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Onco-Nephrology

Anticancer Drugs
Malignancy-related Kidney Injury

Radiation/Nephrectomy
Uremic Milleu (CKD, ESRD)

Summary of the International Conference on Onco-Nephrology: an emerging field in medicine, Kidney International (2019) 96,
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Summary of the International Conference on Onco-Nephrology: an emerging field in medicine, Kidney International (2019) 96,



The Cumulative Incidence Death Rates in the Subgroups Classified by Cancer Type

Cancer

Total Subjects

e¢GFR > 60 mL/min

eGFR < 60 mL/min

All patients
r

No. of patients 9465 9158 307
No. of dcaths 2705 2573 K}
Events (per 1000 PYs) 101.44 99.64 188.4
sestive system
No. of patients 3031 2912 119
No. of deaths 1307 1246 61
Events (per 1000 PYs) 188.85 186.92
Breast
No. of patients 758 749
No. of deaths 49 47
Events (per 1000 PYs) 16.76 16.26
Head and Neck
No. of patients 2197 2158
No. of deaths 329 319
Events (per 1000 PYs) 43.35 42.70 84.66
Lung
No. of patients 1379 1323 56
No. of deaths 667 637 30
Events (per 1000 PYs) 228.99 226.87 285.9
Urinary tract
No. of patients 283 245 38
No. of deaths 49 39 10
Events (per 1000 PYs) 53.12 46.83 111.66
Hematologic malignancy
No. of patients 476 456 20
No. of deaths 100 90 10
Events (per 1000 PYs) 66.91 61.64 290.35
Gynecological cancer
No. of patients 933 917 18
No. of deaths 124 116 8
Events (per 1000 PYs) 38.06 36.03 204.34

PY's = patient-years.

0.087

0.059

0.029

0.256

0.016

<0.001

<0.001

Yang Y, Li HY, Zhou Q, et al, Renal Function and All-Cause Mortality Risk Among Cancer Patients. Medicine (Baltimore). 2016 May;95(20):e3728. PMID: 27196494;
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Association of Albuminuria and Cancer Mortality
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Yu-Sheng Lin; etal, Cancer Epidemiol Biomarkers Prev (2010) 19 (11):




’ Decreased : Increased Adjusted Hazard Ratio
Cancer Site (1CD-9-CM Codes)  No. of CKD /All (%) Risk 2 Risk ( 95% Confidence Interval)
*
Oral cavity (140 to 149) 8/52 (15.4) : @ { 1.30 (0.58 to 2.90)
Digestive 3
All (150 to 1539) 88/510(17.3) —or— 0.88 (0.62 to 1.26)
Stomach (151) 10/63 (15.9) ' e 2 | 1.19 (0.58 to 2.42)
Colorectal (153 to 154) 11/95(11.6) . o 0.71 (037 to 1.36)
Liver (155) 50/229 (21.8) P —e— 1.74 (1.24 10 2.44)"
Respiratory e
All (160 to 163) 43/253(17.0) —o— 1.00(0.71 to 1. 41)
Lung (162) 41/242 (16.9) —e— 0.98 (0.69 to 1.40)
Bone, skin, and breast .
All (170 to 175) 0/52 (0) :
SKin cancer (172,173) W5 (0) e
Breast (174) 0/40 (0) e
Genitourinary M
All (179 2, 189) 24/87 (27.6) b | 1.40 (0.70 t0 2.79)
Cervix of uterus (180) 1718 (5.6) S : 0.61 (0.08 to 4.81)
Body of uterus and ovary (182,183) 1/12 (8.3) I . i 1.23 (0.15 10 10.30)
Prostate (185) 3/16 (18.8) ; < A { 0.61 (0.17102.20)
Urological (188 to 189) 18/40 (45) ) } @ . 430 (2.16to 8.57)+
Kidney (189.0) 8/20 (40) & 1 S = i 3.30 (1.24t0 8.81) °,
Urinary tract cancer (188.189.1.189.2) 9/17(52.9) : } { 7.30 (24810 21.46)°
Other and unspecified *
All (190 to 199,209 to 239) 11/80 (13.8) | @ : 0.98 (0.50to 1.91)
Thyroid and other endocrine (193 to 194)  0/8 (0) M
Hematopoietic M
All (200 to 208) 13/82 (15.9) — e i LB (030230
Non-Hodgkin's lymphoma (200,202) 7/42 (16.7) - e . 1.37 (0.58 to 3.26)
Hodgkin's disease (201) 0/1 (0) e
Multiple myeloma (203) 1/12(8.3) | & 4 { 0.47 (0.06 10 3.83)
Leukemia (204 to 208) 5/27(18.5) t 2 2 i 1.57 (0.56 to 4.45)
All cancers (140 to 239) 187/1117 (16.8) 3—0—! 120 (1.02 10 1.42) "
I I I I 1 1 I
005 0.1 0.2 0.5 [ 2 10 20

Hazard Ratio ( 95% Confidence Interval)

Weng PH, et al, Cancer-specific mortality in chronic kidney disease: longitudinal follow-up of a large cohort. Clin J Am Soc Nephrol. 2011 May;6(5):1121-8
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HRs for eGFR on cause-specific mortality

¢GFR (ml/min per 1.73 m?) CKD Status
Causes of Death P, trend
>60  45t059 30to 44 15029 Non-CKD CKD
All-cause mortality? (n = 2,710) 1 (Ref) 1.35(1.20to 1.51)¢ 2.30(1.89t02.78) 3.50 (2.58t04.76)* 639 (4300949 <0.001 1 (Ref) 1.62(1.46to 1.79)
CV mortality? (n = 523) 1(Ref) 1.62(1.28t02.06)° 2.81(1.93t04.09¢ 259 (1.27t0526) 9.14 4.31t019.37)¢ <0.001 1 (Ref) 1.92(1.55t02.36)
stroke mortality? (n = 174) 1 (Ref) 137(0.89t02.12) 1.89(0.86t04.12) 2.06(0.50to 8.41) 13.92(5.11t037.95)* <0.001 1 (Ref) 1.64(1.12to2.40)*
CHD mortality? (n = 150) 1(Ref) 1.78(1.15t02.73)¢ 3.92(213t07.21) 420 (1.50t0 11.73)¢ 15.03 (4.73t047.79) <0.001 1 (Ref) 231 (1.59 to 3.36)
Non-CV mortality? (n = 2,187) 1(Ref) 125(1.10t0 1.42)¢ 2.21(177t02.75¢ 3.83 (275t05.32)° 689 (443t01072)¢ <0.001 1 (Ref) 1.52(1.36to 1.70)¢
cancer mortality® (n = 1,117) 1.10(091t01.32)  1.54 (1.08t02.20)° 2.12(1.17t0 3.86)°  1.93 (0.62 to 5.98) 1.20 (1.02 to 1.42)
infection mortality® (n = 99) 1 (Refy 1.11(0.66t01.86) 1.69 (0.72t04.00) 3.59 (1.11to 11.64) NA 0.135  1(Ref) 1.28(0.81t02.02)
pulmonary mortality? (n=80) 1 (Ref) 1.57(0.92t02.67) 1.16(0.35t03.78) 1.65(0.23 to 12.08) NA 0.174  1(Ref) 1.50(0.90to 2.48)

diabetes m. mortality® (n = 164) 1 (Ref) 1.98 (13010 3.01)¢ 6.89 (4.13 to 11.49)° 830 (35810 19.23)¢ 15.71 (497 t049.64) <0.001 1(Ref) 3.06(2.17 to 4.32)°

cirrhosis mortality? (n = 102) 1 (Ref) 077 (039t0152) 137 (042to441) 2.00 (0280 14.50) 6.84(0.95t049.24) 0686 1 (Ref) 095 (0.53 to 1.69)

Valnes exnrecced ac HR (05% CTN CHD coronarv heart dicease: diahetee m  diahetes mellime ref reference: NA nat annlicahle

Weng PH, et al, Cancer-specific mortality in chronic kidney disease: longitudinal follow-up of a large cohort. Clin J Am Soc Nephrol. 2011 May;6(5):1121-8




Overall cancer SIR
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§3.27 (3.09 - 3.46)

{1.35(1.27- 1.45)
%1.16(1.08- 1.25)

T T o . 1 o o
Before renal During dialysis After transplantation
replacement therapy

Weng PH, et al, Cancer-specific mortality in chronic kidney disease: longitudinal follow-up of a large cohort. Clin J Am Soc Nephrol. 2011 May;6(5):1121-8
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Inclusion of Participants with CKD and Other
' Kidney-Related Considerations during Clinical Drug
Development
. Landscape Analysis of Anticancer Agents Approved from 2015 to 2019

i Morgan A. Butrovich,' Allison C. Reaves” Jamie Heyward,” Thomas J. Moore(® ,”> G. Caleb Alexander,”? Lesley A. Inker,”
> and Thomas D. Nolin e
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Approved drugs

| (n=55) |
Biologics | Small molecules
(n=15) (n=40)
. . ) _ Nonrenal
Largl?ngl:)al;iglcs Small(’t:g;oglcs e leaance Renal (ﬁl:z?rance
= (n=38)

l l I |
Analysis Analysis Analysis Analysis
performed in: performed in: performed in: performed in:
Stage 1-2 CKD Stage 1-2 CKD Stage 1-2 CKD Stage 1-2 CKD
(n=12, 100%) (n=2, 100%) (n=37, 97%) (n=2, 100%)
Stage 3 CKD Stage 3 CKD Stage 3 CKD Stage 3 CKD
(n=12, 100%) (n=2, 100%) (n=38, 100%) (n=2, 100%)

Stage 4-5 CKD Stage 4-5 CKD Stage 4-5 CKD Stage 4-5 CKD
(n=8, 67%%) (n=0, 0%) (n=8, 21%) (n=0, 0%)

HD HD HD HD
(n=1, 8.3%) (n=0, 0%) (n=2, 5.3%) (n=0, 0%)
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Structural (“tubulocentric”) ?

.............. )
Q s >
. HO-1 O
Biomarkers of 0 © IGFBP-7 “Kidney-on-a-chip’
tubular injury NG Netn 1 Tivp2 @ Intravital microscopy
LFAP @ KIM-1 “Renal reserve” tests
; Q
IL-6 'Lds
0 *
NGAL % Janowitz & Williams
o CKD-EPI  eGFR
* BSA-adjusted
CKD-EPI
*
MDRD
GFR estimating £
equations Cockroft-Gault
GFR gold | | I | | | | | | |
standards Inulin clearance S'Cr-EDTA/#Tc-DTPA/'*|-iothalamate/iohexol clearances Real-time fluorescent GFR

Functional (“glomerulocentric”)

J Malyszko et al.: Kidney function in oncology, Kidney International (2020)
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CM} 3ml IV injection of large &
small fluorescent marker

Afferent Arteriole Efferent Arteriole
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- GFR=28.2
=" o . : 2
Blood Flow | = 8.000 mL/min/1.73m
I
Glomerulus % 6.000 -
Bowman'’s 5
Capsule g 4.000 -
C
8 2.000 -
=
O
. O 0.000 l . ,
Small marker filtered across glomerulus, Time (min)
large marker retained in vascular space PV=3187mL @ 15min

GFR Measurement in Patients with Cancer, McMahon and Rosner, KIDNEY360 1: 141-150, February, 2020
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* Patented fluorescent tracer agent

E Lumitrace™
=4 (relmapirazin)
e Device

* Transdermal fluorescence detection sensor
* LED light source
* Photodetector
* Display monitor
* Data acquisition software

* GFR calculation software

GFR Measurement in Patients with Cancer, McMahon and Rosner, KIDNEY360 1: 141-150, February, 2020
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Dose
10 U/m? adjustment
_— —_—)
BSA = BSA-based bleomycin
1.73 m? dose = 17.3 U
Dose
10 U/m? adjustment
e T
BSA = BSA-based bleomycin
2.07 m? dose = 20.7 U
5 Dose
10 U/m adjustment
_— _—
BSA = BSA-based bleomycin

1.35 m?

dose=13.5U

I

|
|

L

BSA-indexed kidney function
eGFR = 50 mL/min/1.73 m?

Absolute kidney function
eGFR = 50 mL/min

BSA-indexed kidney function
eGFR = 50 mL/min/1.73 m?

Absolute kidney function
eGFR = 60 mL/min

BSA-indexed kidney function
eGFR = 50 mL/min/1.73 m?

Absolute kidney function
eGFR = 39 mL/min

70% of dose

70% of dose

70% of dose

70% of dose

60% of dose

Final dose =
12.1 U

Final dose =
12.1 U

Final dose =
N 20.7 U

43% dose

Final dose =
95U

Final dose =
- 8.1U

increase

15% dose
decrease

Clin ] Am Soc Nephrol 14: April, 2019




INnternational Consensus
Guideline for Anticancer
Drug Dosing in Kidney
Dysftfunction
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Indications for Determining a Measured GFR

Condition Examples
Kidney function is not in a steady state Acute kidney injury, including the recovery phase
Medical conditions that confound the relationship between serum Advanced liver disease
creatinine and kidney function Cachexia and muscle wasting
Paraplegia or amputations
Obesity
Kidney function that is on the threshold of dosing guideline changes GFR values near 60 mL/min, 30 mL/min, or 15 mL/min

Use of drugs that may interfere with serum creatinine measurements Cimetidine, trimethoprim, salicylates, cephalosporins, flucytosine
or alter serum creatinine excretion through blockage of tubular
secretion

Unusual diets Vegetarian

Heavy meat intake

Use of creatinine supplements
Changes in extracellular volume Volume depletion

Hypoalbuminemia

Third-spacing

Volume overload

Abbreviation: GFR, glomerular filtration rate.

Seminars in Nephrology, Vol 42, No 6, November 2022, 151340




Drug Specific Recommendations

These are proposed doses under specific circumstances (see ADDIKD guideline for individual drug details)

Full dose

®  Full dose with monitoring for adverse events
/\  Dose reduction and/or alternative protocol and/or full dose in certain situations

C  Target AUC using Calvert formula

Avoid and consider an alternative protocol

@ Consult a multidisciplinary team consisting of oncology/haematology with nephrology and/or clinical pharmacology
for the management of dosing

@® Recommended (strength of statement is strong and most patients should receive the recommended course of action)

©  Suggested (strength of statement is conditional as different choices will be appropriate for different patients)

Anticancer drug dose recommendations in kidney dysfunction

Drug S ¢GFR (mL/min/1.73 m?)

45-59 30-44 15-29 Wl KRT

(without KRT)

Azacitidine 0 @ ® Q)
Bendamustine ) © © Q)
Bevacizumab [ ) ©@ ©@ Q)
Bleomycin o A
Bortezomib ) @
Cabazitaxel ®
Capecitabine o
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Drugs with Clearance Dependent Upon the Kidney

4

Initial Dosing Based Upon eGFR and
Published Dosing Guidelines

4

Assess Therapeutic Response and Toxicities

Frequent Reassessment of Kidney Function

Consider Therapeutic Drug Monitoring if
Available and/or Measured GFR

Personalized Dosing Regimen

Seminars in Nephrology, Vol 42, No 6, November 2022, 151340




eGfr- CKD EPI

Qm Creatinine:

84 mg/dL © umol/L
Serum Cystatin C: mg/L
Age: 76 Years
@ Male © Female
Standardized Assays: Yes No © Not Sure

These equations are valid only with standardized creatinine and cystatin methods. To
learn more, click here.

Adjust for body surface Yes © No Not Sure
area:
Results
CKD-EPI creatinine equation 62 mL/min/1.73m?2

(2021)
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Practice points

e For eGFR < 60 mL/min/1.73 m?, to ensure therapeutic dosing and reduce
the risk of a further decline in kidney function from cisplatin-induced renal
adverse events, directly mGFR is preferred for initial dosing, especially
where either:

- cisplatin dose > 50 mg/m?
- eGFR is unreliable (e.g., extremes of body composition,
amputees, paraplegia, conditions of skeletal muscle).
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2-5% of patients on ICls experience ICI-AIN

Proton pump inhibitor use and concomitant non-kidney irAEs provide valuable
clues to diagnosis of AIN

While kidney biopsy remains the gold standard, non-invasive testing including
serum & urine biomarkers and immunological gene expression signatures are
gaining prominence

Most patients with ICI-AIN respond to short courses (<2 months) of
corticosteroids (>80%) and the use of non-steroidal immunosuppression is
rarely warranted

Recurrence of AIN occurs with ICI rechallenge in <1/3" of patients and while
maintaining low dose immunosuppression during rechallenge is common,
there is no convincing data to prove its efficacy.

Acute rejection is common (>40%) and severe in kidney transplants receiving
ICIs. Reducing immunosuppression at onset of ICI treatment may be
detrimental.

ICIs are not renally cleared and their pharmacokinetics in dialysis patients is

similar to individuals not on dialysis.
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60 |
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o 11 Nonmelanoma skin cancer
€ 0 Kaposi Sarcoma
8 *represented at 1/8 size
£ 9
()
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2 °
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S 6
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E lymphoma
2 4 Gynecological
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1 @ Breast Colorectal Lung Thyroid
o | Prostate

Al-Adra, et al, Clinical Journal of the American Society of Nephrology17(3):434-443, March 2022.
&) Wolters Kluwer




Cancer incidence and risk factors after solid organ transplantation

Kaposi's sarcoma
Non-Hodgkin’s lymphoma
Hodgkin disease

Liver

Stomach

Vulva and vagina

Penis

Anus

Oral cavity and pharynx
Cervix uteri

Lip

Non-melanoma skin
Eye

Oesophagus

Larynx

Kidney

Thyroid

Multiple myeloma
Bladder

Leukemia

Melanoma

Trachea, bronchus, and lung
Colon and rectum

Testis

Ovary

Breast

Prostate

Brain

Cancer site/type

Intl Journal of Cancer, Volume: 125, Issue: 8, Pages: 1747-1754,

= . F HHVS8
i - } EBV
- = =
— - F HBV/HCV
— - ¥ H. pylori
— }._; \
} ® i > HPV
= -
- - N
[ — 3
- e i
—®—i >Possable
- e By
— J
- )
- -
: .—.
o
o
— S
- @
...
— - _k.
-1 ‘,_‘_4{
s
*®
-
= T I T e
1 1 10 100 1000
SIR

First published: 19 March 2009, DOI: (10.1002/ijc.24439)




»  Impaired Immunosurveillance <

|

; Increased Cancer Incidence after i
End-Stage Organ Disease SE— , : <+—— |mmunosuppressant Medications
Solid Organ Transplantation

| ]

——  Pre-existing Cancer Risk Factors Oncogenic Viruses +——

lology of increased cancer incidence after transplantﬁD

S.A. Acuna / Transplantation Reviews 32 (2018)
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Seminars in Nephrology, Vol 42, No 6, November 2022,
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dmEogdol dsemaeo MoL3o

Frequency (# of cases)

Figure 2.

the specified time period are listed above the blue bars.
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Journal of the National Comprehensive Cancer Network 20, 4; 10.6004/jnccn.2022
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Time to allograft rejection from initiation of immune checkpoint inhibitor therapy. Frequency and cumulative percentage of cases of allograft rejection are shown. The noncumulative percentage of cases of rejection occurring in
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Immunosuppression Management
in Setting of Cancer

‘ Cancer Immune Responsiveness

Breast, Thyroid, Prostate Colorectal, Bladder, Lung SCC, Melanoma, Kidney, Lymphoma

Continue IS Decrease/Stop antimetabolite Stop IS

Immunosuppression (IS) Management
with Cancer Treatment

Before Immune Checkpoint Inhibitor Therapy:

* Stop antimetabolite, i.e. MMF/MPA or azathioprine

* Continue Tacrolimus or mTOR inhibitor (trough 4-8ng/ml) if possible
Continue steroids (prednisone 10-40mg daily)

Stop PPI, NSAIDs and antibiotics
Consider dialysis & conservative care options

Seminars in Nephrology, Vol 42, No 6, November 2022,
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For - Ellis: Small ce

emo and immunotherapy

Best Case
-Manageable side effects
and weakness

-Breathing and pain improve
-Able to do most activities
-Time: Many months to over
yvear but not cured

Most Likely
-Weakness lasts longer with

each dose
-Able to do some activities '.

-Need more help at home
Time: months to a year

— SN
Worst Case
-Bad side effects, very weak
in bed

-Cancer gets worse }

-Needs lots of help at home
-Time is short: couple
months

ng cancer options

Comfort-focused care

Best Case
-Symptoms well controlled
-Quality family time
-Time to say goodbye:
several months

— e e
(~ Most Likely

-Pain mostly controlled but
‘ sleepy

—

-Some family time: Few
months

-‘ -Need help at home

Worst Case
‘ -Cancer gets worse fast
-Sleep all day due to

‘ pain meds

-Time is short: weeks to a
N COouple months

Wong ML, et al "You have to be sure that the patient has the full picture": Adaptation of the Best Case/Worst Case communication tool for geriatric oncology. J Geriatr Oncol. 2022 J




Best Case

KTired but some good
days in between

* Over time more
complications

« Time

Most Likely

F

L

Worst Case

(Rough going
- Complications,
hospitalizations
» Health declines quickly
- Time is short

N

\

A

I evyoy,

T
—
s

& palliative care

——

Life witho
Dialysis

& palliative care

iTe with
Dialysis

——

How awe yow thinking about this?

L

-

Faa

Best Case
Medicines/diet
Regular office visits
Health declines slowly
Then health gets worse
- Time

\

)

Most Likely

A

Worst Case

K Health declines fast N

* More tired, uncomfortable
 Time is short

L A




Elwyn model: Choice Talk Option Talk Decision Talk

..

Traditional (Introduction
cancer of choice
decision making ALY

Options presented using (Discussion of function Oncologist Cancer-
survival statistics and risks of and patient goals ~ recommendation based  centered
traditional adverse events (e.g., neutropenia) not routing) on cancer characteristics ~ decision

Patient-centered  [INIATAION] Options presented using narrative Elicit feedback about Oncologist Goal-
VRSOV choice and role descriptions of the treatment experience in patient goals/values recommendation ~ concordant
TG of goalsivalues best:, worst-, and most likely case scenarios andconcems  based on goalsivalues  decision

Conceptual framework for patient-centered decision making

Conceptual framework comparing traditional cancer decision making with an improved patient-centered decision making approach for older adults with cancer using the Best Case/Worst

Case (BC/WC) communication tool.

Wong ML, et al "You have to be sure that the patient has the full picture": Adaptation of the Best Case/Worst Case communication tool for geriatric oncology. J Geriatr Oncol. 2022 J@
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Nephrologist

Interventional
radiologist

oncologist

Hematologist Psychologist

Geriatrician

31 E0oLE03E0bmMo Joymads

Summary of the International Conference on Onco-Nephrology: an emerging field in medicine, Kidney International (2019) 96,
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