Cancer Management and Research Dove

ORIGINAL RESEARCH

Free Ferrous Protoporphyrin and Reactive
Oxygen Species Status of Voided Urine Predicts
Higher Stage in Urothelial Carcinoma

Fangzheng Zhao®', Nienie Qi(®', Xihao Shen?, Zhuang Xiong', Ning Xue', Yang Xu', Junqi Wang',
Haitao Zhu®'

'Department of Urology, the Affiliated Hospital of Xuzhou Medical University, Xuzhou, People’s Republic of China; 2The First Clinical Medical College
of Nanjing Medical University, Nanjing, People’s Republic of China

Correspondence: Junqi Wang; Haitao Zhu, Department of Urology, the Affiliated Hospital of Xuzhou Medical University, No. 99 Huaihai West Road, Quanshan
District, Xuzhou, 221100, People’s Republic of China, Tel +86-187613891 13, Fax +8605 1685609999, Email 59585 1028@qq.com; xyfy 1096@ | 63.com

Purpose: This study was conducted to evaluate the correlation between the free ferrous protoporphyrin and reactive oxygen species
(FH and ROS) combined test and the tumor grade and stage in a pathologically confirmed uroepithelial carcinoma (UC) patient
population.

Patients and Methods: In this retrospective study, we enrolled patients newly diagnosed with UC between May 2020 and
June 2021. All patients were classified as FH(+) and ROS(+), FH(+) and ROS(-), or FH(-) and ROS(-), based on the FH and ROS
combined test of voided urine. Demographic information, pathological results, and status of the FH and ROS combined test were
reviewed retrospectively. The relationship between FH and ROS combined test status and tumor stage and grade was evaluated using
logistic regression.

Results: This study included 120 UC patients with a median age of 69 years (interquartile range [IQR] 6277 years). Eighteen
patients (15%) were diagnosed with upper tract urothelial carcinoma, and the others (85%) were diagnosed with bladder cancer. The
pathological stages for those with FH(+) and ROS(+) at diagnosis were 25.0% Ta, 45.8% T1, and 29.2% >T2. The pathological stages
for those with FH(+) and ROS(-) at diagnosis were 23.5% Ta, 35.3% T1, and 41.2% >T2. The pathological stages for those with FH(-)
and ROS(-) at diagnosis were 52.6% Ta, 26.3% T1, and 21.1% >T2. After adjusting for clinical factors, including age, sex, and
smoking history, FH(+) and ROS(-) were independent risk factors for muscle-invasive UC (>T2 stage) at diagnosis (odds ratio [OR]
3.379; 95% confidence interval [CI] 1.103-10.355; P=0.033) in the univariate and multivariate logistic regression analyses.
Conclusion: Among patients with newly diagnosed UC, FH(+) and ROS(-) might have an association with a more advanced
pathological stage. This finding may help differentiate between patients with aggressive diseases and those who may benefit from
organ-sparing surgery.

Keywords: urothelial carcinoma, free ferrous protoporphyrin, reactive oxygen species, stage, grade

Introduction

Urothelial carcinomas (UCs) are the fourth most common type of tumors which can develop in the lower (bladder and
urethra) or upper (pyelocaliceal cavities and ureter) urinary tract." Bladder cancer (BC) accounts for 90-95% of UCs.?
Compared to BC, upper tract urothelial carcinomas (UTUCs) are relatively rare, comprising 5-10% of UCs.> UTUCs
consist of renal pelvic carcinomas and ureteral carcinomas, with the former being approximately twice as common as the
latter. Approximately 60% of the newly diagnosed UTUCs are muscle-invasive, whereas it is 15-25% for BC.*
Regardless of tumor location, radical nephroureterectomy (RNU) with bladder cuff excision is the current standard
treatment for high-risk UTUCs.> However, due to a post-surgery substantial decline in the estimated glomerular filtration
rate, chronic kidney disease is prevalent.®” Hence, conservative management for small, non-invasive, and low-grade
UTUCSs may help preserve renal function in selected patients.® A strict risk stratification should be performed for patients
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with UTUC. Similarly, radical cystectomy is currently considered the standard treatment for patients with muscle-
invasive bladder cancer (MIBC). Compared to those diagnosed with a non-invasive disease, patients with MIBC were
associated with higher mortality risk. However, for patients with BC, it is difficult for surgeons to identify the stage and
grade of the tumor through urine cytology or preoperative imaging. To improve the survival of MIBC patients, earlier
detection is required. Although cystoscopy and ureteroscopy are more sensitive and specific than urine cytology and
radiography for diagnosing UTUC and BC, both are invasive procedures, and complications such as perforation and
bleeding may occur during the examination. Recent studies indicated that patients with UTUC who underwent uretero-
scopy before RNU were associated with significantly higher intravesical recurrence rates.””” Thus, a novel and more
reliable method is required to identify low-and high-risk patients before surgery.

In China, researchers have developed free ferrous protoporphyrin and reactive oxygen species (FH and ROS)
combined detection kits based on the characteristics of ROS and FH. It has been used as a new detection method for
cervical cancer screening and diagnosis. A previous study confirmed that this method is highly sensitive and specific.'” In
this study, we investigated the ability of FH and ROS to predict the tumor stage and grade of UCs.

Patients and Methods

In this single-center retrospective study, we enrolled patients with UCs diagnosed between May 2020 and June 2021.
This study included 120 UC patients with a median age of 69 years (Interquartile range [IQR] 62—77 years). Informed
consent was obtained from all the patients. Clinicopathological factors were gathered from the medical records (including
age, sex, smoking history, and status of the FH and ROS combined test at initial diagnosis) to assess their influence on
the tumor stage and grade. All procedures involving human participants in this study were performed following the
ethical standards of the institutional and/or national research committee and complied with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards. This study was approved by the institutional review board of
the Affiliated Hospital of Xuzhou Medical University.

Intracellular FH and ROS levels increased after the malignant transformation of urinary tract epithelial cells. The kit
produced color changes by combining the dye solution with FH and ROS in the sample for a specific reaction, and the
result was obtained through a colorimetric card. In this study, patients were divided into three groups according to the test
results: FH(+) and ROS(+), FH(+) and ROS(-), and FH(-) and ROS(-). As the sensitivity of FH was higher than that of
ROS, no patient presented with FH(-) and ROS(+). The original diagnoses of all pathological specimens were
reexamined by a highly experienced urological pathologist. The tumor stage and grade were evaluated based on the
UICC 2009 TNM classification of malignant tumors and the 2004 WHO classification grading system, respectively.

Statistical Analysis

The median (IQR) was used to evaluate continuous variables. Frequencies and proportions were categorized as
categorical variables. Independent samples #-test and Kruskal-Wallis test were used to compare continuous variables.
Categorical variables were evaluated using the y* test. Univariate and multivariate logistic regression analyses were used
to examine the association between the variables and tumor stage or grade. The stages were divided into dichotomous
variables according to the presence of muscle invasion (=T2 vs T1+Ta). All reported P-values were two-sided. Statistical
significance was set at P<0.05. SPSS version 26.0 (IBM Corporation, Armonk, NY, USA) was used for all statistical
analyses.

Results

In this study, 120 patients diagnosed with UC were enrolled, of whom 90 were male and 30 were female. Their
clinicopathological features are shown in Table 1. The median age was 69 years (IQR 62—77 years). Eighteen patients
(15%) were diagnosed with UTUC, and 102 patients (85%) were diagnosed with BC. Eighty-four patients had non-muscle-
invasive tumors (<pT1) and 36 had muscle-invasive tumors (>pT2), whereas 36 patients had low-grade tumors and 84 had
high-grade tumors. FH(+) and ROS(+), FH(+) and ROS(-), and FH(-) and ROS(-) were present in 48 (40.0%), 34 (28.3%),
and 38 patients (31.7%), respectively. The median body mass index was 24.3 (kg/m2) (IQR 23.1-26.3) (kg/mz). The
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Table | Clinical and Pathological Characteristics of UC Patients According to the Type of FH and ROS
Variable Groups (According to ROS and FH) Total, n P-value
FH (+) and ROS (+) | FH (+) and ROS (-) | FH (-) and ROS (-)
Age (mean, years) 72(65-79) 71(60-73) 65(58-75) 69(62-77) 0.137
Gender 0.155
Male 40(44.4%) 22(24.4%) 28(31.1%) 90
Female 8 (26.7%) 12(40.0%) 10 (33.3%) 30
BMI 0.241
(mean, kg/m?) 24.4(23.1-26.3) 24.5(22.9-26.4) 23.7(21.5-25.3) 24.3(22.5-25.7)
Smoking 0.730
Yes 10 (47.6%) 5 (23.8%) 6 (28.6%) 21
No 38(38.4%) 29(29.3%) 32(32.3%) 99
Hematuria <0.001
Yes 48(47.1%) 30(29.4%) 24(23.5%) 102
No 0 (0.0%) 4 (22.2%) 14(77.8%) 18
Exfoliated cells in urine 0.098
Positive 24(52.2%) 10 (21.7%) 12(26.1%) 46
Negative 24(32.4%) 24(32.4%) 26(35.1%) 74
Tumor location 0.802
uTuC 6 (27.8%) 6 (27.8%) 6 (27.8%) 18
BC 42(41.2%) 28(27.5%) 32(31.4%) 102
Tumor Size 0.067
(mean, cm) 2.6(1.5-4.0) 3.5(2.5-4.5) 2.0(1.5-2.8) 2.5(1.6-4.0)
Grade 0.023
High 30(35.7%) 30(35.7%) 24(28.6%) 84
Low 18(50.0%) 4 (11.1%) 14(38.9%) 36
Stage 0.046
Ta 12(30.0%) 8 (20.0%) 20(50.0%) 40
TI 22(50.0%) 12(27.3%) 10 (22.7%) 44
T2 10 (45.5%) 6 (27.3%) 6 (27.3%) 2
T3 2 (25.0%) 4 (50.0%) 2 (25.0%) 8
T4 2 (33.3%) 4 (66.7%) 0 (0.0%) 6

Notes: (+): positive; (-): negative.
Abbreviations: ROS, reactive oxygen species; FH, free ferrous protoporphyrin; BMI, Median Body mass index; UTUC, upper urinary tract; BC, Bladder Cancer.

median tumor size was 2.5 cm (IQR 1.6—4.0 cm). Most patients with UC had no smoking history. No significant difference
was observed in the distribution of patients with a smoking history among the three groups (P=0.730).

The pathological stages for FH(+) and ROS(+) cases were <pT1 and >pT2 in 34 (70.8%) and 14 (29.2%) patients at
diagnosis, respectively. For FH(+) and ROS(-) cases, 20 (58.8%) and 14 (41.2%) patients were diagnosed as stage <pT1
and >pT?2, respectively, whereas for FH(-) and ROS(-) cases, 30 (78.9%) and 8 (21.2%) patients were diagnosed with
stages < pT1 and >pT2, respectively.

Multivariate logistic regression analyses demonstrated that FH(+) and ROS(-) were independent risk factors for
muscle-invasive UCs (>T2 disease) at diagnosis after adjustment for clinical parameters such as age, sex, and history of
smoking (Odds ratio [OR] 3.379; 95% confidence interval [CI] 1.103—10.355; P=0.033, Table 2). A total of 62.5%
patients with FH(+) and ROS(+), 88.2% with FH(-) and ROS(-), and 63.2% with FH(-) and ROS(-) presented with high-
grade tumors. The status of the FH and ROS test did not correlate with the tumor grade.

After excluding patients with FH(-) and ROS(-), Table 3 shows the types of testing results (FH(+) and ROS(+) or FH
(+) and ROS(-)) after stratification according to the pathological stage and grade. The positive predictive value (PPV) and
negative predictive value (NPV) of FH(+) and ROS(-) for high-grade UCs were 88.2% and 37.5%, respectively. FH(+)
and ROS(-) had a PPV of 41.2% and NPV of 70.8% for muscle-invasive UCs.
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Table 2 Multivariate Logistic Regression Analysis of Factors Predicting High Grade or Stage (2T2)

Stage(=T2) Grade(High)

OR (95% CI) P-value OR (95% CI) P-value
Age 1.015(0.974-1.058) 0.473 1.087(1.003—1.143) 0.375
Gender

Female Ref. Ref.

Male 3.198(1.065-9.602) 0.938 0.835(0.275-2.535) 0.750
Smoking

No Ref. Ref.

Yes 0.401(0.102—-1.579) 0.191 0.699(0.225-2.168) 0.535
BMI 0.900(0.785—-1.032) 0.131 1.073(0.935-1.232) 0317
FH and Ros

FH (-) Ros (-) Ref. Ref.

FH (+) Ros (-) 3.379(1.103-10.355) 0.033 3.742(0.993-14.104) 0.051

FH (+) Ros (+) 1.415(0.488—4.108) 0.523 0.577(0.204—-1.631) 0.300

Notes: (+): positive; (-): negative.
Abbreviations: ROS, reactive oxygen species; FH, free ferrous protoporphyrin.

Table 3 Positive and Negative Predictive Values of FH (+) and Ros (-) for Predicting High-
Grade and Muscle-Invasive UC

FH(+) and ROS(+) or FH(+) and ROS(-) (n=82)

High-grade cancer

Positive predictive value 88.2%

Negative predictive value 37.5%

Muscle-invasive cancer (=T2)

Positive predictive value 41.2%

Negative predictive value 70.8%

Notes: (+): positive; (-): negative.
Abbreviations: ROS, reactive oxygen species; FH, free ferrous protoporphyrin.

Discussion

The management and survival of UCs are affected by the tumor stage. Patients diagnosed with muscle-invasive diseases
have a significantly worse prognosis than those with non-muscle-invasive diseases.'' Therefore, urologists have a general
consensus that surgery should be performed in UC patients at the earliest possible time after diagnosis.'> Research
revealed that most patients with microscopic hematuria (MH) are not referred to a urologist for evaluation by undergoing
imaging or cystoscopy.'> '® Delays in diagnosis of BC can lead to a worse prognosis due to a more advanced stage at
diagnosis. In addition, previous studies have reported that among patients who underwent radical cystectomy (RC) for
urothelial carcinoma of the urinary bladder (UCB), patients in the old-age (>75—-84 years) group had a better overall and
cancer-specific survival than those in the oldest-age (=85 years) group, highlighting the benefit that easier and earlier
diagnosis through FH and ROS may benefit older patients by providing potentially curative therapy.'® The same problem
also exists in UTUC. Furthermore, many RNUs are performed unnecessarily because of inaccurate preoperative staging
of patients with UTUC. For patients with low-risk UTUC (described as unifocal, sizes <1 cm, low-grade, and no
evidence of infiltrative lesions on computed tomography urography), conservative treatment can avoid complications
related to radical surgery to a certain extent.® Previous studies have suggested that for patients with localized renal cell
carcinoma (T1-2NOMO), partial nephrectomy can reduce the risk of new-onset chronic kidney disease after surgery.'’
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Therefore, conservative management of small, non-invasive, and low-grade UTUCs might be useful in preserving renal
function in low-risk patients.

The number and size of tumors can be easily determined using preoperative imaging. Nevertheless, it is challenging to
precisely determine the stage and grade of UCs using currently available methods. In a multi-institutional study of 326
patients, Messer et al demonstrated that muscle invasiveness or high-grade malignant disease could not be precisely predicted
using urine cytology alone in UTUC patients. Positive urine cytology had a PPV and sensitivity of 54% and 56%, and 44%
and 62% for the high-grade UTUC and muscle-invasive UTUC, respectively.'® Although ureteroscopy is more sensitive and
specific than urine cytology and radiography for diagnosing UTUC, it may not be as accurate in predicting the tumor stage.
Straub et al reported that preoperative ureteroscopy was only 58% accurate in predicting the tumor grade in UTUC patients,
and when urinary cytology was considered, the accuracy improved to only 68%.'° In addition, as an invasive procedure,
ureteroscopy involves general anesthesia and entails concomitant surgical complications. A recent study demonstrated that
the risk of postoperative intravesical recurrence was higher when ureteroscopy was conducted before RNU.?

There is an urgent need for a diagnostic tool or combined tools to effectively determine the stage and grade of UCs to
clarify the diagnosis and specify a reasonable treatment plan. Formulated by the partial reduction of molecular oxygen,
ROS is generally considered the by-product of cellular metabolism and oxygen consumption.?'* Cancers have been
associated with ROS due to its excessive production by various types of tumor cells compared to their normal
counterparts.”® Increased ROS levels are considered oncogenic. FH exists widely in every cell, especially in the
mitochondria. FH performs different physiological functions by binding with various types of proteins.** FH is released
from the protein of tumor cells under pathological conditions, including the destruction of gene expression regulation,
abnormal DNA transcription, and changes in protein conformation, which leads to the loss of homeostasis through
a series of electronic reactions, eventually resulting in cancer. As cell damage aggravates cell autolysis caused by the
proteolytic enzymes, it leads to the exudation of FH substances. Based on these characteristics, Chinese researchers have
developed ROS and FH combined detection kits. They are employed as a new detection method for cervical cancer
screening and deliver good results. In this study, we examined the ability of the combined FH and ROS test to predict
tumor staging and grading in UCs. Integrated with additional diagnostic techniques, the FH and ROS status may help
distinguish between high-risk and low-risk UCs.

In this study, 68.3% of UC patients tested positive for FH or ROS. Among them, FH(+) and ROS(+), and FH(+) and
ROS(-) accounted for 58.5% and 41.5%, respectively. FH(+) and ROS(-) had a PPV and NPV of 88.2% and 37.5% for
high-grade UCs, respectively. FH(+) and ROS(-) had a PPV and NPV of 41.2% and 70.8% for muscle-invasive UCs,
respectively. FH(+) and ROS(-) were independent risk factors for advanced UCs. With a higher accuracy in predicting
advanced characteristics, the FH and ROS test may help surgeons choose a better treatment.

Some studies observed that routine laboratory parameters and diagnostics may aid in detecting the tumor stage and
outcomes. Su et al retrospectively evaluated the diagnostic accuracy for detecting aggressive UTUC using fluorescence
in situ hybridization (FISH). They discovered that FISH had an overall sensitivity of 62.4% for detecting aggressive
UTUC.” Therefore, positive results of voided urine FISH may suggest advanced UTUC. Qi et al reported that in newly
diagnosed UTUC patients, a lower pathological stage can be predicted accurately by observing the microscopic
hematuria at the onset. Detecting the disease before the presence of GH may affect therapeutic decisions and survival.
The type of hematuria did not affect the tumor grade.”” Similarly, Ramirez et al assessed the association between
hematuria and the grade and stage of BC. They noted that gross hematuria was related to more advanced pathological
stages. The type of hematuria did not affect the tumor grade.*® Tamalunas et al observed elevated preoperative C-reactive
protein (CRP) levels and decreased hemoglobin levels as independent prognostic factors, indicating an unfavorable
outcome in patients undergoing RC for UCB. They also believed that the primary tumor stage, the presence of regional
lymph node and distant metastases were also significantly associated with CRP and hemoglobin levels in UCB patients.?’

In interpreting the results, a few disadvantages of this study should be considered. First, this retrospective study
encountered a few unavoidable data losses during the collection process. Second, the sample size was relatively small,
with only 120 patients. Among them, there were only 18 patients with UTUC. Finally, as the sensitivity of ROS is
weaker than that of FH, no patient presented with FH(-) and ROS(+). Our results are preliminary and require further
validation in larger populations.
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Conclusion
This is the first study to assess the relationship between FH and ROS status and the stage and grade of UCs. Our results

suggested that FH(+) and ROS(-) at diagnosis predict a higher pathological stage in patients with UC. The status of the

FH and ROS test was not associated with the tumor grade. The FH and ROS combined test may help guide treatment

decisions for patients with UC.
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