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1,600 patients
having renal biopsy

' ..........................................

1.516 patients

1.155 patients
analyzed the association
between pathologic diagnosis
and cancer prevalence

........... . Excluded 84 children

» Excluded 30 patients with renal biopsy in transplanted kidney

, Excluded 283 patients with the other pathologic diagnoses™®

» Excluded 48 patients with cancer diagnosed = one month before biopsy
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Table 3. The risk of cancer incidence according to the pathologic diagnosis of kidney biopsy.

Amyloidosis
Crescentic GN*

IgA nep h ropa th y

Model 1* | ~ Model2® _ ~ Model 3°
R | eswcrr | p | RR | oswar p | RR_ | os%CI
1064-9848 | <0001 | 1928 | 6088-6108 | <0001 | 1573 | 4825-51.30
2.188-14.403 | <0001 | NA® | NA | NA | NA | NA
0.055-0.609 | <0001 | NA | NA | Na | NA | NA

Conclusion
We have demonstrated that 29 GN patients were diagnosed with cancer at time of kidney
biopsy. Amyloidosis presented to be the most common GN associated with cancer occurrence

and showed a higher risk of cancer compared to the general population. In all patients with

with GN is required at the time of GN diagnosis.
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Cancer in patients with glomerular disease

A large Danish retrospective study!’ published in 2003
showed that out of 1958 patients who had biopsy-proven
glomerular disease, 102 patients had a diagnosis of de novo
cancer. This relative increase in risk for cancer was not sig-
nificant at five or more years after the biopsy. The authors
postulated three hypotheses from their results: (1) an undi-
agnosed cancer antigen in the glomerulus acts as a nidus for
the immune system activation causing glomerular damage,
(2) treatment for the glomerular disease was carcinogenic,
and finally (3) there may be a role of infection by a pathogen
(e.g. virus) that causes both development of malignancy and
renal disease. Other studies by Pai et al.!¢ and Saitoh et al.!”
resonated similar observations but have relatively smaller
sample sizes for comparison. The works of Rihova et al.'®
and Lefaucheur et al.!® suggested that patients who are
heavy smokers and elderly tend to be at risk of development
of cancer in the setting of MN. This theory raises concerns
about the link between MN and cancer as smoking and age
can be independent risk factors for both the entities.

Another study published in 2008 prospectively exam-
ined the relationship between albuminuria and cancer
incidence in over 5000 patients with prior history of dia- |
betes or cancer. The baseline higher albumin-to-creatinine
ratio correlated with the increased incidence of cancer.
After adjusting for several variables, it was noted that |
patients in the highest quartiles of albumin-to-creatinine
ratio were 8.3 times more likely to be diagnosed with
bladder cancer and 2.4 times more likely to be diagnosed
with lung cancer.20

Recently, a Korean study included over 200.000
patients and showed very remarkable results. In this study,
patients of 30—74 years of age who had no prior history of
cancer at baseline were followed from 1996 to 2012. The
analysis showed that the relationship between estimated
glomerular filtration rate (eGFR) and incidence of cancer
formed a J-shaped curve. There was a 44% greater risk of
cancer in patients with an eGFR <45 mL/min as compared
to those with an eGFR >90 mL/min. Higher values of pro-
teinuria showed a more robust correlation with cancer §
when compared to low eGFR.?!

In summary, the cause and risk of glomerular disease in
patients diagnosed with cancer are not yet well established.
However, there is good evidence to support an increased
risk for cancer in patients with glomerular disease and
proteinuria.
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Proteinuria in patients with cancer

A study by Puolijoki et al.!3 in 1989 investigated the preva-
lence of proteinuria in patients diagnosed with cancer. The
study showed that out of 600 patients with cancer, 10%
had proteinuria and 7% had hematuria. Another study pub-
lished in 1988 by Swayer et al. compared 504 patients with
cancer against 529 “healthy” controls. Both the groups had
a normal creatinine with no urinary tract malignancies or
myeloma. Analysis revealed that 58% of the patients with
malignancy versus 22% of the healthy controls developed
proteinuria. The cause for proteinuria in the healthy sub-
jects was attributed to other chronic conditions such as
stroke and myocardial infarction.'* Even though these

studies are an integral part of epidemiological evidence,
they had some limitations. The threshold for detecting pro-
teinuria was low (100 mg/L) and hematuria was detected
using urine dipstick with no further evaluation, such as
urine microscopy. Autopsy data on the presence of glo-
merular deposits in patients who have died due to cancer
remain controversial.
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Figure 1. | Mechanisms by which solid tumors and membranous nephropathy (MN) may be linked. MN is defined by subepithelial deposits
that form in the glomerular basement membrane (GBM) beneath the foot processes of the glomerular visceral epithelial cell, or podocyte.
Antibodies may be generated againstan antigen identical to, orbearing an epitope similarto, an endogenous podocyte antigen, thereby leading
to in situimmune complex formation (A). Alternatively, shed tumor antigens may form circulating immune complexes that become trapped in
the capillary wall (B). Complexes may initially form in a subendothelial location, dissociate, and reform in a subepithelial position. Tumor
antigens also may, on the basis of size and charge, become planted in a subepithelial location, where they react with circulating antibodies at
a later stage (C). Finally, extrinsic processes, such as infection with an oncogenic virus or altered immune function (D), potentially could cause
both malignancy and MN. From reference 14, with permission.
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- Now as VEGF and also known as vascular permeability factor (VPF).
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Vascular Endothelial Growth Factor

Originally described as endothelial cell-specific mitogen (Abraham and
Schilling, 1989);
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VEGF is a sub-family of growth factors, to be specific,
the platelet-derived growth factor family of cystine-knot growth factors.
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Native VEGF is a basic, heparin-binding, homodimeric glycoprotein of
45 kDa (Ferrara, 1992).
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VEGF and the diabetic kidney: More than too much of a good thing
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disease. Th1 (T-helper type 1)-predominant responses have
been associated with proliferative and crescentic forms of GN
dand Th2 (T-helper type 2) type responses with a membranous
pattern of injury (19). Cancer-associated MCD might be related
8 to vascular endothelial growth factor (VEGF) production
(20). Overexpression of VEGF leads to a collapsing variant

of FSGS, and underexpression is associated with a TMA pattern
of injury (21,22).
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= Interestingly, renal biopsies revealed 92% of patients vyith cancer-associated N Types of Cancer
“had more than eight inflammatory cells infiltrating the glomeruli as compared W—ith ‘ bine e o
only 25% of those with idiopathic MN. The determination of leukocyte number was multiple myeloma
proposed as a mean to identify MN patients who may need cancer screening. i B R

. Regarding the pathophysiology of these paraneoplastic nephropathies, whereas it
remains obscure for solid tumor-associated glomerulopathies, a molecular link, and
even specific molecular abnormalities, can be demonstrated for lymphoplasmacytic
disorders. : |

Ronco PM. Paraneoplastic glomerulopathies: new insights into an old entity. Kidney
Int.1999;56:355-377. ‘

Acute leukemia Hodgkin's lymphoma




Figure 1. Membranous nephropathy. (A) Light microscopy showing immune complex deposits. Note the thickened basement
membrane, which stains black while deposits within it stain pink, giving a variegated appearance to the capillary wall. Silver [periodic
acid silver methamine (PASM)] stain; 60X, original magnification. (B) Electron microscopy showing immune complex deposits in a
subepithelial location, between effaced podocyte foot processes (top) and the basement membrane (bottom).
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Table 1. Differences between primary and tumor-associated secondary MN

Compared feature Primary MN Solid tumor-associated MN

History Younger age, no history of smoking Age >65 years, smoking >20 pack-years
Serologic markers Presence of circulating anti-PLAZR autoantibodies ~ Absence of anti-PLAZR autoantibodies
in serum
Histopathologic clues onkidney  Predominance of glomerular IgG4 deposition Predominance of glomerular IgG1/lgG2 deposition
biopsy Enhanced glomerular PLAZR staining Normal glomerular PLAZR staining
Presence of less than eight inflammatory cells Presence of greater than eight inflammatory cells
per glomerul per glomerul

I9G, immunoglobulin G; MN, membranous nephropathy; PLAZ R phospholipase A2. Reprinted with permission from reference 73.
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Newly diagnosed
Membranous nephropathy

1. Anti-PLA2R1 Antibody
2. 1gG subclasses in biopsy

3. Number of inflammatory|
cells per glomeruli

Antibody (+), IgG4 Antibody (-), IgG1-2
predominance and predominance and/or > 8
inflammatory cells per inflammatory cells per
glomeruli <8 glomeruli

I Idiopathic MN
Stop investigation except if Secondary MN

personal and hereditary Search for cancer
cancer risk factors
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Jean-Frangois Cambier* and Pierre Ronco*™

Clin | Am Soc Nephrol 7: 1701-1712, 2012.
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Glomerular Pathology in Cancer Patients
A Cancer Journal for Clinicians

IgA NEPHROPATHY
CRESCENTIC GN

Tumors of respiratory track

; : Tumors of buccal mucosa
Ty Nasopharynx tumors Lung cancer
Gastric cancer

MINIMAL CHANGE DISEASE

MEMBRANOUS NEPHROPATHY Hodgkins lymphoma
Non Hodgkins lymphoma
Lung cancer Leukemias Paraproteinemias
g Thymoma CLL
SRS R Lun; S Renal Cell Cancer $link &n
Renal cell cancer BrBast Canedr ung cancer
Thymoma Colorectal cancer Renal cell cancer

Renal cell cancer Thymomas
Prostate cancer Hodgkin's lymphoma
CLL(less common)

FIGURE 9. Glomerular Diseases Associated With Solid Tumors and Hematologic Malignancies. CLL indicates chronic lymphocytic leukemia; FSGS, focal
segmental glomerulosclerosis; GN, glomerulone phritis; MGUS, monoclonal gammopathy of unclear significance; MN, membranous nephropathy; MPGN,
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TABLE 4. Clues Linking a Glomerular Disease With a Paraneoplastic Process

GLOMERULAR DISEASE PATHOLOGY CLINICAL AND PATHOLOGY CLUES

A Cancer Journal for Clinicians

Membranous nephropathy Age >65 v, smoking history, negative anti-PLA2R in the serum, negative staining on kidney biopsy for
anti-PLAZR, presence of >8 inflammatory cells in the glomeruli, absence of lgG4 deposits, presence of
THSD7A staining, clinically resistant to several cytotoxic agents (cyclophosphamide, rituximab, calcineu-
rin inhibitors)

Minimal change disease Age >65 y; no other secondary cause found, such as medications or infections, clinically resistant to
several cytotoxic agents (steroids, cyclophosphamide, rituximab, calcineurin inhibitors)

wiLey : Focal segmental glomerulosclerosis No secondary cause obviously found, dlinically resistant to several cytotoxic agents (steroids, cyclophos-
: phamide, rituximab, calcineurin inhibitors)

IgA nephropathy New diagnosis at age >65y

Membranoproliferative glomerulonephritis Monoclonal on immunofluorescence, electron microscopy shows immunotactoid or cyroglobulin-like

features, no autoimmune cause found—important to screen for certain hematology malignancies, such
as CLL, CML, WM, and plasma cell dyscrasias

ANCA vasculitis Clinically resistant to several cytotoxic agents (steroids, cyclophosphamide, rituximab, calcineurin inhibi-
tors) and plasmapheresis, and no drug-induced cause found

" 7 i : Abbreviations: ANCA, antineurophilic cytoplasmic autoantibody; CLL, chronic lymphocytic leukemia;CML, chronic myeloid leukemia; 1gA, immunoglobulin A; WM,

Waldenstrom macroglobulinemia.
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Table 2. When to screen for underlying malignancy?

Glomerular lesion Clinical clue What to screen for?

Membranous Male gender, age above 6065 years Age-appropriate screening to rule out
nephropathy Prolonged smoking history solid organ cancers such as breast,
Negative staining on biopsy for anti-PLA2R colon cancer, lung cancer
Presence of greater than eight inflammatory
cells infiltrating the glomeruli
Absence of 1gG4 deposits
THSD7A staining
Thromboembolic event
Minimal change No response to steroids and cyclosporine Age-appropriate screening
disease Hodgkin’s lymphoma
lgA New diagnosis of IgA after 60 years of age Age-appropriate screening
Tumors of the upper respiratory tract
Mucosa-associated tumors
Thrombotic No response to plasmapheresis Age-appropriate screening
microangiopathy Tumors of the gastrointestinal tract
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TABLE 7. Causes of Hyponatremia in Patients With Cancer

ETIOLOGY MECHANISM

Cancer treatment Tubular injury

e Chemotherapy (vincristine, cisplatin,
vinblastine, cyclophosphamide)
= Hypotonic fluids/feeds

Adrenalitis, hypophysitis,
isolated ACTH deficiency

Immune checkpoint treatment

® |[pilimumab, nivolumab,
pembrolizumab

SIAD ADH production from cancers,
such as small cell lung cancer,
hematologic (eg, Hodgkin
disease, non-Hodgkin disease,
chronic lymphatic leukemia,
multiple myeloma); cancers of
the head and neck, brain (pri-
mary and metastatic), skin (eg,
melanoma), gastrointestinal
system (esophageal, gastric,
pancreatic, colon), gynecologic
system, breast, prostate, and
bladder; sarcoma thymoma;
and adrenal malignancies

Insensible losses Hypovolemia, aldosterone

production
Appropriate ADH secretion MNausea, vomiting, pain
Increase ADH
Acute tubular injury (AKI, CKD)

Low solute intake

Opioid derivatives

Renal tubule dysfunction
Malnutrition

Polydipsia Infiltrating craniopharyngioma
Salt wasting Cisplatin

Pseudohyponatremia Production of paraproteins
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fConclusion

In conclusion, paraneoplastic glomerular diseases con-
tinue to remain an enigma. Nephrologists need to be
more cognizant about these conditions and continue §
efforts to expand knowledge. Well-organized registries
will aid in the understanding of disease trends and estab-

lishing more animal models of paraneoplastic disease
will contribute to unfolding the pathogenesis. Finally,
identification of biomarkers that are sensitive and spe-
cific for paraneoplastic glomerular diseases will help dis-
tinguish primary renal glomerulopathies from secondary
causes due to malignancies.




Tl/l.amlfe You.....

WWW.QtM@WS~VLé‘PVlYOL0@5.@Y _



