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AKI IN SETTING OF OTEIBMORBIDITIES
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Cumulativancidence (risk) of acute kidney injury (AKI) during
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Cancers with the highestyt risk of AKI




Acute kidney injury in cancer
patients: A nationwide survey in
China

Juan Jin'?, Yafang Wang?, Quanquan Shen(®??, Jianguang Gong'?, Li Zhao'2 & Qiang He2

Cancer patients have a high risk for acute kidney injury (AKI); however, the incidence, severity, and

risk factors of malignancy-related AKI (MR-AKI) are unclear. This study aimed to assess MR-AKI risk
factors and provide reliable data for AKI prevention, diagnosis, and management in China. This
cross-sectional study analysed data from 44 academic and local hospitals in China. AKI patients were
identified based on 2 screening criteria: the 2012 Kidney Disease: Improving Global Outcomes-AKI
definition and the expanded screening criteria for patients with no repeated serum creatinine (SCr) test
within 7 days and those who recovered from AKI. Patients whose SCr level increased or decreased by
50% during hospitalization, compared with that at admission, were considered to have AKl according
to the expanded criteria. A total of 7,604 AKI patients were enrolled (1,418 with MR-AKI). Patient
characteristics were compared between the MR-AKI and non-MR-AKI groups. Multivariate logistic
models were used to statistically assess risk factors. The proportions of MR-AKI patients in academic
and local hospitals were 20.2% and 14.1%, respectively. The incidence of MR-AKI was higher in mid-
China (the affluent region), elderly patients, and groups with higher per capita gross domestic product.
Among MR-AKI cases, gastrointestinal cancer (50.1%) was the most common malignancy, followed

by cancers of the reproductive (15.3%), haematological (13.1%), respiratory (11.8%), and other
systems (8.3%), and cancers of unknown classification (1.4%). Of 268 hospital deaths, respiratory,
haematological, gastrointestinal, reproductive, other system, and unknown classification cancers
accounted for 29.3%, 18.8%, 18.6%, 12.9%, 16.9%, and 20.0%, respectively. Increased age, advanced
AKIl stage at peak, level of per capita gross domestic product, geographic region, and renal replacement
therapy indication were risk factors for hospital mortality in patients with gastrointestinal MR-AKI,
whereas cardiovascular disease history, AKl stage at peak, and geographic region were risk factors for
mortality in patients with reproductive MR-AKI. The incidence and mortality of MR-AKI vary by hospital,
economic level, age, geographic region, and malignancy type. High MR-AKI incidence was associated
with gastrointestinal cancers and higher level of medical care provided by academic hospitals in affluent
regions such as Beijing, Shanghai, and other provincial-level cities. Elderly patients with advanced
gastrointestinal cancer in mid-China showed the highest incidence of MR-AKI and in-hospital mortality,
and thus require special attention.




AKI Is common among cancer patients

AOntario, Canada: 163,071 patients undergoing cancer therapy
between 20072014

AOne in 10 developedKID or requiredhospitalization

AAnnual incidence of AKihcreased from 18 to 52 per 1000 person
years

AHighest AKI incidence with myeloma (26%), bladder cancer (19%),
leukemia (15%), and kidney cancer (14%)
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KaplanMeler estimates of patient survival stratified by
disease responsé@3) no complete remission
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Kaplan-Meier Estimates of 8-Week Mortality by RIFLE Category

Initial Cr¢ Maximum Cr® No. of Patients (%) 8-Week Mortality 95% CI
PR

No AKI 0.9 1.0 345 (64) | 3.8% 2.2-6.4%
RIFLE-Risk 0.9 1.5 81 (15) | 13.6% 7.8-23%
RIFLE-Injury 0.8 1.8 51 (10) | 19.6% 11-33%
RIFLE-Failure 0.9 30 60 (11) | 61.7% 50-74%



AKI in Hospitalized I@Ratients:
Solid Tumors

2011-2015
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Table 4. Univariable and Multivariable Analyses of Factors Associated With 6-Month Mortality (N = 309)

6-Month
Mortality Hazard Hazard
Variables (%) Ratio 95% ClI P Ratio 95% ClI P

Age, years

<60 70 1.00 463 1.00

>60 75 1.1 0.85t0 1.44 1.36 1.00to0 1.84 .049
Sex

Female 73 1.00 .643 —

Male 73 0.94 0.72t01.23 —
Type of cancer

Locoregional solid tumor 66 1.00 .009 =

Metastatic solid tumor 75 1.57 1.10t0 2.22 —

Low-grade hematologic malignancy 84 1.40 0.88t02.24 —

High-grade hematologic malignancy 88 1.65 1.17t02.34 —
Performance status

0-1 61 1.00 .001 1.00

2-4 85 2.05 1.57 t02.67 1.66 1.22t02.26 .001
Cancer status

Controlled 60 1.00 .001 1.00

Uncontrolled newly diagnosed 81 1.81 1.33t02.47 1.45 1.00t0 2.11 .049

Uncontrolled recurrence/progression 92 2.43 1.76 t0 3.37 1.61 1.10t02.11 .015
Neutropenia

No 71 1.00 .001 —

Yes 89 1.96 1.35t02.84 —
Weight loss

No 71 1.00 .001 —

Yes 93 2.05 1.37 t0 3.07 —
Severe comorbidity (ACE-27)

No 72 1.00 234 —

Yes 81 1.31 0.84 t0 2.03 —
Mechanical ventilation

No 38 1.00 .001 —

Yes 83 3.82 2.53105.76 —
Number of associated organ failures

0 33 1.00 .001 1.00

1 65 2.74 1.58t04.75 1.75 0.88t0 3.50 110

2 80 4.41 2.66 t0 7.32 3.24 1.62t06.51 <.001

=3 93 6.07 3.74t09.87 4.07 1.94 t0 8.54 <.001
Sepsis

No 53 1.00 .001 —

Yes 85 2.26 1.68 to 3.04 —
Acute on chronic renal dysfunction

No 74 1.00 .062 —

Yes 54 0.49 0.23t01.04 —
Worsening of renal function during ICU stay

No 70 1.00 .042 —

Yes 85 1.39 1.01t0 1.91 —
Oliguria

No 72 1.00 247 —

Yes 74 1.17 0.90to 1.53 —
Classification of acute renal dysfunction

Acute renal injury 66 1.00 .004 1.00

Acute renal failure syndrome 80 1.73 1.25102.38 1.77 1.26t02.49 .001

Severe acute renal failure syndrome 76 1.30 0.95t01.78 1.16 0.81t0 1.67 1420

Abbreviations: ACE, Adult Comorbidity Evaluation; ICU, intensive care unit.




Survival

Increased Mortality with AKI

Overall AKI Incidence = 12%
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AKI Is probably thenost common formof renal disease
for which anephrologist would be consulted
In a hospitalizegbatient with cancetr



Prognosis of Cancer pts:
Why AKI has a negative impact ?

Inadequate doses dfhemottt
AKtrelated Mortality 1- Underdose fewer remission
2-Overdose: more toxicity

Adaptation of concomitant
treatments:
Morhines Abx Antk
fungals X

Jeopardy of curative options:
1- inconclusive CT
AllogenicAutologusTx




AKI + Cancer Epidemiology

AAKI is frequent in pts with cancer (up36%)
AAKI strongly worsens the prognosis of cancer pts.

APrognosis is related to:

A1- severity of AKI

A2- number of organ dysfunctions
A3- cancer progression

A4- age

A5- performance status



AKI Increasdase riskof progressiorto ESRD

Hsu et al, CJASN 2009
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1-decreased RBF (sepsis,
ascites)

2-volume depletion (NPO,
diarrhea, ovetLasix !)
3-decreased COP
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5- HyperCa
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AAKI in Cancer pts is a multifactorial event



Intrinsic Causes of AKI

Aunique/more frequent causes in CA pts:
ALymphomatous Infiltration of the Kidney
ACast Nephropathy

ATumor Lysis Syndrome



Lymphomatousnfiltration of the Kidney (LIK)

Common butunder-Dxcomplication of hematologic malignancies



Tumor Lysis Syndrome



TLS Is a medical emergency
and a common cause of
cancerinduced AKI




Risk Factors for TLS

Ahighlychemosensitivemalignancies such as lymphomas and
eukemias,

Alarge tumor burden,

Aeffective cytolytic chemotherapeutic agents,

Aelevated lactate dehydrogenase levels (> 1,500 1U), and
Aunderlying kidney disease
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intracellular contents

Uric acid Potassium Phosphorus

Hyperuricemia ——J Crystal deposition
Hyperphosphatemia - _ . :

(+ calcium) *Calcium phosphate

Volume depletion Aggravating factors:
Hypotension «Extrinsic urinary obstruction
*Tumor infiltration of kidney
*Chronic kidney disease
«Congestive heart failure
*Hypotension

*Nephrotoxic medications
*Radiccontrast agents

*Sepsis
Hyperkalemia
Hypocalcemia . ! | Fluid overload
* ~ .. *
Cardiac arrhythmia . Respiratory
Cardiac arrest failure




TLS Burden

AThein-hospital mortality associated with TLS can appro&d®4q and
nearly 70%of patients experience severe complicatiosuch as:

Asepsis,

Adialysis,

Aacute respiratory failure,
Amechanical ventilation,
Acardiac arrest, or
Aseizures
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A While there areno universally accepted diagnostic criterfar TLS, the CaifBishop definition oboth
|laboratory and (+) clinicalcriteria are commonly utilized93].

A Laboratory criteriainclude the following:
1- hyperuricemia (38 mg/dL or a25% increase from baséne),
2- hyperkalemia (*6 mmol/L or25% increase from baseline),
3- hyperphosphatemia (#.5mg/dL or25% in crease from baseline) and
4- hypocalcemia (¢ mg/dL or a25% decrease from baseline).

A Laboratory criteria for TLS require the presenc@ of more of these abnormalities occurrir@days before
or 7 days after therapy.

A Clinical criteria include
1- serum creatinine elevation £.5times the upper limit of normal,
2- cardiac arrhythmias,
3- sudden death, and
4-seizures




Laboratory & Clinical TLS
a/ F ANR 3 . AaK2z2l

Laboratory TLS Clinical TLS
(Requires =2 laboratory abnormalities) (Requires laboratory TLS features plus any clinical finding below)
Hyperuricemia (uric acid =8 mg/dl) AKI=
Hyperphosphatemia (>4.5 mg/dl in Stage I (AKIN criteria)=
adults; >6.5 mg/dl in children) R (RIFLE criteria)
Hyperkalemia (potassium >6.0 mEq/L.) Cardiac dysrhythmia, sudden death
Hypocalcemia (corrected serum calcium Cardiac dysrhythmia, sudden death, seizure, tetany, carpopedal

<7.0 mg/dl, or tonized calcium <1.12 mg/dl) spasm, bronchospasm, laryngospasm, hypotension




ClinicallLS

Creatinine < 1.5x 15-3x 15-3x 3-6X =& X Death
. Intervention Intervention  Symptomatic, Life-
SLUEas No not indicated indicated urgent action.  threatening e
Repeated,
Single, easil Prolonged,
Seizures Mo - g W altered e Death
controlled refractory

consciousness

Cairo-Bishop: Clinical grading of tumour lysis syndrome.



Variable Grade 0 Grade | Grade |l Grade |l Grade IV Grade V

Cardiac None Intervention not Nonurgent medical Symptomatic and Life-threatening Death
arrhythmia indicated intervention incompletely controlled  (e.g., arrhythmia
indicated medically or controlled  associated with
with device (e.g., HF, hypotension,

defibrillator) syncope, shock)




Prophylaxis against TLS
IS recommended foall patients
with hematologicaimalignancies
undergoing chemotherapy



Prophylaxis Is also recommended for
all high and moderate rispatients
such as those witharge tumor burdens
reduced GFRand
highlychemosensitivéumors



Oral hydration
Monitor

PREVENTION

INTERMEDIATE
1-5%

Saline (aim UO
>100ml/hour)
Allopurinol (up
to 600mg OD)
TLS screen®

Saline (@im UO
>100ml/hour)
Rasburicase
(3mg)

TLS screen®



/0.2 mg/kg for & days

Or
6 mg single dose

Few adverse events
(met-Hgb

\ Cost ? /

PURINE
CATABOLISM

HYPOXANTHINE

v

XANTHINE

|

URIC ACID
LOW SOLUBILITY

RASBURICASE

>

ALLANTOIN
HIGH SOLUBILITY

XANTHINE OXIDASE

4 )

600mg IV 01800
mg PO

-d2 untill +d3
Multiple
interaction/dose

adjust/avoidance

No effect on
Gl f NBI Ré ¢

Xanthine
precipitation

o J




AFebuxostatis a norpurine analogueanthine oxidase inhibitorand
IS useful In patients that are intolerant to allopurinol

ATrialsdemonstrated that febuxostat wasuperior in lowering uric acid
levelsbut there wasno differencean clinical outcomess. allopurinol

AFebuxostat dosing should B€® mg dailyin patients with severe
Kidney function impairment




Randomized trials &tasburicase

Study Year  Patients () Population Group 1 Group 2 End Point
Cortes et al. (61" 2010 183 Adults at risk Rasburicase, (.20 Allopurinol, 300 Uric acid <75 mg/dl at3-7d
for TLS mg/kg per d for 5d mg/d for5d
Malaguarnera 2009 38 Hyperuricemic ~ Rasburicase, 4.5 mg Placebo Change in uric acid at T wk
et al. (68) elderly patients ~ for 1 dose
Kikuchietal. (92) 2009 30 Japanese children  Rasburicase, 0.20 Rasburicase, 0.15 Sustained reduction in uric acid
at risk for TLS mg/kg per d for 5 d mg/kgperdfordd  to<6.5mg/dl (age <13yr)
or <7.5mg/dl (age =13 yr)
[shizawa etal. (93) 2009 0 Japanese adults ~ Rasburicase, 0.20 Rasburicase, (.15 Sustained reduction
at risk for TLS mg/ kg per d for 5 d mg/kgperdfor5d  of uric acid <7.5 mg/dl
Goldmanetal. (77) 2001 5 Children atrisk ~ Rasburicase, 0.20 Allopurinol, 300mg ~ Area under the uric
for TLS mg/kgperdfor5-7d  every 8hfor5-7d acid curve over 5 d

Wilson andBernsCJASIKR012



Theneed for hemodialysito treat TLS
has likelydeclined
since the advent ofasburicase




RRT & TLS

AHemodialysis remains a highly effective therapy that can be used to
gain control of electrolyte and aciohse issues, especially in the
presence of oliguric AKI.

AContinuous renal replacement therapiezan be utilized In the §
treatment of TLS and have the advantage of avoidingls 0 2 dzy R €
metabolic disturbances

Alf a continuous renal replacement is utilizédgher clearance levels
(at least30-40 mL/kg/ hour) should be targeted.




Hypercalcemrlnduced AKI



Malighancy- Associated Hypercalcemia

Humoral Hypercalcemia Bone Invasion

TN

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

*Drug-related (retinoids)

*|mmobilization
*PTH (parathyroid carcinoma)



AHypercalcemia occurs in approximatél2s to30%of all
malignancies (especiallyultiple myelomaandsquamous cell
carcinomas and is a common cause of AKI

Aln some scenarios, such as with multiple myeloma, the presence of
nypercalcemianay potentiate other AKI etiologies

AHypercalcemia promotedirect afferent arteriolar vasoconstriction
and also leads tgolume depletiorfrom excessive renal sodium and
water loss




Table 1. Types of Hypercalcemia Associated with Cancer.*

Type

Local osteolytic
hypercalcemia

Humoral hypercalcemia
of malignancy

1,25(0OH),D-secreting
lymphomas
Ectopic hyperparathyroidism

(%)
20

30

<]l

Frequency Bone Metastases

Common,
extensive

Minimal or
absent

Variable

Variable

Causal Agent

Cytokines, chemo-

kines, PTHrP
PTHrP

1,25(0OH),D

PTH

Typical Tumors

Breast cancer, multiple myeloma,
lymphoma

Squamous-cell cancer, (e.g., of head
and neck, esophagus, cervix,
or lung), renal cancer, ovarian
cancer, endometrial cancer, HTLV-
associated lymphoma, breast
cancer

Lymphoma (all types)

Variable




AHypercalcemia causes sodium wasting at the loop of Henle by
activating the calciunsensing receptor,

Aand also leads teenal water lossedy blocking arginine vasopressin
activity in the distal nephrons

A Rosner MHPerazelldMA. Acute kidney injury in patients with cancerENgl) Med 2017;376:1770781.



Renal ‘failure/ Hypercalcemia

Aggressive |V hydration w‘e overload

|

IV Bisphosphonate +/-
Lymphoma/Leukemia Calcitonin
Consider corticosteroids l

Refractory Cases
Gallium nitrate or Denosumab




DENOSUMAB

THIS HUMAN MONOCLONALANTIBODY IS
EFFECTIVE IN THE TREATMENT OF
HYPERCALCEMIA OF MALIGNANCY.



3.5

CORRESPONDENCE

RE: Denosumab for Patients With Persistent or Relapsed 1
Hypercalcemia of Malignancy Despite Recent Bisphosphonate
Treatment

Jason Adhikaree, Yvette Newby, Santhanam Sundar
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. A) Adjusted Calcium mmol/L post-denosumab treatment. B) Creatinine umol/L post-denosumab treatment.



Druginduced AKI



Focal segmental Crystalline nephropathy
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Thrombotic microangiopathy

Mitomycin €
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Gemcitabine -
Pamidronate -
Antlanglogenesis drugs intedteron Dysproteinemia-related
1 Drug-induced
Antiangi ind
ntiangiogenesis drugs Metabolic

Proximal
convoluted
tubule

Attlerent
arteriole

Efferent
artediole

Platinums ‘ VULE
Hosfamide B A R
Pemotrexed A AL . and
Crizotinib Tyrosine kinase Inhibitors

Zoledronic acid BRAF inhibitors

Loop of Henle




Achemotherapyassociated AKI can be separated into 3 drug classes:
1) conventional chemotherapy,
2) targeted therapies, and

3) novel Immunotherapies



Conven2onal Chemotherapeu2c Agents

AGemcitabine, Mitcomycin C
Aspla2zng TMA

APamidronatec Collapsing FSGS

APla2ns, Ifosfamide, Pemetrexed,
Zoledronatecg Toxic ATI/ ATN

AMethotrexatec Qystalline ATl



Target Agents

verysuccessful in effectively treating cancer
but unfortunately are also associated with
AK] proteinuria, hypertension, and electrolyte disturbances



Targeted An2-Cancer Agents

AAN2-VEGFinhibitorsg ™A M st;s\ ﬂ
AALK inhibitorsg

AKIl, Renal Cyst
ABRAFinhibitorst AINATN oy [

AEGFR an2bodiesc Hypomagnesemia




Cancer Immunotherapies

Alnterleukin-2— Prerenal AKI, ATN,
PI-GN

Alnterferon-— W
SRy e LB I

FSGS / TV . | {ES i

Almmune Checkpoint

Inhibitors— AIN/IC-GN/MCD
TXp rejection

Prerenal AKI/ATI, TLS,

ACAR T-Cells- electrolyte disorders




VEGF & Proteinuria
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AKI after HCT






Table 1. Selected studies from the last decade in critically ill patients with HM and AKI

References Patients with HM Design and setting BMT / HSCT RRT Survival Main findings
Lengline et al. 2015 [24] 123 Retrospective, Allogenic, 100% 57 (46%)  Hospital, 52%  The use of RRT was independently associated
multicenter with 90-day mortality. 95% of the patients
managed with RRT died after a median
<2 weeks.
3 months, 49%
Canet et al. 2014 [9] 49 Retrospective, single Allogenic, 100% 3 (6%) Hospital, 53%  Mortality was associated with the severity of
center AKI, GVHD and VOD. No surviving
patients recovered previous renal function
at 3-months of follow-up.
3 months, 35%
Canet et al. 2013 [2] 137 Prospective, single None 72 (53%)  Hospital, 65%  AKl was associated with lower rates of

Azoulay et al. 2013 [25]

Park et al. 2011 [24]

Darmon et al. 2007 [7]

Soares et al. 2006 [3]

Benoit ef al. 2005 [21]

204 (out of 1032
patients with HM)

94

87 (out of 94 patients
with cancer)

76 (out of 309 patients
with cancer)

49 (out of 270 patients
with cancer)

center

Prospective,
multicenter

Retrospective, single
center

Prospective, single
center

Prospective, single
center

Retrospective, single
center

252 (25%) (allogenic =

145; autologous =107)

21 (22%) (allogenic = 12;

autologous = 9)

None

None

None

262 (26%)

100%

100%

34 (45%)

42 (86%)

6 months, 53%
Hospital, 59%

ICU, 23%

Hospital, 48%

Hospital, 24%

6 months, 13%
ICU, 20%

Hospital, 16%

complete remission. Renal recovery
occurred in 92% among hospital survivors.

Patients treated with RRT had a hospital
mortality of 59%, but among those without
any other organ failure than AKI, 81%
were alive at hospital discharge

Nonrenal organ dysfunctions were associated
with ICU mortality.

The severity of associated organ failures and
renal function deterioration after ICU
admission were associated with worse
outcomes. Mortality was comparable to
noncancer patients.

Older age, uncontrolled cancer, impaired
performance status and associated organ
failures were associated with increased
6-month mortality. Renal function was
completely reestablished in 82%.

Hematological patients had higher rate of
AKI treated with RRT and mortality than
other patients. However, hematological
malignancy was not independently
associated with death.

AKI, acute kidney injury; BMT, bone marrow transplant; GVHD, graft versus host disease; HM, hematological malignancies; HSCT, hematopoietic stem-cell transplant; ICU, intensive care unit; VOD, veno-occlusive

disease.




AThe original report by Zager et al., which analy2@#patients
undergoingmyeloablative HCT8%% allogeneic anii1% autologous),
found that53% of patients developed AKlefined as doubling of
serum creatining with onehalf of these patients requiring dialysis.

AThis remarkablyigh incidence of AKI imyeloablative& allogeneic
HCThas been confirmed in several more recent studies




AOverallmortality rates in patients witlAKIrange from37% to46%
and are as high &8% in patients requiringialysis



AKI after HCT

Early onset (<30 days)
Sepsis
Hypotension
Hypovolemia (vomiting and diarrhea)
Nephrotoxic agents
Acyclovir
Allopurinol
Amphotericin B
Angiotensin-converting enzyme inhibitors
Angiotensin receptor blockers
Calcineurin inhibitors
Contrast dye
Methotrexate
NSAIDs
Tumor lysis syndrome
Hepatic sinusoidal obstruction syndrome
Late onset (>3 months)
Thrombotic microangiopathy
Calcineurin inhibitor toxicity
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Hepatic sinusoidal obstruction syndrome (SOS)
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Hepatic sinusoidal obstruction syndrome (SOS)
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Hepatic sinusoidal obstruction syndrome (SOS)

AHepaticsinusoidal obstruction syndrom¢SOS), previously known as
veno-occlusive diseaseas the constellation of:

1- tender hepatomegaly,
2- fluid retention,

3- weight gain, and

4- jJaundice

Athat occurs after the administration ¢figh-dose conditioning
regimens includingcyclophosphamidebusulfan, and/ototal body
irradiation




AAlthoughSOS has historically been reportedbtic60% of patients, a
recent review of studies performed betwed®/9and2007found
that the overall meanncidenceof SOS wa%3. ~b




ASOS occurs more commonly afteyeloablative allogeneiHCT than
after autologous HCT ,

Aand it is essentiallgonexistentwith nonmyeloablativeregimens.
ARisk factordor developing SOS include:

1- older age,

2- pre-existing liver disease,

3- medications (methotrexate, itraconazole, sirolimus, and
norethisterone), and

4- certain conditioning agents (cyclophosphamide and busulfan)




AKldevelops in approximately0%of patients withSOS

and Is clinically indistinguishable from the hepatorenal
syndrome




Rx of SOS

AMore than70%patients with SOS wilecover spontaneoushyith only
supportive therapywhich consists of maintaining sodium and water
balance, preserving renal blood flow, and treating symptomagimtes
with repeated paracenteses

AFor patients withrsevere SOShere areno highly effective treatments
although the best results have been achieved with defibrotide, a single
strandedoligodeoxyribonucleotidevith antithrombotic and profibrinolytic
properties that has 46% complete response rate.

Alnfusion of heparirand/or ursodeoxycholi@cidadministered immediately
before inductiontherapy may also be moderately successfipreventive
measures.
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Thrombotic Microangiopathy

AThrombotic microangiopathy (TMA) is a common cause ofdaget
AKI In patients who have undergohRkCT.

A

ATMAIn cancer patients can be classified as:
1- cancerrelated TMA,
2- cancer drugsnduced TMA (types | and Il), and
3-HSCTrelated TMA



TMA Is a potentially severe kidney lesion
with untoward outcomes
that can complicate certain malignancies
and a number of cancer therapies



ACancefrelated TMA mainly occurs in patients with
Asolid tumors, most commonly imdenocarcinomas



AThrombocytopeniavith micro-angiopathichemolytic anemia and
no alternative diagnosis
IS sufficient to establish a presumptive diagnosis [afA



AThe pathogenesis of TMA after HCT is not well understood, but
damage to renal endothelial cells likely plays a central role

ATheconditioning regimen particularly the use abtal body
irradiation, Is a primary cause of renal endothelial damage, waht
HCT factorsuch assVHD infections, andmedications(such as the
calcineurin inhibitorg playing a later modulatory role

AStrategies such as partisthielding of the kidneyshyperfractionation
of the radiation dose, andlow radiationadministration have been
proposed to reduce radiation injury.

Athese approaches run thesk of decreasing the effectiveness of
tumor cell eradication.




Rx of HGIlassoclated TMA

AThemanagementof HCTassociated TMA is otherwise largely
supportive.

ACalcineurin inhibitors are typically discontinyed

AOtheroral agents that can be used for tpesvention and treatment
of GVHDNncludemycophenolate mofetil and corticosteroids

ASubstitution of calcineurin inhibitors witthaclizumab
ARituximab




the incidence ofdrug-induced TMA 1s>15%,
primarily due to the introductionof VEGFRgents



DRUG

ADAMTS-13 Complement
Auto-Ab Factor Auto-Ab

(interferon, ticlopidine) (?, predisposing factor?)

Decreased Direct sub-
i glomerular VEGF  endothelial toxicity :
i (Targeted therapies) (chemotherapy) I
W v

Increased Decreased Inhibitory
UL-vWF Complement Factors

Endothelial Injury




Alternative

Complement
activation

Endothelial cell
damage and swelling



Type | Cancer Drug—Induced TMA

Type Il Cancer Drug—Induced TMA

Chemotherapy regimen

Anti-VEGF therapy

Characteristic agent
Onset

Dose effect
Clinical

Effect of rechallenge

Pathologic
Therapy and
prognosis

Mitomycin C and/or gemcitabine
Delayed; usually 6-12 mo after starting therapy

Cumulative, dose related

Appears to be permanent and irreversible; hematologic
manifestations usually present; hypertension, acute
renal failure, pulmonary edema, and ARDS are
common

High probability of recurrent dysfunction that is
progressive; may result in intractable kidney failure

Arteriolar and glomerular capillary thrombosis

High incidence of acute mortality (4-month mortality up
to 75%) and chronic kidney disease requiring dialysis
despite drug discontinuation, steroids, or plasma
exchange before rituximab and eculizumab use

Bevacizumab

Occurs any time after the initiation of treatment
and may be involved after prolonged treatment
(1 dose to 29 mo)

Not dose related

High likelihood of recovery after interruption
(reversible); hematologic manifestations only
in half of pts; hypertension, and varying
degrees of proteinuria usually without kidney
failure

Some evidence for the relative safety of
rechallenge (additional data needed)

Exclusive glomerular capillary thrombosis

Patient and kidney survival rates are excellent
after stopping drug in association with
antinypertensive drugs




Table 3. Emerging Therapies for Cancer Drug—Induced TMA '2'122:126.133

Case Regimen ADAMST13 Doses
n Malignancy Inducing TMA Level Prior TMA Therapy Given Outcome
Rituximab (375 4  Breast, MMC- or Gem- =38% Steroids + daily 2-8  TMA resolution in 3
mg/m?/wk) pancreas, based; other: plasma exchange cases (2 pts at 5 mo
lung Platins, BVZ (n, 8->120) and 1 pt continued to
require 3X/wk
hemodialysis at 4
mo)
Eculizumab 1 Duodenal Gem 88% Steroids + daily 4 Rapid normalization of
(900 mq) plasma exchange platelet count,
(n = 12), then improvement of
rituximab (375 mg/ kidney function, and
m?/wk, 2 doses) independence from
hemodialysis
Recombinant 1 Lung Gem + BVZ 61% Concomitant fresh 6 Patient recovered from
human soluble frozen plasma (4 TTP and was
thrombomodulin units/d) discharged 1 mo after
(rTM, 380 U/kg/d) the onset of TTP-1
year

Abbreviations: BVZ, bevacizumab; Gem, gemcitabine; MMC, mitomycin C; pt, patient; TMA, thrombotic microangiopathy; TTP,
thrombotic thrombocytopenic purpura.



Multiple

Myeloma Imunotactoid

GN

Amyloidosis

Gamma
Globulin

onoclonal
VS
Polyclonal

Light vs
Heavy Chain

Gammopathy
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Glomerular
manifestations

Multiple myeloma

light chains

Kappa
or lambda \ or

Heavy

immunoglobulin

chains

Urine albumin
>2 g/day

Deposition of light chains or monoclonal
immunoglobulins, leading to glomerulopathy
and proteinuria (urine albumin typically >2 g/day)

Glomerulopathy
AL amyloidosis

AH amyloidosis

Monoclonal immunoglobulin deposition
disease (light-chain, heavy-chain, or both)

Proliferative GN with monoclonal IgG deposits
Monoclonal cryoglobulinemia
Membranoproliferative GN
C3 glomerulopathy
Fibrillary GN

Immunotactoid glomerulopathy

Urine albumin
<2 g/day

Glomerulus Distal
’7 - convoluted tubule
X -

\

P

Tubular
manifestations

Proximal
convoluted tubule

Proximal
straight tubule Obstruction
(cast formation)

Thin
descending limb

Thick
ascending limb

Endocytosis of LCs, leading to acute

Endocytosis of LCs, leading to Fanconi’s
syndrome with or without acute kidney

Proximal tubulopathy THP

tubular injury and fibrosis

injury ‘ ' Thin

ascending limb

|

I,
Loop of Henlew

LCs bind with THP, forming insoluble casts

that obstruct tubular lumen and elicit local

inflammation, leading to acute kidney injury
with or without chronic kidney disease

Cast nephropathy

9
)
i

B




APatientswith multiple myelomarepresentan
Important subclass of patientsith
hematological malignancidlat are prone to

develop AKI.



AAKIis quite common, complicating the course of myeloma
Ain up to 20% to 50% of cases



Etiologies of AKI In MM

Paraprotein-related Metabolic disturbances
|Light chain cast nephropathy| Hypercalcemia secondary
Light chain related proximal tubular to bone involvement
injury with or without Fanconi syndrome  Hyperuricemia with large
Light chain deposition disease tumor burden

Amyloidosis (more common with
lambda light chains)







