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Renal complications In cancer patients

Prerenal

AK]I (v: RenaC Tumor Lysis Syndrome
Post Renal

Hypertension

Glomerulonephritis

Tubulointerstitial nephritis

Renal vascular disorders: Arterial or venous disorder
Electrolyte and acidbase disorders



Renal complications In cancer patients

Electrolytes



Etiology of Electrolyte Disorders in Malighanc

Thesame as those seen in the gene@opulation

Causedy the cancer itselfi€, paraneoplastic syndromes

Causedvy Anti-cancertreatment



Types of Electrolyte Disorders in Malignancie

Hypernatremic

Hypokalemi g
Hyperkalemia
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Types of Electrolyte Disorders in Malignancie

Hyponatremia

EWYREINAUEMI

Y ROKaIEM
Y REIKalE M
YR OHTAGIESEN!
Y RETTIAGIESEN]
EYROPRNOSPHAAtETTH
LYRETRNOShRATETTH
YR OCAUCE ITH

Y REIEACETTH



Hyponatremia

C Hyponatremias the most common electrolyte disorder encountered in

patients with malignancy, occurring in up to 47 percent of hospitalized canc

patients.

C Approximatelyl4 percent of hyponatremia cases seen in hospitalized patier
are associated with an underlyimgalignancy.

C Hyponatremian these patients Is associated with increased hospital length
stay, increased mortality, and poor responsdhierapy

C Half of these casesccurs in the hospital setting

C Hospitallength of stay Is nearly doubled in patients with moderate to severe

nyponatremia.

C Hyponatremiamay affect patient response timerapy.

C Hyponatremiamay limit the use of chemotherapeutic options that require
extensive hydration.
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a. Syndrome of inappropriate antidiuretic hormone secretion

b. Gastrointestinal fluid losses due to vomiting, diarrhea,
enteric fistulas, and nasogastric suctioning
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f. Adrenal insufficiency

g. Liver failure

h. Heart failure (such as malignant pericardial disease)
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Inappropriate intravenous fluids
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[nausea/pain/medications C __a. Syndrome of inappropriate antidiuretic hormone secretion |

|

AVP directhstimulate
tumor growth factor

!

Poor prognosis/poor
response to therapy



Malignancies and Therapies Associated With the Syndrome of Inappropriate Antidiuretic Hormone Secre

Cancers

Therapies

Small-cell lung cancer
Head and neck

Brain (primary and metastatic)

Hematological (lymphoma, leukemia, multiple myeloma)
Skin (melanoma)

Gastrointestinal (esophageal, gastric, pancreatic, colon)
Gynecological

Breast

Prostate

Bladder

Sarcomas

Thymoma

Adrenal

Cyclophosphamide

Hematopoietic stem cell transplantation®
Bortezomib*

Vincristine, vinblastine

I[fosfamide

Cisplatin, carboplatin

Melphalan*

Methotrexate*

Interferon-o. and y*

Levamisole*

Pentostatin*

Monoclonal antibodies (alemtuzumab, bevacizumab)*
Interleukin-2*

Busulfan*®

Chlorambucil*

Cytarabine, fludarabine*

Hydroxyurea*

Imatinib*

*Mechanism of action is not definitive, but it may involve syndrome of inappropriate antidiuretic hormone secretion.

x 10%-15% of patients arehyponatremicat presentation.

x 9> 2 ¥

LI GASyda KIS aAir3aya

X Mostly hyponatremia develops slowly anohsidiously.




HYPONATREMIA |'
Serum osmolality !|
v v

Normal Low High
(280295 mOsmkgQ) (<280mOsmkg) (>280mOsmkg)
¥ ¥ ¥

Isotonic
hyponatremia
1. Hyperproteinemia
2. Hyperlipidemia (chylomicrons,
triglycerides, rarely cholesterol)

l Volume status \'

Hypotonic
hyponatremia

Hypertonic
hyponatremia
1. Hyperglycemia
2. Mannitol, sorbitol,
glycerol, maltose
3. Radiocontrast agents

Hypovolemic Euvolemic Hypervolemic
4 | \ \ | J
Upa+ < 10 mEg/L Upa+ > 20 mEqg/L 1. SIADH Edematous states
Extrarenal salt loss Renal salt loss 2. Postoperative hyponatremia 1. Heart failure
1. Dehydration 1. Diuretics 3. Hypothyroidism 2. Liver disease
2 Diarrhea 2. ACE inhibitors 4. Psychogenic polydipsia 3. Mephrotic syndrome
3. Vomiting 3. Nephropathies 5. Beer potomania (rare)
4. Mineralocorticoid 6. Idiosyncratic drug reaction (thiazide 4. Advanced kidney
deficiency diuretics, ACE inhibitors) disease
5. Cerebral sodium- 7. Endurance exercise
wasting syndrome 8. Adrenocorticotropin deficiency

Source: Maxine A. Papadakis, Stephen 1. McPhee,
Michael W. Rabow: Current Medical nagnosis & Treatment 2018
Copyrnght & McGraw-Hill Education. All rights resersed.



HYPONATREMIA

2

Serum osmolality

&_

Low
([ (<280mOsmkg)

Hypotonic
hyponatremia

Volume status

l

Hypovolemic

|

Hemorrhage

Diarrhea

Vomiting

Drainage of ascites or pleural effusion
Peritonitis or ileus

Salt wasting nephropathy

K

Euvolemic

|

ADH secretion by tumor cells
Drug-induced ADH secretion
Chemotherapy-induced nausea
Infections

Reset osmostat syndrome

l

Hypervolemic

Malignant ascites

Drug-induced congestive heart failure
Severe liver discase
Hypoalbuminemia

Nephrotic syndrome

Veno-occlusive disease



HYPONATREMIA

v

Serum osmolality

v
Normal
(280295 mOsmkgQ)
¥

Isotonic
hyponatremia
1. Hyperproteinemia
2. Hyperlipidemia (chylomicrons,
triglycerides, rarely cholesterol)

Source: Maxine A. Papadakis, Stephen 1. McPhee,

Michael W. Rabow: Current Medical Diagnosis & Treatment 2018

Copyright @ McGraw-Hill Education. All rights reserved.




Distribution of water and solids in plasma and electrolyte exclusieffect in the MM

Reduced Plasma water
Abnormal Plasma/Serum

03% Plasma water

Normal Plasma/Serum

Increased Solids (Non
-, aqueous phase)

Proteins& Lipids

7% solid
(Non aqueous phase)
Proteins& Lipids
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Study of dyselectrolytemia in patients with multiple myeloma

Madanika P Malathi M?, Ramlingareddy>"
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Electrolyte disturbances in study group
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Treatment of imalighancyrinduced hyponatremie

C Treatment of etiology
C Correction of hypoalbuminemia

Cl

yponatremia inducible drugs should be minimized

C Fluid restriction (500cc lower than the daily urine volume)

C Hypertonic saline 3%

Severe (<110 Symptomatic

ComaP Confusiont Convulsio



CEN Case Reports (2019) 8:112-118
https://doi.org/10.1007/s13730-019-00375-7

CASE REPORT

@ CrossMark

Tolvaptan corrects hyponatremia and relieves the burden of fluid/
dietary restriction and hospitalization in hyponatremic patients
with terminal lung cancer: a report of two cases

Keiko Kai' - Naoto Tominaga'® - Kenichiro Koitabashi' - Daisuke Ichikawa' - Yugo Shibagaki'

Received: 10 May 2018 / Accepted: 6 January 2019 / Published online: 14 January 2019
© Japanese Society of Nephrology 2019

Tolvaptanimprovesthe quality of lifeof thesepatients by relieving the

burden of strict dietary modifications and prolonged hospitalization
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Ce Nephrogenic DI

Lung cancer, leukemia,
lymphoma, metastasis

or neurosurgeryfor
brain tumors.

Hypercalcemia,

Hypokalemiain
patients with

cancer

patient doesnot
accesdo or can
not drink water




American

Journal
of
e-ISSN 1941-5923
case © Am J Case Rep, 2018; 19: 973-977
DOI: 10.12659/AJCR.910011
Reports
Accepteds 2018.06.0 Double Trouble — Severe Hypernatremia
ublheds ormone Secondary to Central Diabetes Insipidus

Complicated by Hypercalcemic Nephrogenic
Diabetes Insipidus: A Case Report

x Acase of40-yearold female withstagelV breast cancer with skeletal and leptomeningeal
metastasis.

x Admittedwith polyuria, polydipsia, and recent onset of confusion

X Foundto have profound hypernatremia and sevdrgpercalcemia.

X Treatment: 5% dextrose for rehydratiori, dose of intravenous (I\lamidronate 1 dose of

IV desmopressin, antldays of subcutaneous calcitor2@0international unitsQ12H.

Am J Case Rep, 2018; 19: &



Clinical examination, history, signs and symptoms

w
24-hour water balance:
Confirm polyuria and polydipsia

Diagnosis of C

v
24-hour urine volume:

» >50—60 mL/kg (age 0—10 years)

+ >40—50 mL/kg (age >10 years)

YES N‘

Blood and urine examination (Ma*, Posm, Uosm) Other diagnostic hypothesis
» Plasma Na* >143 mEq/L » Plasma Na* >143 mEqg/L
- Posm >295 mOsm/kg H,0 - Posm <295 mOsm/kg H,0
« Uosm < Posm + Uosm < Posm

L 4
WATER DEPRIVATION TEST (for up to 7 hours):
= Monitor body weight, plasma Na*, Posm, Uosm, plasma AVP
« Interrupt and measure AVP/copeptin if:
— Loss of 3—5% body weight
— Plasma NA* >143 mEq/L
— Posm >295 mOsm/kg H,0
— Uosm increases to normal

/ \

Uosm < Posm Uosm > Posm
34 A‘-IP}mpeptirl/ Normal of 1 AVP/copeptin

Partial DI

Primary polydipisa

(different pattern of Na* and
Posm than partial DI)

Y

DESMOPRESSIN CHALLENGE TEST

'

Uosm << Posm
Jo—" =M Am J Case Rep, 2018; 19: 973
| NDI




Cancer patients with increased risk for hypernatremia

m Post craniotomy (sellar tumors)

m Elderly, nursing home residents

m Hypertonic infusions

m Tube feedings

m Osmotic diuretics

m [actulose

m Mechanical ventilation

m Diabetes mellitus with poor glycemic control
m Polyuric disorders



Factors contributing to 1Gdcquired hypernatremia (including patients with malignancy)
50

45

40 +

351

301

25 1

20 1

151

104

Polyuria Acute renal failure Hypertonic solutions Fever Diarrhea

m percent N
Journal of critical care 2013



Malignancy<—> Chronic Inflammation

HypertonicsalineC inducesWarburglike effect by enhancing glucose transport and lactic acidosis in cancer cells

: . /——\
YENaC 0\ IRNS /

ROS

}

Chronic Inflammation

|

Cancer Cell Proliferation

] veGF

|

Tumor Angiogenesis
Cancer proliferation

INTERNATIONAL JOURNAL OF ONCOLOGY &31814722017



Enhanced Warburike phenomenon by high salt on cancer cells

High Slalt Oleanolic acid
# Aerobic glycolysis v Aerobic glycolysis
v Mitochondrial oxidation # Mitochondrial oxidation
v ApOptOI S # Apoptosis
+ Warburg-Effect ¥ Warburg-Effect

\ CANCER‘/

INTERNATIONAL JOURNAL OF ONCOGDOA /-1481, 2017



Management of Hypernatremia

Hypernatraemia

Acute (<48h) + symptomatic Chronic (>48h)
Rapid correction:increase in [Na*] 2-3 Slow correction: increase in [Na®] 0.5
mmol/L/h, max. 12 mmol/L/d mmol/L/h, max. 8-10 mmol/L/d

Volume state? |

1

Hypovolaemia Euvolaemia Hypervolaemia
Al
Initial fluid resuscitation 5% dextrose * loop 5% dextrose + loop diuretic
with balanced cristalloid = diuretics

switch to 5% dextrose/half
isotonic saline
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Hypokalemia Associated Cancer

C Hypokalemia is the second most common electrolyte disorder encountered in the patier
with cancer

C In most cases, the etiology of hypokalemiansltifactorial.

C Hypokalemias also commonly seen in conjunction with other electrolyte disorders such:
hyponatremia anchypomagnesemia.



Etiologies of Hypokalemia in the Patient With Cancer

Inadequate potassium intake

- Poor nutrition, anorexia May be persist
Excessive gastrointestinal losses Months to . ent

- Vomiting (chemotherapy-induced) the eng of years after

- Diarrhea (chemotherapy-induced, tumor-associated, treatment
postsurgical resection)

- Posturetosigmoid diversion
Kidney losses} Diuretics

- Hypercalcemia

- Hypomagnesemia

- Postobstructive diuresis

x Directlyvia renal tubular effects

x Indirectlyvia side effects of decreased appetit

- Drugs intake, vomiting, and diarrhea
- Amphotericin B
: ’éi"s'"j‘;?riycos'des x Up to50% of AML (typ&, 5)R S &S 2 LIA y Bypckalemi.
i Ifosp')famid e x Hypokalemian these patients is usually associated with othe
- Glucocorticoids electrolytedisorders(hyponatremia, hypocalcemia,

- Lysozymuria with acute leukemia —} hypophosphatemiahypomagnesemia.

- Mineralocorticoid excess

pUUELARTUEIE TR CCUIEMRERIEMENEREUMMERME ¢ Small cell caThymoma Carcinoid tumors, Thyroid medullary ¢

carcinoma) Neuroendocrine tumors
- Renin-producing tumors

- Ectopic adenocorticotropin syndrome ' C Patients with occult ectopic ACTH secretion nadcenalectomy

Intracellular shifts
- Pseudohypokalemia
Use of growth factors and vitamin B12 therapy

Rapid separationf the plasma and storage 4{Climits this issue

Shift of K into the cells




Hypokalemia
Spurious Transcellular Shift?

Hypokalemia

Yes




Hypokalemia

: True
Spurious Transcellular Shift?
Hypokalemia

Check spot
urine K

Urine K<20
mmol/L

Extrarenallosses:
C Diarrhea

C Vomiting

C Gastric suctio



Hypokalemia

Spurious

: - Transcellular Shift?
Hypokalemia S EIIC=

Check spot
urine K

Urine K>20

mmol/L

y Metabolic Acidosis

Others: Normal/High serum Diabetic Ketoacidosis

C Drugs Bicarbonate Diversion of colon
Platinum | D[i)aRr)rTg(
Aminoglycosides Diarthea

Corticosteroids
Beta Adrenergic agonists
Loop& Thiazide Diuretics

C AKI High blood pressure: Lovémcsmure:
C Postobstruction - Hyperaldosteronism N oriig

- Cushing’s syndrome

Magnesium depletion
Fanconi like syndrome




Treatment for hypokalemia in patients with
malignancy

Smilar to the patientswithout an underlyingnalignancy

X Replacement of potassium deficit
X Treatment of underlying cause
X Treatment of ceassociated electrolyte imbalance
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Causes of Hyperkalemia Associat€ancer

C AKI

C Rhabdomyolysis

C Tumor lysis syndrome

C! RNBYlIf AyadzFUOASYOé | aazOAl i

C Drugs such as ketoconazameetapyrone calcineurininhibitors
(stem cell transplanpatients), nonsteroidal anth Y b I YY I (0 2
agents, trimethoprim, andheparin

C Pseudohyperkalemia, usually in the setting of marked leukocytos
or thrombocytosisA serunmtto-plasma potassium gradient greater
than 0.4mEqL is diagnostic opseudohyperkalemia




Treatmentor
spontaneously

N Q eatiysis | UMOI LySISY

L1t 1T 1

Potassium

Lactic acid

v

Acidosis
*

Phosphate

——
| !

Hyper- Calcium
phosphataemia  Chelation

|

J

ca2(PO4)3

Purine

|

Uric acid

!

Hypocalcemia yyperuricaemia

l

Uric acid

Renal failura

l

Hyperkalemia

r

Arrhythmia



Therapy of malignancy induced hyperkalemia

The same as for othenon malignant patients

X Emergent treatment
Cardiac protection
Potassium excretion by Gl or Urine

X Maintenance treatment
Prohibition of serum potassium accumulation
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Etiology of Hypomagnesemia the cancer patient

X Decreased intake ﬁ CRE
C Direct effect of Tumor | Loy Piintah
C Secondary to the drugs . Vs

X Renalmagnesiunwasting
C Direct effect of Tumor
C Secondary to the drugs

, B
J ‘ ‘ (J’J II'Ill ‘ I".l
‘ JJM' i | ||| l\

1 J “ “ | ‘ |||
A fractional excretion of Pl by % | , | |\
magnesium>15% in a ‘W4 4“3‘0 N
hypomagnesemic patient p "M ‘J : / k / /
Indicates renal wasting of Mg 4: “ :J J— n
| .

= -



Absorption of magnesium from the tubular lumen is via an EGIRendent
apical channel, TRPM6

Distal Convoluted Tubular

Cell
Tubular Lumen L Basolaster?l (Blood)
urrace
Mg?*
MgZo
Mg Sa Mgz¢ Mgz’ '@
" -
A
Mg?*
O‘ Cetuximab
TRPM6 Panitumumab




Treatment of malignancy induced hypomagneser

C Replacing magnesiuras intravenous rout (Diarrhea is a ddsaiting adverse
effect of oral magnesium)
C Stop excretion of Mg
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Causes of malignancy inducégypermagnesemia

X Enema with magnesium (for reliving of constipation)

x Renal failure (secondary to Drugs)

X Severe hyperparathyroidism (Parathyroid malignancy)

x Adrenal insufficiency (In the cases of metastasis to the
adrenals or suddenorton withdrawal)



Treatment of severdhypermagnesemia

C Cessation of drugs containing Mg

C Rehydration with serum in thabcenseof renal failure

C Furosemide

C Calcium gluconate in the presence of cardiac problems
C Hemodialysis in the presence of renal failure
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HypophosphatemiaAssociatedCancer
X Proximaltubular dysfunction: (Fanconsyndrome).

X The syndrome of tumofinducedosteomalaciar oncogeni@steomalacia

. ; _— chondrosarcoma
umor produces Osteoblastoma

'Hemangiopericyto

Renalphosphatewasting

A fractional excretion ofPo4 >5% in jaJ 4 & )
hypo-phosphtemicpatient indicates .
renal wasting of Po4



Mechanism of On n@steomalacia

Parathyroid
Hormone

1,25(OH),D

~

PO4'2 _

Gl absorption
of phosphate

Phosphaturia



NORMAL

PTH

1.25(0OH},
V4

PHEX
D

Osteoblast/Osteocyte
| FGF23Gene

& Transcription/Translation

Ny Phosphate
Homeostasis

PETscan Is a sensitive procedure fliagnosis.

Osteoblast/Osteocyte
N FGF23Gene

h 1 hydroxylase antagonis

¥

Vit D deficiency
Phosphate

Wasting Phosphateesistancy

The mainstay of therapy for this syndrome is tumor resection




Pseudehypophosphatemia should be excluded in patients contair
paraproteins(MM).

\

Samplesre analyzed after removal of serum proteins by ultrafiltration



Phosphorus Replacement Therapy

Product (Salt)

Phosphate
Content

Initial Dosing Based
on Serum K

Oral Therapy (Potassium Phosphate + Sodium Phosphate)

Neutra-Phos® (7 mEq/
packet each of Na and K)

Neutra-Phos-K®
(14.25 mEg/packet of K)

K-Phos Neutral® (13 mEq/
tablet Na and 1.1 mEq/
tablet K)

Uro-KP-Neutral®
(10.9 mEqg/tablet Na and
1.27 mEq/tablet K)

Fleets Phospho-soda®
(sodium phosphate
solution)

IV Therapy
Sodium PO, (4 mEg/mL Na)

Potassium PO, (4.4 mEq/
mL K)

250 mg (8 mmol)/
packet

250 mg (8 mmol)/
packet

250 mg (8 mmol)/
tablet

250 mg (8 mmol)/
tablet

4 mmol/mL

3 mmol/mL

3 mmol/mL

One packet three times
daily®

Serum K >5.5 mEq/L
(>5.5 mmol/L); not
recommended

Serum K >5.5 mEq/L
(>5.5 mmol/L) one
tablet three times daily

Serum K >5.5 mEq/L
(>5.5 mmol/L) one
tablet three times daily

Serum K >5.5 mEq/L
(>5.5 mmol/L) 2 mL
three times daily

Serum K >3.5 mEq/L
(>3.5 mmol/L)
15-30 mmol IVPB

Serum K <3.5 mEq/L
(<3.5 mmol/L)
15-30 mmol IVPB
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Hyperphosphatemia associated Malignancy

CTLS

C Hyper catabolic states associated AKI

C Pseudohyperphosphatemidiultiple myeloma andNValdenstrom
macroglobulinemiacirculating monoclonal proteins can interfere
with the laboratory measurement of phosphate, resulting in
spuriously elevated serum phosphate levels
(pseudohyperphosphatemja
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Malignancy induced Hypocalcemia

C Malignancies with Osteoblastic activity (prostate, and Breast)

C Metastatic malignancies to bone may find osteoblastic activity.

C Tumor lysis syndrome is an important cause of hypocalcemia.

C Hypocalcemian the presence of malignancy should be
suspicious for septicemia




Diagnosisé& treatment of 7
hypOcalcemia in mal |g Nan Cj’ Evaluate possible causes and take corrective action

Corrected serum calcium is <8.5 mg/dL

v v v v v
Decreased albumin : Hypoparathyroidism Concurrent medications Vitamin D deficiency
— correct serum calcium or E?\:;s:sc:ur:‘na?::g:e?nen t — IV & oral calcium — decrease doses or —oral or IV vitamin D
— obtain ionized calcium — oral vitamin D change therapy, if possible replacement
| l I |
Y

The corrected serum calcium is still <8.5 mg/dL.

|
\ \

Symptomatic Asymptomatic

— [V calcium chloride or gluconate bolus and infusion — oral calcium 1-3 grams/day

| |
v

Evaluate patient response to IV or oral calcium and current signs and symptoms
>»| — Serum calcium every 4-6 hours during IV therapy <€
— Serum calcium every 24—48 hours initially during oral therapy, then 1-2 times weekly
l , l
Symptomatic and calcium <8.5 mg/dL Asymptomatic and calcium <8.5 mg/dL Calcium >8.5 mg/dL
v v v
Rebolus IV and increase maintenance infusion rate Increase maintenance infusion rate or increase Change to oral calcium therapy

dose of oral product

Evaluate serum calcium in 48 hours

1
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Malignancyassociatedhypercalcemia

Humoral Hypercalcemia Bone Invasion

N

PTHrP-related Non-PTHrP-related
(including due to

*Drug-related (retinoids)

*Immobilization

CJASN October 2012, 7 (10) £1229 *PTH (parathyroid carcinoma)



Malignancy induced Hypercalcemia
20%30% of cancer patients experience hypercalcemia during the
course of their malighancgndthis is predictive of poor prognosis

The causes of Hypercalcemia The types of Tumors

Release oPTHIP Squamousell carcinomas of the lung, cervix, an
esophagus
Certain lymphomas
Renal cell carcinoma
Adenocarcinoma of the breast, prostate, and ov:

Releasef PTH Pulmonary, ovarian, thyroid, and pancreatic
X Direct metastatic tumor cells to cause Metastatic breast cancers

localosteolysis Metastatic lung cancers
x Byreleasing factors such as Extensive multiple myeloma

prostaglandins oPTHrP

Activation of vitamin D by the tumor itsel Hodgkin lymphoma and neHodgkin lymphoma.
Multiple myeloma



Further Tests for Malignancihduced Hypercalcemia

X Serum Phosphorus

x 1,25(0OH)2D

X PTHrP

x Alkaline phosphatase

X Whole body scan

x Serumand urine protein electrophoresis looking for light
chain disease (An abnormal total serum calcium
concentration in the presence of a normal ionized calcium
concentration pseudohypercalcemipcan occur in patients
with multiple myeloma




Therapy of Malignancy induced Hypercalcemia

Depends orthe mechanism by which hypercalcemia develops

To increase Calcium excretion To decrease Calcium resorption

S hOrt term C Aggressivéntravenous hydration witl®.9% saline, usually at

200to 500mL/hour, is the initial regimen suggested to establish a kidney urine outp
more than75mL/hourC addition of furosemide IK& RNJ U A 2y NI a dzt G
retention and potentially cardiacompromis€ Furosemide dosage is increased only
after vigorous hydration has beearchieved

LO N g'te ' & (1) Anti-resorptive drugs: RANKL inhibito®enosumab

C Bisphosphonates includ®amidronate Zolendronicacid, andbandronate
(2) Anti 1 alpha HydroxylaseHydrocortisone200-300mg/d for 5 daysC reduce to oral
prednisolonel0-30mg/D
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Anticancer drugs, type of nephrotoxicity,
mechanism and prevention of renal
adverse events






