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Abstract: We previously showed that ERCC1 19007 C>T polymorphism was associated with cancer-
specific survival (CSS) after platinum-based chemotherapy in patients with advanced urothelial
cancer (aUC). We aimed to confirm this association in a different cohort of patients. Genotyping of
the 19007C>T polymorphism was carried out by polymerase chain reaction (PCR) amplification and
restriction fragment length polymorphism (RFLP) in 98 aUC patients, treated with platinum-based
chemotherapy. Median age of the patients was 68.8, 13.3% of them were female, 90.8% had ECOG PS
of 0 or 1, and 48% received cisplatin-based chemotherapy. In addition to chemotherapy, 32.7% of the
patients received immunotherapy, and 19.4% vinflunine. Eighty-one patients (82.7%) were carriers of
the 19007T polymorphic allele: 46 (46.9%) were heterozygotes, and 35 (35.7%) were homozygotes. The
ERCC1 polymorphism was not associated with CSS, progression-free (PFS), or overall (OS) survival
in the total population. Nevertheless, there was a significant interaction between the prognostic
significance of ERCC1 polymorphism and the use of modern immunotherapy: the T allele was
associated with worse outcome in patients who received chemotherapy only, while this association
was lost in patients who received both chemotherapy and immune checkpoint inhibitors. Our study
suggests that novel therapies may influence the significance of ERCC1 polymorphism in patients
with aUC. Its determination may be useful in the changing treatment landscape of the disease.
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1. Introduction

Urothelial cancer (UC) is a common malignancy in Greece. With an age-standardized
rate of 21.2 cases/100,000, Greece rates second in the world for both sexes and first for
men, with a rate of 40.4 [1]. Most cases present as superficial cancers, requiring only
local treatment. Nevertheless, 25% of UCs are muscle invasive (MIUC), while 5% present
with locally advanced (inoperable) or metastatic disease, usually referred to as advanced
urothelial cancer (aUC). Muscle invasion is a decisive prognostic factor associated with
increased risk of death from UC. In addition, approximately half of the patients undergoing
surgery for invasive disease will relapse. Such a development is also associated with
unfavorable prognosis.

Combination, platinum-based chemotherapy has long been the mainstay of systemic
therapy for MIUC, aUC, and relapsed UC. Urothelial cancer is a chemosensitive neoplasm.
Long experience, initially with the combination of methotrexate, vinblastine, doxorubicin,
and cisplatin (MVAC), showed response rates (RRs) of more than 50%, three-year survival
of 20-25%, and median survival in excess of 1 year [2—4]. This efficacy was reproduced
by other regimes, some of which proved more patient-friendly than classic MVAC [3,5,6].
Importantly, long-term progression-free survival was shown to be possible among patients
treated with cisplatin-based chemotherapy, had Karnofsky performance status (PS) > 80%,
and only local and/or lymph node disease (LND) [7,8]. Nevertheless, still most patients
experience progression of the disease. Although recent advances in the treatment of
progressing UC with immunotherapy, antibody—drug conjugates, and inhibitors of the
fibroblast growth factor receptor 3 (FGFR3) showed that a minority of patients can achieve
long-term remission [9-13], relapse after systemic chemotherapy is usually associated with
swift deterioration. Consequently, it is critical to identify factors linked with chemotherapy
resistance and methods for circumventing this limitation. The nucleotide excision repair
(NER) complex, a highly conserved multiprotein DNA repair structure, is one important
mechanism resulting in resistance to platinum compounds. The NER complex acts as an
enhanced cellular defense mechanism against platinum-induced DNA adduct formation.
ERCC1, the major component of NER, forms a highly active catalytic heterodimer structure
with the XPF enzyme that dissociates platinum-induced DNA adducts from genomic
DNA [14-16]. Increased ERCC1 intracellular accumulation has been associated with
increased clinical resistance to platinum-based chemotherapy [17-19]. Specifically in
bladder cancer, reduced ERCC1 mRNA expression was correlated with increased cisplatin
efficacy [20-22].

We previously investigated the relationship between two frequent ERCC1 single-
nucleotide polymorphisms (SNPs), 19007C>T (rs11615) and 8092C>A (rs3212986), with
outcomes in patients with aUC treated with platinum-based chemotherapy [23]. We found
that the 19007C>T polymorphism could be a useful prognostic marker in this setting. Two
frequent ERCC1 SNPs have been hypothesized to represent tumor activity. 19007C>T
(rs11615) is situated in exon 4 of the gene and is linked with a change in the constitutional
codon (AAC) of asparagine (N) to another codon (AAT), which has a functional effect
on translational capacity (also referred to as N118N polymorphism). This polymorphism
is associated with decreased levels of ERCC1 produced by basic and platinum agents,
decreased NER complex activity, and decreased resistance to platinum action [24]. It
has been associated with greater baseline and platinum-induced ERCC1 protein levels,
enhanced NER complex activity, and increased resistance to platinum-based regimens. In
several tumor types, such as non-small-cell lung, colorectal, ovarian, and head and neck
cancer, associations between the aforementioned ERCC1 SNPs and clinical response have
been reported [25-29].
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We previously showed that the 19007C>T polymorphism, especially in its homozy-
gotic state, but not the 8092C>A one, could be a useful prognostic marker in advanced
UC treated with platinum-based chemotherapy [23]. The use of this factor refined the
traditional prognostic algorithm, based on PS and site of metastases. We, therefore, aimed
to confirm this finding in a different cohort of patients. This is particularly relevant in
the context of the new treatment paradigm for aUC, with novel therapies prolonging
survival in the post-platinum setting now being used in routine practice. Our analysis
did not confirm the prognostic significance of the 19007C/T polymorphism. Subgroup
analyses suggested that the utilization of novel therapies may, in fact, be responsible for
not reproducing our previous findings.

2. Materials and Methods
2.1. Patients

Following our previous publication [23], we started collecting blood samples for DNA
extraction prospectively from all patients with histologically confirmed UC, scheduled to
start first-line chemotherapy in our institution. All patients gave their institutional review
board (IRB)-approved written consent for the use of biological material and information
from their medical examination. Blood was stored at —80 °C until processing. Patients
selected for this study had advanced UC (clinical stage IIIB-IV) and were treated with
platinum-based chemotherapy, either as first-line for advanced /metastatic disease or as
neoadjuvant or adjuvant chemotherapy if recurrence had occurred within 12 months after
neoadjuvant/adjuvant chemotherapy. Patients receiving treatment for advanced disease
are usually followed up every 3 months with CT of abdomen and pelvis. Additional
imaging is used according to the site of disease. The analysis was also IRB-approved. The
genetic analysis was carried out in a blinded way at the laboratory of the Department
of Clinical Therapeutics at Alexandra University Hospital (Athens, Greece). Information
regarding their medical history and laboratory findings was entered in an anonymous
fashion in the advanced UC database of the Hellenic Genito-Urinary Cancer Group.

2.2. PCR Amplification

Genomic DNA was extracted using 1 ml of whole blood per patient under strictly
sterile conditions, using the Invisorb Spin Blood Midi Kit (Stratec Molecular GmbH, Berlin,
Germany) according to the manufacturer’s instructions. Purified DNA concentration
ranged between 10 and 95 ng/uL. We used 5-10 pL per sample in a nested or 126 semi-
nested PCR amplification, thus producing a high yield of the gene region containing the
polymorphism under investigation. Briefly, amplification by nested PCR was performed us-
ing the following primers: outer forward primer 5 -TGCAAGAAGAGGTGGAGGAGG-3'
(melting temperature [Tm] 60 °C), outer reverse primer 5 -CTCCAGCTCTTGTTGCTCTG-
3’ (Tm 56 °C), forward nested primer 5 -CTGTGGTTATCAAGGGTCATC-3' (Tm 56 °C),
and reverse nested primer 5’ -TGGGCACCTCCAGGCCAAGA-3’ (Tm 60 °C). The PCR
conditions for each round, respectively, were: in the first round, one cycle for 1 min at 94 °C,
35 cycles (for 1 min at 94 °C, 1 min at 56 °C, and 1 min at 72 °C), followed by one cycle for
7 min at 72 °C. The same conditions were applied for the nested round, with the exception
of the total number of cycles allowed, which was 30 rather than 35. In both rounds, each
DNA reaction mixture contained 0.5 ng of DNA /25 uL of final reaction volume. The PCR
system used was Colorless Go Taq Flexi DNA Polymerase (Promega, Madison, WI, USA).

2.3. RFLP

Nested PCR products containing the 19007C>T SNP were digested overnight using
BsrDI (New England Biolabs, Ipswich, MA, USA) as per the manufacturer’s instructions,
leading to C/C (333 bp), C/T (333 bp, 242 p and 91 bp), and T/T (242 bp, 91 bp).
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2.4. Statistics

This was a retrospective study. Cancer-specific survival (CSS) was calculated as the
time from initiation of first-line treatment to death from UC or the date of the last contact
for alive patients. Patients that died of unrelated causes to the disease were censored at
the time of their death. Overall survival (OS) was calculated as the time from initiation
of treatment to death or the date of the last contact for alive patients. Progression-free
survival (PFS) was calculated as the time from first-line treatment commencement to the
date of recurrence, death, or last contact for non-relapsed patients. The association of the
studied polymorphisms with clinical characteristics was evaluated using parametric or
non-parametric statistical tests (chi-squared test, Fisher’s exact test, ANOVA, Kruskal-
Wallis test). Plots of the Kaplan—Meier estimators for the studied polymorphism categories
and other baseline characteristics are presented. The log-rank test was used to compare the
survival distributions of subgroups; the stratified log-rank test was used to account for the
differences in genotypes between subgroups. The factors studied for prognostic significance
were: age (<68 vs. >68), gender, body mass index (BMI), body surface area (BSA), treatment
(cisplatin vs. carboplatin-based chemotherapy, immunotherapy yes vs. no, vinflunine yes
vs. no), lines of treatment for aUC (>2 lines vs. 1), Eastern Cooperative Oncology Group
(ECOG) PS (0 vs. 1, 2), disease status (locally advanced [primary site and/or LND at any
site] vs. distant metastases [any other site]), and Memorial Sloan-Kettering Cancer Center
(MSKCQC) risk stratification [7]. Specific populations studied included patients treated with
immunotherapy and patients treated with vinflunine. Interaction terms between genotypes
and other prognostic factors were included in Cox regression models. A p-value less than
0.05 was considered statistically significant. All analyses were carried out in statistical
software STATA 17.0 SE (StataCorp LLC, College Station, TX, USA).

3. Results
3.1. Patients

We identified 115 patients with histologically confirmed UC from whom pre-treatment
blood samples were available. Seventeen patients were excluded from further analyses
due to lack of clinical information (n = 1), no evidence of advanced or metastatic disease
(n =11), and no treatment with platinum-based chemotherapy (n = 5). Therefore, 98 pa-
tients with locally advanced or metastatic disease, treated from October 2009 to May 2017,
were included in our analysis (Figure S1). Table 1 depicts their demographic and clinical
characteristics, as well as the frequency distribution of the studied genotype and first-line
therapy for advanced/metastatic disease. Bladder was the primary site in 83.7% of the
cases. The majority of patients had ECOG PS 0 or 1 (90.8%), while 46.9% of them had
distant metastases, and 49% belonged to the low-risk category according to MSKCC classi-
fication. All patients received platinum-based chemotherapy: 57 received cisplatin, and
41 carboplatin. In most cases, platinum-based chemotherapy was used as first-line therapy
for advanced /metastatic disease. Ten patients received platinum-based chemotherapy
either as neoadjuvant or as adjuvant treatment and received other therapy as first-line
treatment. A detailed list of first-line therapy can be found in the Supplementary material
(Table S1). Thirty-two patients (32.7%) received ICIs, while 19 patients (19.4%) received
vinflunine at some point in the course of advanced /metastatic disease.



Curr. Oncol. 2021, 28 4478
Table 1. Baseline characteristics of the 98 patients analyzed: association with the studied genotypes.
ERCC1 19007
Characteristic Total CC1 19007 Genotypes
C/C C/T T/T p
Median (25th—75th percentile)
Age 68.8 (63-73.7) 68.7 (59.1-75.4) 69.1 (64.6-73.7) 68.7 (58.8-73.4) 094 L
BMI 25.9 (23.1-29) 24.3 (23.4-29.4) 25.9 (23.5-29.1) 27 (22.8-28) 0.85L
BSA 1.9 (1.8-2) 1.9 (1.8-2) 1.9 (1.8-2) 1.9 (1.8-2) 0.78 4
n (0/0)
Gender
Female 13 (13.3) 2 (11.8) 4(8.7) 7 (20) 033V
Male 85 (86.7) 15 (88.2) 42 (91.3) 28 (80)
Primary site
Bladder 82 (83.7) 12 (70.6) 40 (87) 30 (85.7)
Pelvis 10 (10.1) 3(17.6) 4 (8.7) 3(8.6) 026V
Ureter 3(3.1) 0 (0) 1(2.2) 2 (5.7)
Urethra 3(3.1) 2 (11.8) 1(2.2) 0 (0)
ECOG PS
0 56 (57.1) 9 (52.9) 24 (52.2) 23 (65.7)
1 33 (33.7) 8 (47.1) 19 (41.3) 6 (17.1) 0.103
2 6(6.2) 0(0) 3(6.5) 3 (8.6) )
3 2(2) 0 (0) 0(0) 2 (5.7)
missing 1(1) 0(0) 0(0) 1(2.9)
Disease status
Distant metastases 46 (46.9) 8 (47.1) 16 (34.8) 22 (62.9) 0.043
Locally advanced 52 (53.1) 9 (52.9) 30 (65.2) 13 (37.1)
MSKCC risk *
Low 48 (49) 9 (52.9) 28 (60.9) 11 (31.4)
Intermediate 45 (45.9) 8 (47.1) 17 (37) 20 (57.1) 0.079 V
High 4(4.1) 0 (0) 1(22) 3(8.6)
missing 1(1) 0(0) 0(0) 1(2.9)
Treatment
Carbo based 41 (41.8) 9(52.9) 17 (37) 15 (42.9) 0.52
Cis based 57 (58.2) 8 (47.1) 29 (63) 20 (57.1) ’
Adjuvant 14 (14.3) 4 (23.5) 5(10.9) 5(14.3) 039 V
Neoadjuvant 11 (11.2) 1(5.9) 7 (15.2) 3(8.3) ’
Lines of treatment for aUC
1 39 (39.8) 6 (35.3) 20 (43.5) 13 (37.1) 0.78
>2 59 (60.2) 11 (64.7) 26 (56.5) 22 (62.9)
Immunotherapy
Yes 32 (32.7) 7 (41.2) 13 (28.3) 12 (34.3) 0.6
No 66 (67.3) 10 (58.8) 33 (71.7) 23 (65.7)
Vinflunine
Yes 19 (19.4) 6 (35.3) 7 (15.2) 6(17.1) 0.19
No 79 (80.6) 11 (64.7) 39 (84.8) 29 (82.9)

BMI: body mass index; BSA: body surface area; Y/ Fisher’s exact test; L Kruskal-Wallis rank test; - ANOVA; Pearson chi2 test; ECOG:
Eastern Cooperative Oncology Group; MSKCC: Memorial Sloan Kettering Cancer Center; *: according to [7]; aUC: advanced urothelial

cancer.

3.2. ERCC1 19007 C>T Polymorphism

The frequency of ERCC1 19007 C>T polymorphisms was: T/T, 35 (35.7%), C/T, 46

(46.9%), C/C, 17 (17.4%). The T/T genotype was associated with more frequent distant
metastases (62.9% vs. 34.8% and 47.1% for C/T and C/C, respectively), while fewer
patients were categorized as low risk according to MSKCC criteria (31.4% vs. 60.9% and
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52.9% for C/T and C/C, respectively) (Table 1). On the contrary, no association of any
genotype with ECOG PS was observed.

3.3. Correlation of SNPs with CSS, OS, PFS, and Tumor Response
3.3.1. Whole Population

Survival details for the entire population and according to each genotype are shown in
Table 2. During a median follow-up of 62.9 months (95% CI 49.4-71.4), 90 patients (91.8%)
relapsed, and 84 (85.7%) died, of which 7 patients died of causes unrelated to the disease.
Median CSS was 22.7 months (95% CI: 15.8-30), median PFS was 7.3 months (95% CI:
6.2-10), and median OS 19.8 months (95% CI: 12.6-26.3). There was no correlation between
ERCC1 19007 polymorphism with CSS, PFS, or OS (Figure 1). This lack of correlation was
observed also after stratification for MSKCC risk category. A better Eastern Cooperative
Oncology Group PS and la ower MSKCC risk group were associated with improved CSS
(Table 2). Similar correlations were observed for PFS and OS (Tables S2 and S3).
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Figure 1. Cancer-specific (A), progression-free (B), and overall (C) survival of 98 patients with advanced urothelial cancer
according to ERCC1 C19007T polymorphism.

Table 2. Urothelial cancer-specific survival of the 98 patients included in the analysis: total population and according to

genotype.
ERCC1 19007 G t
Characteristic Total p cnotypes p!
Cc/C C/T T/T
Median CSS (95% CI)
Total 22.7 (15.8-30) 41.9 (13.7-NR) 23.2 (9.4-31.8) 21.4 (8.8-30) 0.19
Age at chemo start
<68 30.7 (21-46.5) 0.085 30.7 (6.4-NR) 36.9 (9.9-61.4) 22.7 (6.5-NR) 0.046
>68 17.5(9.5-24.2) 18.8 (7.1-NR) 13.1 (7.2-24.2) 21.4 (5.7-30)
BMI
<26 17.5 (9.1-22.7) 0.12 30.7 (13.7-NR) 10.7 (7.2-24.2) 14.7 (5.6-22.7) 0.052
>26 30 (18.6-38.2) NR 31 (18.6-54.3) 26.3 (9.5-35.6)
BSA
<1.9 21 (9.5-28.7) 0.29 30.7 (6.4-48.4) 9.9 (6.7-28.7) 22.7 (8.3-35.6) 0.33
>1.9 28.1 (13.7-36.9) NR 31 (13.1-54.3) 15.8 (5.8-32.7)
Gender
Female 30 (6.5-NR) 0.32 11.8 (11.8-NR) 6.7 (5.5-NR) 30 (4.9-NR) 0.27
Male 21.4 (14.7-28.7) 41.9 (13.7-NR) 23.2 (9.4-31) 21 (8.3-26.3)
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Table 2. Cont.
ERCC1 19007 Genot
Characteristic Total p enotypes p!
C/C C/T T/T
Primary site
Bladder 21 (13.1-28.1) 18.8 (7.1-NR) 24.2 (9.4-36.9) 21 (8.3-30)
Pelvis 30.7 (6.7-41.9) —0.58 41.9 (30.7-NR) 7.2 (6.7-NR) 21.4 (21.4-NR) 0.64
Ureter 25.9 (5.8-NR) - NR 5.8 (5.8-NR)
Urethra NR NR NR -
ECOG PS
0 28.1(21.4-38.2) 41.9 (6.4-NR) 38.2 (16.7-54.3) 22.7 (8.8-32.3)
1 18.6 (9.4-24.2) <0.001 21 (7.1-NR) 10.7 (7-28.7) 9.5 (1.2-NR) 0.002
2 5.6 (4.2-NR) - 5.6 (4.2-NR) 30 (4.9-NR)
3 1.6 (1.6-NR) - - 1.6 (1.6-NR)
Disease status
Distant 21 (9.4-25.9) 0.23 18.8 (7.1-NR) 23.2 (7-59) 21 (6.3-25.9) 0.41
Locally advanced/other 28.7 (13.7-36.9) 48.4 (6.4-NR) 18.6 (8.8-31) 32.4 (9.5-NR)
MSKCC risk *
Low 28.7 (16.7-36.9) 0,017 48.4 (6.4-NR) 27.2 (9.1-31.8) 32.4 (9.5-NR) 0.076
Intermediate 21 (8.8-25.9) : 18.8 (7.1-NR) 23.2 (7-41.1) 21 (6.3-26.3) )
High 5.6 (1.6-NR) - NR 5.7 (1.6-NR)
Treatment
Carbo based 21 (11.8-31.8) 001 17.5 (7.1-NR) 8.8 (5.6-36.9) 23.7 (9.5-32.4) 0.19
Cis based 25.9 (12.6-35.6) ) 48.4 (6.4-NR) 27.2 (10.7-38.2) 12.6 (5.6-35.6) )
Adjuvant 32.7 (8.3-NR) 0,65 48.4 (30.7-NR) 27.2 (8.3-NR) 32.7 (5.6-NR) 0.86
Neoadjuvant 35.6 (18.6-61.4) ’ NR 31 (18.6-38.2) 35.6 (12.6-NR) ’
Lines of therapy for advanced
disease
! 9.5 (6.9-28.1) 011 NR 99(5.6-287)  83(23-259) 008
>2 lines 27.2 (18.8-35.6) 30.7 (13.7-NR) 27.2(10.7-41.1)  23.7 (15.8-32.7)
Immunotherapy
Yes 30 (17.5-58.9) 0.12 30.7 (6.4-NR) 38.2 (8.8-NR) 26.3 (6.5-58.9) 0.08
No 18.8 (9.5-28.1) 48.4 (7.1-NR) 13.1 (7.3-28.7) 14.7 (6.3-32.4)
Vinflunine
Yes 31.8 (21-41.1) 0.3 21 (11.8-NR) 31.8 (18.6-NR) 32.4 (12.6-NR) 0.37
No 18.6 (9.5-26.3) NR 13.1 (8.3-31) 15.8 (6.5-26.3)

1 Stratified for genotypes; BMI: body mass index; BSA: body surface area; ECOG: Eastern Cooperative Oncology Group; MSKCC: Memorial

Sloan Kettering Cancer Center; *: according to [7]; NR: not reached.

3.3.2. Subgroup Analyses

Since the type of therapy may impact on outcomes, we studied the interaction of
ERCC1 SNPs with the platinum compound (cisplatin vs. carboplatin), immunotherapy
(yes vs. no), and vinflunine treatment (yes vs. no) regarding CSS, OS, and PFS.

There was no interaction of ERCC1 SNPs with platinum compound or vinflunine
treatment. On the contrary, there was a significant interaction between SNPs and the
use of immunotherapy in CSS (p = 0.029), PFS (p = 0.018), and OS (p = 0.014). When
patients who received immunotherapy were excluded (n = 32), the C/C genotype was
associated with significantly longer CSS and OS compared to the other two genotypes
(Table 3). These associations were retained after stratification for MSKCC risk category. On
the contrary, among the 32 patients who received immunotherapy, an inverse numerical
trend was observed, but without statistical significance (Table 3). Figure 2 shows the
inverse correlation of CC vs. CT/TT genotype with CSS, PFS, and OS according to the
administration of immunotherapy:.
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Table 3. Outcomes of the 98 studied patients with advanced urothelial cancer, according to the ERCC1 genotype. Subgroup
analysis by immunotherapy received. Survival is measured in months.

No Immunotherapy (n = 66)

Total ERCC1 19007 Genotypes
c/C C/T T/T P
Median CSS 18.8 (9.5-28.1) 48.4 (7.1-NR) 13.1 (7.3-28.7) 14.7 (6.3-32.4) 0.035
Median PFS 7.2 (5.7-10) 7.1 (3.2-NR) 7.5 (5.5-14.2) 6.9 (2.6-13.8) 0.12
Median OS 14.7 (9.4-23.2) 48.4 (7.1-NR) 11.7 (7.3-27.2) 12.6 (5.9-22.7) 0.028
Immunotherapy (n = 32)
Total ERCC1 19007 genotypes
c/IC C/T T/T P
Median CSS 30 (17.5-58.9) 30.7 (6.4-NR) 38.2 (8.8-NR) 26.3 (6.5-NR) 0.67
Median PFS 8.3 (5.3-15.5) 5.3 (2.5-15.5) 13.3 (3.8-23.4) 6.3 (3.9-35.8) 0.32
Median OS 24.2 (15.8-41.9) 17.5 (6.4-41.9) 38.2 (16.6-NR) 23.7 (6.5-58.9) 0.45

CSS probability (%)
25 50 75 100

0

CSS: cancer-specific survival; PFS: progression-free survival; OS: overall survival; NR: not reached.
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Figure 2. Correlation of ERCC1 genotypes with cancer-specific (A), progression-free (B), and overall (C) survival of the
98 patients with advanced urothelial cancer according to the administration of immunotherapy.

4. Discussion

We report the second study on ERCC1 polymorphisms in Greek patients with ad-
vanced urothelial cancer. The frequency of the 19007T polymorphic allele was slightly
higher than that reported in our first study (82% vs. 69%) [23]. Median CSS, PES, OS, and
RR were within the expected values for a population with the characteristics of that in-
cluded in our study. Nevertheless, the associations of the different genotypes with outcome
in the whole population were not confirmed. Our results suggest that this might be due to
the changing landscape of treatment of aUC.

When analyses were restricted to a chemotherapy-only treated population, there was
a significant association of ERCC1 SNPs with CSS, PES, and OS: the C/C genotype was
associated with significant improvement compared to the C/T or T/T genotype. This is in
concert with previous reports on human malignancies, including urothelial cancer, treated
with platinum compounds [24,30]. Genetic polymorphism may affect structure, function,
stability, and folding of proteins. Consequently, polymorphism in the ERCC1 genes could
affect its expression, which has been shown to be correlated with outcomes of patients with
aUC treated with chemotherapy [25].

The association described above was lost when patients who had received ICIs were
also included. Further investigation of this finding revealed an interaction between im-
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munotherapy and genotype association with CSS, PFS, and OS: only immunotherapy
benefited patients with the C/T or T/T genotype. This interaction was independent of the
most established prognostic algorithm in aUC, namely, the MSKCC stratification. Although
our subgroup analyses were limited by the small number of patients included, we believe
that our results support that the role of ERCC1 in the evolving treatment paradigm of
auC deserves further investigation. Anti-PD1 and anti-PDL1 agents have revolutionized
the treatment of aUC [26]. Nevertheless, only about 20% of the treated patients achieve
long-term remission of their disease. Intense research on biomarker-driven selection for
immunotherapy of aUC is ongoing [27]. Taking into consideration that the optimal use
of both platinum-based chemotherapy and ICI in the treatment paradigm of this disease
is still under investigation, our results may be viewed as generating important research
hypotheses regarding the use of ERCC1 in our armamentarium for proper patient selection
for chemotherapy, immunotherapy, or both. Research on the role of ERCC1 activity in the
efficacy of modern immunotherapy is limited, while it is completely lacking in aUC. In
a recent report, the T/T genotype was associated with improved OS and PFS in patients
with non-small-cell lung cancer [28], which is partially in concert with our findings.

The mechanism underlying the suggested differential effect of ERCC1 T19007C poly-
morphism on chemotherapy and immunotherapy is unclear. Again, the association of
polymorphism with ERCC1 tumoral levels may be of importance. Low levels of ERCC1
have been shown to be correlated with high tumor mutational burden [29], which confers
favorable response to immunotherapy in aUC treatment [31]. This potential dual predictive
value of ERCC1, towards both chemotherapy and immunotherapy, makes it particularly
attractive. It could be, for example, postulated that a tumor with low levels of ERCC1
would be ideally treated with a combination (simultaneous or sequential) of platinum-
based chemotherapy and ICIL. The recent OS benefit achieved by avelumab maintenance in
patients not progressing after chemotherapy [32] supports this hypothesis. It is plausible
that responders to chemotherapy may represent a population enriched for low ERCC1,
which also predicts favorable response to avelumab.

5. Conclusions

Markers of chemotherapy resistance, such as ERCC1 SNPs, may be valuable in the
current treatment paradigm of aUC.
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