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Renal cell carcinoma (RCC) can lead to various paraneoplastic syndromes, both endocrine and
non-endocrine. Endocrine manifestations include hypercalcemia, hypertension, polycythemia,
galactorrhea, Cushing’s syndrome, and alterations in glucose metabolism. These syndromes are
not necessarily indicative of metastatic disease or poor prognosis but can present as paraneoplastic
manifestations of primary or recurrent RCC. Understanding these manifestations is crucial for
diagnosis and treatment, as they may be the initial signs of the disease.
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Implication for health policy/practice/research/medical education:

Kidney cancers can lead to endocrine manifestations such as paraneoplastic syndromes. These syndromes include hypercalcemia,

erythrocytosis, hypertension, and Cushing’s syndrome.
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Introduction

Renal tumors can be classified into benign and malignant
types. Kidney cancers can have various pathologic
features, including clear cell renal cell carcinoma (RCC)
as the most common type (in approximately 90% of all
kidney cancers), papillary RCC, chromophobe RCC, and
collecting duct carcinoma (1,2). Other less common types
include renal medullary carcinoma, translocation RCC,
and oncocytoma. Each type has distinct characteristics
and may require different treatment approaches (1-3).
Within RCC, there are several subtypes, including clear
cell RCC, papillary RCC, chromophobe RCC, and other
rare subtypes. Each of these subtypes has unique histologic
and molecular characteristics (1,3,4). Clear cell RCC is
the most common subtype and is characterized by clear or
pale cytoplasm due to the accumulation of glycogen and
lipids (5). Papillary RCC is characterized by tumor cells
arranged in papillary structures, while chromophobe RCC
is composed of large cells with prominent cell membranes

and distinct cell borders (5). Other less common types of
kidney cancer include transitional cell carcinoma, which
originates from the renal pelvis, and Wilms tumor, which
is a type of renal cancer that primarily affects children. In
addition to these primary types of kidney cancer, there
are also various histologic and molecular variations within
each subtype that can impact the behavior and prognosis
of the disease. These tumors can exhibit endocrine
manifestations due to the production of hormones or
hormone-like substances. These manifestations may
include parancoplastic syndromes, hormonal disorders,
and other related symptoms (1,2,6). This mini-review
paper aims to summarize the endocrine manifestations
associated with renal tumors.

Search strategy

For this study, we searched PubMed, Web of Science,
EBSCO, Scopus, Google Scholar, Directory of Open
Access Journals (DOAJ) and Embase, using different
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keywords including kidney cancers, renal cell carcinoma,
paraneoplastic syndrome, hypercalcemia, clear cell renal
cell carcinoma and renal tumor.

Endocrine features of renal cell carcinoma

Renal cell carcinoma can have various endocrine
manifestations due to its effects on hormone production
and metabolism (1-3). RCC can lead to the overproduction
of erythropoietin, which results in polycythemia (7). In
some cases, it can produce parathyroid hormone-related
protein that leads to hypercalcemia (8). In rare cases, RCC
can produce adrenocorticotropic hormone, a hormone
that stimulates the production of cortisol by the adrenal
glands. This condition results in Cushing’s syndrome (9).
Additionally, kidney cancers can produce insulin-like
growth factor 1, a peptide that promotes cell growth and
division, which can lead to acromegaly (10). RCC can also
produce renin or renin-like substances, causing secondary
hypertension (11). Previous studies showed that RCC can
also produce estrogen or androgen, causing feminization
or masculinization, respectively. Moreover, these tumors
may provoke a febrile response due to the release of
(1-3,11,12).  Additionally,

unintentional weight loss can occur in patients with

inflammatory  cytokines
renal tumors due to the metabolic effects of the tumor
or associated systemic symptoms. These patients may
experience fatigue as a result of anemia, metabolic
disturbances, or the overall burden of the disease (14).
Other uncommon manifestations included galactorrhea
and alterations in glucose metabolism (15). These
endocrine abnormalities are not necessarily indicative
of metastatic disease or poor prognosis, but can present
as initial signs of primary or recurrent RCC (15,16).
In rare cases, anemia, neuromyopathies, vasculopathy,
nephropathy, coagulopathy and elevated prostaglandins
were reported (17). Paraneoplastic glomerulopathies, such
as membranous nephropathy, have also been reported
with RCC, though less commonly than with other solid
tumors (18).

Prognosis of patients with paraneoplastic syndrome in
RCC

The prognosis for patients with paraneoplastic syndromes
in RCC varies based on the specific syndrome and its
impacton the disease (19). The study by Sun etal to analyze
the non-metastatic RCC individuals undergoing surgery
showed that the presence of parancoplastic syndromes
was associated with older age, higher comorbidity,
advanced tumor stage, and aggressive tumor histology
(20). While patients with parancoplastic syndromes
had worse estimated recurrence-free survival, cancer-
specific survival, and overall survival rates, adjusting for
known prognostic factors showed that the presence of
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paraneoplastic syndromes was not strongly independently
related with recurrence or death (20). Another study
reported that the prevalence of paraneoplastic syndromes
in RCC patients was 24.4%, with symptomatic patients
having more syndromes and higher stages of RCC (20).
Other studies also showed elevated ESR was the most
common parameter, and symptomatic patients had
a higher prevalence of parancoplastic syndromes and
more advanced RCC staging (20-22). Among various
parancoplastic syndromes, Stauffer’s syndrome was
significantly associated with a poor outcome in RCC
patients (21,22). Persistent leukocytosis, though rare,
was also noted as a feature of paraneoplastic syndromes.
Moreover, the presence of parancoplastic signs and
symptoms was correlated with poor survival in previous

studies (23-25).

Conclusion

Renal cell carcinoma can lead to a wide range of
paraneoplastic syndromes, both endocrine and non-
endocrine in nature. Understanding these manifestations
is crucial for early diagnosis and treatment, as they may be
the initial presentation of the malignancy.

Authors’ contribution

Conceptualization: Ali Thoulfikar A. Imeer.

Data curation: Ali Thoulfikar A. Imeer, Omer Mansib
Kassid, Raghad Noori Nawaf.

Investigation: All authors.

Resources: Qais R. Lahhob, Hussein Ali Al-Bahrani,
Maytham Ahmed AbdulAemah.

Supervision: Ali Thoulfikar A. Imeer.

Validation: Abdul Amir H. Kadhum.

Visualization: Ali Thoulfikar A. Imeer

Writing-original draft: Ali Thoulfikar A. Imeer.
Writing-review and editing: All authors.

Conflicts of interest
The authors declare that they have no competing interests.

Ethical issues
Ethical issues (including plagiarism, data fabrication,
double publication) have been completely observed by
the authors.

Declaration of generative Al and Al-assisted technologies
in the writing process

During the preparation of this work, the authors utilized
Perplexity to refine grammar points and language style in
writing. Subsequently, the authors thoroughly reviewed
and edited the content as necessary, assuming full
responsibility for the publication’s content.

https:/ /nephropathol.com


https://nephropathol.com

Funding/Support

None.

References

1.

10.

11.

12.

13.

Muglia VE Prando A. Renal cell carcinoma: histological
classification and correlation with imaging findings. Radiol
Bras. 2015;48:166-74. doi: 10.1590/0100-3984.2013.1927.
Arora RD, Limaiem E Renal Clear Cell Cancer. [Updated
2023 Jan 1]. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2024 Jan-. Available from: hetps://
www.ncbi.nlm.nih.gov/books/NBK563230/.

Sepe P, Ottini A, Pircher CC, Franza A, Claps M, Guadalupi
V, et al. Characteristics and Treatment Challenges of
Non-Clear Cell Renal Cell Carcinoma. Cancers (Basel).
2021;13:3807. doi: 10.3390/cancers13153807.

Kim M, Joo JW, Lee SJ, Cho YA, Park CK, Cho NH.
Comprehensive Immunoprofiles of Renal Cell Carcinoma
Subtypes. Cancers (Basel). 2020 Mar 5;12:602. doi: 10.3390/
cancers12030602.

Inamura K. Renal Cell Tumors: Understanding Their
Molecular Pathological Epidemiology and the 2016 WHO
Classification. Int J Mol Sci. 2017 Oct 20;18:2195. doi:
10.3390/ijms18102195.

Pandey J, Syed W. Renal Cancer. [Updated 2023 Aug 8].
In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2024 Jan-. Available from: https://www.ncbi.
nlm.nih.gov/books/NBK558975/.

Kopel J, Sharma P, Warriach I, Swarup S. Polycythemia
with Renal Cell Carcinoma and Normal Erythropoietin
Level. Case Rep Urol. 2019;2019:3792514. doi:
10.1155/2019/3792514.

Karki S, Galiveeti S, Leung V. Hypercalcemia and Renal
Mass: A Diagnostically Challenging Case.
2021;13:e16718.  doi:  10.7759/cureus.16718.
Allen M]J, Sharma S. Physiology, Adrenocorticotropic
Hormone (ACTH) [Updated 2023 Aug 8]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2024
Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/
NBK500031/.

Tracz AE Szczylik C, Porta C, Czarnecka AM. Insulin-like
growth factor-1 signaling in renal cell carcinoma. BMC
Cancer. 2016;16:453. doi: 10.1186/512885-016-2437-4.
Torricelli FC, Marchini GS, Colombo JR Jr, Coelho
RE, Nahas WC, Srougi M. Nephron-sparing surgery for

Cureus.

treatment of reninoma: a rare renin secreting tumor causing
secondary hypertension. Int Braz ] Urol. 2015;41:172-6. doi:
10.1590/81677-5538.1BJU.2015.01.23.

Braun H, Nash R, Tangpricha V, Brockman J, Ward K,
Goodman M. Cancer in Transgender People: Evidence and
Methodological Considerations. Epidemiol Rev. 2017;39:93-
107. doi: 10.1093/epirev/mxw003.

Huang GY, Liu YS, Chen XW, Liang YQ, Liu SS, Yang

YY, et al. Feminization and masculinization of western

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Renal tumors

mosquitofish (Gambusia affinis) observed in rivers impacted
by municipal wastewaters. Sci Rep. 2016;6:20884. doi:
10.1038/srep20884.

Larkin JM, Pyle LM, Gore ME. Fatigue in renal cell carcinoma:
the hidden burden of current targeted therapies. Oncologist.
2010;15:1135-46.doi: 10.1634/theoncologist.2010-0078.
Palapattu GS, Kristo B, Rajfer J. Paraneoplastic syndromes in
urologic malignancy: the many faces of renal cell carcinoma.
Rev Urol. 2002;4:163-70.

Dabestani S, Thorstenson A, Lindblad P, Harmenberg U,
Ljungberg B, Lundstam S. Renal cell carcinoma recurrences
and metastases in primary non-metastatic patients: a
population-based study. World J Urol. 2016;34:1081-6. doi:
10.1007/s00345-016-1773-y.

Palapattu GS, Kristo B, Rajfer J. Paraneoplastic syndromes in
urologic malignancy: the many faces of renal cell carcinoma.
Rev Urol. 2002;4:163-70.

Zhang X, Khurana A, Hirani S, Kidd J, Paul A. Paraneoplastic
glomerulonephropathy associated with renal cell carcinoma:
a descriptive analysis of published reports. Cureus. 2023 Mar
30;15:€36928. doi: 10.7759/cureus.36928.

Moreira DM, Gershman B, Lohse CM, Boorjian SA,
Cheville JC, Leibovich BC, et al. Paraneoplastic syndromes
are associated with adverse prognosis among patients with
renal cell carcinoma undergoing nephrectomy. World J Urol.
2016;34:1465-72. doi: 10.1007/s00345-016-1793-7.

Sun R, Breau RH, Mallick R, Tanguay S, Pouliot F, Kapoor
A, et al. Prognostic impact of paraneoplastic syndromes on
patients with non-metastatic renal cell carcinoma undergoing
surgery: Results from Canadian Kidney Cancer information
system. Can Urol Assoc J. 2021;15:132-137. doi: 10.5489/
cuaj.6833.

Mingarcha S, Kanjanatarayon S, Binsri N, Siriboonrid
S. Parancoplastic syndrome of renal cell carcinoma in
Phramongkutklao Hospital. Insight Urol. 2019;40:56-60.
Novacescu D, Feciche BO, Cumpanas AA, Bardan R, Rusmir
AV, Bitar YA, et al. Contemporary Clinical Definitions,
Differential Diagnosis, and Novel Predictive Tools for Renal
Cell Carcinoma. Biomedicines. 2022;10:2926. doi: 10.3390/
biomedicines10112926.

Ikuerowo SO, Ojewuyi OO, Omisanjo OA, Abolarinwa AA,
Bioku M]J, et al. Paraneoplastic syndromes and oncological
outcomes in renal cancer. Niger J Clin Pract. 2019;22:1271-
1275. doi: 10.4103/njcp.njep_35_19.

Warli SM, Andy A, Prapiska FE Siregar GP, Sihombing B.
Poor prognosis of urothelial carcinoma in patients presented
with persistent paraneoplastic leukocytosis with anemia. Urol
Ann. 2022;14:328-331. doi: 10.4103/ua.ua_187_21.
Izard JP, Gore JL, Mostaghel EA, Wright JL, Yu EY. Persistent,
unexplained leukocytosis is a paranecoplastic syndrome
associated with a poor prognosis in patients with urothelial
carcinoma. Clin Genitourin Cancer. 2015;13:e253-¢258.
doi:  10.1016/j.clge.2015.02.008.

Copyright © 2025 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted

use, distribution, and reproduction in any medium, provided the original work is properly cited.

https:/ /nephropathol.com

Journal of Nephropathology, Vol 14, No 3, July 2025 3


https://nephropathol.com
https://www.ncbi.nlm.nih.gov/books/NBK563230/
https://www.ncbi.nlm.nih.gov/books/NBK563230/
https://www.ncbi.nlm.nih.gov/books/NBK558975/
https://www.ncbi.nlm.nih.gov/books/NBK558975/
https://www.ncbi.nlm.nih.gov/books/NBK500031/
https://www.ncbi.nlm.nih.gov/books/NBK500031/

