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Background: Galectin-1 (Gal-1) and Galectin-3 (Gal-3) are carbohydrate binding proteins with a wide
range of biological activity, including regulation of cellular adhesion, proliferation, and apoptosis in solid
tumors. Prior small studies have reported that Gal-3 expression is associated with progression of disease
in urothelial carcinoma (UC), from non-muscle invasive UC progression to muscle invasive UC. We
assessed Gal-1 and Gal-3 protein expression H-score utilizing a tissue microarray (TMA) created from 301
cystectomy specimens.

Methods: Immunohistochemistry for Gal-1 and Gal-3 was performed on TMA generated from tumor
blocks from chemotherapy naive cystectomy specimens. The variable of interest, H-score, was defined as
the product of the percentage of cells staining positive (0-100) and intensity score (0-3) scored by a single
pathologist. Survival end points were analyzed using Kaplan-Meier and Cox Proportional Hazards methods.
Clinical data including Charlson Comorbidity Index (CCI), pathologic tumor (T) stage, tumor size, node
stage, and surgical margins, were included in multivariable analysis.

Results: We found that Gal-1 and Gal-3 expression correlated with intratumoral T stage (median Gal-1
H-score was 0 across non-invasive tissue types and 200 in invasive, P<0.01 and median Gal-3 score was 270
across non-invasive tissue types and 70 in invasive, P<0.01). However, the highest intratumoral H-score per
cystectomy core did not independently predict for recurrence-free survival (RFS) (Gal-1: HR =1.02, P=0.44,
Gal-3: HR =1.01, P=0.65) or OS (Gal-1: HR =1.02, P=0.44, Gal-3: HR =1.01, P=0.72) in this cohort.
Significant intratumoral heterogeneity was present for both Gal-1 and Gal-3, with an average difference
between the highest and lowest H score was 95 for Gal-1 and 109 for Gal-3 for cystectomy specimens with
more than one biopsy.

Conclusions: Gal-1 and Gal-3 H-score per bladder did not independently predict for RFS or OS. Intra-
tumoral Gal-1/Gal-3 heterogeneity complicates the use of Gal-1 and Gal-3 expression as a prognostic
biomarker. Future studies should consider the evaluation of serum and urinary galectins as an approach to
mitigate tumor heterogeneity.
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Introduction

Bladder cancer is the sixth most common malignancy of the
urinary system, with an incidence of over 80,000 new cases
a year and 17,000 deaths per year in the United States (1).
Localized bladder cancer may be categorized into two groups:
non-muscle invasive bladder cancer (NMIBC, 70-80%)
and muscle invasive bladder cancer (MIBC, 20-30%) (2).
For patients with NMIBC, 5-year overall survival (OS) is
over 90% but for patients with MIBC, five-year survival
is only 50% with many patients progressing to metastatic
disease despite treatment with chemotherapy in combination
with local therapies (surgery or radiation) (3). In the localized
setting, there are no validated biomarkers that can help
escalate or de-escalate therapy.

Galectins are a class of proteins within the lectin
superfamily which bind to B-galactoside sugars within the
glycome, deciphering information encoded by glycosylation
machinery and translating this information into cellular
functions (4). First described in 1975, the galectin pathway
has been linked to the tumorigenesis, tissue regeneration,
brain development, and cancer pathogenesis (5-7). There
are 11 known galectins expressed in humans. Of these,
galectin-1 (Gal-1) and galectin-3 (Gal-3) have emerged
as two potential biomarkers associated with prognosis
in multiple tumor types. For example, in one cohort of
patients with pancreatic ductal adenocarcinoma, patients
without Gal-1 expression had significantly longer survival
than patients with positive Gal-1 expression (8). In thyroid
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cancer, Gal-1 expression is increased several fold in
neoplastic follicular cells compared with benign tissue, and
Gal-3 expression is used routinely to differentiate malignant
thyroid tumors from benign tumors (9).

For Gal-3, differences in expression between malignant
and benign tissue depend on tissue of origin. For tumors of
the digestive and urinary system, Gal-3 expression is usually
increased but for tumors of the reproductive system, Gal-3
expression is decreased.

In urothelial bladder cancer models, upregulation of
Gal-1 and Gal-3 have been associated with increased
tumor cell viability iz vitro and in xenograft models, with
increased proliferation, invasion, and clonogenicity iz vitro
(10,11). One prior study evaluated Gal-3 protein expression
and found that protein expression levels were increased in
MIBC compared with NMIBC and elevated Gal-3 protein
expression levels were associated with OS (12). However,
this study had a limited number of patients, did not describe
where Gal-3 expression was measured (benign urothelium
vs. muscle invasive disease), and did not control for other
clinical variables which may impact OS.

In our study, we sought to determine the relationship
between Gal-1 and Gal-3 expression with respect to OS and
recurrence-free survival (RFS), in a large cohort of patients
who underwent cystectomy for MIBC and NMIBC.
We present the following article in accordance with the
REMARK reporting checklist (available at https://tau.
amegroups.com/article/view/10.21037/tau-22-494/rc).

Methods
Patient selection

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by institutional review board of Atrium Health
(IRB# LCI-GU-MIUC-GAL-0010B) and individual
consent for this retrospective analysis was waived. All
patients with MIBC and NMIBC who had a radical
cystectomy for UC between January 1, 2000 and May 1,
2010 were identified for the study.

Pathologic data

Tissue microarrays (I'MA) were generated using formalin-
fixed paraffin-embedded tumor blocks from chemotherapy
naive cystectomy specimens which have been previously
reported (13,14). For TMA construction, the original
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Figure 1 Spectrum of Galectin 1 and 3 staining in bladder urothelial carcinoma. Figure (A) demonstrates tumor with absent galectin 1

staining. (B) shows strong cytoplasmic expression of galectin 1 in tumor cells. (C) demonstrates tumor with absent galectin 3 staining. (D)

shows strong cytoplasmic expression of galectin 3 in tumor cells. Original magnification x200 for all images.

hematoxylin and eosin (H&E) slides were reviewed, and
diagnostic tissue was marked for biopsy using a manual
arrayer (Beecher Instruments, Sun Prairie, WI). One to
three tissue cores (each 1.5 mm) of representative areas
were used for the array. H&E slides from the TMAs were
prepared, and the histopathological diagnosis of tissue
samples represented on the TMA were identified for
each patient. These tissues included benign urothelium,
noninvasive papillary urothelial carcinoma (pTa), urothelial
carcinoma in-situ (pTis), invasive urothelial carcinoma
1UC) (pT1-pT4). Immunohistochemistry for Gal-1
(clone C-8, Santa Cruz Biotechnology) and Gal-3 (clone
M3/38, Santa Cruz Biotechnology) was performed on
unstained TMA slides (15-17). For both antibodies, galectin
expression was scored based on the average intensity of
staining (0, 1+, 2+, or 3+) and the percentage of tumor cells
showing positive staining. All slides were manually scored
by a single pathologist with >20 years of experience in
surgical pathology and immunohistochemistry (Figure I).
Study pathologist was blinded to all clinical data regarding
the patients. The widely accepted quantitative H-score
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(product of % and intensity) was utilized for analysis, as has
been done in prior galectin studies (18,19).

Statistical analysis

Demographic and clinical characteristics were summarized
with frequencies and percentages or medians and
interquartile ranges (IQR), as appropriate. OS was defined
as the time from cystectomy until death. RFS was defined
as the time from cystectomy until first recurrence or death.
Demographic and clinical characteristics including sex, race,
pathologic nodal stage (N stage), pathologic tumor stage (T
stage), carcinoma in situ path, gross margins, microscopic
margins, preoperative packed cell volume (PCV),
preoperative albumin, number of nodes, number of positive
nodes, tumor size, American Society of Anesthesiologists
class, and Charlson comorbidity index were collected (20-22).
Subjects who had pathologic T stage of T2 or higher were
classified as muscle invasive, while those with lower than T2
stage were classified as non-muscle invasive.

The variable of interest, H-score, was defined as the
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Table 1 Clinical and demographic information

Total Number (percentage),

Demographics N=301 (100%)

Sex

Female 62 (20.6%)

Male 239 (79.4%)
Race

White 279 (92.7%)

Black 17 (5.6%)

Other 3 (1.0%)

Unknown 2 (0.7%)
Vital status

Alive 132 (43.9%)

Dead 169 (56.1%)
Recurrence

No 226 (75.1%)

Yes 75 (24.9%)
ASA class

1or2 82 (27.2%)

3 199 (66.1%)

4 20 (6.6%)
BMI (kg/m?)

Missing 65

<18.5 4(1.7%)

18.5-24.9 86 (36.4%)

25.0-29.9 80 (33.9%)

>30 66 (28.0%)

Follow-up time (months) 37.6 (13.4, 64.0)*

PCV Preop (N=299) 42.0 (38.0, 45.0)
Albumin Preop (N=210) 4.2 (3.9, 4.5)

CCl score age adjusted categorical (N=288)

Missing 13

0< CCl <2 108 (37.5%)
2< CCl <5 108 (37.5%)
CCl =5 72 (25.0%)

*, indicates median (25% quartile, 75% quartile). ASA, American
Society of Anesthesiologists; BMI, body mass index; PCV,
packed cell volume; CCl, Charlson Comorbidity Index.
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product of the percentage of cells staining positive (0-100)
and intensity score (0-3) scored by a single specialty trained
pathologist (CL), as has been described previously (23).
Because subjects had multiple cores, the maximum H-score
for the highest T stage core of each subject was used in
analyses (i.e., if a patient had cores of normal tissue, Ta, and
Tis, the Tis was used).

Survival end points were analyzed using Kaplan-Meier
and Cox Proportional Hazards methods. Univariate and
multivariable Cox proportional hazards models were fit for
each survival endpoint including the variable of interest,
Gal-1 or Gal-3 H-scores, and demographic and clinical
characteristics. The models were fit separately for Gal-1 and
Gal-3, including subjects who had at least one non-missing
Gal-1 and Gal-3 score, respectively. All statistical analyses
were conducted in SAS 9.4 (SAS Institute, Inc., Cary, NC,
USA) with a significance level of 0.05.

Results

A total of 301 patients underwent cystectomy without
neoadjuvant chemotherapy. 71% (215/301) of patients had
MIBC (pT2 or higher), and 24% (70/297) of patients had
pathologic node positive disease. 4 cystectomy specimens
did not have data on node status. After a median follow up
of 37.6 months, 44% of patients were alive. Clinical and
demographic characteristics are summarized in Table 1.

We analyzed 657 cores from the 301 cystectomy
specimens (Figure 2 and Table 2). The median number of
cores per cystectomy was 2 (range, 1-7). Cores were taken
from adjacent benign urothelium (30.2%), noninvasive
papillary urothelial carcinoma (Ta, 4.3%), urothelial
carcinoma in situ (Tis, 27.1%), and invasive urothelial
carcinoma (pT1-pT4, 38.4%). At the time of sample
collection, no distinction was made between pT1 and pT2
or greater disease. One sample could not be classified.
Cores may have been taken at the same level (i.e., Patient
852 had 5 cores taken from cystectomy specimen, all benign
urothelium cores) or from different levels (i.e., Patient 515
had 5 cores taken: 1 from benign urothelium, 2 from pTa, 1
from TTS, and 1 from invasive tissue).

T stage, surgical margins, and preoperative packed cell
volume (PCV) were associated with OS (Table 3) in the
model with the Gal-1 cohort. T stage, surgical margins, and
preoperative PCV were associated with OS (Zible 4) in the
model with the Gal-3 cohort. However, Gal-1 and Gal-3
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301 Cystectomies

90 Non-muscle invasive 215 Muscle invasive bladder
bladder cancers cancers

186 Cores from tumor block 471 Cores from tumor block

Normal-43 Normal-155

Tis-121

Missing-1

Figure 2 Distribution of cores from cystectomy specimens. At the
time of sample collection, no distinction was made between pT1
and pT2 or greater disease. Cores may have been taken at the same
level of tumor invasion or from different levels. Ta, noninvasive
papillary carcinoma; Tis, carcinoma in situ; T1, Tumor invades

lamina propria or greater.

were not independently associated with OS (Tables 3,4) or
RES (Tables S1,S2).

Given that patients with MIBC have worse outcomes
than patients with NMIBC, Gal-1 and Gal-3 were analyzed
amongst these two different cohorts. For patients with
MIBC, Gal-1 and Gal-3 H-scores were not predictive of OS
or RFS (Table S3) univariately. For patients with NMIBC,
Gal-1 and Gal-3 H-scores were also not predictive of RFS
or OS (Table S4).

Galectin H-scores differed on level of invasion for
the cystectomy core (Figure 34,3B) for all patients. Gal-
1 H-score was significantly higher in T1 and higher cores
than Tis, Ta, and benign tissue, and the inverse relationship
was found with Gal-3 (median Gal-1 H-score was 0 across
non-invasive tissue types and 200 in invasive, P<0.01 and
median Gal-3 score was 270 across non-invasive tissue
types and 70 in invasive, P<0.01). Further analysis was done
separating patients who had >pT?2 disease and those who

Zhu et al. Gal-1 and Gal-3 expression in urothelial carcinoma

Table 2 Pathologic outcomes following cystectomy

Pathology characteristics Total (N=301)

Pathological tumor stage

Ta 7 (2.3%)
Tis 38 (12.6%)
T 41 (13.6%)
T2a 54 (17.9%)
T2b 44 (14.6%)
T3a 47 (15.6%)
T3b 36 (12.0%)
T4a 32 (10.6%)
Tab 2 (0.7%)

Pathological node stage

NO 231 (76.7%)
N1 30 (10.0%)
N2 40 (13.3%)

Presence of Cis

Missing 4
No 135 (45.5%)
Yes 162 (54.5%)

Gross margins

Missing 72
Negative 221 (96.5%)
Positive 8 (3.5%)

Microscopic margins

Missing 6

Negative 265 (89.8%)

Positive 30 (10.2%)
Number of nodes (N=297) 8.0 (5.0, 14.0)"
Tumor size (N=288, centimeter) 2.5(1.0, 4.0)

*, indicates median (25% quartile, 75% quartile). Ta, noninvasive
papillary carcinoma; Tis, carcinoma in situ; T1, tumor invades
lamina propria; T2a, tumor invades superficial muscularis
propria; T2b, tumor invades deep muscularis propria; T3a,
tumor invades perivesical tissue microscopically; T3b, tumor
invades perivesical tissue macroscopically; T4a, extravesical
tumor invades prostatic stroma, seminal vesicles, uterus,
vagina; T4b, extravesical tumor invades pelvic wall, abdominal
wall; NO, no lymph node metastasis; N1, single regional lymph
node metastasis in the true pelvis; N2, multiple regional lymph
node metastasis in the true pelvis; Cis, carcinoma in situ.
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Table 3 Overall survival multivariable cox proportional hazards model with galectin-1
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Cox univariate,

Cox univariate,

Cox multivariate,

Cox multivariate,

Variable hazard ratio (95% C) P value hazard ratio (95% Cl) P value (n=233)
Sex 0.1199 0.1190
Female - -
Male 0.72 (0.47, 1.09) 0.68 (0.43, 1.09)
Race 0.7238 0.6630
Black - -
Other 1.79 (0.37, 8.62) 2.25(0.42, 12.21)
White 1.28 (0.60, 2.75) 1.23 (0.56, 2.70)
pT <0.0001 0.0004
T2, T3, or T4 3.02 (1.96, 4.65) 2.33(1.43, 3.81)
Ta, Tis, or T1 - -
pN <0.0001 0.0783
NO - -
N1 or N2 2.70(1.89, 3.87) 1.58 (0.96, 2.62)
ASA class 0.0581 0.1845
1or2 - -
3 1.44 (0.95, 2.20) 1.42 (0.90, 2.25)
4 2.17 (1.10, 4.28) 1.88 (0.87, 4.03)
Tis path 0.2249 0.2930
No - -
Yes 0.81(0.58, 1.14) 1.24 (0.83, 1.83)
Surgical margins <0.0001 0.0118
Negative - -
Positive 3.78 (2.39, 6.00) 212 (1.21,3.71)
CCl score age adjusted 0.0004 0.2055
0< CCl <2 0.43 (0.28, 0.65) 0.64 (0.39, 1.05)
2< CCl <5 0.64 (0.43, 0.97) 0.74 (0.47,1.17)
CCl =5 - -
PCV preop 0.94 (0.91, 0.97) 0.0004 0.958 (0.922, 0.995) 0.0280
Number of nodes 0.99 (0.97, 1.02) 0.6167 0.99 (0.96, 1.02) 0.4645
Positive nodes 1.18 (1.11, 1.25) <0.0001 1.096 (1.003, 1.199) 0.0686
Tumor size (cm) 1.15(1.09, 1.21) <0.0001 1.05(0.97, 1.15) 0.2279
Galectin-1 H-score (for 25 units increase) 1.00 (0.96, 1.04) 0.9790 1.02 (0.98, 1.06) 0.4443

Ta, noninvasive papillary carcinoma; Tis, carcinoma in situ; T1, tumor invades lamina propria; T2a, tumor invades superficial muscularis
propria; T2b, tumor invades deep muscularis propria; T3a, tumor invades perivesical tissue microscopically; T3b, tumor invades
perivesical tissue macroscopically; T4a, extravesical tumor invades prostatic stroma, seminal vesicles, uterus, vagina; T4b, extravesical
tumor invades pelvic wall, abdominal wall; NO, no lymph node metastasis; N1, single regional lymph node metastasis in the true pelvis;
N2, multiple regional lymph node metastasis in the true pelvis; ASA, American Society of Anesthesiologists; PCV, packed cell volume; CCl,

Charlson Comorbidity Index.
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Table 4 Overall survival multivariable cox proportional hazards model with galectin-3

Cox univariate,

Cox univariate,

Cox multivariate,

Cox multivariate,

Variable hazard ratio (95% ClI) P value hazard ratio (95% ClI) P value (n=232)
Sex 0.0608 0.0565
Female - -
Male 0.67 (0.43, 1.02) 0.621 (0.388, 0.995)
Race 0.8398 0.8055
Black - -
Other 1.60 (0.33, 7.69) 1.77 (0.32, 9.64)
White 1.15 (0.54, 2.46) 1.18 (0.54, 2.61)
pT <0.0001 0.0011
T2, T3, or T4 2.84 (1.83, 4.39) 2.19 (1.34, 3.57)
Ta, Tis, or T1 - -
pN <0.0001 0.2326
NO - -
N1 or N2 2.57 (1.79, 3.69) 1.39(0.81, 2.38)
ASA class 0.1051 0.2411
1or2 - -
3 1.41 (0.95, 2.11) 1.42 (0.91, 2.22)
4 1.93(0.97, 3.82) 1.62 (0.74, 3.54)
Tis path 0.1724 0.2849
No - -
Yes 0.79 (0.57, 1.11) 1.24 (0.84, 1.82)
Micro margins <0.0001 0.0133
Negative - -
Positive 3.58 (2.20, 5.83) 2.23(1.22, 4.11)
CCl score age adjusted 0.0004 0.2090
0< CCl <2 0.43 (0.28, 0.66) 0.64 (0.39, 1.05)
2< CCl <5 0.60 (0.40, 0.91) 0.76 (0.48, 1.21)
CCl =5 - -
PCV preop 0.94 (0.91, 0.97) 0.0004 0.959 (0.923, 0.996) 0.0316
Number of nodes 0.99 (0.96, 1.02) 0.5250 0.985 (0.957, 1.013) 0.2851
Positive nodes 1.18 (1.11, 1.26) <0.0001 1.132 (1.008, 1.271) 0.0605
Tumor size (cm) 1.15(1.09, 1.21) <0.0001 1.07 (0.98, 1.17) 0.1317
Galectin-3 H-score (for 25 units increase) 1.01 (0.98, 1.05) 0.4331 1.01 (0.97, 1.05) 0.7167

Ta, noninvasive papillary carcinoma; Tis, carcinoma in situ; T1, tumor invades lamina propria; T2a, tumor invades superficial muscularis
propria; T2b, tumor invades deep muscularis propria; T3a, tumor invades perivesical tissue microscopically; T3b, tumor invades
perivesical tissue macroscopically; T4a, extravesical tumor invades prostatic stroma, seminal vesicles, uterus, vagina; T4b, extravesical
tumor invades pelvic wall, abdominal wall; NO, no lymph node metastasis; N1, single regional lymph node metastasis in the true pelvis;
N2, multiple regional lymph node metastasis in the true pelvis; ASA, American Society of Anesthesiologists; PCV, packed cell volume; CCl,
Charlson Comorbidity Index.
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Table 5 H-score in each core by cohort—Gal-1

Invasive cohort, median

Non-invasive cohort, median

Core biopsy depth (25% quartile, 75% quartile) (25% quartile, 75% quartile) P value

Normal (N=68, 14)** 0(0,0) 0 (0, 45) 0.74

Ta (N=18, 6)** 0 (0, 20) 0(0,0) 0.59

Tis (N=40, 23)** 0 (0, 20) 0 (0, 90) 0.15

Invasive (N=75, 36)** 150 (50, 200) 100 (16.67, 200) 0.73

**, Invasive, non-invasive. Ta, noninvasive papillary carcinoma; Tis, carcinoma in situ.

Table 6 H-score in each tissue type by cohort—Gal-3

Core biopsy depth Invasive <.:ohort, mediar? Non-invasiv.e cohort, med.ian P value
(25% quartile, 75% quartile) (25% quartile, 75% quartile)

Normal (N=69, 14)** 270 (180, 300) 260 (180, 300) 0.44

Ta (N=18, 6)** 80 (40, 270) 97.5 (10, 300) 0.95

Tis (N=41, 20)** 75 (20, 185) 130.8 (565, 199.17) 0.20

Invasive (N=76, 35)** 35 (0, 122.5) 60 (6.67, 130) 0.25

**Invasive, non-invasive. Ta, noninvasive papillary carcinoma; Tis, carcinoma in situ.

had <pT2 disease and then examining H scores amongst the
level of core amongst each cohort. We found no significant
differences after separating patients with muscle invasive
disease and non-muscle invasive disease. Again, we found
that the median Gal-1 H-score was higher in invasive cores
than non-invasive cores and the median Gal-3 H scores were
higher in non-invasive cores than invasive cores (Tibles 5,6).
Intra-tumoral Gal-1 and Gal-3 expression heterogeneity
was observed. 69 of the 108 subjects who had 2 or more

© Translational Andrology and Urology. All rights reserved.

core specimens at the same level of invasion had discordant
Gal-1 H scores. For example, Patient ID 604 had 4 cores
from the cystectomy specimen, all T'1 or greater with Gal-
1 H scores of 100, 200, and 300. Of the 69 patients who had
discordant Gal-1 H scores at the same level of invasion, the
average difference between the highest and lowest H scores
was 155.

Eighty-five of the 108 subjects had 2 or more core
specimens at the same level of invasion had discordant Gal-
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3 H scores. Of the 85 patients who had discordant Gal-3 H
scores at the same level of invasion, the average difference
between the highest and lowest H scores was 146.

Irrespective of level of invasion, 123 patients had 2
or more core specimens with Gal-1 H scores, where the
average difference between the highest and lowest H scores
was 95 for Gal-1. Of the 124 patients who had 2 or more
core specimens with Gal-3 H scores, the average difference
between the highest and lowest H scores irrespective of
level of invasion was 109 for Gal-3.

Discussion

In this study, we examined the relationship between
Gal-1/Gal-3 expression and RFS/OS amongst 301
patients who underwent cystectomy without neoadjuvant
chemotherapy. This represents the largest study to examine
the relationship between Gal-1/Gal-3 expression and
survival in a clinically annotated bladder cancer dataset.
Neither Gal-1 nor Gal-3 tissue expression were associated
with OS or RFS in univariable or multivariable analysis for
patients with localized bladder cancer. This differs from
prior studies which have described a relationship between
galectin expression and OS in patients with bladder cancer
(12,24). Canesin ez al. investigated Gal-3 expression by
transcript profiling and protein expression on 105 frozen
bladder tumors. They found that Gal-3 transcript levels
were highest in invasive (124, J82, HT'1376, HT1197) or
metastatic bladder cancer cell lines (TCCSUP), and lower
transcript levels were found in papillary or low-grade cell
lines. In the tumor specimens, there were increased Gal-3
expression in MIBC compared with NMIBC. We found no
significant difference in Gal-1 or Gal-3 expression between
patients with MIBC and NMIBC (Tables 5,6), and this was
consistent in all levels of the tissue block cores.

Our study differs from their study as they restricted their
OS analysis for high grade T1 tumors, while we included
survival data for all tumors, Tis to T4. However, even when
we restrict our analysis to only patients with pathologic T1,
we found no association with Gal-1 or Gal-3 with OS or
RFS (Table S5). In our study, we examined Gal-3 expression
via tumor cores at multiple levels from individual cystectomy
specimens including adjacent normal tissue and utilized
the highest galectin expression from the most invasive
tissue type. It is unknown from their study where the Gal-
3 expression was defined. Lastly, differences between our
studies may exist based on our patient populations. Our
patients either had muscle invasive urothelial carcinoma,
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high volume NMIBC, or NMIBC with progression on prior
local therapies such as BCG, and thus represent a high-risk
population (25,26). In Canesin et a/., NMIBC specimens
from transurethral resection (who had not undergone
cystectomy) were included, and thus may represent a
different population of patients.

One prior study described that Gal-3 expression
increases from NMIBC to MIBC (27). Gendy et al.
examined 35 patients with Ta to T3 disease and found that
Gal-3 expression increased as T stage increased. We found
that Gal-3 expression was associated with the level of the
cystectomy tumor block cores (invasive vs. non-invasive vs.
benign). For example, Gal-3 expression was significantly
higher in benign tissue cores (Figure 34,3B), than at the
level of pT'1, Tis, or T'1 or greater cores (Table 4). However,
at the same level of tumor core, Gal-3 expression did not
differ between patients with muscle invasive disease or non-
muscle invasive disease (Tible 6).

In terms of Gal-1 and urothelial carcinoma, the largest
prior study to date evaluated 185 cases of primary localized
bladder cancer (24). The highest T stage was used for Gal-
1 staining and Gal-1 cytoplasmic immunoreactivity was
scored from 1+ to 3+, with positive cases defined as Gal-
1 cytoplasmic immunostaining in at least 5% of tumor
cells. They found that Gal-1 overexpression in tumor cells
was significantly associated with disease specific survival
but Gal-1 expression in tumor stromal cells was not an
independent prognosticator. This study differs from ours
as it set a Gal-1 positivity cutoff at 5%, whereas we treated
Gal-1 as a continuous variable. Given that we did not find
Gal-1 was significantly associated with OS or RFS as a
continuous variable, defining Gal-1 or Gal-3 as a categorical
variable was not warranted. However, if we use the same
cutoff as Wu ez 4l., we again find no association with Gal-1/
Gal-3 expression and RFS or OS (Figures 4,5).

One of the challenges with evaluating Gal-1 and Gal-3 in
urothelial carcinoma is the lack of consensus on how to best
measure Gal-1 and Gal-3 in urothelial carcinoma, in terms
of localization within gross tissue, as well as within cellular
compartments. Wu et a/. utilized 5% cytoplasmic staining
as a cutoff, Su et 4/. utilized 10%, and Canesin et 4/. utilized
20% (12,24,28). We treated Gal-1 and Gal-3 as continuous
variables rather than having a binary cutoff, as we did not
find a relationship between Gal-1/Gal-3 and PFS or OS
which would justify a binary cutpoint.

There are several strengths to our study. First, this is
the largest study which incorporates both clinical and
pathological information in examining the relationship
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Figure 4 Overall survival and recurrence-free survival based on Galectin positivity, defined as Gal-1 expression >5% [Wu ez al., (24)]. (A)

Galectin-1 expression and overall survival. (B) Galectin-1 expression and recurrence-free survival.
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Figure 5 Overall survival and recurrence free survival based on Galectin positivity, defined as Gal-3 expression >5% [Wu ez al., (24)]. (A)

Galectin-3 expression and overall survival. (B) Galectin-3 expression and recurrence free survival.

between Gal-1 and Gal-3 expression and OS and RFS in
localized bladder cancer. This allowed for multivariable
analysis utilizing factors which are known to impact OS and
RFS such as the CCI. Second, we are the first to evaluate
Gal-1 and Gal-3 expression from multiple tumor cores of the
same cystectomy specimen, examining cores from adjacent
benign tissue to invasive tumor tissue (Zables 5,6). Lastly, we
are the first to demonstrate that there is significant Gal-1
and Gal-3 intratumoral heterogeneity, not only at different
levels of tumor invasion, but also within the same level of
invasion (Table 7). This is consistent with other biomarker
studies describing significant tumor heterogeneity in bladder
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cancer (29-31).

There are limitations to this study. First, we utilized
a tissue microarray for this study. Tissue microarrays
may not be representative of the whole tumor specimen
due to tissue heterogeneity. A prior study described that
binary phenotypes may be reliably investigated on TMAs
but complex phenotypes that utilize cutoff values may
lead to lower concordance rates, especially if there are a
limited number of cores (32). Second, we were not able to
differentiate T'1 from T2-T4 disease based on our available
data. At the time that the TMA was created, the tissues
were subdivided only into normal, Tis, Ta, and T1+, and it
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Table 7 Intratumoral heterogeneity

Zhu et al. Gal-1 and Gal-3 expression in urothelial carcinoma

Number of patients with 2 or Average difference between

Number of patients with 2 or more  Average difference between

Galecti

alectin more core specimens highest and lowest H score cores from same level of core biopsy highest and lowest H score
Gal-1 123 95 69 155
Gal-3 124 109 85 146

H score is the product of the percentage of cells staining positive (0-100) and intensity score (0-3).

is unknown whether this distinction may have impacted the
analysis. Lastly, we did not have access to patient serum or
urine to evaluate Gal-1 and Gal-3. Prior studies have shown
that Gal-3 is detectable in urine and serum and is more
frequently detected in patients with bladder cancer than
controls (12,33). Future studies may consider evaluating
urinary levels of Gal-1 or Gal-3 as a potential bladder
cancer biomarker for prognosis.

Conclusions

In this study, the highest intra-tumor Gal-1 and Gal-
3 H-score per bladder did not independently predict for
RES or OS. This result differs from smaller cohorts which
have shown an association between Gal-3 expression and
RFS. We discovered significant intra-tumoral Gal-1/Gal-3
heterogeneity which complicates the use of Gal-1 and Gal-3
expression as a prognostic biomarker. Future studies should
consider the evaluation of serum and urinary galectins as an
approach to mitigate tumor heterogeneity.
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Supplementary

Table S1 Recurrence free survival multivariable cox proportional hazards model for galectin-1

Cox univariate, Cox univariate, Cox multivariate, Cox multivariate

Variable hazard ratio (95% Cl) P value hazard ratio (95% Cl) P value (n=233)
Sex 0.0604 0.0218
Female - -
Male 0.68 (0.45, 1.02) 0.57 (0.36, 0.91)
Race 0.8229 0.6597
Black - -
Other 1.45 (0.31, 6.82) 1.91(0.37, 9.91)
White 1.23 (0.60, 2.52) 1.33(0.63, 2.81)
pT <0.0001 0.0010
T2, T3, or T4 2.69 (1.79, 4.05) 2.13(1.33, 3.40)
Ta, Tis, or T1 - -
pN <0.0001 0.0495
NO - -
N1 or N2 2.77 (1.95, 3.93) 1.645 (1.009, 2.682)
ASA class 0.1260 0.2281
1or2 0.517 (0.266, 1.004) 0.54 (0.25, 1.14)
3 0.68 (0.37, 1.24) 0.71(0.37,1.37)
4 - -
Tis Path 0.2268 0.1565
No - -
Yes 0.82 (0.59, 1.13) 1.33(0.90, 1.96)
Micro margins <0.0001 0.0073
Negative - -
Positive 3.66 (2.33, 5.73) 2.17 (1.26, 3.72)
CCl score age adjusted 0.0019 0.3263
0<CCl=<2 0.48 (0.32, 0.73) 0.70 (0.43, 1.13)
2<CCl<5b 0.676 (0.455, 1.006) 0.77 (0.49, 1.21)
CCl=5 - -
PCV preop 0.95 (0.92, 0.98) 0.0008 0.9628 (0.9282,0.9986) 0.0448
Number of nodes 1.00 (0.97, 1.02) 0.8250 0.99 (0.96, 1.02) 0.4778
Positive nodes 117 (1.11,1.24) <0.0001 1.085 (0.996, 1.181) 0.0896
Tumor size (cm) 1.14 (1.08, 1.20) <0.0001 1.05(0.97, 1.14) 0.2036
Galectin-1 H-score (for 25 units increase) 1.01 (0.97, 1.04) 0.7489 1.02 (0.98, 1.06) 0.4190

Ta, noninvasive papillary carcinoma; Tis, carcinoma in situ; T1, tumor invades lamina propria; T2a, tumor invades superficial muscularis
propria; T2b, tumor invades deep muscularis propria; T3a, tumor invades perivesical tissue microscopically; T3b, tumor invades
perivesical tissue macroscopically; T4a, extravesical tumor invades prostatic stroma, seminal vesicles, uterus, vagina; T4b, extravesical
tumor invades pelvic wall, abdominal wall; NO, no lymph node metastasis; N1, single regional lymph node metastasis in the true pelvis;
N2, multiple regional lymph node metastasis in the true pelvis; Cis, Carcinoma in situ; ASA, American Society of Anesthesiologists; BMI,
body mass index; PCV, packed cell volume; CCI, Charlson Comorbidity Index.
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Table S2 Recurrence free survival multivariable cox proportional hazards model for galectin-3

Cox univariate,

Cox univariate,

Cox multivariate,

Cox multivariate,

Variable hazard ratio (95% Cl) P value hazard ratio (95% Cl) P value (n=232)
Sex 0.0266 0.0134
Female - -
Male 0.63 (0.42, 0.95) 0.54 (0.34, 0.86)
Race 0.9383 0.8279
Black - -
Other 1.30(0.28, 6.13) 1.48 (0.28, 7.72)
White 1.10 (0.54, 2.25) 1.23 (0.59, 2.59)
pT <0.0001 0.0043
T2, T3, or T4 2.51 (1.66, 3.80) 1.93 (1.21, 3.10)
Ta, Tis, or T1 - -
pN <0.0001 0.1582
NO - -
N1 or N2 2.63 (1.85, 3.74) 1.46 (0.87, 2.45)
ASA class 0.1972 0.3104
1or2 0.57 (0.29, 1.12) 0.62 (0.28, 1.34)
3 0.74 (0.40, 1.38) 0.82 (0.41, 1.67)
4 - -
Tis Path 0.1571 0.2225
No - -
Yes 0.79 (0.57, 1.10) 1.27 (0.87, 1.86)
Micro Margins <0.0001 0.0171
Negative - -
Positive 3.31(2.06, 5.33) 2.11 (1.17, 3.80)
CCI Score Age Adjusted 0.0017 0.2564
0<CCl=<2 0.48 (0.32, 0.73) 0.68 (0.42, 1.09)
2<CCl<5 0.62 (0.42, 0.93) 0.74 (0.47,1.16)
CCl=5 - -
PCV preop 0.95(0.92, 0.98) 0.0007 0.962 (0.928, 0.998) 0.0429
Number of Nodes 1.00 (0.97, 1.02) 0.7202 0.987 (0.960, 1.013) 0.3152
Positive Nodes 1.18 (1.11, 1.25) <0.0001 1.119 (1.003, 1.249) 0.0700
Tumor size (cm) 1.14 (1.09, 1.20) <0.0001 1.07 (0.98, 1.16) 0.1360
Galectin-3 H-score (for 25 units increase) 1.01 (0.98, 1.05) 0.4131 1.01 (0.97, 1.05) 0.6535

Ta, noninvasive papillary carcinoma; Tis, carcinoma in situ; T1, tumor invades lamina propria; T2a, tumor invades superficial muscularis
propria; T2b, tumor invades deep muscularis propria; T3a, tumor invades perivesical tissue microscopically; T3b, tumor invades
perivesical tissue macroscopically; T4a, extravesical tumor invades prostatic stroma, seminal vesicles, uterus, vagina; T4b, extravesical
tumor invades pelvic wall, abdominal wall; NO, no lymph node metastasis; N1, single regional lymph node metastasis in the true pelvis;
N2, multiple regional lymph node metastasis in the true pelvis; Cis, carcinoma in situ; ASA, American Society of Anesthesiologists; BMI,
body mass index; PCV, packed cell volume; CCI, Charlson Comorbidity Index.
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Table S3 Muscle invasive cohort (N=215)

Galectin variable OS univariate RFS univariate
Characteristic Hazard ratio (95% CI) P Hazard ratio (95% Cl) P
Gal-1 (N=75%) (25 units increase) 1.02 (0.94, 1.11) 0.69 1.02 (0.94, 1.11) 0.67
Gal-3 (N=76%) (25 units increase) 0.96 (0.89, 1.04) 0.27 0.95 (0.88, 1.03) 0.20

*, Subjects with at least one ‘invasive’ tissue that is measurable. OS, overall survival; RFS, recurrence free survival.

Table S4 Non-muscle invasive cohort (IN=86)

Galectin variable OS univariate RFS Univariate
Characteristic Hazard ratio (95% CI) P Hazard ratio (95% Cl) P
Gal-1 (N=36%) (25 units increase) 1.06 (0.94, 1.18) 0.36 1.07 (0.96, 1.20) 0.21
Gal-3 (N=35*) (25 units increase) 1.01 (0.86, 1.18) 0.94 0.96 (0.82, 1.12) 0.63

*, Subjects with at least one ‘invasive’ tissue that is measurable. Abbreviations: OS, overall survival; RFS, recurrence free survival.

Table S5 Within T'1 subjects (N=41)

OS univariate RFS univariate
Galectin variable
Hazard ratio (95% Cl) P Hazard ratio (95% Cl) P
Gal-1 (N=38*) (25 units increase) 1.01 (0.91, 1.12) 0.90 1.04 (0.94, 1.14) 0.44
Gal-3 (N=36%) (25 units increase) 1.11 (0.98, 1.26) 0.10 1.10 (0.98, 1.23) 0.12

*, Subjects that have a galectin H score. OS, overall survival; RFS, recurrence free survival.
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