included in the
meta-analysis. The pathology analyses were done on the
specimens from needle-biopsy or pathological sections
of resected tumors. The studies were conducted between
1971 and 2010, and the sample size of the studies ranged
from 101 to 4257. There were 3494 persons who had
been diagnosed with LVI, and the percentage of LVI in
each trail was from 3.9% to 96.8% (the overall propor-
tion of LVI was 32.8%). Almost all the studies were ret-
rospective design, except for one prospective study!'’.
All the patients enrolled in all trials must accord with
specific inclusion/exclusion criteria. The included pa-
tients all received surgical procedures, such as RC, tran-
surethral resection, lymphoadenectomy, urinary diver-
sion or intravesical therapy. Some high risk patients re-
ceived chemotherapy, radiotherapy or other adjuvant
therapies, and then all the subjects were evaluated and
followed up according to study designs. Age, gender,
histological subtype, stage, grade, lymph node status and
follow-up time data of patients were presented by most
investigators, so we could display them in this article.
The details of design and clinicopathological features in
each study can be seen in tables 1 and 2. Outcomes of
interest including OS, CSS and RFS were calculated and
pooled HRs and corresponding 95% Cls are shown in fig.
2A-2C.

2.2 Prognostic Values of Lymphovascular Invasion in
Bladder Cancer after Surgery

HRs and 95% ClIs of Cox proportional hazard re-
gression models of literatures were listed, the other HRs
and 95% Cls were extracted from Kaplan-Meier survival
curve (table 3). Our pooled results showed that there
were significant differences in OS, CSS and RFS be-
tween the patients with LVI and the patients without LVI,
and the analysis results were as follows: OS (pooled HR,
1.71; 95% CI, 1.52-1.92; P<0.00001; fig. 2A), CSS
(pooled HR, 2.25; 95% CI, 1.80-2.81; P< 0.00001; fig.
2B) and DFS (pooled HR, 1.91; 95% CI, 1.57-2.32;
P<0.00001; fig. 2C).

The study heterogeneities were evaluated mainly
by forest plots and I° statistics. Inspection of Forrest
plots did not reveal substantial heterogeneity; however,

as for CSS (I’=62%) and RFS (1’=54%), there were sig-
nificant heterogeneities observed in the studies (fig. 2A—
C). In our meta-analysis, investigation of publication bias
by funnel plots showed no substantial funnel plot asym-
metry for prognosis of LVI, suggesting no presence of
significant publication or selection bias (fig. 3A—C).
2.3 Subgroup Analysis

We also underwent the subgroup analyses and
listed the respective pooled HRs and 95% ClIs in table 4.
There was no obvious difference between the two surgi-
cal procedures (table 5), while LVI lost its predictive
value for CSS and RFS when the tumors were extravesi-
cal (stage>T3) (table 6). For the patients who had nega-
tive lymph nodes, LVI could still predict the dismal out-
comes of survival (table 7). The prognostic values were
all statistically significant between eastern and western
countries, between different years of publication and
between the different sample sizes of studies.

3 DISCUSSION

Urinary bladder cancer is a common carcinoma of
urinary tract, despite improvements in management and
treatment of bladder tumors, the risk of recurrence, dis-
ease progression and death still needs to be paid attention
to. Identifying the prognostic predictors of bladder can-
cer after surgical procedures is paramount for disease
prevention and optimal clinical management. Many
clinicopathological features such as sex, age, grade, stage,
multifocality, history of previous recurrence, carcinoma
in situ in the prostatic urethra and early recurrence were
proven to be prognostic factors for recurrence, progres-
sion and death in bladder cancer®®!. What’s more, several
novel markers (p53, ki-67, p21 or survivin) which were
identified to be associated with the biologic and clinical
behavior of bladder cancer may help improve the staging,
prognosis, and selection of therapeutic strategies™*.
However, the sample sizes of these biomarker studies
were in general too small, and/or the performance of the
single biomarker was moderate. The results suggested
that single biomarker might be insufficient for effective
monitoring and management of the disease, thus estab-
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lishment of comprehensive panels of validate biomarkers age and the insufficient reliability of many biomarkers,
was necessary for clinical application'®. In consideration we made great efforts to look into the predictive value of
of the weak predictive value of basic characteristics like LVI in bladder cancer.

Table 1 Baseline characteristics of eligible studies

Inclu- .
Srfcf:- tCoun- Period (Sitqu sior;/ _ g\(l):;eac_u— Esr?r(;lf_ No. of ?)iteieﬁfs ((]}ve[;l}?)e : Opera(‘;ive A}(lijuvant
Ty esign :ii)cnu tients LVI patients (years) (% M) procedure therapy

D O L.
ff“z‘glllzre‘ France ;3(9)‘9‘* R yes  NA yes 108 69.113.1% fg@) TURBT  55.6% BCG
gggg‘r’ USA ;(9)32* R yes  yes NA 356  65.6+10.0 ?88050//2)1 RC,UD No
Cho, 2009 Korea ggg;_ R yes NA yes 118 (6379_91)* (1551'2;)) TURBT  9.3% chem
i(r)ilt?he’ gzly gg(l)gi P yes  NA yes 158 (669 1.8-76)* (17261./63*;,) RC No
S(;) ln 2d o Japan ;8887 R yes yes yes 194 (65 ;OS;I; 70 (186 32 /5302 ) RC 24.7% chem
R S SR PR S G
2H()e(§r8mann7 USA ;(9)?);7 R yes yes NA 226 (656;0774.7)* (159().?"2)) RC LA gz/:/(;:(liﬁm
Lotan, 2005 Canada ;gg;‘* R yes NA yes 750  64.8£16.8f  612/138  RC,LA ;?’;&‘i‘ﬁem
Ma, 2013 China 38(1)8_ R yes NA yes 101 Zg?; 41—2831,)* ?83 3/3/5) RC, UR  29% chem
g’éﬁ%‘)haran’ USA ;zggf R yes NA yes 357 NA ?8830//07)2 RC,LA No
2Pgllr(r)lieri’ Ttaly 5333_ RO yes  yes NA - 265 (6496—93)* ?8128/34‘;0) E% N
Park, 2007 Korea ;333_ R yes NA yes 260  61.5+8.6F f; 17 /2202 ) ECD) LA, 23.1% chem
Quek, 2005 USA ;(9)(7); R yes NA NA 702 (6380793)* f;‘;//i? RC,LA No
ggfgid" USA ;(9)(8);_ R yes NA NA 487 65.7% ?7776/2% IT{[CJRBT/ No
Seo, 2010 Korea gggé_ R yes NA NA 129 ?3%_88)* (1;)3/62;) TURBT  6.2% BCG
Sg?gat, USA ;(9)(7)2, R yes NA yes 4257 67* (37397 36/;34 RC,LA  22.4% chem
SOSPShUsa 0 R yes  NA NA 229 (6345"388)* ggg‘;) ~eRBTE 22 3% chem
Tilki, 2012 g‘; v ;(9)32_ R yes  yes yes 101 (63425 §7%) ?865/({2) RC No
;((;)lulssef, USA égg;* R yes NA yes 152 f; 674y (9695/?% ) RC,LA No

LVI: lymphovascular invision; UD: urinary diversion; TURBT: transurethral resection of bladder cancer; BCG: Bacille Calmette
Guerin therapy; RC: radical cystectomy; DC: delayed cystectomy; LA: lymphoadenectomy; UR: uretheral reimplantation; chem:
chemtherpy; radio: radiotherapy; R: retrospective; P: prospective; NA: not available; *: Data in median (range); T: Data in X+S
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Table 2 Characteristics of patients

No. . . .
Patients Histological Grade Lymph node No. of re- Follow-up
References EfVI (%)  subtype Stage (ST1/T2/T3/T4) (G1/G2/G3)  status sected nodes (months)
Bolenz, 2009 295 268  98.1%UC  621/438 (<T2/>T3) (Cé'é“éz/f) AIILN(-) NA NA
123(;::11r31chereau, 39 361  AIlUC  pTla:64%; pT1b:36%  All G3 NA NA 47.8+41.2%
Canter, 2008 114 32 AIIUC  27/87 (ST2/>T3) NA LN (+)28% NA 45.61
Cho,2009 33 28 AlUC  all TI 3/60/55 NA NA 35 (12-89)*
Fritsche, 2013 153 968  ALIUC  31/127 (ST2/>T3) All G3 AILLN(H) 14 (9-19)* 20 (11-38)*
46/148 LN (+)
0,
Gondo,2012 79 407  75.8% UC 108/86/58/28 (G11G2G3)  10.8% NA 36.642.1%
Herrmann, o LN (+) «
5008 NA NA  863%UC 147/118/269/61 11/188/376 32 NA 44 (0.1-220)
17/209 LN (+) o 36.9(133—
Karam, 2007 101 447  AIIUC  42/65/83/36 (GI1G2G3)  288% 17(14-23)* g
IN @) 37.2 (0.4
Lotan, 2005 273 364  AIIUC  180/261/122/89 1/39/710 Y NA 16)/15.6 (0.1—
22.5%
171.6)*
, , 23/78 .
Ma, 2013 25 247  AIlUC  pT2:69/pT3:32 Gl1GyGy AILNG)  NA 53.0 (9-120)
Manoharan, LN (+)
5010 105 294  AIUC  140/84/98/35 49/15293 50 NA NA
Palmieri, LN (+) *
5010 77 291  AIIUC  85/55/82/43 1535215 3 oy NA 108 (1-216)
Park, 2007 125 48.1  AlIUC  48/79/93/40 2/29/229 55\13(02) 14.658.21  33.6 (3-180)*
44/658 LN (+) 132 (0.3—
Quek, 2005 249 355  AIUC  374/328 (ST2/>T3) (GLIG2G3)  222% NA 278.4)"
Resnick, 2010 221 454  AIIUC  156/93/161/77 NA ?5(;) NA NA
. 0
Se0,2010 5 39  AIUC  Ta8UTI:46 317622 NA NA ‘9‘2'8)(*6'1’
Shariat, 2010 1407 33.1  AIUC  1361/1012/1322/55 78/1761/2167 557(;) M8 43 (0.1-324)*
ggggf’er’ 163 712  AllUC 11/158/13/36 NA NA NA NA
. e o 10/91 ~ s o
Tilki, 2012 6 5.9 AIUC  TON7/Ta6MIS2UTEST (6o Gy AIING) 19980 38(04-177)
Youssef,2011 24 158  AlISCC  10/76/57/9 81/61/10 3315(02) 20 (0-70)* 632 (1-100)*

UC: urothelial carcinoma; SCC: squamous cell carcinoma; LN (-): negative lymph node; LN(+): positive lymph node; NA: not
available; *Data in median (range); fData in X+S

Table 3 Estimation of the HR

References

OS

CSS

RFS

Bolenz, 2009
Branchereau, 2013
Canter, 2008
Cho, 2009
Fritsche, 2013
Gondo, 2012
Karam, 2007
Herrmann, 2008
Lotan, 2005

Ma, 2013
Manoharan, 2010
Palmieri, 2010
Park, 2007

Quek, 2005
Resnick, 2010
Seo, 2010
Shariat, 2010
Streeper, 2008
Tilki, 2012
Youssef, 2011

2.117 (1.449-3.093)
1.74 (1.21-2.51)
1.63 (1.06-2.51)

NA
NA
NA
NA

1.704 (1.24-2.34)
1.84 (1.33-2.55)
2.902 (1.515-5.559)

NA
NA
NA

1.47 (1.19-1.82)
1.68 (1.23-2.29)

NA
NA
NA
NA
NA

2.611 (1.589-4.292)
NA

1.81 (1.06-3.08)
NA

2.47 (1.37-4.43)
2.162 (1.086-4.292)
NA

NA

2.07 (1.33-3.23)
3.010 (1.386-6.538)
1.34 (0.85-2.1)
3.96 (2.53-6.21)
3.566 (1.522-8.357)
NA

2.18 (1.37-3.47)
1.28 (0.31-5.24)
1.453 (1.272-1.659)
2.68 (1.55-4.63)

6.7 (1.5-30.3)

2.54 (0.92-7.00)

3.502 (2.184-5.617)

NA

1.59 (0.93-2.71)
1.686 (0.901-3.022)

NA
NA

1.38 (0.84-2.27)

NA

2.02 (1.38-2.95)
2.055 (1.121-3.765)

1.75 (1.28-2.38)
2.06 (1.34-3.17)
4.59 (1.02-20.79)
1.427 (1.264-1.612)

NA

4.9 (1.4-16.5)

2.22 (0.97-5.12)

LVI: lymphovascular invasion; OS: overall survival; CSS: cancer specific survival; RFS: recurrence free survival;

NA: not available

Data of HR estimated through Kaplan-Meier curves is indicated in italic, and remaining data is as reported by investigators.
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Table 4 Subgroup analysis

oS CSS RFS

Overall 1.71[1.52,1.92] 1.79 [1.61, 1.98] 1.62 [1.47, 1.77]
(0)y

RC 1.70 [1.51, 1.93] 2.17[1.75,2.71] 1.90 [1.55, 2.34]

TURBT 1.74 [1.20, 2.53] 1.55[1.05, 2.31] 2.17[0.92, 5.10]
Stage

T<T2 1.52[1.22, 1.91] 2.30[1.59, 3.33] 1.86 [1.35, 2.57]

T>T3 2.56 [1.08, 6.10] 1.88[0.41, 8.58] 2.99[0.88, 10.22]
LN(-) 2.29[1.65, 3.18] 2.18[1.62, 2.94] 2.99 [2.10, 4.28]
Area

Eastern 2.90 [1.52, 5.54] 2.31[1.42,3.75] 1.99 [1.32, 3.01]

Western 1.68 [1.49, 1.89] 2.26 [1.76, 2.90] 1.90 [1.52, 2.37]

Year of publication
>2010
<2010

Sample number
>250
<250

1.82[1.45,2.28]
1.67 [1.45, 1.91]

1.66 [1.45, 1.91]
1.83 [1.46, 2.29]

2.20 [1.62, 3.00]
2.341.84,2.97]

2.12[1.59, 2.83]
2.56[1.92, 3.43]

1.52[1.36, 1.69]
1.90 [1.60, 2.27]

1.82 [1.46, 2.28]
2.19[1.54,3.12]

OS: overall survival; CSS: cancer specific survival; RFS: recurrence free survival; OP: operative procedure; RC: radical cystectomy;
TURBT: transurethral resection of bladder tumor; LN (-): lymph node negative

Table 5 Subgroup estimation of the HR by operative procedure

OopP References oS CSS RFS

LA, RC, UD Bolenz, 2009 2.117 (1.449-3.093) 2.611 (1.589-4.292) 3.502 (2.184-5.617)
RC, UD Canter, 2008 1.63 (1.06-2.51) 1.81 (1.06-3.08) 1.59 (0.93-2.71)
RC Fritsche, 2013 NA 2.47(1.374.43) NA

RC Gondo, 2012 NA 2.162 (1.086—4.292) NA

LA, RC,UD Karam, 2007 NA NA 1.38(0.84-2.27)
LA, RC Herrmann, 2008 1.704 (1.24-2.34) NA NA

LA, RC Lotan, 2005 1.84 (1.33-2.55) 2.07 (1.33-3.23) 2.02 (1.38-2.95)
RC, UR Ma, 2013 2.902 (1.515-5.559) 3.010 (1.386-6.538) 2.055 (1.121-3.765)
LA,RC Manoharan, 2010 NA 1.34 (0.85-2.1) NA

LA, RC, UD Palmieri, 2010 NA 3.96 (2.53-6.21) NA

LA, RC, UD Park, 2007 NA 3.566 (1.522-8.357) NA

LA, RC Quek, 2005 1.47 (1.19-1.82) NA 1.75 (1.28-2.38)
RC Resnick, 2010 1.68 (1.23-2.29) 2.18 (1.37-3.47) 2.06 (1.34-3.17)
LA, RC Shariat, 2010 NA 1.453 (1.272-1.659) 1.427 (1.264-1.612)
RC Streeper, 2008 NA 2.01 (1.13-3.57) NA

RC Tilki, 2012 NA 6.7 (1.5-30.3) 4.9 (1.4-16.5)

LA, RC Youssef, 2011 NA 2.54 (0.92-7.00) 2.22(0.97-5.12)
TURBT Branchereau, 2013 1.74 (1.21-2.51) NA NA

TURBT Cho, 2009 NA NA 1.686 (0.901-3.022)
TURBT Resnick, 2010 NA NA NA

TURBT Seo, 2010 NA 1.28 (0.31-5.24) 4.59 (1.02-20.79)
TURBT Streeper, 2008 NA 1.58 (1.05-2.37) NA

OP: operative procedure; UD: urinary diversion of bladder cancer; TURBT: transurethral resection of bladder cancer; RC: radical
cystectomy; DC: delayed cystectomy; LA: lymphoadenectomy; UR: uretheral reimplantation; OS: overall survival; CSS: cancer

specific survival; RFS: recurrence free survival; NA: not available. Data of HR estimated through Kaplan-Meier curves is indi-
cated in italic, and remaining data are as reported by investigators.
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Hazard Ratio Hazard Ratio
A Study or Subgroup log[Hazar Ration]  SE  Weight v, Fixed, 95% CI 1V, Fixed. 95% ClI

Bolenz, 2009 0.75 0.19 9.9%  2.12[1.46, 3.07] P——
Branchereau, 2013 0.554 0.19  9.9%  1.74[1.20, 2.53] —
Canter, 2008 0.489 0.22 7.4% 1.63[1.06, 2.51] ————
Herrmann, 2008 0.533 0.16 13.9% 1.70[1.25, 2.33] —
Lotan, 2005 0.61 0.17 12.3% 1.84{1.32, 2.57] o
Ma, 2013 1.065 0.33 3.3%  2.90[1.52,5.54]
Quek, 2005 0.385 0.11  29.5% 1.47[1.18, 1.82] =
Resnick, 2010 0.519 0.16 13.9% 1.68[1.23, 2.30] =
Total (95%CI) 100% 1.71[1.52, 1.92] L
Heterogeaeity:Chi’=5.98,df=7 (P=0.54); I'=0% }E),l UI.S E_! 1

Test for overall effect: Z=8.96 (P<0.00001) Favours LVI+ Favours LVI-

Hazard Ratio Hazard Ratio
B Study or Subgroup log[Hazar Ration] SE Weight IV, Random, 95% ClI IV, Random, 95% CI
Bolenz, 2009 0.96 025 g19% 2.61[1.60, 4.26]
Canter, 2008 0.593 027  7.6% 1.81[1.07, 3.07]
Fritsche, 2013 0.904 0.3 6.9% 2.47[1.37,4.45] ——
Gondo, 2012 0.771 0.23 599 2.16[1.09, 4.26] —_—
Lotan, 2005 0728 04  §6% 2.07[1.32,3.25] ==
Ma, 2013 1102 023 g6% 3.01[1.37, 6.59] —
Manoharan, 2010 0.293 023 4.6% 1.34[0.85, 2.10] ST
Palmieri, 2010 1.76 043  34% 3.96(2.52, 6.21] =
Park, 2007 1271 024 2% 3.56[1.53, 8.28] ——
Resnick, 2010 0779 072 127%  2:18(1.36,3.49] =
Seo, 2010 0.247 007  74% 1.28[0.31,5.25]
Shariat, 2010 0.374 028  1.9% 1.45[1.27, 1.67] -
Streeper, 2008 098 077 3.5% 2.68[1.55, 4.64] e
Tilki, 2012 1.902 0.52 6.70[1.48, 30.30] ———
Youssef, 2011 0.932 2.54[0.92, 7.04] i
Total (95%CI) 100% 2.25[1.80, 2.81] L
Heterogeaeity: Taw'=0.10; Chi’=37.08, df=14 (P=0.0007); /=62% i o F & & 1
Test for overall effect: Z=7.12 (P<0.00001) Favours LVI+ Favours LVI-
C Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazar Ration] SE Weight IV, Random, 95% CI 1V, Random, 95% CI
Bolenz, 2009 1.253 0.24 9.1% 3.50[2019,5.60] ——=
Canter, 2008 0.464 0.27 2.0% 1.59[0.94,2.70] | I
Cho, 2009 0.522 031  6.7% 1.69[0.92,3.09] T
Karam, 2007 0.322 0.25 8.7% 1.38[0.85,2.25] e
Lotan, 2005 0.703 0.19 11.4% 2.02[1.39,2.93] i
Ma, 2013 0.72  0.31 6.7% 2.05[1.12,3.77] ——gr—
Quek, 2005 0.56  0.16 13.0% 1.75[1.28,2.40] i
Resnick, 2010 0.723 022 10.0% 2.06[1.34,3.17] =ft—
Seo, 2010 1.524 0.77 1.5% 4.59[1.01,20.78] ————————*
Shariat, 2010 0356 0.06 18.3% 1.43[1.27,1.61] -
Tilki, 2012 1.89 0.63 22% 4.90[1.43,16.84] —
Youssef, 2011 0.798 0.42 4.3% 2.22[0.98,5.06]
Total (95%CI) 100% 1.91[1.57,2.32] &
Heterogeaeity: Tau'=0.03; Chi*=24.02, df=11(P=0.01); F'=54% MaE T T T
Test for overall effect: Z=6.52(P<0.00001) Favours LVI+ Favours LVI-

Fig. 2 Forrest plots of studies evaluating HRs of LVI for OS (A), CSS (B) and RFS (C)

Table 6 Subgroup estimation of the HR by pathological stage

Stage Reference (ON] CSS RFS

T<T2

TI1T2 Bolenz, 2009 1.405 (1.055-1.872) 1.968 (1.281-3.023) 1.824 (1.226-2.712)
Ta Seo, 2010 NA 1.28 (0.31-5.24) 4.59 (1.02-20.79)
Tla Branchereau, 2013 1.74 (1.21-2.51) NA NA

T1 Cho, 2009 NA NA 1.686 (0.901-3.022)
TOTaTl Tilki, 2012 NA 6.7 (1.530-30.3) 4.9 (1.4-16.5)

TI1T2 Streeper, 2008 NA 2.68 (1.55-4.63) NA

T>T3

T3T4 Bolenz, 2009 3.951 (2.781-5.613) 6.870 (4.267-11.06) 5.569 (3.491-8.885)
T3T4 Canter, 2008 1.63 (1.06-2.51) 1.81 (1.06-3.08) 1.59 (0.93-2.71)
T3T4 Streeper, 2008 NA 0.54 (0.72-1.69) NA

OS: overall survival; CSS: cancer specific survival; RFS: recurrence free survival; NA: not available.
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Table 7 Subgroup estimation of the HR in lymph node negative patients

LN Reference (0N} CSS RFS

LN (-) Bolenz, 2009 2.117 (1.449-3.093) 2.611 (1.589-4.292) 3.502 (2.184-5.617)
MIBC, LN (-) Ma, 2013 2.902 (1.515-5.559) 3.010 (1.386—6.538) 2.055 (1.121-3.765)
LN (-) Tilki, 2012 NA 6.7 (1.5-30.3) 4.9 (1.4-16.5)

LN (-) Palmieri, 2010 NA 1.69 (0.86-3.32) NA

LN (-) Manoharan, 2010 NA 1.4 (0.76-2.57) NA

LN (-): lymph node negative; OS: overall survival; CSS: cancer specific survival, RFS: recurrence free survival; NA: not avail-
able. MIBC: muscle invasive bladder cancer. Data of HR estimated through Kaplan-Meier curves is indicated in italic, and remain-

ing data is as reported by investigators.

The objective of our meta-analysis was to examine
the association between LVI and survival of bladder can-
cer after surgical operations. This meta-analysis com-
bined the results from 20 studies of 10663 patients and
revealed that detection of LVI significantly predicted
poor OS, CSS and DFS of bladder cancer patients
(HR=1.68, 95%CI 1.09-2.59, P=0.02). The included
articles in this meta-analysis also proved that LVI was a
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useful prognostic factor and it should be incorporated
into disease evaluation and clinical decision-making.
With progression of detection of LVI by medical imaging
methods and pathological assessment, the significance of
LVI may be elucidated better. If LVI can be integrated
into more accurate, flexible and easily accessible prog-
nostic models, the practical task of predicting the prog-
nosis of bladder cancer will be simplified particularly.

or SE (log[hazard ratio])
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Fig. 3 Funnel plots of studies evaluating the HRs of LVI for OS (A), CSS (B) and RFS (C)

Our meta-analysis was consistent with previous
studies which suggested that LVI was a dismal predictor
of prognosis of cancer patients. Several studies have
evaluated the prognostic significance of LVI, and then
laid the foundation of LVI as an independent risk factor
for bladder cancer after surgery. Algaba looked into the
predictive value of LVI in locally advanced bladder can-
cer, and pointed out the necessity to reach a consensus on
strict diagnostic criteria to incorporate this prognostic
factor in clinical practice'". Mazzucchelli et al con-
firmed the clinicopathological significance of LVI in the
assessment of urothelial carcinoma, and thought LVI
should routinely be reported upon in the pathological
reportBS].

Our research results were of great significance in
clinical practice. First, detection of LVI prior or after

surgery could significantly predict poor prognosis of
bladder cancer patients. The LVI, together with other
well accepted predictors, could jointly show a clearer
picture of prognosis for cancer patients. Second, our re-
sults could provide supports for incorporation of LVI into
future bladder cancer staging systems, and the prognostic
information could be incorporated into disease evalua-
tion and clinical decision-making. Third, the detection of
LVI could help the doctors identify the high risk popula-
tion and then adjust the follow-up schedule, and the iden-
tified patients could receive adjuvant therapies timely.
Besides, with the progression of detection of LVI by
medical imaging methods and pathological assessment,
the importance of LVI may be elucidated better. If the
LVI can be integrated into more accurate, flexible and
easily accessible prognostic models, and then be vali-
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dated in large prospective studies, the practical task of
predicting the prognosis of bladder cancer will be simpli-
fied; the patients can also get truly informed consent and
make better decision together with their clinician.

We should admit that there existed certain inherent
limitations in the trials included in our meta-analysis, but
we could overcome these through analyzing the valid
data. The major limitation is that our findings are based
on the limitations of lower evidence level of the included
studies which were mainly retrospective studies. And
sample sizes of some studies were really small. There-
fore, more high-quality prospective studies with suffi-
cient information need to be conducted, and they con-
tribute to a more significant meta-analysis. Secondly, the
inner-study heterogeneity of eligible studies could not be
ignored, which decreased the reliability of our meta-
analysis. There was also difference between inner sub-
group, so the relative risk of LVI might come from inter-
nal discrepancy.

However, despite these limitations about statistics,
our study applied a rigorous inclusion/exclusion criterion,
divided different subgroups to identify studies, adopted
large sample size with a total of 10 663 patients, and
advanced meta-analysis of HR for survival. Hence, with
the help of sufficient data available from extraction by
resourceful electronic databases, we successfully pro-
vided a comprehensive meta-analysis concerning the
prognostic role of LVI in predicting survival in patients
with surgical resected bladder cancer.

In conclusion, our pooled results demonstrate that
LVI can denote poor prognosis of patients with bladder
cancer after RC or TURBT. Our meta-analysis has pro-
vided a better understanding of the association between
the presence of LVI and bladder cancer survival. Besides,
our study also sheds new light on practical management
of patients as LVI can be of particular value for prognos-
tic prediction of people and for guidance of proper adju-
vant therapies to high risk groups. However, these find-
ings should be interpreted with caution due to the hetero-
geneity in the eligible studies. Therefore, these results
need to be further confirmed by adequately designed
prospective studies to provide a better conclusion on the
association between LVI and the prognosis of patients
with bladder cancer.
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