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Abstract
Purpose

Kidney diseases substantially increase breast cancer (BC)-related mortality. This study explored the
status of renal function and ultrasound manifestations in Chinese women with initially diagnosed BC.

Methods

A total of 7,052 female patients with initially diagnosed BC and 70,520 age-matched controls from the
health screening population during the same period were included from 2012 to 2020. Renal function
data, including estimated glomerular filtration rate based on serum creatinine (eGFRcr), and renal
ultrasound data were collected. Group differences were analyzed using the Mann-Whitney U test and the
chi-square test.

Results

(1) BC patients had poorer renal function than controls, manifested by higher rates of: hypercreatinemia
(7.69% vs. 5.53%), hyperuremia (5.80% vs. 3.96%), eGFRcr < 90 ml/min/1.73m? (21.27% vs. 17.08%), and
eGFRcr < 60 ml/min/1.73m? (1.66% vs. 1.22%); all P< 0.001. (2) BC patients showed lower proportions of
hyperuricemia ( 2.78% vs. 2.92%, P = 0.006). (3) BC patients had higher rates of hypocalcemia (7.07% vs.
4.09%), hyperphosphatemia (2.36% vs. 0.88%), and hypoalbuminemia (20.24% vs. 0.68%), all P < 0.001.
(4) Abnormal renal ultrasound manifestations were more common in BC patients: renal cysts: 12.06% vs.
7.85%, renal/ureteral stones: 4.23% vs. 3.13%, hydronephrosis: 0.90% vs. 0.44%, all P< 0.001.

Conclusion

Chinese women with initially diagnosed BC exhibit poorer renal function, lower serum uric acid, and
higher rates of hypocalcemia, hyperphosphatemia, hypoalbuminemia, and renal ultrasound
abnormalities such as cysts and stones.

Introduction

Breast cancer (BC) remains the most prevalent malignancy in females globallyl'l. By 2050, the number of
new BC cases and deaths is expected to rise by 38% and 68%, respectivelylz]. Thus, reducing BC
incidence and improving prognosis are paramount. Studies show comorbidities at BC diagnosis greatly
impact survival. BC patients with one or more comorbidities have lower survival ratest3l, Among these

comorbidities, renal diseases are highly prevalent["'] and linked to increased BC death risk!®l. Several
observational studies demonstrate that more than half of BC patients have estimated glomerular
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filtration rate based on serum creatinine (eGFRcr) below 90 ml/min/1.73m?26=8l. |n solid tumor cohorts,
including breast cancer, the prevalence of chronic kidney disease (CKD, eGFR < 60 ml/min/1.73 m2)
ranges from 12% to 25%9], Notably, BC patients with an eGFR < 60 mL/min/1.73 m2 face a 1.99-fold
higher risk of cancer-specific mortality compared with those with an eGFR =60 mL/min/1.73 m2[19 3
poor prognosis that can be largely attributed to the clinical challenges renal diseases poses for standard
radical BC treatment. Severe renal impairment complicates standard radical BC treatments. In such
cases, therapy may be inadequate, increasing BC-specific mortality. Even with guideline-recommended
standard therapy, if the renal mortality risk is high, survival may not justify the therapyls]. As aresult,
cancer patients complicated by kidney disease exhibit inferior outcomes and diminished opportunities to
benefit from curative therapy[gl. These clinical challenges have spurred the emergence of breast

onconephrology!" .

Despite the growing recognition of breast onconephrology as an interdisciplinary field integrating BC and
nephrology, critical gaps remain in the current evidence base. Most available data come from Europe and
the Americas®, with no large-scale studies from China or Asia. China has a high CKD burden (156 million
CKD patients)'?, yet only 10% are awarel'3l. Most onconephrology studies focus on renal function and
blood markers, such as serum creatinine (Scr) and eGFRcr, and few studies include morphological
datal'. However, ultrasonography remains key in CKD assessment!'. Two major debates exist in
onconephrology. First, while most studies find higher breast cancer incidence in CKD patients!® 6171
some report no differencel'®l. Second, since cancer is more common in people over 65, it is unclear

whether the tumor and mild CKD association is age-related or due to kidney diseasel®.

This study is the first to examine renal function and renal ultrasound manifestations in Chinese women
with initially diagnosed BC in a large cohort. We compared these women with age-matched females
from the health screening population during the same period. Our aim was to determine whether renal
dysfunction or structural abnormalities are present in women with newly diagnosed BC prior to
treatment. This provides clinical evidence on whether a initial BC diagnosis is associated with renal
dysfunction or abnormal ultrasound findings.

Materials and Methods
Study population

This retrospective single-center cross-sectional study included BC patients with renal function data from
the China Database for Concomitant Disease of Breast Cancer (CDCDBC)[1 % at Chongqing Breast Cancer
Center (2012-2020). It also included a concurrent control population from the Health Management
Center of the First Affiliated Hospital of Chongqing Medical University. Variables included: (1)
demographic data, medical and family history, and treatment plans (from electronic records and follow-
ups); (2) both breast and abdominal ultrasound imaging for BC patients and the controls; (3) blood tests
including Scr, eGFRcr, blood count, liver function, blood glucose, and lipids for all; (4) pathology for BC
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patients. Exclusion criteria for the BC group included: (1) distant metastasis at diagnosis; (2) bilateral
BC; (3) male BC; (4) age under 18; (5) other cancer history; (6) specific pathology. Exclusion criteria for
the age-matched controls group included: (1) missing gender; (2) missing age; (3) no creatinine data. In
total, 7,052 initially diagnosed female BC patients and 70,520 age-matched female controls (1:10) were
included (see Supplementary Material 1 for details). The study was approved by the Ethics Committee of
the First Affiliated Hospital of Chongqing Medical University. As a retrospective study under Article 39 of
the "Measures for the Ethical Review of Biomedical Research Involving Human Subjects”, consent was
waived because subjects could not be located and the research did not involve privacy or commercial
interests.

Data collection

Experienced healthcare professionals collected demographic and medical information using standard
procedures. Body Mass Index (BMI) was calculated as weight (kg) divided by height (m) squared. All
data were stored in the electronic medical record system of Chongqing Breast Cancer Center.

Experienced laboratory technicians from the Department of Laboratory Medicine at the First Affiliated
Hospital of Chongqging Medical University (Chongqging Medical Laboratory Quality Control Center)
analyzed all hematological parameters including renal function data. These included blood count, liver
function, and serum calcium, magnesium, and phosphorus. Renal function measures included Scr,
eGFRcr, urea, and serum uric acid (SUA). The laboratory is the College of American Pathologists (CAP)-
accredited (number: 7215494). Blood samples were collected after an 8-hour fast. Samples from BC
patients were taken before treatment. Units, reference ranges, and test methods are in Supplementary
Material 2. For abnormal albumin, serum calcium would be corrected. The formula used: corrected
calcium = serum calcium +0.02 * (40 - albumin). Scr was in pmol/L2% and eGFRcr used the 2009
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formulal?'], validated in cancer
cohorts!?4. No evidence shows that any new tumor-specific formulas outperform CKD-EPI 23], For
comparison with previous studies, we also employed both the Cockcroft-Gault!®! and the abbreviated
Modification of Diet in Renal Disease (aMDRD)!?4! formulas in Supplementary Material 3. During eGFRcr
calculation, creatinine results were converted to mg/L (1 mg/L = 8.84 pmol/L) and rounded to two
decimals. CKD was classified by the 2012 Kidney Disease: Improving Global Outcomes (KDIGO) criteria.
Population monitoring could not be reassessed after 3 months, so we used a single-measurement

approach, which supports risk assessment and public health planning[25].

All breast and renal ultrasonography in this study were performed using standard ultrasound scanners.
All procedures were performed and evaluated by licensed, experienced ultrasonographers from the
Department of Ultrasound at the First Affiliated Hospital of Chongqing Medical University. The test
results were derived from specific instruments and population parameters and were ultimately classified
and diagnosed by licensed, experienced clinicians.
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All BC patients enrolled in this study underwent pathological diagnosis through histopathological
examination and immunohistochemical methods conducted by the Pathology Center of Chongqging
Medical University, with final confirmation by a certified pathologist. The center has been accredited by
the CAP. Immunohistochemical assays were performed on tumor tissue samples, with results
interpreted according to the joint guidelines established by the American Society of Clinical Oncology
(ASCO) and the CAP.

Statistical analysis

All data were processed using Microsoft Office 2021, with statistical analysis performed using R 4.3.3
and Python 3.13. This study did not impute or delete missing values. For each variable, analyses were
based on available data (the effective sample size for each variable is detailed in Supplementary
Material 3). Normality testing was conducted using the Kolmogorov-Smirnov test (K-S test) for
independent samples. Normally distributed measurement data were expressed as mean * standard
deviation (Mean * SD), while non-normally distributed measurement data were expressed as median
(lower quartile, upper quartile) [M(Q1, Q3)]. Categorical data were presented as counts (proportions) [n
(%)]. Descriptive statistics were based on valid samples. Between-group analyses were performed using
the Mann-Whitney U test for ordinal data and the chi-square test for unordered categorical data. Except
for P-values, which were retained with three decimal places, all other data were retained with two
decimal places. A two-sided P < 0.05 was considered statistically significant.

Results

Basic characteristics of participants

This study ultimately enrolled 7,052 initially diagnosed female BC patients with pathologically confirmed
diagnosis and renal function data, including Scr and eGFRcr from the CDCDBC database. The median
age was 50.00 (44.00, 58.00) years, and the median BMI was 23.23 (21.21, 25.34). Of these patients,
4,236 completed renal ultrasonography. For comparison, a control group consisting of 631,895
individuals undergoing health screening during the same period was identified, including 322,309 males
(51.01%) and 309,586 females (48.99%) with available Scr and eGFRcr data. After randomization, 70,520
female health screening controls without a history of BC were matched at a 1:10 ratio by age and
included in the control group. The age-standardized difference between the 70,520 control subjects and
the 7,052 female BC patients was 0. A Mann-Whitney U test was performed to compare the two groups'
ages, yielding no significant difference (P = 1). The median age of the control group was 50.00 (44.00,
58.00) years, and the median BMI was 22.60 (20.89, 24.67). Among them, 45,963 age-matched controls
completed renal ultrasonography. Detailed baseline characteristics of the participants are summarized in
Supplementary Material 3.

Comparison of renal function between initially diagnosed female BC patients and age-matched female
health screening controls
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The median level of Scr in BC patients was significantly higher than that in the control group [59.00
(53.00, 65.00) vs. 57.00 (51.00, 63.00) pmol/L, P < 0.001], and the proportion of hypercreatinemia in BC
patients was also significantly higher than that in the control group (7.69% vs. 5.53%, P < 0.001). The
median level of serum urea in BC patients was significantly higher than that in the control group [4.90
(4.00, 5.90) vs. 4.80 (4.00, 5.70) mmol/L, P =0.001], and the proportion of hyperuremia in BC patients
was also significantly higher than that in the control group (5.80% vs. 3.96%, P < 0.001). The median level
of SUA in BC patients was significantly lower than that in the control group [267.00 (229.00, 311.00) vs.
274.00 (236.00, 317.00) pmol/L, P < 0.001], and the proportions of high-normal uric acid (7.54% vs.
8.82%) and hyperuricemia (2.78% vs. 2.92%) in BC patients were also significantly lower than those in
the control group (P = 0.006). Compared with the control group, the median eGFRcr in BC patients was
significantly lower [101.67 (92.02, 109.12) vs. 103.69 (94.61, 110.95) ml/min/1.73m?]. After KDIGO
stratification, the proportion of patients with eGFRcr = 90 ml/min/1.73m? was lower (78.73% vs. 82.92%),
while the proportion with eGFRcr < 90 ml/min/1.73m? was higher (21.27% vs. 17.08%). Additionally, the

proportion with eGFRcr < 60 ml/min/1.73m? (defined as renal impairment or CKD) was significantly
higher (1.66% vs. 1.22%), with a statistically significant difference (P <0.001). See Table 1 for details.

Comparison of calcium, magnesium, and phosphorus levels between initially diagnosed female BC
patients and age-matched female health screening controls

Compared with the control group, the median serum calcium level was significantly lower in BC patients
[2.29 (2.23,2.36) vs. 2.33 (2.26, 2.39) mmol/L, P < 0.001]. Hypocalcemia was present in 7.07% of BC
patients at initial diagnosis, significantly higher than the 4.09% in the age-matched controls (P = 0.003).
After albumin correction, the median corrected calcium level in BC patients rebounded to 2.24 (2.18,
2.29) mmol/L, higher than the median level of 2.19 (2.13, 2.25) mmol/L in the controls (P < 0.001). Serum
magnesium in BC patients was 0.88 (0.84, 0.92) mmol/L, higher than 0.87 (0.83, 0.90) mmol/L in the
controls (P < 0.001). The median serum phosphorus level in BC patients was 1.19 (1.09, 1.30) mmol/L,
higher than 1.15 (1.05, 1.24) mmol/L in the controls (P < 0.001). Hyperphosphatemia was present in
2.36% of BC patients at initial diagnosis, significantly higher than the 0.88% in the controls (P =0.007).
See Table 2 for details.

Comparison of renal ultrasound manifestations between initially diagnosed female BC patients and
age-matched female health screening controls

The proportion of no significant abnormalities in renal ultrasound was lower in BC group than in control
group (81.73% vs. 86.99%, P < 0.001); the proportion of renal cysts in BC group was significantly higher
than in control group (12.06% vs. 7.85%, P < 0.001); the proportion of renal/ureteral stones in BC group
was significantly higher than in control group (4.23% vs. 3.13%, P < 0.001); the proportion of renal cysts
with calcification in BC group was higher than in control group (0.97% vs. 0.45%, P <0.001); the
proportion of hydronephrosis in BC group was significantly higher than in control group (0.90% vs. 0.44%,
P <0.001). No statistically significant differences were observed in other specific renal ultrasound
classifications, as detailed in Table 3.
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Comparison of other baseline characteristics between initially diagnosed female BC patients and age-
matched female health screening controls

The age of the BC study population and the female age-matched controls, after 1:10 age matching, was
50.00 (44.00, 58.00) years. The BMI of the BC group was higher than that of the control group [23.23
(21.21, 25.34) vs. 22.60 (20.89, 24.67)]. The median serum albumin level in the BC group was lower than
that in the control group [43.00 (40.00, 46.00) vs. 46.00 (44.00, 48.00) g/L]. Approximately 20.24% of
women with BC had hypoalbuminemia at initial diagnosis, significantly higher than the 0.68% in the age-
matched controls. All comparisons except for age (P = 1) were statistically significant (P <0.001), as
detailed in Table 4.

Discussion

This retrospective cross-sectional study was the first to incorporate renal function indicators and renal
ultrasound classification data from a large sample of Chinese women with initially diagnosed BC, and to
compare them with age-matched female health screening controls to explore renal health status in these
women. The study data results showed that 21.27% of women with BC had a 2009 CKD-EPI eGFRcr
below 90 ml/min/1.73m? at initial diagnosis, 1.66% had a 2009 CKD-EPI eGFRcr below 60
ml/min/1.73m?, 7.07% had concurrent hypocalcemia, 2.36% had concurrent hyperphosphatemia, 20.24%
had concurrent hypoalbuminemia, 12.06% had concurrent renal cysts, 4.23% had concurrent
renal/ureteral stones, and 0.90% had concurrent hydronephrosis. These data were significantly higher
than those of age-matched female health screening populations, but the median level and proportion of
elevated SUA in women with initially diagnosed BC were lower than those in age-matched controls. This
suggests that Chinese women with initially diagnosed BC exhibit poorer renal function, lower SUA levels,
and higher rates of hypocalcemia, hyperphosphatemia, hypoalbuminemia, and renal ultrasound
abnormalities such as cysts and stones. Meanwhile, since the control group comprised age-matched
female health screening population, age was controlled as a confounding variable. This suggests that
the nephrological characteristics of BC in these initially diagnosed women may not be age-related, but
rather reflect intrinsic renal changes or other factors directly or indirectly related to BC. The underlying
mechanisms of this association warrant further investigation.

The renal function of Chinese women with initially diagnosed BC is significantly lower than that of age-
matched women in routine physical examinations, possibly because a considerable proportion of BC
patients may have pre-existing reduced renal function and its risk factors. First, renal impairment may be
an indirect result of common comorbidities such as diabetes and hypertension®. On one hand, the
kidneys are target organs attacked by common comorbidities of BC, including diabetes, hypertension,
and obesity[® 1526 on the other hand, to treat these comorbidities, some individuals begin taking

nephrotoxic drugs before being diagnosed with BC27 281, Dye to limited endogenous repair capacity!2?,
damaged kidney cells cannot fully restore normal function, leading to gradual progression toward

CKD[30], which in turn reduces renal function. Second, unlike in other countries, traditional Chinese herbal
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medicine, as a Chinese method for treating breast diseases, has a history of thousands of years and is

still widely used in the early observation of suspicious breast nodules3'~3¢!. However, the active
components of natural compounds in Chinese herbal medicine are relatively complex, and some herbal

ingredients exhibit varying degrees of nephrotoxicity[37].

Patients with BC often exhibit impaired renal function, which may be attributed to the inherent
association between declining renal function and an elevated risk of malignant breast tumors®. Multiple
studies have identified diverse intersection points between breast and kidney diseases: Obesity and
insulin resistance may share a common pathological basis for endocrine-related disorders such as CKD
and BCP38!: the breast cancer susceptibility gene BRCA1 plays a pivotal role in renal repair following
injury[39]; tumors themselves may exert direct, remote damage to the kidneys by secreting specific
factors. A 2023 study by Wenhao Xu's team, published in Nature, revealed a novel antidiuretic pathway
mediating cross-species tumor-kidney crosstalk that directly acts on renal tubules to inhibit their
drainage function, leading to fluid retention and renal dysfunction["'o]. Additionally, tumors can induce
paraneoplastic glomerulopathy[‘”], allowing tumor-associated immune complexes to deposit in the
glomeruli, triggering in situ immune inflammation manifested as IgA nephropathy and causing direct
renal damage[42]. Furthermore, preclinical studies have demonstrated that even in the absence of renal
metastases, certain types of BC can independently alter the physiology and function of the kidneys in
mice, independent of strain and gender, providing direct biological evidence for the observed early
decline in renal function!43l. Lastly, as regulators of systemic metabolic homeostasis, the kidneys are
susceptible to electrolyte imbalances, malnutrition, and reduced muscle mass during cancer
development and remodeling, which can impair renal function®!.

Pre-existing renal impairment can serve as a risk factor for increased BC risk, resulting in significantly
lower renal function in China's female BC patients compared to age-matched female health screening
populations. This is because declining renal function can have multiple effects on the body, such as:
residual uremic toxins in CKD patients can inhibit the operation of various genes and normal
functionst4] potentially elevating the risk of BC; during CKD, the composition of gut microbiota
changes[45], which can modulate circulating estrogen levels and thereby influence the pathogenesis of

estrogen-driven breast tumors!#®l. These systemic changes, caused by renal impairment, may
significantly impact the occurrence, progression, and detection of BC. Taken together, these findings
suggest a bidirectional relationship where renal impairment predisposes to BC, and BC may accelerate
subsequent renal function deterioration.

BC patients had significantly lower median SUA levels and fewer cases of elevated SUA compared to the
control group, supporting the hypothesis that SUA may be negatively correlated with or a potential

protective factor for BC*7l This may be because uric acid provides antioxidant defense in the human
body, which can counteract the effects of oxidants and free radicals on aging and cancer!*8l. However,
several studies indicate that SUA concentration is not linked to BC incidence[49], or that elevated SUA are

Page 9/16



associated with a higher risk of BC!5%. Among studies hypothesizing a dose-response relationship
between SUA and cancer risk and survival'=54 some suggest a "J"-shaped relationship!5Z, others
propose a "U"-shaped relationship[®3l, and still others indicate a linear relationship®¥. Although the
kidneys excrete only 10% of SUA, the remaining 90% is reabsorbed, making the kidneys the primary site
of SUA excretion!®. In patients with CKD, each 10 mL/min/1.73m? decline in eGFR was associated with
an average SUA elevation of approximately 20 umoI/L[s‘”. In studies evaluating the correlation between
SUA and BC, a significant proportion of cohorts did not control for, correct for, or stratify by renal
function(*® 51-53] which may be one of the underlying reasons for the current controversy regarding the
association between SUA and BC. This suggests that link between SUA and BC risk is likely influenced by
other variables, such as renal function, which require further investigation.

Patients with BC are at higher risk of hypocalcemia, hyperphosphatemia, and malnutrition
(hypoproteinemia) at initial diagnosis. However, after albumin correction, the proportion of BC patients
with normal corrected calcium levels was significantly elevated compared to the control group,
indicating that hypocalcemia in female BC patients at initial diagnosis is largely due to hypoproteinemia.
Therefore, when assessing serum calcium levels in cancer patients, corrected calcium should be used
instead of uncorrected calcium. Previous studies have also found that patients with malignant tumors
often exhibit reduced protein intake, malnutrition, decreased muscle mass, and various serum electrolyte
abnormalities such as hypocalcemia, hypercalcemia, hyperphosphatemia, and hypermagnesemialg]. In
many cases, these electrolyte disturbances are caused by common etiologies rather than by underlying
malignancies. However, in other cases, these electrolyte disturbances serve as signals of neoplastic
processes, indicating a poor prognosis[56]. Thus, in cancer patients with abnormal albumin levels, the use
of albumin-corrected calcium is crucial for accurate assessment of serum calcium.

Meanwhile, this study also revealed the potentially significant role of renal cysts in oncology and
nephrology. As a common disease, the incidence of renal cysts rises with advancing age[57]. Currently,
there is limited research on simple renal cysts[®8, which may be attributed to the previous belief that
solitary or few renal cysts lack clinical signiﬁcancelsg], and that simple renal cysts are often
asymptomatic and rarely receive clinical intervention or attention®®. However, emerging evidence

suggests that renal cysts may correlate with various diseases, such as hypertension, diabetes, vascular
diseases, proteinuria, renal sclerosis, renal/ureteral stones, and hyperuricemia, and may represent an

early manifestation of renal dysfunction!®®=4l. No prior studies have investigated the correlation
between renal cysts and BC. This is the first study to report a significantly higher proportion of renal
cysts in BC patients. This may be attributable to the lower renal function observed in the breast cancer
group. Another possible reason is that many comorbidities of BC are also risk factors for renal cysts[S'
65] meaning a considerable proportion of initially diagnosed BC patients already have renal cysts and
their risk factors. This suggests that clinicians and researchers in oncology and nephrology should pay
closer attention to renal cysts and conduct more in-depth studies of their mechanisms.

Page 10/16



This study has several strengths: (1) As the first large-scale study in China focusing on renal function
and ultrasound manifestations in initially diagnosed BC patients, it fills the evidence gap in Asian
onconephrology; (2) The large sample size (7,052 BC patients and 70,520 age-matched controls)
ensures sufficient statistical power; (3) Rigorous age-matching minimizes age-related confounding and
improves group comparability; (4) Integration of renal function indicators and ultrasound data enables
comprehensive renal assessment; (5) Standardized data collection and statistical methods ensure result
reproducibility; (6) Focusing on pretreatment patients avoids anti-tumor therapy-related confounding.
This study may also have certain limitations: (1) As a cross-sectional observational study, it can only
reveal associations but cannot establish causal relationships; (2) The urine albumin/creatinine ratio is
also an important indicator for CKD assessment!®®l but this study only provided evidence related to
eGFRcr; (3) eGFRcr is derived from serum creatinine levels, which are subject to various confounding
factors. This retrospective data may not fully capture all potential serum creatinine confounders, such as
diet, hydration status, muscle mass, and history of over-the-counter medication use; (4) In this study,
comorbidities potentially influencing renal function—including diabetes, hypertension, and
cardiovascular disease, were not excluded or adjusted for as confounders; (5) Due to sample and data
limitations, other variables in this study, apart from Scr and eGFRcr, had missing values, which may lead
to selection bias. Future studies could further conduct cohort studies or randomized controlled trials to
control for confounders, incorporating more sensitive biomarkers such as urinary protein, urine
albumin/creatinine ratio, cystatin C, and 2 microglobulin, as well as more comprehensive imaging
studies like computed tomography (CT) of the urinary system, and more precise pathological evidence of
the kidneys. Long-term follow-up of these indicators could provide a more accurate assessment of renal
health in BC patients.

Conclusion

Chinese women with initially diagnosed BC exhibit poorer renal function, lower SUA levels, and higher
rates of hypocalcemia, hyperphosphatemia, hypoalbuminemia, and renal ultrasound abnormalities such
as cysts and stones. Moreover, the aforementioned renal characteristics of initially diagnosed female BC
may not be caused by age but rather by intrinsic renal changes or other factors directly or indirectly
related to BC, and the specific mechanisms warrant further investigation. This understanding requires
clinicians to pay attention to renal conditions at the initial stage of BC diagnosis and treatment, and
integrate them into individualized treatment and long-term follow-up plans to improve patients' overall
prognosis and quality of life.

Declarations

Acknowledgement The authors gratefully acknowledge the support from the related hospitals and all the
participants for sharing data in this study.

Author contribution B.-Q.P,, Z.-H.B., X.-Q.Q., L.-Y.M., X.-C.C., and X.-R.L. collected and analyzed the data.
B.-Q.P. drafted the original manuscript. L.-Q.K. conceived and supervised the study. Q.P. and D.-L.L.

Page 11/16



contributed to data interpretation and manuscript revision. All authors reviewed and approved the final
manuscript.

Data availability The data that support the findings of this study are available from the first author upon
reasonable request. The data are not publicly available due to privacy or ethical restrictions.

Funding This research received no external funding.
Competing interests The authors declare no competing interests.

Ethics approval and consent to participate This study was approved by the Ethics Committee of the First
Affiliated Hospital of Chongqing Medical University. All procedures performed involving human
participants were in accordance with the ethical standards of the institutional research committee and
with the 1964 Declaration of Helsinki and its later amendments. Informed consent was not obtained as
this was a retrospective study, meeting the requirements for the informed consent waiver.

Consent for publication All authors consented to publication.

References

1. Siegel, R.L., et al., Cancer statistics, 2025. CA Cancer J Clin, 2025. 75(1): p. 10-45.

2. Kim, J., et al,, Global patterns and trends in breast cancer incidence and mortality across 185
countries. Nat Med, 2025. 31(4): p. 1154-1162.

3. Land, L.H., et al., Comorbidity and survival after early breast cancer. A review. Crit Rev Oncol
Hematol, 2012. 81(2): p. 196-205.

4. Finkel, KW. and S.C. Howard, Onco-nephrology: an invitation to a new field. J Clin Oncol, 2014.
32(22): p. 2389-90.

5. Ewertz, M, et al., Influence of specific comorbidities on survival after early-stage breast cancer. Acta
Oncol, 2018. 57(1): p. 129-134.

6. Launay-Vacher, V,, et al., Prevalence of Renal Insufficiency in cancer patients and implications for
anticancer drug management: the renal insufficiency and anticancer medications (IRMA) study.
Cancer, 2007. 110(6): p. 1376-84.

7. Janus, N., et al., Cancer and renal insufficiency results of the BIRMA study. Br J Cancer, 2010.
103(12): p. 1815-21.

8. Launay-Vacher, V., et al., Prevalence of renal insufficiency in breast cancer patients and related
pharmacological issues. Breast Cancer Res Treat, 2010. 124(3): p. 745-53.

9. Rosner, M.H., et al., Onconephrology: The intersections between the kidney and cancer. CA Cancer J
Clin, 2021. 71(1): p. 47-77.

10. Iff, S., et al., Reduced estimated GFR and cancer mortality. Am J Kidney Dis, 2014. 63(1): p. 23-30.

Page 12/16



11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Abudayyeh, A.A., A. Lahoti and A K. Salahudeen, Onconephrology: the need and the emergence of a
subspecialty in nephrology. Kidney Int, 2014. 85(5): p. 1002-4.

He, G., et al., Chronic kidney disease burden from 1990 to 2023 in China: national and provincial
insights from the Global Burden of Diseases study 2023. The Lancet Regional Health-Western
Pacific, 2025: p. 101776.

Wang, L., et al., Prevalence of Chronic Kidney Disease in China: Results From the Sixth China Chronic
Disease and Risk Factor Surveillance. JAMA Intern Med, 2023. 183(4): p. 298-310.

Wang, Y., S. Fan and W. Wang, Knowledge mapping and visualized analysis of research progress in
onconephrology: a bibliometric analysis. Ren Fail, 2025. 47(1): p. 2477302.

Herrington, W.G., et al., Chronic kidney disease. The Lancet, 2026. 407(10523): p. 90-104.

Wong, G., J.R. Chapman and J.C. Craig, Cancer screening in renal transplant recipients: what is the
evidence? Clin J Am Soc Nephrol, 2008. 3 Suppl 2(Suppl! 2): p. S87-S100.

Stoecker, J.B., et al., Utility of mammography for chronic kidney disease patients undergoing kidney
transplant evaluation. Clin Transplant, 2016. 30(4): p. 445-51.

Chang, W, et al., Risks of female genital tract related cancers (gynecological cancers) or breast
cancer in women with and without chronic kidney disease: A population-based cohort study in
Taiwan. Medicine (Baltimore), 2018. 97(12): p. e0157.

Ma, C., et al., Prevalence and risk factors of thyroid nodules in breast cancer women with different
clinicopathological characteristics: a cross-sectional study. Clin Transl Oncol, 2024. 26(9): p. 2380-
2387.

Miller, W.G., et al., National Kidney Foundation Laboratory Engagement Working Group
Recommendations for Implementing the CKD-EPI 2021 Race-Free Equations for Estimated
Glomerular Filtration Rate: Practical Guidance for Clinical Laboratories. Clin Chem, 2022. 68(4): p.
511-520.

Levey, A.S,, et al., A new equation to estimate glomerular filtration rate. Ann Intern Med, 2009.
150(9): p. 604-12.

Janowitz, T, et al., New Model for Estimating Glomerular Filtration Rate in Patients With Cancer. J
Clin Oncol, 2017. 35(24): p. 2798-2805.

Dooley, M.J., S.G. Poole and D. Rischin, Dosing of cytotoxic chemotherapy: impact of renal function
estimates on dose. Ann Oncol, 2013. 24(11): p. 2746-52.

Zhang, L., et al., Prevalence of chronic kidney disease in China: a cross-sectional survey. Lancet,
2012. 379(9818): p. 815-22.

Stevens, P.E. and A. Levin, Evaluation and management of chronic kidney disease: synopsis of the
kidney disease: improving global outcomes 2012 clinical practice guideline. Ann Intern Med, 2013.
158(11): p. 825-30.

Anumas, S., P. Rattanapanop and P. Pattharanitima, Predictors of rapid eGFR decline in early to
moderate chronic kidney disease (stages G1-G4): insights from a real-world Thai cohort

Page 13/16



27.

28.
29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

incorporating KDIGO 2024 guidelines. Ren Fail, 2025. 47(1): p. 2593732.

Campbell, R.E., C.H. Chen and C.L. Edelstein, Overview of Antibiotic-Induced Nephrotoxicity. Kidney
Int Rep, 2023. 8(11): p. 2211-2225.

Naughton, C.A., Drug-induced nephrotoxicity. Am Fam Physician, 2008. 78(6): p. 743-50.

Slaats, G.G,, et al., Advances and potential of regenerative medicine in pediatric nephrology. Pediatr
Nephrol, 2024. 39(2): p. 383-395.

Polonsky, M., et al., Spatial transcriptomics defines injury specific microenvironments and cellular
interactions in kidney regeneration and disease. Nat Commun, 2024. 15(1): p. 7010.

Li, S., et al., Tailoring traditional Chinese medicine in cancer therapy. Mol Cancer, 2025. 24(1): p. 27.

Yuan, J., et al.,, Traditional Chinese medicine for breast cancer treatment: a bibliometric and
visualization analysis. Pharm Biol, 2024. 62(1): p. 499-512.

Yang, Z., et al.,, The signaling pathways and targets of traditional Chinese medicine and natural
medicine in triple-negative breast cancer. J Ethnopharmacol, 2021. 264: p. 113249.

Song, P, et al., Traditional Chinese medicine in the treatment of breast Cancer. Mol Cancer, 2025.
24(1): p. 209.

Li, X., et al., Mechanisms of Traditional Chinese Medicine in the Treatment of Mammary Gland
Hyperplasia. Am J Chin Med, 2017. 45(3): p. 443-458.

Xujie, Y. and P. Xiaohua, Value and influencing factors of valid Traditional Chinese Medicine
compound prescription patents for mammary gland hyperplasia. J Tradit Chin Med, 2022. 42(6): p.
1012-1018.

Yang, B, et al., Nephrotoxicity and Chinese Herbal Medicine. Clin J Am Soc Nephrol, 2018. 13(10): p.
1605-1611.

Mirabelli, M., et al., Mediterranean Diet Nutrients to Turn the Tide against Insulin Resistance and
Related Diseases. Nutrients, 2020. 12(4): p. 1066.

Ajay, A.K., et al., Breast cancer gene-1 (BRCA1) potentiates maladaptive repair after kidney injury. J
Exp Med, 2025. 222(6).

Xu, W,, et al., A novel antidiuretic hormone governs tumour-induced renal dysfunction. Nature, 2023.
624(7991): p. 425-432.

Perazella, M.A., Onco-nephrology: renal toxicities of chemotherapeutic agents. Clin J Am Soc
Nephrol, 2012. 7(10): p. 1713-21.

Taira, S., et al., Immunoglobulin A-dominant membranoproliferative glomerulonephritis-like pattern
of injury as a possible paraneoplastic nephropathy in a breast cancer patient. CEN Case Rep, 2025.
14(2): p. 217-223.

Hammouri, D., et al., Remote organ cancer induces kidney injury, inflammation, and fibrosis and
adversely alters renal function. Am J Physiol Renal Physiol, 2025. 328(2): p. F272-F288.

Mutsaers, H.A.M.,, et al., Uremic toxins inhibit transport by breast cancer resistance protein and
multidrug resistance protein 4 at clinically relevant concentrations. PLoS One, 2011. 6(4): p. e18438.

Page 14/16



45.

46.

47.

48.

49.

50.

o1.

92.

53.

o4.

99.

56.

o7.

58.

59.

60.

61.

62.

Jelveh Moghaddam, E., et al., Gut microbiota alterations in renal transplant recipients and the risk of
urinary tract infection and delayed graft function: A preliminary prospective study. Urologia, 2024.
91(4): p. 781-787.

Gamba, G., et al., Gut microbiota and breast cancer: systematic review and meta-analysis. Breast
Cancer, 2025. 32(2): p. 242-257.

Xue, X., et al., Associations between serum uric acid and breast cancer incidence: A systematic
review and meta-analysis. Am J Med Sci, 2024. 368(6): p. 610-620.

Ames, B.N,, et al., Uric acid provides an antioxidant defense in humans against oxidant- and radical-
caused aging and cancer: a hypothesis. Proc Natl Acad Sci U S A, 1981. 78(11): p. 6858-62.

Hiatt, R.A. and B.H. Fireman, Serum uric acid unrelated to cancer incidence in humans. Cancer Res,
1988. 48(10): p. 2916-8.

Li, Z., et al., Serum uric acid and its metabolism-a vital factor in the inflammatory transformation of
cancer. J Adv Res, 2025.

Strasak, A.M,, et al., The role of serum uric acid as an antioxidant protecting against cancer:
prospective study in more than 28 000 older Austrian women. Ann Oncol, 2007. 18(11): p. 1893-7.

Fan, K., T. Sun and F. Yin, J-shaped association between uric acid and breast cancer risk: a
prospective case-control study. J Cancer Res Clin Oncol, 2023. 149(10): p. 7629-7636.

Yang, L., et al., Association between serum uric acid and the risk of breast cancer: A meta-analysis
of observational studies. Int J Biol Markers, 2025. 40(1): p. 35-45.

Wu, S, et al., Serum uric acid levels and health outcomes in CKD: a prospective cohort study.
Nephrol Dial Transplant, 2024. 39(3): p. 510-519.

Alvarez-Lario, B. and J. Macarrén-Vicente, Uric acid and evolution. Rheumatology (Oxford), 2010.
49(11): p. 2010-5.

Rosner, M.H. and A.C. Dalkin, Electrolyte disorders associated with cancer. Adv Chronic Kidney Dis,
2014. 21(1): p. 7-17.

Chang, C., et al.,, Prevalence and clinical characteristics of simple renal cyst. J Chin Med Assoc,
2007.70(11): p. 486-91.

Malkhasyan, V.A,, et al., [Effect of a simple kidney cyst on renal function]. Urologiia, 2023(4): p. 75-
81.

Al-Said, J., et al., Reduced renal function in patients with simple renal cysts. Kidney Int, 2004. 65(6):
p. 2303-8.

Desai, D,, et al., Percutaneous Renal Cyst Ablation and Review of the Current Literature. J Endourol
Case Rep, 2016. 2(1): p. 11-3.

Qiu, W,, et al., Simple Cysts in Donor Kidney Contribute to Reduced Allograft Function. Am J Nephrol,
2017. 45(1): p. 82-88.

Kwon, T., et al., Simple renal cyst and renal dysfunction: A pilot study using dimercaptosuccinic acid
renal Scan. Nephrology (Carlton), 2016. 21(8): p. 687-92.

Page 15/16



63. Boo, H.J., et al., The presence of simple renal cysts is associated with an increased risk of
albuminuria in young adults. Korean J Intern Med, 2022. 37(2): p. 425-433.

64. Chen, J., et al., Association between simple renal cyst and kidney damage in a Chinese cohort study.
Ren Fail, 2019. 41(1): p. 600-606.

65. Wu, H., et al,, Simple renal cysts are associated with increased arterial stiffness in a Taiwanese
population. Hypertens Res, 2019. 42(7): p. 1068-1073.

66. Fox, C.S., et al., Associations of kidney disease measures with mortality and end-stage renal disease
in individuals with and without diabetes: a meta-analysis. Lancet, 2012. 380(9854): p. 1662-73.

Tables

Tables 1 to 4 are available in the supplementary files section

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

SupplementaryMaterial1.Enrollmentflowchartsandagematchedbalanceanalysis.docx

SupplementaryMaterial2.xIsx

SupplementaryMaterial3.xIsx

Tables.docx

Page 16/16


https://assets-eu.researchsquare.com/files/rs-9040838/v1/846c16a5ac36fec92f7ea615.docx
https://assets-eu.researchsquare.com/files/rs-9040838/v1/5569758d6a59354a8516246c.xlsx
https://assets-eu.researchsquare.com/files/rs-9040838/v1/c703a223d837f8c2cde595de.xlsx
https://assets-eu.researchsquare.com/files/rs-9040838/v1/b49dfa20f86719d6c2915077.docx

