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Abstract.

BACKGROUND: T1 substaging is a predictive factor for non-muscle-invasive bladder cancer, and two types of T1 substaging
systems (T1a/b/c and T1m/e) are currently in use. However, the predictive ability of both systems is poor, and there is debate
over which system is better.

OBJECTIVE: To confirm whether combination of two T1 substaging systems can improve the predictive ability of T1
substaging for tumor outcomes.

METHODS: Patients with primary pT1 high-grade bladder cancer from three centers were included. All tumors were
assessed with T1a/b/c and T1m/e substaging. A new variable named COMB was developed in which patients were stratified
into T1a/b&T1m, Tla/b&Tle, T1c&T1m or T1c&T1e subgroups. A time-dependent receiver operating characteristic curve
(ROC) analysis was used to test whether the accuracy of prediction could be improved with COMB.

RESULTS: A total of 239 patients with primary pT1HG were analyzed. No tumor was T1c&T1m, and therefore, only three
types of combinations were evaluated: T1a/b&T1m (62 patients), Tla/b&T1le (124 patients) and Tlc&Tle (53 patients).
Regardless of all patients or those treated with Re-TURBt and adequate BCG, patients with T1a/b&T1m have the best
prognosis, and those with T1c&T1e have the poorest prognosis. The time-dependent ROC showed that, for both recurrence
and progression, COMB had a higher AUC than T1a/b/c and T1m/e, regardless of population.

CONCLUSIONS: Compared with either system alone, the combination of two T1 substaging systems improves the predictive
ability of T1 substaging for tumor outcomes.
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1. INTRODUCTION

Predicting the prognosis of T1 high-grade (TIHG)
nonmuscle invasive bladder cancer (NMIBC) is
extremely important because it determines the subse-
quent treatment plan after transurethral resection of
bladder tumors (TURBt): immediate radical cystec-
tomy (iRC) or bladder-sparing treatment. If TIHG
tumors were > 3 cm or multiple or associated with
carcinoma in situ (CIS), lymphovascular invasion
(LVD) or variant histology (VH), tumors had poor
prognosis, and iRC was recommended in the main
guidelines [1, 2]. Nevertheless, the treatment of these
tumors is still controversial, and urologists are work-
ing hard to develop more accurate predictive markers.

T1 substaging is another risk factor with predictive
significance. According to the pattern of tumors in the
lamina propria, two types of T1 substaging systems
were developed. One is Tla/b/c, which is stratified
according to the depth of tumor invasion. The other
system is T1m/e, which is stratified according to the
width/extent/diameter of tumor invasion. Although
both of these systems have shown predictive value,
the prognostic ability is limited [3-5]. Furthermore,
some studies have tried to determine which sys-
tem has better predictive power, but the results vary
[6-12], and the optimal system still remains to be
defined in the guidelines for NMIBC [1]. However,
before we can conclude which system is the best, can
we combine these two systems to better predict tumor
prognosis?

According to the depth and width of tumors in the
lamina propria, one patient can be evaluated simul-
taneously with both substaging systems. Therefore
we combined these two substaging systems and veri-
fied whether combination can improve the prediction
ability of T1 substaging.

2. MATERIALS AND METHODS

2.1. Patients

After obtaining the Institutional Reviewer Board
approval (NO: XJTU1AF2021LSK-374), the data of
patients with primary pT1HG NMIBC were retro-
spectively collected from the First Affiliated Hospital
of Xi’an Jiaotong University, Baoji Central Hospital
and Shaanxi Provincial People’s Hospital between
January 2013 and December 2018. Patients who
underwent RC before tumor recurrence or progres-
sion were excluded from our analysis. In addition,
patients with missing follow-up information or with

tumors for which T1 substaging cannot be evalu-
ated were also excluded. Repeat TURBt (re-TURBt)
was performed four weeks after initial resection, and
the primary tumor site was removed in re-TURBt.
After surgery, a single instillation of chemotherapy
was performed, and then two weeks later, Shang-
haiD2 bacillus Calmette-Guerin (BCG) (120 mg;
1.2 x 108 colony-forming units) instillation was rec-
ommended according to major guidelines. In brief,
after induction instillations (once weekly for 6
weeks), maintenance schedules were performed once
weekly for 3 weeks at 3, 6, 12, 18, 24, 30, and 36
month. The definition of adequate BCG instillation
was that at least 5 of 6 induction instillations fol-
lowed by at least 2 additional weekly maintenance
treatments. Due to BCG intolerance, some patients
who have not completed adequate BCG treatment
were treated with chemotherapy instillation. Briefly,
pirarubicin (30 mg) or epirubicin (50 mg) instilla-
tion was performed once a week for 8 weeks, then
once a month for a total of 1 year, and then once
every two months for another 1 year. The surveil-
lance of the patients was performed according to
urology guidelines, i.e., cystoscopy, ultrasound and
urine cytology every three months in the first 2
years, every six months for years 2-5 and yearly
afterwards. Recurrence was defined as the reappear-
ance of intravesical tumor or tumor metastasis, and
progression was defined as the development of mus-
cle invasive bladder cancer or tumor metastasis as
assessed by biopsy or imaging. For time to recur-
rence/progression, the time between tumor diagnosis
and recurrence/progression was used.

2.2. Pathology review

According to central pathology review, all hema-
toxylin and eosin (HE) slides from TURBt/re-TURBt
were reviewed by two uropathologist who was
blinded for clinical information. T1a/b/c and T1m/e
substaging were performed as described previously
[13, 14]. Briefly, the identification of Tla/b/c was
based on tumor invasion of the muscularis mucosae
(MM): it was defined as T1a when the tumor did not
exceed the MM, T1b when the tumor went into MM,
and T1c when the tumor went beyond the MM. The
large vessels were not used as landmark. In later anal-
ysis, Tla and T1b were put together (T1a/b), and
compare with Tlc. For Tlm/e, if a single focus of
invasion with a maximum diameter of 0.5 mm (within
one high-power field, objective 40x) was observed,
the tumor was defined as T1m. If the invasion diam-
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Fig. 1. Schematic diagram (A) and the hematoxylin-eosin (HE) staining images (B-D) of the combination of the T1a/b/c and T1m/e substaging
systems. In our cohort, no tumor was both T1lc and narrow T1m, so there were only three types of combinations, namely, T1a/b&T1m (B),
Tla/b&Tle (C) and T1c&Tle (D), and we assumed that T1a/b&T1m had the best prognosis and T1c&T1e had the poorest prognosis.

eter was>0.5mm or multiple invasive foci were
observed, the tumor was defined as Tle.

2.3. Statistical analysis

Continuous data are presented as the mean
(£standard deviation, SD) or median (interquartile
range, IQR), and categorical data are presented as
frequencies. Variables including age, sex, smoking
status, tumor number, tumor size, re-TURBt or not,
residual disease at re-TURBt or not, CIS, LVI, VH,
and Tla/b/c and Tlm/e substaging were included
in the analysis. According to the phenomenon men-
tioned above and Fig. 1A, we combined the T1a/b/c
and T1m/e substaging systems, and a new variable
named “COMB” was generated. In this variable,
patients were divided into four groups: T1a/b&T1m,
Tla/b&Tle, Tlc&T1lm and Tlc&Tle. After anal-
ysis, it was found that no patient had T1c&T1m,
so only 3 groups remained (Fig. 1A). The Kaplan-
Meier (KM) method with log-rank testing was used
to estimate the clinical outcomes stratified by COMB.
Univariate and multivariable Cox regression analyses
were used to determine which variables correlated
with outcomes. Receiver operating characteristic
curve (ROC) analysis and the areas under the ROC
curve (AUCs) were compared to compare the pre-
dictive value of COMB with Tla/b/c or Tlm/e.

Statistical computations were performed with IBM
SPSS software (version 24, IBM Corp., Armonk,
NY). All statistical tests were two-sided, and a p
value < 0.05 was considered to be statistically signif-
icant.

3. RESULTS
3.1. Patients and tumor characteristics

After pathology review, the population consisted
of 485 patients with primary T1HG bladder cancer
that was confirmed in the first and/or second TURBt
specimen, and 246 patients were excluded for the
following reasons: 30 patients underwent immediate
RC, 67 patients had missing follow-up information,
and 149 patients had tumors in which Tla/b/c sub-
staging could not be evaluated. Then, a total of 239
patients were included in the present analysis, and the
clinical characteristics of these patients are presented
in Table 1. After a median follow-up of 60 months
(IQR 29-66), 70 patients experienced recurrence, and
46 progressed. Table 2 shows a direct comparison
between T1a/b/c and T1m/e. In this cohort, no tumors
were both T1c and T1m. Therefore, 62 patients were
classified as Tla/b&T1m tumors, 53 as Tlc&Tle
tumors and 124 as Tla/b&Tle tumors.
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Table 1
Baseline characteristics of patients with primary TIHG non-muscle invasive bladder cancer
Characteristic n (%) Characteristic n (%)
Number patients 239 T1 substaging
Age(year) Tla/b 186(77.8)
Median(IQR) 68(61-74) Tlc 53(22.2)
Gender Tlm 65(27.2)
Male 198(82.8) Tle 174(72.8)
Female 41(17.2) Re-TURBt performed
Smoking history Yes 187(78.2)
Current 149(62.3) No 52(21.8)
Never/Former 90(37.7) Residual disease at Re-TURBt
Tumor size Yes 46(24.6)
<3cm 205(85.8) No 141(75.4)
>3cm 34(14.2) Instillation drugs
Tumor number BCG 177(74.1)
Single 127(53.1) Chemotherapy 62(25.9)
Multiple 112(46.9) Recurrence 70(29.3)
Lymphovascular invasion Time to recurrence(months)
Yes 11(4.6) Median (IQR) 22(15-26)
No 228(95.4) Progression 46(19.2)
Concomitant CIS Time to progression(months)
Yes 121(50.6) Median (IQR) 31(25-45)
No 118(49.4) Follow-up total(months)
Variant histology Median (IQR) 60(29-66)
Yes 30(12.6)
No 209(87.4)

IQR: interquartile range; CIS: carcinoma in situ.

Table 2
Comparison of Tla/b/c and T1m/e in the present study
Type of substaging Tla/b Tlc Total
Tlm 62 0 62
Tle 124 53 177
Total 186 53 239

3.2. Both substaging systems are associated with
tumor outcomes

First, we evaluated the prognostic value of these
two substaging systems. Supplementary Figure 1
show the KM curves of recurrence-free survival
(RFS) and progression-free survival (PFS) in patients
who stratified by Tla/b/c or Tlm/e independently.
The results of multivariate analysis showed that
patients with T1lc and Tle disease had significantly
worse RFS (p<0.001 and 0.012, respectively) and
PFS (p=0.002 and 0.033, respectively) than those
with T1a/b and T1m disease (Supplementary Tables 1
and 2).

3.3. Combining two substaging systems
improves the predictive power for tumor
outcomes

According to the above, patients were divided
into 3 types, namely, Tla/b&T1m, Tla/b&Tle and

T1c&Tle, and Fig. 1B-D represents the HE staining
images of each substage type. Based on this, a new
variable named “COMB” was developed, and Fig. 2
show the KM curves of RFS and PFS in patients
who stratified by COMB. The results showed that
Tla/b&T1m had the best prognosis and Tlc&Tle
had the poorest prognosis (Fig. 2A and 2B).

Since the standard treatment for high-risk patients
is Re-TURBt followed by BCG instillation, we sepa-
rately analyzed patients treated with Re-TURBt and
adequate BCG to avoid unreliability of results. The
results showed that T1c&T1e tumor still had the poor-
est prognosis (Fig. 2C and 2D).

We performed time-dependent ROC and AUC
analyses to assess whether combining these two
systems improves the predictive ability for tumor out-
comes. Table 3 showed the 3- and 5-year AUCs of
the predictive models of recurrence and progression
in all patients. As shown in this table, COMB had
a significant higher AUC area than T1a/b/c or Tm/e
(Table 3). Same results were got in patients treated
with Re-TURBt and adequate BCG (Table 3).

4. DISCUSSION

Although these two types of T1 substage systems
have been discussed for nearly 20 years [14, 15],
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Fig. 2. Kaplan—Meier analysis of recurrence-free survival and progression-free survival in patients stratified by three types of combinations.
(A) depicts recurrence-free survival of all patients; (B) depicts progression-free survival of all patients; (C) depicts recurrence-free survival
of patients treated with Re-TURBt and BCG; (D) depicts progression-free survival of patients treated with Re-TURBt and BCG.

Table 3
The time-dependent AUC (95%CI) of recurrence and progression for different models
All patients Re-TURBt and BCG treated patients
COMB Tla/blc Tlm/e COMB Tla/b/c Tlm/e
Recurrence
3-year 0.691 0.626** 0.628** 0725 0.648** 0.642**
(0.617-0.766) (0.540-0.712) (0.553-0.702) (0.641-0.809) (0.548-0.748) (0.556-0.728)
5-year 0.672 0.606** 0.622* 0.702 0.626** 0.634*
(0.599-0.745) (0.524-0.688) (0.548-0.695) (0.620-0.784) (0.531-0.720) (0.550-0.718)
Progression
3-year 0.704 0.637** 0.634** 0.697 0.628** 0.626™*
(0.611-0.798) (0.519-0.755) (0.541-0.726) (0.582-0.812) (0.485-0.770) (0.582-0.738)
5-year 0.645 0.592* 0.601* 0.672 0.600** 0.620*

(0.560-0.731) (0.495-0.688) (0.517-0.685) (0.577-0.767) (0.490-0.711) (0.526-0.714)

*P value between COMB and T1a/b/c (or T1m/e) were <0.05; **P value between COMB and T1a/b/c (or T1m/e) were <0.01; AUC: area
under ROC curve; COMB: combination of Tla/b/c and T1m/e.

clinical applications have not yet become widespread. tems can predict tumor recurrence more effectively
The guidelines did not clearly recommend which sys- than either alone.
tem is better [1]. In the present study, we combined In the past few decades, whether to perform iRC for

them and showed that the combination of the two sys- T1HG tumors has been a controversial issue [16, 17].
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During this period, a number of studies conducted a
head-to-head comparison between iRC and delayed
RC [18, 19]. Although the results of these studies
vary, there is a consensus that highly selected patients
with TIHG tumors need to undergo iRC to improve
their survival rate. Following this, the prediction of
prognosis for tumors has become a hot topic, and
many predictive models and markers have been devel-
oped [20, 21]. Some markers have been commonly
used in clinical work, including CIS, LVI, and VH,
and even molecular subtyping or some other molecu-
lar markers [22, 23]. However, T1 substaging can be
described as making slow progress in this regard and
has not yet been widely used in clinical practice.

There may be two reasons for this phenomenon.
On the one hand, these two T1 substage systems have
their own shortcomings. For example, the identifica-
tion of MM is difficult after TURBt, and VP acts as a
substitute if MM is absent. However, the reliability of
these vessels for T1 substaging needs further inves-
tigation [5]. The shortcoming of the T1m/e system
is that it does not have a reference like MM, which
means that pathologist subjectivity plays a greater
role in the substaging results [24]. On the other hand,
the reason may be that the system with better pre-
dictive ability has not been determined [1]. Based on
this, we combined two systems for the first time in
an attempt to further improve the predictive ability of
T1 substaging.

In fact, some studies have tried to improve these
systems or developed other substaging systems.
Without MM, Cheng et al. [25] and Brimo et al. [24]
defined the threshold invasion depth as 1.5 mm and
3 mm, respectively, and both of them confirmed a
strong correlation between invasion depth and prog-
nosis. However, in a previous study, the overall mean
lamina propria thickness was 1.4 mm [26]. More-
over, the invasion depth can easily be affected by
TURBLt. Therefore, their works have not been vali-
dated by other studies. For invasion width/diameter,
Chang et al. [27] defined the threshold as 0.5 mm,
1.0 mm and 1.5 mm and showed that this substaging
was feasible and can provide more precise prognos-
tic information. Colombo et al. [8] developed a rete
oncologica lombarda (ROL) substaging system in
which the threshold of invasion diameter (the extent
of invasion in any direction) was 1 mm. Despite these
attempts, Tla/b/c and T1m/e systems are still com-
monly used at present.

In this study, we used MM as a reference for
T1a/b/c, and the threshold was 0.5 mm for T1m/e, in
line with the most commonly used standards. After

preliminary analysis, we found that T1a and T1b had
similar prognosis, so we put them together. We found
that no tumors were deep (T1c) and narrow (T1m),
which means that only three tumor forms were identi-
fied after combination, as shown in Fig. 1. This leads
to T1m having a better prognosis than T1a/b because
some Tla/b tumors are classified as Tle, and Tlc
may have a worse prognosis than T1le because some
Tle tumors are classified as T1a/b. This possibility
was only discussed in the report of van Rhijn et al.
[9], without further verification.

Compared with the previous work mentioned
above, our method, combine T1la/b/c and T1m/e, is
feasible and has high clinical practicability in terms
of improving the predictive ability of T1 substage.
Pathologist only needs to observe the postoperative
pathological slide and give the diagnosis of T1a/b/c
and Tlm/e. And then the urologist makes a simple
combination to assess the prognosis of patient. After
combination, we found that T1c&Tle had the poor-
est prognosis and T1a/b&T1m had the best prognosis
in both populations (all TIHG patients and patients
with standard treatment). Interestingly, a recent study
showed that T1m had a similar BCG failure risk as
Ta HG tumors [28]. Through ROC analysis, we found
that the combination of the two systems had higher
predictive ability than either T1a/b/c or T1m/e alone
for tumor recurrence and progression.

In 2021, the Genitourinary Pathology Society
(GUPS) updated their recommendation for T1 sub-
staging [29]. They indicated that future studies,
especially prospective studies, on the head-to-head
comparisons of histoanatomic (T1a/b/c) and micro-
metric(T1m/e or other) methods are still needed until
an optimal method is validated. Before that, the T1
substaging should be assessed using either of these
methods. According to our study, it is hoped that the
combination of these two substaging methods can
promote the clinical application of T1 substaging,
especially before reaching a conclusion as to which
system is the best or other better substaging systems
are developed.

This study has several limitations. First and impor-
tantly, the low sample size maybe the reason for
the absence of Tlc&T1m tumors. Therefore, this
requires further studies with larger sample sizes to
confirm. Second, this is a retrospective study, which
means that some selection biases may exist. How-
ever, even if it is biased, the prediction results of the
individual variables such as “COMB”, “T1a/b/c” or
“T1m/e” would not be affected. Third, the follow-
up time was short, which led to a low death rate.
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Therefore, in this study, we only analyzed tumor
recurrence and progression to identify the predictive
ability of each risk factor, and more studies are needed
to further confirm our conclusion.

In conclusion, to our knowledge, this is the first
study to combine two T1 substaging systems, and
the results showed that compared with the single use,
the combination shows a higher prediction ability.
This combination has the potential to guide treat-
ment decisions for iRC or bladder-sparing treatment.
A prospective trial is needed to further confirm our
conclusion.
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