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Tumor Markers as Predictors of Acute Kidney Injury 
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Abstract

Background: Bladder cancer, as one of types of cancers within the 
urinary tract, is associated with a greater risk of acute kidney injury 
(AKI), resulting in a poorer prognosis, discontinuation of effective 
oncological treatments, longer hospitalization, and higher expenses. 
There is no discussion yet on tumor markers in bladder cancer. With 
the revolutionary advances in bladder cancer molecular subtyping 
over the past decade, the presence of tumor markers to assess the 
staging of bladder cancer has yet to be discussed. In this study, we 
intended to assess the relationship between tumor markers and inci-
dence of AKI, also between tumor markers and the cancer staging.

Methods: This retrospective cross-sectional study utilized second-
ary data from 26 medical records of patients diagnosed with bladder 
cancer at the Adam Malik and Universitas Sumatera Utara Hospital 
between 2021and 2022. This study included all patients with blad-
der cancer who met the inclusion criteria. Continuous variables were 
reported as mean (standard deviation (SD)) and examined using an in-
dependent t-test. Categorical variables were reported as proportions, 
examined using Chi-square or Fisher’s exact test. Pre- and post-tumor 
marker data were evaluated with dependent sample t-test for normal 
variance data, and Wilcoxon test for data with atypical distribution. P 
values were set at 0.05.

Results: CD44 (P = 0.003) and programmed cell death 1 (PD-1) (P 
= 0.030) were the only significant markers in their pre- and post-
chemoradiation states among the four investigated tumor markers in 

this study. Meanwhile, PD-1 tumor marker levels were only found 
to be significant between AKI and pre-chemoradiation (P = 0.011). 
Even though the multivariate study of tumor staging did not show any 
statistical significance, both tumor markers CD44 and PD-1 showed a 
significant effect on the incidence of acute renal damage (P = 0.034).

Conclusions: Pre-chemoradiation PD-1 tumor markers showed 
promise as good predictive indicators for staging and AKI incidence 
in muscle-invasive bladder cancer patients undergoing chemoradia-
tion therapy.

Keywords: Muscle-invasive bladder cancer; Acute kidney injury; 
Tumor marker; Staging; Chemoradiation; Tumor marker

Introduction

Bladder cancer is one of many malignancies of the urinary 
tract. In 2020, there is an estimation of 80,000 novel cases and 
17,980 deaths [1]. The majority of patients (70%) had non-
muscle-invasive bladder cancer (NMIBC) with high recurrence 
risk (50-70%) and can further advance to muscle-invasive 
bladder cancer (MIBC) in approximately 10-20% of patients. 
Bladder cancers are staged according to the eighth edition of 
the tumor, node, metastasis (T, N, and M) by the American 
Joint Commission on Cancer (AJCC) and graded according to 
the World Health Organization (WHO)/International Society 
of Urological Pathology (ISUP) grading system from 2004 [2]. 
It is known that cancer patients undergoing treatment might 
experience acute obstructive renal failure (AORF) which is a 
frequent complication associated with bladder cancer and will 
develop acute kidney injury (AKI). AKI that originated from 
pre-, renal, or post-renal causes, possesses significant com-
plexity in patients, resulting in a poorer prognosis, cessation 
of oncological treatments, longer hospital stays, and higher ex-
penses [3]. Chemoradiation-associated nephrotoxicity, hyper-
calcemia, tumor lysis syndrome, and obstructive nephropathy 
are some of the causes of AKI [4]. Knowledge of specific risk 
factors and their modification is essential for the prevention 
of AKI, as there are currently no effective treatments for this 
condition. This is especially true considering the significant 
increase in AKI among critically ill and noncritically ill cancer 
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patients [5, 6].
CD44 is a cell surface glycoprotein that plays a crucial 

role in cell adhesion, migration, and signaling. It is involved in 
a variety of physiological and pathological processes, includ-
ing immune responses, tissue development, wound healing, 
and cancer progression. CD44 exists in multiple isoforms due 
to alternative splicing of its gene, resulting in different forms 
of the protein with varying functions and properties. CD44v3, 
one of variant isoforms from CD44, decreases tubular dam-
age during obstructive nephropathy, decreases apoptosis and 
increases tubular epithelial cell proliferation, also prevents 
the development of renal fibrosis, while CD44s expression 
performs the opposite [7]. Epidermal growth factor receptor 
(EGFR) family (also known as ErbB family) is a significant 
class of tyrosine kinase proto-oncogenes receptor which are 
crucial in a variety of cellular processes, including cell pro-
liferation, migration, adhesion, and potentially cellular trans-
formation, including urothelial carcinogenesis. There are four 
members of the EGFR family: human epidermal growth fac-
tor receptor 1 (HER1) (EGFR and ErbB1), HER2 (ErbB2 and 
HER2/neu), HER3 (ErbB3), and HER4 (ErbB4). HER2 ex-
pression significantly correlated with higher stage cancer, not 
with tumor grade especially in cancer recurrence in the urinary 
bladder after the primary treatment of upper tract urothelial 
carcinoma (UTUC) and lymph node metastasis [8]. There are 
no current studies examining the relationship between elevat-
ed HER2 and AKI, but it has been established that the use of 
HER2 inhibitors elevates the possibility of kidney disease de-
velopment due to their nephrotoxic effects, which occurs with 
minimal frequency [9]. The programmed cell death 1 (PD-1) 
pathway (PD-1/programmed cell death ligand 1 (PD-L1)) func-
tions as immunological negative regulators and is used as im-
mune checkpoint inhibitors (CPIs). Inhibiting these pathways 
enhances the antitumor response of adaptive immune system, 
although accompanied by immune-related adverse events due 
to nonspecific immunologic activation. However, there are no 
studies discussing the correlation between an elevated PD-1/
PD-L1 ratio and AKI incidence, even though individuals uti-
lizing PD-1/PD-L1 inhibitor face a heightened chance of expe-
riencing AKI as a result of interstitial nephritis [10].

The aim of this study was to understand more and analyze 
tumor markers CD44, ErbB2/HER2, PD-1 and PD-L1 as pre-
dictors of AKI incidence and staging of the MIBC in patients 
who underwent chemoradiation therapy. We believe this re-
search will especially benefit chemoradiation therapy in the 
future.

Objectives

We intended to study the correlation of tumor markers in pre-
dicting AKI incidence and staging of bladder cancer.

Materials and Methods

This was a retrospective cross-sectional analysis where the 
data were obtained from the Adam Malik General Hospital and 

Universitas Sumatera Utara Hospital. We used secondary data 
from medical records of bladder cancer patients between 2021 
and 2022. This study has been authorized by the Ethics Com-
mittee with approval number 1268/KEP/USU/2021. We in-
clude all bladder cancer patients that underwent chemotherapy 
with the same regimen using gemcitabine and cisplatin with-
out any differentiation based on subtypes ranging from stage I 
to IV with various TNM staging from both hospitals with the 
criteria for inclusion including: 1) bladder cancer confirmed 
through histopathology; 2) thorough staging based on AJCC 
criteria encompassing tumor (T), lymph nodes (N), and me-
tastasis (M); 3) assessment of tumor markers including CD44, 
ErbB2/HER2, PD-1, and PD-L1. The exclusion criteria for our 
study included individuals who had AKI or had previously un-
dergone procedures like nephrostomy or the insertion of a dou-
ble-J stent. All parameters were measured using standardized 
methods and examined by certified attending doctors in each 
department. The laboratory staff who performed the laboratory 
examinations did not know the clinical staging or outcomes 
of the patient. Sample matching was performed based on risk 
factors and age. The study was conducted in compliance with 
the ethical standards of the responsible institution on human 
subjects as well as with the Helsinki Declaration.

Chi-square or Fisher’s exact tests were applied to evaluate 
categorical variables reported as proportions. Fewer than 50 
participants were evaluated for normality using the Shapiro-
Wilk test. The pre- and post-tumor marker data were evalu-
ated using t-test dependent for data with normal variances and 
Wilcoxon test for data with an atypical distribution. Data were 
examined using SPSS 24. P value was set at 0.05. Continuous 
variables were described as mean (standard deviation (SD)) 
and examined with t-test for independent samples.

Results

Initially, 45 records were identified and assessed for eligibil-
ity. After the assessment, 19 records were excluded for vari-
ous reasons. We ultimately included 26 records for analysis in 
this study. The subjects’ demographic profiles are presented in 
Table 1.

The subject’s clinical information showed that 92.3% of 
the patients were male, with mean age of 58.88 years. Most 
were found to be in stage II bladder cancer with the majority 
in the T2 staging.

CD44 marker increased from 299.24 (91.45) to 360.39 
(84.28) with P value of 0.003 while PD-1 also increased from 
245.50 (114.20 - 562.58) to 311.09 (137.80 - 1529.30) with P 
value of 0.030. ErbB2/HER2 and PD-L1 showed no signifi-
cant difference between the pre- and post-chemoradiation val-
ues, which are presented in Table 2.

According to the results from one-way analysis of vari-
ance (ANOVA) test between tumor markers and staging (Table 
3), pre-chemoradiation PD-1 tumor marker levels were shown 
to have significance in the two groups (F (1, 24) = (9.230), P = 
0.006). Additionally, the effect size can be categorized as large 
(η2 = 0.278). On the other hand, the differences among the 
other tumor markers were not statistically significant. CD44 
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Table 1.  Subject Characteristics

Variable Frequency (%)/mean (SD)
Gender
  Male 24 (92.3%)
  Female 2 (7.7%)
Age 58.88 (11.48)
Bladder cancer staging
  Stage I 0 (0%)
  Stage II 12 (46.20%)
  Stage III 6 (23.1%)
  Stage IV 8 (30.7%)
T staging
  T1 0 (0%)
  T2 12 (46.2%)
  T3 8 (30.8%)
  T4 6 (23.1%)
N staging
  N0 18 (69.2%)
  N1 3 (11.5%)
  N2 5 (19.2%)
  N3 0 (0%)
M staging
  M1 24 (92.3%)
  M2 2 (7.7%)

SD: standard deviation.

Table 2.  Comparison of Tumor Marker CD44, Erb2/HER2, PD-1 and PD-L1 Pre- and Post-Chemoradiation

Tumor markers Pre-chemoradiation (mean (SD)/
median (min - max))

Post-chemoradiation (mean 
(SD)/median (min - max)) P value

CD44 299.24 (91.45) 360.39 (84.28) 0.003a*

Erb2/HER2 3,364.12 (960.69) 3,264.46 (904.27) 0.719a

PD-1 245.50 (114.20 - 562.58) 311.09 (137.80 - 1,529.30) 0.030b*

PD-L1 98.57 (57.72 - 208.74) 127.47 (47.06 - 9,343) 0.143b

aPaired t-test. bWilcoxon test. *P < 0.05. SD: standard deviation; min: minimum; max: maximum; PD-1: programmed cell death 1; PD-L1: pro-
grammed cell death ligand 1; HER2: human epidermal growth factor receptor 2.

Table 3.  One-Way ANOVA for Tumor Staging and Tumor Marker CD44, Erb2/HER2, PD-1 and PD-L1 Pre- and Post-Chemoradiation

Tumor markers
Pre-chemoradiation Post-chemoradiation

Eta-squared F Sig. Eta-squared F Sig.
CD44 0.11 0.256 0.618 0.73 1.884 0.183
Erb2/HER2 0.31 0.761 0.392 0.00 0.002 0.966
PD-1 0.278 9.230 0.006* 0.137 3.801 0.063
PD-L1 0.007 0.166 0.687 0.018 0.430 0.518

*P < 0.05. ANOVA: analysis of variance; PD-1: programmed cell death 1; PD-L1: programmed cell death ligand 1; Sig.: significance; HER2: human 
epidermal growth factor receptor 2.
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and PD-1 were the only two markers that were statistically sig-
nificant in their pre- and post-chemoradiation state out of the 
four tumor markers being studied.

Furthermore, a one-way ANOVA test was conducted be-
tween tumor markers and the prevalence of AKI (Table 4). The 
results showed that a significant difference was only discov-
ered between AKI and pre-chemoradiation PD-1 tumor marker 
levels (F (1, 24) = (7.620), P = 0.011). The effect size can also 
be categorized as large (η2 = 0.278). Similarly, no significant 
difference was found among both pre-and post-chemoradia-
tion tumor levels regarding AKI.

Multivariate analysis using multivariate analysis of vari-
ance (MANOVA) was further conducted for tumor markers 
CD44 and PD-1 due to their statistical significance between 
pre- and post-chemoradiation on bivariate analysis (Table 5). 
Based on the results, the assumption of homogeneity of co-
variance only held for the incidence of AKI but not for tumor 
staging. Nevertheless, multivariate analysis on tumor staging 
showed statistically insignificant results. For AKI, Levene’s 
test for equality of variances showed P > 0.05 in all the four in-
dependent variables, thus validifying the multivariate result. A 
P value of 0.034 indicated a significant influence of both tumor 
markers CD44 and PD-1 on the incidence of AKI.

Discussion

Based on our study, we tried to investigate thoroughly the inci-
dence of AKI in bladder cancer patients who were treated with 
chemotherapy in our center, and we found that tumor marker 
CD44 is an independent marker for AKI (P = 0.034) with a 
significant difference shown pre- and post-chemoradiation (P 
= 0.003). The stem cell identifier CD44, which functions as 
surface adhesion, is suggested as a possible marker. CD44 is a 

significant gene found in several areas of cancer progression 
and development, particularly in bladder cancer cells. An in-
creased expression has been found to be correlated with more 
advanced clinical tumor stage, lymph node participation, lo-
cal recurrence, and decreased survival rates among individuals 
with bladder cancer [11]. In an in vitro study by Matsushita et 
al, using rats with an AKI model, CD44 was present in expand-
ed renal tubules, while in rats with a renal fibrosis model, it 
was observed in tubules located in fibrotic regions, indicating 
the CD44 presence in renal tubules undergoing maladaptive 
repair. As a result, these elements may serve as valuable indi-
cators for detecting impairments in the regenerative processes 
of renal tubules [12].

According to the findings from clinical specimens, CD44 
staining was strongly related with higher clinical stage, in-
creased incidence of localized region failure, and reduced rate 
of disease-specific survival for MIBC patients. Through cel-
lular and orthotopic models, we demonstrated CD44 presence 
has a greater capacity for invasion, as well as an enhanced 
epithelial-mesenchymal transition (EMT) in bladder cancer 
cells, in comparison to other types of CD44. The levels of 
CD44 that were measured in clinical samples were shown 
to have a substantial association with those found in in vitro 
tests. In both in vitro and in vivo testing, a reduction in the 
expression of CD44 was observed, as well as in cancer stem-
cell-like characteristics and aggressive tumor behavior. The 
associated modifications included a reduction in PD-L1-me-
diated T-cell suppression as well as a dampening of STAT3 
activation and EMT [13]. This marker has also shown its ap-
plicability in other cancers. A systematic review conducted by 
Li et al [14] has also discussed the use of CD44 as a marker 
for the prognosis of renal cell carcinoma, where high levels 
of CD44 positively correlate with a higher Fuhrman grade, 
recurrence rate, microvascular invasion, and worse prognosis. 
CD44 overexpression may also indicate poorer prognosis in 
colorectal cancer, alongside with worse lymph node and/or 
distant metastasis. CD44, which is essentially a hyaluronan 
(HA) receptor, activates stem cell regulatory genes. When 
tightly bound with HA, CD44 aids in the homing and adhe-
sion of cancer stem cells, subsequently triggering migration 
of cancer cells. Moreover, the HA-CD44 bond is also impor-
tant in activating the anti-apoptotic pathways through the re-
ceptor tyrosine-kinase pathway.

Even though our study mentioned otherwise, a meta-anal-
ysis by Gan et al [15] described that both transcriptional and 

Table 4.  One-Way ANOVA for Acute Kidney Injury and Tumor Marker CD44, Erb2/HER2, PD-1 and PD-L1 Pre- and Post-Chemo-
radiation

Tumor markers
Pre-chemoradiation Post-chemoradiation

Eta-squared F Sig. Eta-squared F Sig.
CD44 0.129 3.557 0.071 0.049 1.228 0.279
Erb2/HER2 0.035 0.883 0.357 0.000 0.000 0.983
PD-1 0.241 7.620 0.011* 0.000 0.007 0.933
PD-L1 0.152 4.306 0.049 0.046 1.164 0.291

*P < 0.05. ANOVA: analysis of variance; PD-1: programmed cell death 1; PD-L1: programmed cell death ligand 1; Sig.: significance; HER2: human 
epidermal growth factor receptor 2.

Table 5.  MANOVA for Acute Kidney Injury and Tumor Staging 
for Tumor Marker CD44 and PD-1 Pre- and Post-Chemoradi-
ation

MANOVA Box Pillai Wilk’s F value P
AKI 0.12 0.377 0.623 3.181 0.034*
Tumor staging 0.034 0.342 0.658 2.73 0.057

*P < 0.05. MANOVA: multivariate analysis of variance; PD-1: pro-
grammed cell death 1; AKI: acute kidney injury.
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translational levels of HER2 expression were significantly el-
evated in bladder cancer compared to normal tissue. This was 
the case across both levels. In addition, HER2 protein tends to 
be overexpressed in carcinoma in situ (CIS) as well as multifo-
cal malignancies. A study by Soria et al [16] has also discussed 
the effect of HER2 status in invasive bladder cancer patients. 
Despite the fact that one-third of those who were treated with 
radical cystectomy had an overexpression of HER2, it was not 
significantly correlated with oncological outcomes. Conflict-
ing results in literature suggests more research and reviews 
should be established to reach a common ground.

As one of the many EGFR, HER2 plays a role in cell pro-
liferation, migration, and survival through the activation of 
intracellular signaling pathways, such as mitogen-activated 
protein kinase (MAPK) pathway and phosphoinositide 3-ki-
nase pathway. The protein itself is coded by the associated on-
cogene, precisely located in chromosome 17, and mutation in 
this gene leads to overexpression. HER2 also serves as a com-
mon tumor marker in other cancer types, such as breast cancer. 
The amount of HER2 protein in tumor was directly correlated 
with tumor size, grade, and stages of breast cancers. Addition-
ally, we discovered that the expression of the HER2 gene was 
linked to the tumor stage by evaluating the data from The Can-
cer Genome Atlas (TCGA) that was collected on breast cancer. 
More research is required to verify the specifics of the rele-
vant mechanism. A study has shown a correlation between the 
HER2 gene and protein and lymph node metastases in breast 
cancer. However, the study failed to find a correlation between 
the expression and survival time, whether it would be overall 
survival (OS), disease-specific survival, or progression-free 
survival (PFS) [15].

The PD-1 (CD279) pathway initiates a series of reactions 
that restrict immune activity, resulting in reduced cytokine 
secretion and autoimmunity, thereby preventing inadvert-
ent tissue damage. The pathway is filled with PD-1 recep-
tor and its two ligands: PD-1 ligand 1 (PD-L1, B7-H1, and 
CD274) and PD-1 ligand 2 (PD-L2, B7-DC, and CD273). 
PD-L1 is generated in human antigen-presenting cells, T and 
natural killer (NK) cells, as well as stem cells and various 
non-hematopoietic cells [17]. In this study, PD-1 was found 
to be an independent marker for AKI (P = 0.034) and showed 
significant difference between pre- and post-chemoradiation 
(P = 0.030). The pre-chemoradiation PD-1 level was also sig-
nificantly associated with an incidence of AKI and a higher 
tumor staging. This association could be used as a marker to 
observe and prevent the development of AKI among these 
groups of patients. A review by Han et al [18] reported high 
PD-1 expression on tumor-specific T cells. An increase in this 
expression as seen in this study correlates to two contrasting 
functions where it has the potential to be either advantageous 
or detrimental. In terms of its favorable effects, it plays a cru-
cial part in controlling inefficient or detrimental immune re-
sponses and sustaining immune tolerance. On the other hand, 
PD-1 catalyzes the development of cancerous cells through 
disturbing protective immune responses, subsequently pro-
moting the proliferation of cancerous cells [18]. Pathways 
with PD-1 also aid in the maintenance of T-cell homeostasis 
and exaggeration of self-tolerance, supporting the juggle of 
stimulatory and inhibitory signals, exerting unfavorable con-

ditions and cancer growth.
PD-L1 as prognostic marker has been used in a variety of 

different urologic malignancies. According to several research, 
PD-L1 on tumor cells is linked to a higher grade and stage of 
the disease as well as a poorer prognosis. Nevertheless, the 
overall effect of the expression on prognosis in urothelial car-
cinoma (UC) is still a matter of debate at this time [19]. In 
a review by Zhou et al [17], although tumor cells expressed 
significantly higher levels of PD-L1 and its receptor PD-1 than 
the normal adjacent urothelium, no correlation was found with 
pathological staging, recurrence of disease, cancer-type specif-
ic, or overall mortality among patients who underwent radical 
cystectomy. However, in a subgroup of patients with organ-
confined disease, the expression was linked with significant-
ly elevated risk of all-cause mortality in univariate analysis, 
despite the trend towards elevated mortality risk observed in 
multivariate analysis that was not statistically significant [17]. 
Nakanishi et al were among the first researchers to identify 
an association between PD-L1 expression in tumor cells and 
a poorer clinical result with a higher probability of recurrence 
and a shorter OS in a group of 65 subjects diagnosed with UC 
[20].

Based on the research of Ferro et al addressing rand-
omized controlled trial of PD1/L1 inhibitors alone or in com-
bination with chemotherapy resulted that the treatment with 
an ICI-containing regimen was associated with a reduced risk 
of death in metastatic urothelial carcinoma (mUC) patients, 
which was associated with PD-L1 expression and metastatic 
site [21]. A new novel therapeutic opportunity was conducted 
by Lacovino et al [22], suggesting that the analysis of circulat-
ing tumor DNA (ctDNA) could offer valuable biomarkers, as 
evidenced by the Imvigor010 trial. Notably, ctDNA analysis 
yielded intriguing results. ctDNA levels have demonstrated ef-
ficacy in predicting complete tumor response in diverse cancer 
types. Patients with positive ctDNA results in the immuno-
therapy arm exhibited superior OS and PFS compared to the 
observation arm. These findings have the potential to impact 
neoadjuvant therapy practices, but further trials and evaluation 
of molecular biomarkers are imperative for refining patient se-
lection [22].

Moreover, trials have been conducted on drugs formula-
tion targeting PD-1 and PD-L1. The feedback on phase 1 trial 
on anti-PD-L1/PD-1 drugs have been positive in heavily pre-
treated patients with metastatic bladder cancer, demonstrating 
that the protein is useful for many other purposes other than 
its prognostic value. Monoclonal antibodies manipulating the 
PD-1/PD-L1 interaction may also prevent tumors from induc-
ing T-cell tolerance and evading immune checkpoints. This 
treatment method has been promising towards metastatic renal 
cell carcinoma.

Limitations

Although showing potential, this research bears certain con-
straints. Firstly, the limited number of participants signifi-
cantly restricted the scope of this study. Secondly, the study’s 
retrospective approach led to the exclusion of some subjects 
due to incomplete data. Subsequent investigations, employing 
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more rigorous frameworks and methodologies, are essential to 
validate and build upon the current study’s outcomes.

Conclusions

Tumor markers PD-1 pre-chemoradiation showed promising 
results as favorable prognostic factors to predict staging and 
AKI incidence in MIBC receiving chemoradiation therapy.
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