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Posttransplant malignancies are an important complication of solid organ transplantation. Kidney transplant recipients are at particularly high risk of cancer development. The most relevant risk factors of carcinogenesis are the use of immunosuppressive agents and oncogenic viral infections. Additionally, immune dysregulation caused by these factors may predispose to various types of organ damage. Paraneoplastic glomerular diseases are one of the most interesting and understudied cancer manifestations. The appropriate diagnosis of paraneoplastic glomerular damage can be challenging in kidney transplant recipients, due to factors inherent to concomitant medication and common comorbidities. Recent advances in the field of molecular and clinical nephrology led to a significant improvement in our understanding of glomerular diseases and their more targeted treatment. On the other hand, introduction of novel anticancer drugs tremendously increased patients’ survival, at the cost of kidney-related side effects. Our review aims to provide insights into diagnosis and treatment of paraneoplastic glomerular diseases, with a special attention to kidney transplant recipients.
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INTRODUCTION
Kidney transplantation is the preferred form of kidney replacement therapy as it offers significant improvement in quality of life and overall survival of patients with end stage kidney disease (ESKD) [1]. Introduction of novel immunosuppressive agents, together with advances in organ preservation and surgical techniques lead to greater 1-year allograft survival [2, 3]. Unfortunately, the rate of long-term complications remains high, reducing overall survival of transplant recipients in comparison to the general population. A plethora of immune- and nonimmune-related factors are known to contribute to late posttransplant complications, with malignancies being one of the most relevant one.
Diagnosis and management of malignancies pose specific challenges in transplant patients. A non-specific presentation of cancer mimicking chronic infectious complications, limited availability of anticancer therapies due to potential nephrotoxic side effects and interactions with immunosuppression are among the main challenges in kidney transplant recipient. Identified risk factors of posttransplant malignancies are older age at the time of transplantation, male gender, white ethnicity, time spent on dialysis, longer term follow-up after transplantation, and higher cumulative exposure to immunosuppression [4]. Malignancies are reported as the second most common cause of death in kidney allograft recipients and the overall cancer risk is estimated to be 2- to 4- fold higher than in the general population [5].
Paraneoplastic syndromes, defined as cancer clinical manifestations triggered by tumor products, but not by the neoplasm itself, may precede cancer diagnosis or occur even many years thereafter [6]. The diagnostic processes of paraneoplastic syndrome in kidney transplant patients can be difficult due to its non-characteristic clinical picture and often require invasive procedures to make a final diagnosis. One of such paraneoplastic syndromes are glomerular diseases. Appropriate diagnosis is of special importance, since glomerular diseases in kidney transplant recipients are claimed to be the second most common cause of kidney graft failure [7]. Among possible triggers of glomerular damage after kidney transplantation, a complex interplay between genetic predisposition and especially immunological factors seems to play a leading role. Three types of glomerular damage can occur: donor-derived, de novo and recurrent. De novo glomerulonephritis is mainly immune complex mediated, being highly dependent on the immune status of the graft recipient [8]. In contrast, recurrent glomerular diseases are mainly found in kidney transplant recipients with an established glomerular disease before transplantation, often resulting in significant graft function impairment and eventually its loss [9]. Adding to that, a specific type of glomerular damage, classified as paraneoplastic glomerular disease, remains intriguing and an understudied kidney allograft complication. Although one of the first reports connecting the presence of nephrotic syndrome with malignant tumors was already published in 1966 [10], data about paraneoplastic glomerular diseases in kidney transplant patients remain obscure.
In this review, we aim to describe the epidemiology of paraneoplastic glomerular diseases after kidney transplantation, differences in their management in comparison with non-transplant patients, their impact on graft survival and difficulties regarding immunosuppressive and anticancer treatment. The paucity of data in the posttransplant setting requires in-depth discussions of paraneoplastic glomerular diseases in the native kidney.
PARANEOPLASTIC GLOMERULAR DISEASES
Paraneoplastic glomerular diseases are defined as disorders that are not attributable to invasion or compression by the tumor or by metastasis caused by the tumor [11]. The production and secretion of hormones or peptides by the tumor or immune cross-reactivity with the host’s renal tissue are considered to lead to paraneoplastic glomerular diseases. A paraneoplastic origin is likely when the occurrence of glomerular disease has a temporal relationship to the occurrence of cancer and the severity of kidney disease follows the course of cancer, i.e., deteriorates when the tumor burden increases or vice versa. This has been nicely demonstrated for a case with thrombospondin type-1 domain-containing 7A (THSD7A)-associated membranous nephropathy (MN) who had a concomitant gallbladder carcinoma. After surgery of the carcinoma, THSD7A antibodies became negative, and a subsequent significant reduction of proteinuria indicated a partial response of MN to anti-cancer measures [12].
RISK FACTORS OF PARANEOPLASTIC GLOMERULAR DISEASES AFTER KIDNEY TRANSPLANTATION
Drugs
Little is known whether one specific agent is responsible for an increased frequency of paraneoplastic glomerular disease (Figure 1). Alemtuzumab, a monoclonal antibody directed against the CD52 antigen, is known to cause autoimmunity after its use. Post-marketing surveillance in patients with multiple sclerosis found that one out of three will develop another autoimmune disorder after alemtuzumab is used, but these cases are mainly restricted to thyroid dysfunction and only a minority (<10%) thereof are considered serious [13]. Nonetheless, severe autoimmunity such as the development of anti-glomerular basement membrane (GBM) disease has been reported in single cases [14]. Associations between administration of other potent induction immunosuppressants and systemic autoimmunity are much weaker, but single cases of Guillain-Barre syndrome with the use of anti-thymocyte globulin exist in the literature [15]. It should be noted, that induction therapy itself with antithymocyte globulin or alemtuzumab significantly increases the risk of malignancy development, especially posttransplant lymphoproliferative disorder [16]. Taken together, a paucity of data on the prevalence of paraneoplastic glomerular disease development with the use of agents to prevent allograft rejections hinders strong conclusions, but it is likely that certain agents such as alemtuzumab at least influence the occurrence of glomerular diseases independent of cancer development.
[image: Figure 1]FIGURE 1 | Risk factors involved in the pathogenesis of paraneoplastic glomerular diseases. Abbreviations: HLA, human leucocyte antigen. Created with BioRender.com.
HLA Matching
Besides the possible role of immunosuppression in paraneoplastic glomerular diseases pathogenesis, other specific factors related to solid organ transplantation should be mentioned (Figure 1). It is widely accepted that human leukocyte antigen (HLA) matching is essential for optimal graft function, however, it is not required for cancer prevention. Khurram et al. inoculated rats with kidney tumor cells and started them on cyclosporine. The animals showed stronger anti-tumor response when a higher degree of major histocompatibility complex (MHC) mismatch was present in comparison to a well-matched group [17]. Moreover, after withdrawal of immunosuppression all rats in the mismatch group eliminated cancer cells, compared to only a 50% reduction in well-matched animals, suggesting a significant impact of immunosuppression reduction and higher mismatch levels on cancer prognosis. Unfortunately, data from human studies are less conclusive. In a large study analyzing data from 166,256 adult kidney transplant recipients, who survived 1 year without episodes of graft rejection or malignancy, recipients with 4–6 HLA mismatches had higher risk of solid organ cancer development (hazard ratio [HR] = 1.11, 95% CI = 1.00–1.34) compared to well-matched individuals. This, however, might have also been related to other risk factors, such as male sex or prior transplant history [18]. On the contrary, an analysis focusing on the incidence and risk factors of melanoma in a cohort of 105,174 kidney transplant recipients from the United States Renal Data System database observed that less than 4 HLA mismatches significantly increased the risk of melanoma development (44.9% vs. 37.1%) [19]. This finding was supported by another study performed on 10,649 heart and lung transplant recipients, which indicated that the higher level of HLA mismatching revealed a protective effect on occurrence of posttransplant skin cancers [20]. However, little is known whether higher levels of HLA mismatches provide protection against recurrence or de novo occurrence of glomerular disease. Fewer HLA mismatches have been postulated as a potential risk factor of glomerulonephritis reoccurrence, particularly IgA nephropathy [21]. The significance of HLA mismatch in the pathogenesis of paraneoplastic glomerular diseases remain to be established by future studies.
T cell Subpopulations
A study in kidney transplant recipients with cancer found a significantly higher frequency of Tregs together with higher level of soluble HLA-G (sHLA-G) [22]. Tregs have been shown to exert immunosuppressive features, thereby potentially preventing the occurrence of paraneoplastic autoimmunity [23]. A subsequent reduction of Treg activity, eventually developing an exhaustive phenotype, may thereby provoke specific glomerular damage as well.
Beyond the crucial role of specific T cells on alloantigen recognition and antibody production, other cells, i.e., natural killer (NK) cells exhibit alloreactive properties, relevant to control viral infections after kidney transplantation, such as cytomegalovirus (CMV) or Ebstein-Barr (EBV) infections [24]. This alloreactivity may in turn result in glomerular damage. Xiao et al. reported a case of histiocytic glomerulopathy related with extranodal NK/T-cell lymphoma [25]. On the other hand, NK cells have been postulated as potential biomarkers of idiopathic MN, their levels significantly increased after rituximab treatment [26] and were associated with remission of MN [27]. In a recently published study, antigen-specific chimeric autoantibody receptor (CAAR) NK cells have been used to eliminate cells producing antibodies involved in MN, especially against THSD7A [28]. The specific role of immune cells in the development of paraneoplastic glomerulopathies requires further studies.
Viruses
Viral infections are another important factor related to impaired graft function and cancerogenesis in kidney transplant recipients (Figure 1). In addition, it was suggested that viruses may induce glomerular damage. One of these, Kaposi’s sarcoma herpesvirus (KSHV)/human herpesvirus 8 (HHV8) has high tropism for endothelial cells, thereby inducing vIL-6 [29] and vascular endothelial growth factor (VEGF) [30] as angiogenic factors. vIL-6 has been proposed as one of the molecular links between KSHV and glomerular diseases, especially amyloidosis, thrombotic microangiopathy (TMA) and membranoproliferative glomerulonephritis (MPGN) [31]. Interestingly, KSHV gene sequences have been found in patients with multiple myeloma and primary amyloidosis [32]. Other viral infections may contribute to glomerular damage after kidney transplantation as well. Cases of immunotactoid [33] and crescentic glomerulopathy [34] secondary to CMV infection have been documented.
Genes
Underlying genetic predisposition is of relevance for paraneoplastic glomerular diseases. Mutations of more than 70 genes are already identified to be associated with increased risk of glomerular damage, however often a “second hit” is necessary to evoke the full clinical picture of kidney disease, frequently manifesting as focal segmental glomerulosclerosis (FSGS), a non-specific pattern of kidney injury, in a kidney biopsy [35]. Bonilla et al. suggested that mutations of genes crucial for podocyte function, namely, protocadherin FAT1 gene, may be one of the unrecognized triggers of immune-mediated glomerular damage, especially in the transplant setting [36]. Moreover, mutations of podocyte genes may predispose to glomerulopathies secondary to anticancer treatment. Czogalla et al. presented another “multi-hit” case of FSGS in a patient with chronic lymphocytic leukemia, in whom an unrecognized podocin mutation was exacerbated by ibrutinib administration [37]. Additionally, a specific role of genotyping the donor has been highlighted in other studies. This is particularly relevant in donors of African-American decent, where apolipoprotein L1 (APOL1) gene polymorphisms play a crucial role, and a risk constellation (G1/G2) is related to collapsing FSGS in kidney transplant recipients, which in turn might rapidly progress to ESKD [38].
Complement System
The role of complement system activation in cancerogenesis remains a controversial issue. It was postulated that local complement activation in the microenvironment of melanoma is responsible for lower immune responsiveness to neoplastic cells through inhibition of CD8+ T cells [39]. On the other hand, reduced C3 and C5 production or the blockade of the C5 receptor reduced tumor growth in animal models of cancer, indicating their crucial role in cancerogenesis [40]. Cancer or treatment-related complement activation may also result in TMA, a rare form of glomerular damage, and is in some cases more amenable to anticomplement treatment than therapeutic plasma exchange (TPE) [41].
TYPES OF PARANEOPLASTIC GLOMERULAR DISEASES
Several patterns of glomerular injury have been linked with cancer occurrence (Figure 2). In the next sections the most common histological types of paraneoplastic glomerular diseases will be discussed.
[image: Figure 2]FIGURE 2 | Types of paraneoplastic glomerular diseases. Abbreviations: ANCA, anti-neutrophil cytoplasmic antibodies; GBM, glomerular basement membrane; IgA, immunoglobulin A; IgG, immunoglobulin G. Created with BioRender.com.
Membranous Nephropathy (MN)
MN is the most common type of paraneoplastic glomerular disease related to solid tumors and is less prevalent in hematological malignancies. The prevalence of paraneoplastic cases of MN was reported to be approximately 20% [42]. Importantly, the diagnosis of MN may precede the occurrence of malignancy [43]. Gastrointestinal cancers, followed by lung, kidney and prostate cancer are the most frequently reported malignancies to cause MN [6]. MN usually manifests as nephrotic syndrome, with formation of immune complexes leading to its onset. However, it should be noted that although glomerular immune deposits were found in the autopsy of 30% of cancer patients, their significance remains unclear [44]. A higher deposition of IgG1 and IgG2 was found in patients with paraneoplastic MN [45], whereas IgG4 prevalence was related with the primary form of MN [42]. Additionally, a switch in the IgG subclass was shown to predict MN progression, especially in secondary MN [46]. Other findings, such as >8 inflammatory cells affecting the glomerulus, mesangial proliferation and segmental MN, especially in the presence of neural epidermal growth factor-like 1 (NELL-1) antigen, support the diagnosis of paraneoplastic MN [47]. The discovery of novel antigens involved in MN pathogenesis significantly improved our diagnostic understanding of glomerular damage in these patients. Antibodies against the M-type phospholipase A2 receptor (PLA2R) are known to be highly indicative for primary MN. Recently discovered antigens, i.e., THSD7A, FAT1, NELL-1 and protocadherin 7 (PCDH7) have been postulated as potential antigens in paraneoplastic MN [48]. Importantly, the diagnosis of PLA2R positive MN does not exclude paraneoplastic occurrence of MN, since reports of cases with positive PLA2R staining are available [49]. Moreover, dual antigen-positive MN cases have been reported, with predominant IgG1 staining in the kidney tissue and clinically a longer time to achieve remission [50]. Despite great advances in diagnostic techniques, the course of MN in kidney transplant recipients remains understudied. Solà-Porta et al. reported an unusual case of a 72-year old kidney transplant patient with THSD7A-positive MN and positive C4d capillary wall staining, without anti-THSD7A antibodies and lesions suggestive for malignancy [51]. In another study, Münch et al. presented a case of NELL-1-positive MN in a 56-year old kidney transplant recipient, again without underlying malignancy, in whom the level of serum anti-NELL-1 antibodies correlated with the proteinuria intensity [52]. Since NELL-1 was found in noncancerous MN cases, i.e., after exposure to lipoic acid [53], tiopronin [54] or mercury [55], more data are needed to predict the role of MN antigens on the kidney graft function and outcome, especially in the presence of malignancy.
Minimal Change Disease (MCD)
Hematological malignancies, especially Hodgkin’s lymphoma, non-Hodgkin’s lymphoma and leukemias have often been associated with MCD, although single cases of solid tumors affecting gastrointestinal tract, lung, kidney and thymus have been described [56]. The role of cytokines secreted by cancer cells is of special importance in the pathogenesis of paraneoplastic MCD (Figure 3).
[image: Figure 3]FIGURE 3 | Involved components in the pathogenesis of paraneoplastic glomerular diseases. Abbreviations: c-mip, c-maf inducing protein; FSGS, focal segmental glomerulosclerosis; IFN, interferon; IL, interleukin; MCD, minimal change disease; MN, membranous nephropathy; NELL-1, neural epidermal growth factor-like 1; PCDH7, protocadherin 7; PDGF, platelet-derived growth factor; TGF-β, transforming growth factor-β; THSD7A, thrombospondin type 1 domain containing 7A; VEGF, vascular endothelial growth factor. Created with BioRender.com.
Nephrotic syndrome evoked by paraneoplastic MCD occurs early, around the time of malignancy diagnosis. High levels of circulating cytokines released by lymphocytes and macrophages are responsible for a generalized inflammatory condition, resulting in systemic symptoms. Paraneoplastic MCD was reported to remit after successful anti-cancer treatment, resulting in either complete [57, 58] or partial remission [59]. MCD occurs frequently after hematopoietic stem cell transplantation, likely as a limited form of graft versus host disease manifesting in the kidney [60]. Data on MCD occurrence after kidney transplantation are scarce. Yamada et al. reported a case of a patient 25 years after transplantation, who presented with nephrotic syndrome due to minimal change like podocyte injury evoked by coronavirus disease-2019 infection and with high-risk APOL1 alleles in the kidney donor, that improved after glucocorticoid administration [61]. Another case of a combined heart-kidney transplant recipient developing de novo MCD more than 1 year after transplantation was reported who responded to glucocorticoids [62].
Immunoglobulin a (IgA) Nephropathy
The association between IgA nephropathy and malignancies has first been reported in 1984 [63]. Among the most common cancers, respiratory tract and buccal cavity cancers have been reported [6], although rare cases of hematological malignancies are published [64, 65]. IgA nephropathy has emerged as the most common glomerular disease when kidney biopsies were performed in cancer patients, with a frequency of 7.4%, followed by MN in 6.1% [66]. The time of paraneoplastic glomerulopathy manifestation can also differ in various cancers. In a case presented by Melandro et al., the diagnosis of IgA nephropathy preceded kidney graft cancer occurrence by 6 months [67]. Interestingly, mesangial IgA deposits have been found in the autopsy of 17% of patients with mainly gastrointestinal malignancies, and without prior evidence of kidney damage [68]. Tumor antigens and abnormal IgA production by cancer cells, together with abnormal immune system reactivity against tumor antigens have been suggested to be involved in paraneoplastic IgA nephropathy [69]. Tumor removal remains the standard therapy in cancer-related IgA nephropathy [70].
Anti-Neutrophil Cytoplasmic Antibodies (ANCA)-Associated Vasculitis
Patients with anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis are at higher risk to develop malignancies, with frequencies reported from 10% to 26%, with a significant increase 5 years after diagnosis [71]. These estimates largely stem from the cyclophosphamide- and azathioprine-era, both known to be carcinogenic. Recent investigations have found a standardized incidence ratio which is comparable to a background population [72]. Cyclophosphamide is still used by many practicing centers in the management of severe kidney failure due to ANCA-associated vasculitis. This was linked to increased frequency of several malignancies, including prostate [73], breast [74], respiratory tract [75] and chronic lymphocytic leukemia [76]. Removal of malignancy is not sufficient to control active vasculitis, as has been highlighted in a case report where an intensive immunosuppressive treatment including TPE was shown to be effective in a 85-year old patient with prostate cancer and ANCA-negative pauci-immune glomerulonephritis [77].
Anti-Glomerular Basement Membrane (Anti-GBM) Disease
Anti-GBM disease is a rare but severe kidney disease, frequently presenting with dialysis-dependent kidney failure. Due to the severity of symptoms, immediate care is required to optimize renal and overall outcome of patients. Paraneoplastic anti-GBM disease has been reported in patients with renal cell carcinoma [78, 79], lung [80] and rectal cancer [81]. Although different therapeutic approaches were shown, immunosuppression alongside TPE was effective in achieving partial remission of paraneoplastic anti-GBM disease [82].
Focal Segmental Glomerulosclerosis (FSGS)
FSGS describes a lesion encountered by different triggers. The pathogenesis of paraneoplastic FSGS is, in line with MCD, based on VEGF expression and secretion of profibrotic factors (Figure 3). Several malignancies have been linked to FSGS, although mainly of hematological origin [83, 84]. Importantly, essential thrombocythemia and polycythemia have been associated with FSGS, which has been assumed to occur secondary to cytokine release responsible for glomerulosclerosis [85, 86]. Data on the effectiveness of anticancer treatment and concomitant immunosuppression in paraneoplastic FSGS remain elusive, indicating achievement of FSGS remission in some cases [87].
Thrombotic Microangiopathy (TMA)
TMA is another rare presentation of paraneoplastic glomerular injury. The correlation between the TMA and cancers has been shown in mucin-producing neoplasms, especially stomach, breast and lung [88]. Patients are exposed to TMA risk factors after kidney transplantation [89], and most de novo cases were observed in the graft [90, 91]. Of note, paraneoplastic TMA diagnosis after kidney transplantation remains a huge challenge, since its histological picture often mimics antibody-mediated or T-cell mediated rejection [92, 93]. However, lack of laboratory indicators of generalized intravascular thrombosis, de novo TMA localized in the graft, lack of donor specific antibodies (DSAs) and/or C4d deposition in peritubular capillaries and time between occurrence of cancer and TMA may help to distinguish primary and posttransplant TMA from its paraneoplastic form. Treatment of paraneoplastic TMA is also a matter of debate. It has been reported that TPE is less effective in cancer-derived TMA, due to lower rate of reduced ADAMTS13 activity [88]. Additionally, single reports emerged about the effectiveness of eculizumab in cancer-associated TMA [94]. More studies are necessary to analyze the pathogenesis of paraneoplastic TMA and to expand the armamentarium of therapies that can be safely used, especially in kidney transplant recipients.
NEWER ANTICANCER DRUGS AND GLOMERULAR DAMAGE
Onconephrology, and in particular transplant medicine are rapidly evolving fields, providing targeted treatment in kidney transplant recipients diagnosed with cancer. Up to date, various anticancer agents have been shown to induce glomerular damage (Figure 1) [36]. Novel anticancer drugs have revolutionized oncological treatment and significantly improved patient survival. Immune checkpoint inhibitors (ICIs) block cytotoxic T-lymphocyte antigen 4 (CTLA-4), programmed cell death 1 receptor (PD-1) or its ligand (PD-L1), main targets responsible for downregulation of T cells. As a result, an anticancer response after ICIs is augmented, at the cost of immune-mediated events [95]. A broad spectrum of glomerular disorders has been linked with ICIs use, with both nephrotic and nephritic presentation. In a systematic review performed by Kitchlu et al. the most common form of glomerular damage found after ICIs administration was pauci-immune glomerulonephritis, followed by MCD, C3 glomerulonephritis, amyloid A amyloidosis and IgA nephropathy [96]. Most patients presenting with glomerular lesions related to ICIs have been successfully treated with corticosteroids or a combination of rituximab or cyclophosphamide and corticosteroids (the latter especially in cases with pauci-immune glomerulonephritis) [97], nonetheless, critical questions remain largely unanswered. First, reintroduction of ICIs is challenging, especially when pauci-immune glomerulonephritis was induced by ICIs, as of recurrence of glomerular diseases might be expected. Second, patients after kidney transplantation are at high risk of immune-mediated disorders, especially due to immunotherapy. In general, kidney transplant recipients treated with ICIs experience more often episodes of antibody mediated as well as T cell mediated rejections. Increasing the dose of corticosteroids and switching calcineurin inhibitors (CNIs) to mammalian target of rapamycin (mTOR) inhibitors prior to ICIs initiation are one of the proposed resolutions to reduce the risk of immune-related episodes of graft injury in kidney transplant recipients [98]. However, one needs to emphasize that mTOR inhibitors may induce glomerular damage in the form of TMA or FSGS, probably due to overexpression of VEGF in podocytes [56].
Beyond anticancer drugs and their potential to induce glomerular damage, the role of supportive treatment of glomerulopathies should be mentioned (Figure 1). Potent stimulators of granulocyte and macrophage activity, granulocyte-colony stimulating factors filgrastim and its derivative pegfilgrastim were associated with glomerular damage in patients with hematological malignancies [56, 99, 100].
PARANEOPLASTIC GLOMERULAR DISEASE AND IMPLICATIONS ON LONG-TERM GRAFT FUNCTION IN KIDNEY TRANSPLANT RECIPIENTS
The immunological risk related to conversion of immunosuppression at the time of cancer diagnosis in kidney transplant recipients is challenging. Lack of recommendations regarding the management of immunosuppression in cancer patients after organ transplantation enforces clinicians to balance between the risk of graft rejection (also due to paraneoplastic glomerulopathy) and effective anticancer treatment [101]. Owing to limited effectiveness of standard treatment (immunosuppression, TPE) of paraneoplastic glomerular diseases, which mostly depends on cancer removal and adequate anticancer pharmacotherapy, long-term graft function preservation can be challenging, especially in kidney transplant recipients.
CONCLUSION
To the best of our knowledge, this is the first comprehensive narrative review of paraneoplastic glomerular diseases, with special focus on patients after kidney transplantation. Our article highlights further areas of research, as such cases are underreported and in clinical routine pose challenges for the treating physicians. Close cooperation between nephrologists, specialists in transplantation and hemato-oncologists should ensure appropriate medical care of kidney transplant recipients diagnosed with cancer. Large inter-center studies are crucial to determine the significance of paraneoplastic glomerular diseases after kidney transplantation.
AUTHOR CONTRIBUTIONS
IZ and AK contributed to conception and design of the study, performed literature search, wrote the first draft of the manuscript. All authors contributed to the article and approved the submitted version.
FUNDING
The authors declare that financial support was received for the research, authorship, and/or publication of this article. MS is supported by grants from Fondo de Investigación Sanitaria-FEDER, ISCIII, PI17/00257, PI20/00744, PI21/01292, Marató TV3 2020 421/C/2020, Marató TV3 2021 215/C/2021, RD16/0009/0030 (REDINREN), BECA SENFRO 2021, RD21/0005/0016 (RICORS 2040), and ERA-PerMed-JTC 2022 (ONAKI-ICI AC22/00029).
REFERENCES
 1. Tonelli, M, Wiebe, N, Knoll, G, Bello, A, Browne, S, Jadhav, D, et al. Systematic Review: Kidney Transplantation Compared With Dialysis in Clinically Relevant Outcomes. Am J Transpl (2011) 11:2093–109. doi:10.1111/j.1600-6143.2011.03686.x
 2. Lentine, KL, Smith, JM, Miller, JM, Bradbrook, K, Larkin, L, Weiss, S, et al. OPTN/SRTR 2021 Annual Data Report: Kidney. Am J Transpl (2023) 23:S21–S120. doi:10.1016/j.ajt.2023.02.004
 3. Astley, ME, Boenink, R, Abd ElHafeez, S, Trujillo-Alemán, S, Arribas, F, Åsberg, A, et al. The ERA Registry Annual Report 2020: A Summary. Clin Kidney J (2023) 16:1330–54. doi:10.1093/ckj/sfad087
 4. Au, E, Wong, G, and Chapman, JR. Cancer in Kidney Transplant Recipients. Nat Rev Nephrol (2018) 14:508–20. doi:10.1038/s41581-018-0022-6
 5. Serkies, K, Dębska-Ślizień, A, Kowalczyk, A, Lizakowski, S, and Małyszko, J. Malignancies in Adult Kidney Transplant Candidates and Recipients: Current Status. Nephrol Dial Transpl (2023) 38:1591–602. doi:10.1093/ndt/gfac239
 6. Bacchetta, J, Juillard, L, Cochat, P, and Droz, J-P. Paraneoplastic Glomerular Diseases and Malignancies. Crit Rev Oncol Hematol (2009) 70:39–58. doi:10.1016/j.critrevonc.2008.08.003
 7. El-Zoghby, ZM, Stegall, MD, Lager, DJ, Kremers, W, Amer, H, Gloor, JM, et al. Identifying Specific Causes of Kidney Allograft Loss. Am J Transpl (2009) 9:527–35. doi:10.1111/j.1600-6143.2008.02519.x
 8. Khairallah, P, Kamal, J, Crew, RJ, Serban, G, Vasilescu, E-R, Dube, GK, et al. The Association Between Post–Kidney Transplant De Novo Glomerulonephritis and Alloimmunity. Kidney Int Rep (2021) 6:813–6. doi:10.1016/j.ekir.2020.12.028
 9. Zanoni, F, Khairallah, P, Kiryluk, K, and Batal, I. Glomerular Diseases of the Kidney Allograft: Toward a Precision Medicine Approach. Semin Nephrol (2022) 42:29–43. doi:10.1016/j.semnephrol.2022.01.005
 10. Lee, JC, Yamauchi, H, and Hopper, J. The Association of Cancer and the Nephrotic Syndrome. Ann Intern Med (1966) 64:41–51. doi:10.7326/0003-4819-64-1-41
 11. Amarapurkar, P, Bou-Slaiman, S, Madrid, B, and Ladino, M. Paraneoplastic Glomerular Disease: The Struggle Is Real. J Onco-nephrology (2019) 3:31–8. doi:10.1177/2399369319828732
 12. Hoxha, E, Wiech, T, Stahl, PR, Zahner, G, Tomas, NM, Meyer-Schwesinger, C, et al. A Mechanism for Cancer-Associated Membranous Nephropathy. N Engl J Med (2016) 374:1995–6. doi:10.1056/NEJMc1511702
 13. Coles, AJ, Jones, JL, Vermersch, P, Traboulsee, A, Bass, AD, Boster, A, et al. Autoimmunity and Long-Term Safety and Efficacy of Alemtuzumab for Multiple Sclerosis: Benefit/Risk Following Review of Trial and Post-Marketing Data. Mult Scler (2022) 28:842–6. doi:10.1177/13524585211061335
 14. Clatworthy, MR, Wallin, EF, and Jayne, DR. Anti-Glomerular Basement Membrane Disease After Alemtuzumab. N Engl J Med (2008) 359:768–9. doi:10.1056/NEJMc0800484
 15. Tavakoli, F, Dalil, D, Yaghoubi, F, and Hosseini, SM. Guillain-Barre Syndrome After Antithymocyte Globulin Administration in a Kidney Transplant Recipient: A Case Report and Literature Review. Clin Case Reports (2023) 11:e8184. doi:10.1002/ccr3.8184
 16. Attieh, RM, Wadei, HM, Mao, MA, Mao, SA, Pungpapong, S, Taner, CB, et al. The Impact of Induction Therapy on the Risk of Post-Transplant Lymphoproliferative Disorder in Adult Kidney Transplant Recipients With Donor-Recipient Serological Epstein-Barr Virus Mismatch. Am J Transpl (2024). doi:10.1016/j.ajt.2024.02.028
 17. Khurram, MA, Stamp, S, Sheerin, NS, Rix, D, Cunningham, AC, Carter, N, et al. Behaviour of Transplanted Tumours and Role of Matching in Rejection. Transpl Immunol (2015) 32:121–5. doi:10.1016/j.trim.2015.02.006
 18. Santos, AH, Mehta, R, Ibrahim, H, Leghrouz, MA, Alquadan, K, Belal, A, et al. Role of Standard HLA Mismatch in Modifying Associations Between Non-Pharmacologic Risk Factors and Solid Organ Malignancy After Kidney Transplantation. Transpl Immunol (2023) 80:101885. doi:10.1016/j.trim.2023.101885
 19. Ascha, M, Ascha, MS, Tanenbaum, J, and Bordeaux, JS. Risk Factors for Melanoma in Renal Transplant Recipients. JAMA Dermatol (2017) 153:1130–6. doi:10.1001/jamadermatol.2017.2291
 20. Gao, Y, Twigg, AR, Hirose, R, Roll, GR, Nowacki, AS, Maytin, EV, et al. Association of HLA Antigen Mismatch With Risk of Developing Skin Cancer After Solid-Organ Transplant. JAMA Dermatol (2019) 155:307–14. doi:10.1001/jamadermatol.2018.4983
 21. Li, Y, Tang, Y, Lin, T, and Song, T. Risk Factors and Outcomes of IgA Nephropathy Recurrence After Kidney Transplantation: A Systematic Review and Meta-Analysis. Front Immunol (2023) 14:1277017. doi:10.3389/fimmu.2023.1277017
 22. Własiuk, P, Steć, A, Świder, R, Durlik, M, Giannopoulos, K, and Książek, A. Association Between Increased Levels of Regulatory T Cells and Soluble Human Leukocyte Antigen G With the Prevalence of Cancer in Kidney Transplant Recipients. Pol Arch Med Wewn (2015) 125:779–82. doi:10.20452/pamw.3123
 23. Herrnstadt, GR, and Steinmetz, OM. The Role of Treg Subtypes in Glomerulonephritis. Cell Tissue Res (2021) 385:293–304. doi:10.1007/s00441-020-03359-7
 24. López-Botet, M, Vilches, C, Redondo-Pachón, D, Muntasell, A, Pupuleku, A, Yélamos, J, et al. Dual Role of Natural Killer Cells on Graft Rejection and Control of Cytomegalovirus Infection in Renal Transplantation. Front Immunol (2017) 8:166. doi:10.3389/fimmu.2017.00166
 25. Xiao, F, Hou, S, Kui, K, Wang, X, Bai, L, and Dai, H. Case Report of Extranodal Natural Killer/T-Cell Lymphoma That Induced Secondary Hemophagocytic Syndrome-Related Histiocytic Glomerulopathy. J Int Med Res (2023) 51:3000605231158952. doi:10.1177/03000605231158952
 26. Rosenzwajg, M, Languille, E, Debiec, H, Hygino, J, Dahan, K, Simon, T, et al. B- and T-Cell Subpopulations in Patients With Severe Idiopathic Membranous Nephropathy May Predict an Early Response to Rituximab. Kidney Int (2017) 92:227–37. doi:10.1016/j.kint.2017.01.012
 27. Chen, W, Cai, J, Raffetseder, U, Zhu, B, Chen, J, Song, N, et al. Association Between High NK-Cell Count and Remission of Primary Membranous Nephropathy: A Retrospective Chart Review and Pilot Study. Clin Ther (2023) 45:364–74. doi:10.1016/j.clinthera.2023.03.002
 28. Seifert, L, Riecken, K, Zahner, G, Hambach, J, Hagenstein, J, Dubberke, G, et al. An Antigen-Specific Chimeric Autoantibody Receptor (CAAR) NK Cell Strategy for the Elimination of Anti-PLA2R1 and Anti-THSD7A Antibody-Secreting Cells. Kidney Int (2024) 105:886–9. doi:10.1016/j.kint.2024.01.021
 29. Giraudo, E, Arese, M, Toniatti, C, Strasly, M, Primo, L, Mantovani, A, et al. IL-6 Is an In Vitro and In Vivo Autocrine Growth Factor for Middle T Antigen-Transformed Endothelial Cells. J Immunol (1996) 157:2618–23. doi:10.4049/jimmunol.157.6.2618
 30. Cornali, E, Zietz, C, Benelli, R, Weninger, W, Masiello, L, Breier, G, et al. Vascular Endothelial Growth Factor Regulates Angiogenesis and Vascular Permeability in Kaposi’s Sarcoma. Am J Pathol (1996) 149:1851–69.
 31. Ronco, PM. Paraneoplastic Glomerulopathies: New Insights Into an Old Entity. Kidney Int (1999) 56:355–77. doi:10.1046/j.1523-1755.1999.00548.x
 32. Raje, N, Kica, G, Chauhan, D, Zhang, Y, Teoh, G, Treon, SP, et al. Kaposi’s Sarcoma-Associated Herpesvirus Gene Sequences Are Detectable at Low Copy Number in Primary Amyloidosis. Amyloid (2000) 7:126–32. doi:10.3109/13506120009146250
 33. Rao, KV, Hafner, GP, Crary, GS, Anderson, WR, and Crosson, JT. De Novo Immunotactoid Glomerulopathy of the Renal Allograft: Possible Association With Cytomegalovirus Infection. Am J Kidney Dis (1994) 24:97–103. doi:10.1016/s0272-6386(12)80167-3
 34. Detwiler, RK, Singh, HK, Bolin, P, and Jennette, JC. Cytomegalovirus-Induced Necrotizing and Crescentic Glomerulonephritis in a Renal Transplant Patient. Am J Kidney Dis (1998) 32:820–4. doi:10.1016/s0272-6386(98)70139-8
 35. De Vriese, AS, Sethi, S, Nath, KA, Glassock, RJ, and Fervenza, FC. Differentiating Primary, Genetic, and Secondary FSGS in Adults: A Clinicopathologic Approach. J Am Soc Nephrol (2018) 29:759–74. doi:10.1681/ASN.2017090958
 36. Bonilla, M, Gudsoorkar, P, Wanchoo, R, Herrmann, SM, and Jhaveri, KD. Onconephrology 2022: An Update. Kidney360 (2023) 4:258–71. doi:10.34067/KID.0001582022
 37. Czogalla, J, Schliffke, S, Lu, S, Schwerk, M, Petereit, H, Zhang, T, et al. Ibrutinib-Associated Focal Segmental Glomerulosclerosis and the Impact of Podocin Mutations in Chronic Lymphocytic Leukemia. Kidney Int (2024) 105:877–81. doi:10.1016/j.kint.2024.02.001
 38. Chang, J-H, Husain, SA, Santoriello, D, Stokes, MB, Miles, CD, Foster, KW, et al. Donor’s APOL1 Risk Genotype and “Second Hits” Associated With De Novo Collapsing Glomerulopathy in Deceased Donor Kidney Transplant Recipients: A Report of 5 Cases. Am J Kidney Dis (2019) 73:134–9. doi:10.1053/j.ajkd.2018.05.008
 39. Afshar-Kharghan, V. The Role of the Complement System in Cancer. J Clin Invest (2017) 127:780–9. doi:10.1172/JCI90962
 40. Kolev, M, Das, M, Gerber, M, Baver, S, Deschatelets, P, and Markiewski, MM. Inside-Out of Complement in Cancer. Front Immunol (2022) 13:931273. doi:10.3389/fimmu.2022.931273
 41. Jones-Carr, ME, Fatima, H, Kumar, V, Anderson, DJ, Houp, J, Perry, JC, et al. C5 Inhibition With Eculizumab Prevents Thrombotic Microangiopathy in a Case Series of Pig-To-Human Kidney Xenotransplantation. J Clin Invest (2024) 134:e175996. doi:10.1172/JCI175996
 42. Jeyabalan, A, and Trivedi, M. Paraneoplastic Glomerular Diseases. Adv Chronic Kidney Dis (2022) 29:116–26.e1. doi:10.1053/j.ackd.2022.02.009
 43. Rosner, MH, Jhaveri, KD, McMahon, BA, and Perazella, MA. Onconephrology: The Intersections Between the Kidney and Cancer. CA Cancer J Clin (2021) 71:47–77. doi:10.3322/caac.21636
 44. Davison, AM. Renal Diseases Associated With Malignancies. Nephrol Dial Transpl (2001) 16(Suppl. 6):13–4. doi:10.1093/ndt/16.suppl_6.13
 45. Ohtani, H, Wakui, H, Komatsuda, A, Okuyama, S, Masai, R, Maki, N, et al. Distribution of Glomerular IgG Subclass Deposits in Malignancy-Associated Membranous Nephropathy. Nephrol Dial Transpl (2004) 19:574–9. doi:10.1093/ndt/gfg616
 46. Huang, CC, Lehman, A, Albawardi, A, Satoskar, A, Brodsky, S, Nadasdy, G, et al. IgG Subclass Staining in Renal Biopsies With Membranous Glomerulonephritis Indicates Subclass Switch during Disease Progression. Mod Pathol (2013) 26:799–805. doi:10.1038/modpathol.2012.237
 47. Cambier, J-F, and Ronco, P. Onco-Nephrology: Glomerular Diseases With Cancer. Clin J Am Soc Nephrol (2012) 7:1701–12. doi:10.2215/CJN.03770412
 48. Sethi, S, Beck, LH, Glassock, RJ, Haas, M, De Vriese, AS, Caza, TN, et al. Mayo Clinic Consensus Report on Membranous Nephropathy: Proposal for a Novel Classification. Mayo Clin Proc (2023) 98:1671–84. doi:10.1016/j.mayocp.2023.08.006
 49. Al-Khazraji, M, Al-Mufti, IA, and Al-Khazraji, Y. Large B-Cell Lymphoma-Associated Membranous Nephropathy With Positive PLA2R on Kidney Biopsy. Cureus (2023) 15:e48902. doi:10.7759/cureus.48902
 50. Yang, L, Wang, G, Ye, N, Xu, X, Cheng, W, Sun, L, et al. Clinicopathological and Prognostic Characteristics of Idiopathic Membranous Nephropathy With Dual Antigen Positivity. Front Immunol (2023) 14:1297107. doi:10.3389/fimmu.2023.1297107
 51. Solà-Porta, E, Buxeda, A, Lop, J, Naranjo-Hans, D, Gimeno, J, Lloveras-Rubio, B, et al. THSD7A-Positive Membranous Nephropathy After Kidney Transplantation: A Case Report. Nefrologia (2023) 43:85–90. doi:10.1016/j.nefroe.2022.09.005
 52. Münch, J, Krüger, BM, Weimann, A, Wiech, T, Reinhard, L, Hoxha, E, et al. Posttransplant Nephrotic Syndrome Resulting From NELL1-Positive Membranous Nephropathy. Am J Transpl (2021) 21:3175–9. doi:10.1111/ajt.16610
 53. Nassar, R, Kadhem, SA, and Shakir, M. Lipoic Acid as a Trigger for NELL-1 Positive Membranous Nephropathy. Kans J Med (2023) 16:297–8. doi:10.17161/kjm.vol16.20996
 54. Santoriello, D, Ramaswamy, R, Kudose, S, and Markowitz, GS. Segmental NELL-1 Membranous Nephropathy Complicating Tiopronin Therapy. Kidney Int Reports (2023) 8:1683–6. doi:10.1016/j.ekir.2023.05.023
 55. Sultan, A, Mamankar, D, Thakare, S, Rojekar, A, and Jamale, T. Mercury-Associated Neural Epidermal Growth Factor-Like 1 Protein (NELL-1) Positive Membranous Nephropathy After Use of Skin Lightening Creams. Clin Toxicol (Phila) (2023) 61:387–91. doi:10.1080/15563650.2023.2188141
 56. Jhaveri, KD, Shah, HH, Calderon, K, Campenot, ES, and Radhakrishnan, J. Glomerular Diseases Seen With Cancer and Chemotherapy: A Narrative Review. Kidney Int (2013) 84:34–44. doi:10.1038/ki.2012.484
 57. Yu, C-Y, Liu, J, Qi, C-H, Wu, Z-Y, Xiao, Y-F, and Zhang, X-G. Minimal Change Disease Associated With Gastrointestinal Stromal Tumor Accompanied by Significantly Elevated Serum IgE Level: A Case Report. BMC Nephrol (2022) 23:139. doi:10.1186/s12882-022-02775-x
 58. Nakano, Y, Yoshida, M, Muraki, N, Sugita, K, Ishihara, S, Kumagai, J, et al. Prostate Cancer Associated With Minimal Change Disease: A Case Report. Glomerular Dis (2022) 2:145–50. doi:10.1159/000525040
 59. Ribas, A, Puche, A, Gimeno, J, Sans, L, Barrios, C, Márquez, E, et al. Podocytopathy in Patients With Monoclonal Gammopathy: Three Patients and Literature Review. Clin Kidney J (2022) 15:417–24. doi:10.1093/ckj/sfab176
 60. Huskey, J, Rivard, C, Myint, H, Lucia, S, Smith, M, Shimada, M, et al. Minimal Change Disease in Graft Versus Host Disease: A Podocyte Response to the Graft?Clin Nephrol (2013) 80:469–73. doi:10.5414/CN107420
 61. Yamada, M, Rastogi, P, Ince, D, Thayyil, A, Adela Mansilla, M, Smith, RJH, et al. Minimal Change Disease With Nephrotic Syndrome Associated With Coronavirus Disease 2019 After Apolipoprotein L1 Risk Variant Kidney Transplant: A Case Report. Transpl Proc (2020) 52:2693–7. doi:10.1016/j.transproceed.2020.08.012
 62. Hussain, Z, and Chhabra, D. Late-Onset De Novo Minimal Change Disease Presenting With Nephrotic Range Proteinuria More Than 1 Year After Combined Heart-Kidney Transplant: A Case Report. Transpl Proc (2019) 51:3099–102. doi:10.1016/j.transproceed.2019.04.031
 63. Mustonen, J, Pasternack, A, and Helin, H. IgA Mesangial Nephropathy in Neoplastic Diseases. Contrib Nephrol (1984) 40:283–91. doi:10.1159/000409763
 64. Ng, MSY, Francis, L, Pillai, E, and Mallett, AJ. Paraneoplastic Immunoglobulin A Nephropathy and Associated Focal Segmental Glomerulosclerosis in Asymptomatic Low Volume B-Cell Lymphoma - A Case Report. BMC Nephrol (2018) 19:224. doi:10.1186/s12882-018-1034-y
 65. Wang, X, Yang, N, Lu, C, Xu, F, and Wang, J. Clinical Characterization of Polycythemia Vera Associated With IgA Nephropathy in a Single Chinese Center: A Case Series. Medicine (Baltimore) (2023) 102:e33493. doi:10.1097/MD.0000000000033493
 66. Bolufer, M, García-Carro, C, Blasco, M, Quintana, LF, Shabaka, A, Rabasco, C, et al. Kidney Biopsy in Patients With Cancer along the Last Decade: A Multicenter Study. J Clin Med (2022) 11:2915. doi:10.3390/jcm11102915
 67. Melandro, F, Guglielmo, N, Nudo, F, Pretagostini, R, Mennini, G, Poli, L, et al. Renal Papillary Carcinoma Developed in a Kidney Transplant Recipient With Late IgA-Nephropathy. Exp Clin Transpl (2016) 14:445–6. doi:10.6002/ect.2014.0124
 68. Beaufils, H, Jouanneau, C, and Chomette, G. Kidney and Cancer: Results of Immunofluorescence Microscopy. Nephron (1985) 40:303–8. doi:10.1159/000183483
 69. Pertuiset, E, Lioté, F, Launay-Russ, E, Kemiche, F, Cerf-Payrastre, I, and Chesneau, AM. Adult Henoch-Schönlein Purpura Associated With Malignancy. Semin Arthritis Rheum (2000) 29:360–7. doi:10.1053/sarh.2000.6988
 70. Lien, Y-HH, and Lai, L-W. Pathogenesis, Diagnosis and Management of Paraneoplastic Glomerulonephritis. Nat Rev Nephrol (2011) 7:85–95. doi:10.1038/nrneph.2010.171
 71. Thet, Z, Lam, AK, Ranganathan, D, Aung, SY, and Khoo, TK. Cancer Risks Along the Disease Trajectory in Antineutrophil Cytoplasmic Antibody Associated Vasculitis. Clin Rheumatol (2020) 39:2501–13. doi:10.1007/s10067-020-05055-x
 72. van Daalen, EE, Rizzo, R, Kronbichler, A, Wolterbeek, R, Bruijn, JA, Jayne, DR, et al. Effect of Rituximab on Malignancy Risk in Patients With ANCA-Associated Vasculitis. Ann Rheum Dis (2017) 76:1064–9. doi:10.1136/annrheumdis-2016-209925
 73. Haskell, LP, Fusco, MJ, Wadler, S, Sablay, LB, and Mennemeyer, RP. Crescentic Glomerulonephritis Associated With Prostatic Carcinoma: Evidence of Immune-Mediated Glomerular Injury. Am J Med (1990) 88:189–92. doi:10.1016/0002-9343(90)90473-q
 74. Mohammed, BT, Uzodi, N, Gotimukul, A, and Kokebie, R. Case Report of MPO+ ANCA Vasculitis With Pauci-Immune GN Associated With Invasive Ductal Carcinoma of the Breast. Curr Rheumatol Rev (2023) 20:213–8. doi:10.2174/0115733971246438230924163114
 75. Edgar, JD, Rooney, DP, McNamee, P, and McNeill, TA. An Association Between ANCA Positive Renal Disease and Malignancy. Clin Nephrol (1993) 40:22–5.
 76. Dussol, B, Brunet, P, Vacher-Coponat, H, Bouabdallah, R, Chetaille, P, and Berland, Y. Crescentic Glomerulonephritis With Antineutrophil Cytoplasmic Antibodies Associated With Chronic Lymphocytic Leukaemia. Nephrol Dial Transpl (1997) 12:785–6. doi:10.1093/ndt/12.4.785
 77. Saladi, L, Shaikh, D, Saad, M, Cancio-Rodriguez, E, D’Agati, VD, Medvedovsky, B, et al. Pulmonary Renal Syndrome: A Case Report of Diffuse Alveolar Hemorrhage in Association With ANCA Negative Pauci-Immune Glomerulonephritis. Medicine (Baltimore) (2018) 97:e10954. doi:10.1097/MD.0000000000010954
 78. Rivedal, M, Haaskjold, YL, Berge, H, and Knoop, T. Antiglomerular Basement Membrane Disease Possibly Triggered by Undiagnosed Renal Cell Carcinoma: A Case Report. Kidney Med (2023) 5:100709. doi:10.1016/j.xkme.2023.100709
 79. Khor, C, Wong, MG, and Reagh, J. Anti-Glomerular Basement Membrane Disease and IgA Nephropathy in a Patient With Previous Renal Cell Carcinoma. BMJ Case Rep (2021) 14:e236555. doi:10.1136/bcr-2020-236555
 80. McGregor, C, and Yeo, R. An Observed Association Between Lung Cancer and the Presence of Anti-Glomerular Basement Membrane Antibodies. Nephrology (Carlton) (2022) 27:290–2. doi:10.1111/nep.14006
 81. Li, X, Huang, M, and Liu, J. ANCA-Associated Vasculitis With Anti-GBM Disease and Two Types of Tumors: A Case Report. Front Med (2021) 8:810680. doi:10.3389/fmed.2021.810680
 82. Gao, C, Xie, J, Pan, X, and Chen, X. Anti-Glomerular Basement Membrane Nephritis With Bronchial Carcinoma: A Case Report. J Int Med Res (2020) 48:300060519892397. doi:10.1177/0300060519892397
 83. Komisarof, J, Forman, J, Goldman, B, Syposs, C, Passero, F, and Garbade, E. A Rare Case of Renal Thrombotic Microangiopathy and Focal Segmental Glomerulosclerosis Secondary to Plasma Cell Leukemia. Case Rep Hematol (2023) 2023:7803704. doi:10.1155/2023/7803704
 84. Karakus, V, Atas, U, Uzuntas, S, Dere, Y, and Meteoglu, I. A Rare Nephrotic Syndrome Related to Chronic Lymphocytic Leukemia: Focal Segmental Glomerulosclerosis. Cureus (2022) 14:e31545. doi:10.7759/cureus.31545
 85. Sugimoto, H, Sawa, N, Yamagiwa, H, Kawada, M, Ikuma, D, Oba, Y, et al. Focal Segmental Glomerulosclerosis Associated With Essential Thrombocythemia. Intern Med (2023) 62:1789–94. doi:10.2169/internalmedicine.0767-22
 86. Au, WY, Chan, KW, Lui, SL, Lam, CC, and Kwong, YL. Focal Segmental Glomerulosclerosis and Mesangial Sclerosis Associated With Myeloproliferative Disorders. Am J Kidney Dis (1999) 34:889–93. doi:10.1016/S0272-6386(99)70047-8
 87. Choi, SB, Kim, KM, Park, MH, and Kang, KP. Collapsing Focal Segmental Glomerulosclerosis in a Patient With Oral Cavity Cancer: A Case Report. Medicine (Baltimore) (2021) 100:e25857. doi:10.1097/MD.0000000000025857
 88. Jhaveri, KD, Shah, HH, Patel, C, Kadiyala, A, Stokes, MB, and Radhakrishnan, J. Glomerular Diseases Associated With Cancer, Chemotherapy, and Hematopoietic Stem Cell Transplantation. Adv Chronic Kidney Dis (2014) 21:48–55. doi:10.1053/j.ackd.2013.08.003
 89. Von Tokarski, F, Fillon, A, Maisons, V, Thoreau, B, Bayer, G, Gatault, P, et al. Thrombotic Microangiopathies After Kidney Transplantation in Modern Era: Nosology Based on Chronology. BMC Nephrol (2023) 24:278. doi:10.1186/s12882-023-03326-8
 90. Dessaix, K, Bontoux, C, Aubert, O, Grünenwald, A, Soussan, RS, Zuber, J, et al. De Novo Thrombotic Microangiopathy After Kidney Transplantation in Adults: Interplay Between Complement Genetics and Multiple Endothelial Injury. Am J Transpl (2024). doi:10.1016/j.ajt.2024.01.029
 91. Hsiung, C-Y, Chen, H-Y, Wang, S-H, and Huang, C-Y. Unveiling the Incidence and Graft Survival Rate in Kidney Transplant Recipients With De Novo Thrombotic Microangiopathy: A Systematic Review and Meta-Analysis. Transpl Int (2024) 37:12168. doi:10.3389/ti.2024.12168
 92. Afrouzian, M, Kozakowski, N, Liapis, H, Broecker, V, Truong, L, Avila-Casado, C, et al. Thrombotic Microangiopathy in the Renal Allograft: Results of the TMA Banff Working Group Consensus on Pathologic Diagnostic Criteria. Transpl Int (2023) 36:11590. doi:10.3389/ti.2023.11590
 93. Naesens, M, Roufosse, C, Haas, M, Lefaucheur, C, Mannon, RB, Adam, BA, et al. The Banff 2022 Kidney Meeting Report: Reappraisal of Microvascular Inflammation and the Role of Biopsy-Based Transcript Diagnostics. Am J Transpl (2023) 24:338–49. doi:10.1016/j.ajt.2023.10.016
 94. Perrier, Q, Noble, J, Grangé, S, Bedouch, P, Tetaz, R, and Rostaing, L. Atypical Evolution of Secondary Hemolytic Uremic Syndrome Defined as Paraneoplastic Syndrome Under Eculizumab and Palbociclib Therapies. Case Rep Oncol (2021) 14:676–80. doi:10.1159/000514982
 95. Bermejo, S, Bolufer, M, Riveiro-Barciela, M, and Soler, MJ. Immunotherapy and the Spectrum of Kidney Disease: Should We Individualize the Treatment?Front Med (2022) 9:906565. doi:10.3389/fmed.2022.906565
 96. Kitchlu, A, Jhaveri, KD, Wadhwani, S, Deshpande, P, Harel, Z, Kishibe, T, et al. A Systematic Review of Immune Checkpoint Inhibitor-Associated Glomerular Disease. Kidney Int Reports (2021) 6:66–77. doi:10.1016/j.ekir.2020.10.002
 97. Rao Ullur, A, Côté, G, Pelletier, K, and Kitchlu, A. Immunotherapy in Oncology and the Kidneys: A Clinical Review of the Evaluation and Management of Kidney Immune-Related Adverse Events. Clin Kidney J (2023) 16:939–51. doi:10.1093/ckj/sfad014
 98. Hanna, GJ, Dharanesswaran, H, Giobbie-Hurder, A, Harran, JJ, Liao, Z, Pai, L, et al. Cemiplimab for Kidney Transplant Recipients With Advanced Cutaneous Squamous Cell Carcinoma. J Clin Oncol (2024) 42:1021–30. doi:10.1200/JCO.23.01498
 99. Batal, I, Markowitz, GS, Wong, W, Avasare, R, Mapara, MY, Appel, GB, et al. Filgrastim-Induced Crescentic Transformation of Recurrent IgG2λ GN. J Am Soc Nephrol (2016) 27:1911–5. doi:10.1681/ASN.2016010061
 100. Villegas-Gamas, JM, Márquez-Macedo, SE, Jiménez-Franco, B, Fonseca-Correa, JI, and Mejía-Vilet, JM. Proliferative Glomerulonephritis With Monoclonal IgG Deposits Triggered by Filgrastim in a Patient With Multiple Myeloma. J Nephrol (2023) 36:1209–12. doi:10.1007/s40620-022-01555-y
 101. Lizakowski, S, Dębska-Ślizień, A, Kurnatowska, I, Zaucha, MJ, Matuszewski, M, Naumnik, B, et al. Nephro-Oncology: Clinical and Biochemical Aspects of Kidney Disease and Cancer. Acta Biochim Pol (2023) 70:347–61. doi:10.18388/abp.2020_6588
GLOSSARY
[image: ]Conflict of Interest: IZ received grant support by Chiesi, Sanofi and Takeda and received consultancy fees from Astra Zeneca, Boehringer Ingelheim, Chiesi, Sandoz and Sanofi. AK received grant support by CSL Vifor and Otsuka, and received consultancy fees from CSL Vifor, Otsuka, Walden Biosciences, Catalyst Biosciences, AstraZeneca, Glaxo Smith Kline, Roche and Delta 4. He is Editorial Board member of Nephrology Dialysis Transplantation, Glomerular Diseases and Current Rheumatology Reports. KJ reports consultancy agreements with PMV pharmaceuticals, ChemoCentryx, GlaxoSmithKline, George Clinicals and Travere Therapeutics; reports honoraria from the American Society of Nephrology and Lexicomp; is a paid contributor to UpToDate.com and is section editor for onconephrology for Nephrology Dialysis Transplantation; serves on the editorial boards of American Journal of Kidney Diseases, CJASN, Clinical Kidney Journal, Frontiers in Nephrology, Journal of Onco-Nephrology, and Kidney International; serves as the Editor-in-Chief of ASN Kidney News. MS reports personal fees and consultancy agreements with NovoNordisk, Jansen, Mundipharma, AstraZeneca, Esteve, Fresenius, Ingelheim Lilly, Vifor, ICU, Pfizer, Bayer, Travere Therapeutics, GE Healthcare and grants and personal fees from Boehringer Ingelheim. She is Editorial Board member of Clinical Kidney Journal, vice-president of the Spanish Society of Nephrology and Co-Chair of the Western Europe Regional Board of the International Society of Nephrology.
The remaining author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Zakrocka, Nair, Soler, Jhaveri and Kronbichler. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/ti-37-12969-g003.gif
AA amyoidosis’





OPS/images/ti-37-12969-g001.gif





OPS/images/ti-37-12969-g002.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Paraneoplastic Syndrome After Kidney Transplantation: Frequency, Risk Factors, Differences to Paraneoplastic Occurrence of Glomerulonephritis in the Native Kidney, and Implications on Long-Term Kidney Graft Function		Introduction

		Paraneoplastic Glomerular Diseases

		Risk Factors of Paraneoplastic Glomerular Diseases After Kidney Transplantation		Drugs

		HLA Matching

		T cell Subpopulations

		Viruses

		Genes

		Complement System





		Types of Paraneoplastic Glomerular Diseases		Membranous Nephropathy (MN)

		Minimal Change Disease (MCD)

		Immunoglobulin a (IgA) Nephropathy

		Anti-Neutrophil Cytoplasmic Antibodies (ANCA)-Associated Vasculitis

		Anti-Glomerular Basement Membrane (Anti-GBM) Disease

		Focal Segmental Glomerulosclerosis (FSGS)

		Thrombotic Microangiopathy (TMA)





		Newer Anticancer Drugs and Glomerular Damage

		Paraneoplastic Glomerular Disease and Implications on Long-Term Graft Function in Kidney Transplant Recipients

		Conclusion

		Author Contributions

		Funding

		References

		Glossary









OPS/images/cover.jpg
( ESOT

( Transplant
International

Paraneoplastic Syndrome After
Kidney Transplantation:
Frequency, Risk Factors,
Differences to Paraneoplastic
Occurrence of
Glomerulonephritis in the Native
Kidney, and Implications on
Long-Term Kidney Graft Function





OPS/images/ti-37-12969-.gif
| Paraneoplastic syndrome after kidney transplantation: frequency, risk
factors,difsrences o parancoplastc occurrence of lomarulonephits in
he native Kidney. and Impications on long-ermKidney graftfunction






OPS/images/ti-37-12969-001.jpg
ANCA Anti-neutrophil cytoplasmic antibody

CAAR Chimeric autoantibody receptor

c-mip c-maf inducing protein

CMV Cytomegalovirus

CNI Calcineurin inhibitor

CTLA4 Cytotoxic T-lymphocyte antigen 4
DSA Donor specific antibody

EBV Ebstein-Barr virus

ESKD End stage kidney disease

FSGS Focal segmental glomerulosclerosis
GBM Glomerular basement membrane
HHV-8 Human herpesvirus-8

HLA Human leukocyte antigen

ICI Immune checkpoint inhibitor

IgA Immunoglobulin A

L Interleukin

KSHV Kaposi's sarcoma herpesvirus
MCD Minimal change disease

MHC Major histocompatibility complex
MN Membranous nephropathy

MPGN Membranoproliferative glomerulonephritis
mTOR Mammalian target of rapamycin

NELL-1 Neural epidermal growth factor-like 1
NK Natural killer

PCDH7  Protocadherin 7

PD-1 Programmed cell death 1

PLA2R Phospholipase A2 receptor

sHLA-G  Soluble HLA-G

TGF-p Transforming growth factor

THSD7A  Thrombospondin type-1 domain-containing 7A
TMA Thrombotic microangiopathy

TPE Therapeutic plasma exchange

VEGF Vascular endothelial growth factor









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
é ESOT

( Transplant
International





