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Abstract

Rationale & Objective: The approved therapeutic indication for immune checkpoint inhibitors (CPlIs) are rapidly
expanding including treatment in the adjuvant setting, the immune related toxicities associated with CPI can limit
the efficacy of these agents. The literature on the nephrotoxicity of CPl is limited. Here, we present cases of biopsy
proven acute tubulointerstitial nephritis (ATIN) and glomerulonephritis (GN) induced by CPIs and discuss potential
mechanisms of these adverse effects.

Study design, setting, & participants: We retrospectively reviewed all cancer patients from 2008 to 2018 who
were treated with a CPI and subsequently underwent a kidney biopsy at The University of Texas MD Anderson
Cancer Center.

Results: We identified 16 cases diagnosed with advanced solid or hematologic malignancy; 12 patients were male,
and the median age was 64 (range 38 to 77 years). The median time to developing acute kidney injury (AKI) from
starting CPls was 14 weeks (range 6-56 weeks). The average time from AKI diagnosis to obtaining renal biopsy was
16 days (range from 1 to 46 days). Fifteen cases occurred post anti-PD-1based therapy. ATIN was the most common
pathologic finding on biopsy (14 of 16) and presented in almost all cases as either the major microscopic
finding or as a mild form of interstitial inflammation in association with other glomerular pathologies (pauci-immune
glomerulonephritis, membranous glomerulonephritis, C3 glomerulonephritis, immunoglobulin A (IgA) nephropathy, or
amyloid A (AA) amyloidosis). CPIs were discontinued in 15 out of 16 cases. Steroids and further immunosuppression
were used in most cases as indicated for treatment of ATIN and glomerulonephritis (14 of 16), with the majority
achieving complete to partial renal recovery.

Conclusions: Our data demonstrate that CPI related AKI occurs relatively late after CPI therapy. Our biopsy
data demonstrate that ATIN is the most common pathological finding; however it can frequently co-occur
with other glomerular pathologies, which may require immune suppressive therapy beyond corticosteroids.
In the lack of predictive blood or urine biomarker, we recommend obtaining kidney biopsy for CPI related AKI.
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Introduction

Immune checkpoint inhibition had a major clinical suc-
cess in clinical oncology and impacted the treatment
paradigm in many cancers. The approval indications for
CPI has been progressively expanding including treat-
ments the adjuvant setting [1-3]. Immune related ad-
verse events (irAEs) are well described toxicities that
are closely associated with CPI therapies and can in-
volve any organ in the human body [4].

Renal toxicity associated with CPI incidence has been
reported as low as 2% when nivolumab alone to 4.5%
when combination nivolumab and ipilimumab has been
used [2, 5-7]. Guidelines for the multidisciplinary man-
agement of irAEs have been published by the Society for
Immunotherapy of Cancer (SITC) and the American So-
ciety of Clinical Oncology (ASCO) [4, 7, 8]; however, the
data on renal management is limited and not consistent.

The CPI-related renal pathologies are varied. Besides
acute tubulointerstitial nephritis, seven other biopsy-
proven kidney manifestations were published as case
reports of nine patients on CPIs, including lupus nephrop-
athy, thrombotic microangiopathy (TMA),nephrotic syn-
drome (focal segmental glomerulosclerosis (FSGS), two
cases of minimal-change disease (MCD) [9], membranous
nephropathy), pauci-immune glomerulonephritis [10], and
two cases of IgA nephropathy [11-16]. The etiology of the
reported kidney toxicity is not yet clear. Suggested
mechanisms include direct lymphocytic cellular infiltra-
tion of renal interstitium, immune complex-mediated
kidney injury, lupus nephritis, IgA, microangiopathic
hemolytic anemia (TMA), or release of cytokines lead-
ing to podocyte foot process effacement (minimal-
change disease and focal segmental glomerulosclerosis).

The current recommendations for the diagnosis and
management of renal irAEs are not comprehensive due
to the limited available data and understanding of the
pathophysiology associated with renal irAEs. Therefore,
we have reviewed a series of kidney biopsy cases of pa-
tients on CPIs in our institution to better understand
the spectrum of injuries associated with irAEs and the
treatments that were used.

Methods

This retrospective study was approved by the institu-
tional review board in accordance with the Declaration
of Helsinki. We retrospectively identified a total of
6412 patients who had received FDA approved CPI’s at
The University of Texas MD Anderson Cancer Center
during 2008-2018. In addition, we collected all kidney
biopsies (266) performed at MD Anderson in the same
period. Of the 6412 patients, 15 patients were biopsied
for suspected CPI-induced nephrotoxicity. However, an
additional case in our biopsied database population that
was treated with a non-approved CTLA-4 inhibitor
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(tremelimumab) was also identified, bringing the total
cases to 16.

We collected age, sex, race/ethnicity, cancer diagno-
sis, name and class of CPI used, reason for kidney biopsy,
underlying comorbidities including autoimmune disease,
potentially nephrotoxic medications, serum creatinine at
baseline, peak serum creatinine during AKI, date of last
follow-up, urine sediment, proteinuria, other irAEs, sero-
logic findings, and kidney biopsy findings.

We defined AKI using the AKIN criteria since it was
used to define and categorize the severity of nephritis in
the ASCO practice guidelines [17].

Patients’ renal functions were followed up for at least
3 months post-AKI before categorizing renal recovery
into persistent acute kidney injury, complete renal re-
covery and partial renal recovery, after creatinine had
reached a stable value. Complete recovery of renal func-
tion was defined by an improvement in creatinine level
post-AKI to a level less than 0.35 mg/dL above the base-
line. Partial recovery was defined by the serum creatin-
ine improving to a level between the baseline plus 0.35
mg/dL and less than two times the baseline value. [18]

Complete remission in membranous nephropathy was
defined by the random urine protein-to-creatinine ratios
< 0.2 g/g on at least three occasions along with a normal
serum creatinine. [19]

Results

Patient characteristics

Sixteen patients developed AKI while on CPIs and re-
quired renal biopsies over the past 10 years at our insti-
tution. The characteristics of these patients, urine
findings, AKI category, and associated renal pathology
are summarized in Table 1.

Most cases identified were white men (1 case was a
Hispanic man, and 4 cases were women), with a median
age of 64 years (range, 38—77 years). Renal cell carcin-
oma, urothelial bladder cancer and melanoma were the
most common malignancies (3 cases of RCC and 3
urothelial bladder cancer and 4 cases of melanoma),
followed by multiple myeloma (2 cases) and 1 case each
of chondroma, squamous cell cancer of the lung,
adenocarcinoma of the lung, and Hodgkin lymphoma.
Most cases occurred in the setting of nivolumab (anti-
PD-1) and pembrolizumab (anti-PD-1) use (6 cases
each), a combination of nivolumab and ipilimumab
(anti-CTLA-4) (2 cases), tremelimumab(anti-CTLA-4)
(1 case), and atezolizumab (anti-PD-L1) (1 case). 7 pa-
tients had chronic kidney disease (CKD) at baseline:5
had CKD stage 3, and 2 had CKD stage 4.

Clinical features
The median time to development of AKI after starting a
CPI was 14 weeks (range: 6-56 weeks). However, AKI



Page 3 of 13

2

(2019) 7

Mamlouk et al. Journal for InmunoTherapy of Cancer

YUM Syauow || AIaAodal [enled paNURUOSIP |dD |eIUaWH3S |04 ANDY - DM S S[Y gl Xxowy ¢ abe1s gy pue NIH gewnuwipwal]  dleISeIsy M W S. L
Aydore noyum
siuydau
[BRIASIIUL P -
9AneHBBU-YONY
{(s15013]25 [eqo|b
Jasued Jo (350p 1) gewixniy Jo suadsad  B/Bwi 7oL
uolssaiboud (B%/6wWi 1) ou) ND aunwiwil HOVN (Sfeam 1) Bunj sy Jo
01 9MO Paseadap K12A0D3) QUOSIUPAId -1pned buiznoidsu gy 0ze 9o} V/N SHOM 7 10} S9AOY,  19dUReD 9D
uaned syeam f| 919|dwo) pPaNURUODSIP |dD |eIUSWHS D04 AINDY - DaM 6L [43% 20 Ajiep uajoidng) ewyisy gewn|oAIN  showenbs M W ¥ 9
siuydauojniaWoD yum spuydaN [enisiauiongny andy
V141 (%56 <) 9snyia
sliydouisos ayas
paseadaq pue sjiydonnau £70dN ¥ 9be1s D
‘SIse1se1aw G abris OyD yum sipuydau  iydouisos sagn1 Awoisoiydau 195Ued
Jo uoissaiboud FSEYNeREY |ennsiauiongny gy 8 €0 71 DdNn |esa1e)ig d/s  syuow 9 punole  Jappelq |9
pey sypuow 6 [BUS) OU "PINURUOSSIP |dD dluoiyd> pue ndy D8M LT 8 €€ 0O ‘slozeidoued  Ayredoin ARdNASGO gewnzijozaly  [euonisuel] g W S
pasadey %08 V14l pue 1oppe(q
SeM 350P PlOJaIS 90S SISOSI3|DS [BCO[D (Awoisouydau Y| d/s) Aseupn
Ul01PAISSGO pue gH uo pajenul NLY u0id | + Ayredoin Jo
Japun uolssaiboid Juspauadap qig by/bw | s[> el |iydouisos L+ SAIINASO S950p € J9dued
JO 3dU3PIAS OU sisAlelp MY auosiupaldAyiay pa1espnunnNW Ma) pue gy 6 9 uIa10ld ¢ abe1s gyD SH99M Q| J0) [EIENI
Yim sypuow ¢ JUs3sisiad "PINURUOISIP 4D lydoursos tpim NILY DM 81 < 8L Sl - wa gewnzijolquiad Aeyjideg MW V7 4
0hET SISOIR|DS
[eqo|b pue 9%0¢ V.14l -
(uede NHOJERY
SHIM g SISOP 7) Je|OLaLIe PUE [eLRY « Aouapiynsul [euaipe (syruow 6)
UOI1BAISCO qewIXIju| snuydau pue wsiploiAyrodAy s9PAY6
Japun uolssaiboid (B3y/6w |1) [eNSISIUIOINGN] SINDY 9€'0:DdN 09 'SUOSIIOD0IPAH ‘siusAydodAy qiunawel) pue
JO dUSPIAS Ou K12A03) auojosiupaidiAyiay Ainfur 08y £ € V/N 0€ ‘duizejeIpAH ‘¢ 9beis @D qU9jeigep pue  eWIOUBPW
Yim syauow g | [ened panupuodsIp 14D [erpyndaoingny 1oy -+ 2aM 8F 8¢S €l 0Ot ‘ludouiso4 ‘NLH QEWN|OAIN  DRElseIDN MW 89 ¢
V141 %05 *
SISOI3DS Jejniswo|b
189016 %81 -
uonisodap xaidwod
sunwiwi o -
Juspuadsp sisos|psosydau
-siskjelp EIHVENE (]
(sisdas)iiy Aq 91RISPOI - 80 DdN Audixojolydsu paiejas
EN-ENT0) pamol|oy (By/6wW 1) s|iydouisoa 94 0 -Adesayrowayd soud (S429M t7) J90ued
[eNPIS3) [BWIUIN Kian0D3) 2UOSIUPal pue sjiydonnau |lydouisoa 5] v/N 01 painguie ‘a|qeis $391940 09 19ppe|(q
stpuowi ze [e1ed panunuodsIp |dd YHM NIL 21DV » DM LL 8¥'L S¢ Nyd ‘usjoidng ¥ 9beis @D Gewn|oAIN [elloyioIN MW v. T
VLI %S *
SINgNl yum
Ainfur [elayuds
QygOgAD Uo panels (6%/6w 9°0) Jejngni pjiw |indy - 1:DdN (Sfoam 1)
‘INW 01 passaiboid JSENeRE] auoseylawexa( sjiydouisos gy 1 [45) V/N 0z ‘s|0zeidawiy ay3o vy S99 ewoAW
SRIM /| [ented paNUNUODSIP |dD YHM NIL 230Dy - aM € €81 80 05 ‘uenesoT ‘elwapIdisAp ‘N1H gewnzijolqwiad  Buuspjows MW 59 |
siuydau [ennsiauioNgn) 23Ndy
DY Jo (Aep/Bus 3s0p)
eunuRlold  AlIaAsS uoles|paw
4dH/sII9D  Tp/Bw N Jold awoy
SNJels JadueD awiodino JusWabeuepy JUSWIPIS 1D p/bw D Jixoloiydau sieak
S4d |eUaY [eniy| Asdoig Asupry auun Jead  aulseqg Ajlenuaiod SaNIpIGIOWoD) uopeinp |dD odAysdue) adey xaS  ‘aby  ON

S2WO0DIN0 241 pue saideiayl [eniul ‘SUOIIRISJIURL
[BURJ PR1BI2I-|dD DY Yum paiedosse sbuipuly d1dodsoudiul pue A103eloge| 11941 pUe SUORISSjIUBL [BUSI Paiejal-|dD) padojaasp oym siuaned ayl Jo sonspadeiey) | ajqel



Page 4 of 13

2

(2019) 7

Mamlouk et al. Journal for InmunoTherapy of Cancer

1 YIM NIL
J1IUSD0|NGNY INDY +

uonewweul

|]1USISAID

(B3/6w 1) YoH=[|93-1 8304 - £'6 DdN $onsdip (feam91)
K1anodal suos|upald ND Snoueiquiaul 8y € EJNILEEIN] elwapidi|sAp S99
pey usyl $¥9am 0z 219|dwio) panuRuodsIP 14 Apea aAnebau Yeyd DM T VN 80  Of '9j0zeidawios] pue ‘qy3o QeWN|OAIN oD H 4 09 L
uonewueul
[P1INSISUI Pl AISA »
SON 'SDS4 *
(esop auo) (aseasip aAiDe
QIUSjRINWSA qewxiyul Aig JO uopesipu
01 61 najoy s16ojoyied 1noyim)
pa1Inque Py 21ejouaydodApy Auyredoiydau b « sonsdip SZl ‘ZIDH
Aq pamojjoy (63/6W 7) Ainfur [ennsiauiongny anebau 0l ‘s|ozeidawi (syeam 1) sasop
SISe1selaW Jo Kian0D3) 2UOSIUPal apelb-moj « Y T € v/N N4d 052 N1H ‘a439 G pata|dwiod
uolssaiboid sypam ¢ |eted pPaNURUODSIP |dD MY 19)e Sy9am G auoqg M 9 80°€ 80 ‘uaxoudeN ‘eWYISY gewnzoiquidad  BwoueR M q 05 0l
SISOJ9[2S JejoLaLe
pue [elawe plIA ¢
V141 %0T 's15019)25
Jejniswolb [eqo|b 90t
sjiydoulsos yum
NIL PliW 912y «
SISOI9PDS pue
asdejal Aejnjj@1adAy
uoNeAISQO UO Aq pamojjoy (B3/6wW 50) Kiejjidedopua £7DdN 0z 'sj0zesdawi (s42am Q) sapAo
9583SIP JO DUSPIAS Kian0D31 2UOSIUPaId [eIURWIDSS (2204 YIM gy L1 o) V/N 0T 'aplwasoiny ¢ sbeis @y gewn[oAIN
Ou yum stpuowi 61 219|dwio) panupuodsIp 14D Ayredoiydau vo - 2aMm £ o' ¥l O ‘uenesaw|o ‘NLH ‘0439 pue qewnuwijid|  ewoueRK MW 69 6
VDNV SAlebaN
V141 %0€ pue
sIsosapRsonawolb [eqolb 905
uolewuelul
[BIMISIDIUI DIDASS
YoM auo 01 21eIapow Aydied
UI0JRAIDSCO Japun Ja)e | X gewixniy sisola[asoiydau
uolssaiboud Aq pamoy|oy Ajiep SAIsULadAY #0:DdN ur101d Q¥y3o  SRIM 6 (S9PAY€)
JO 2DU3PIAS OU A19A0D3) B%/6W | suosiupaid SIMNOseA Buizinonau gy /£ <) ON 08 ‘ueles|eA € abeis QD gewnuwijid]  ewoueRy
YIM syiuow g 219|dwoD "PANUNUOISIP [dD SNojeWo|NURID JgM Sl Y4 ¥l 0O ‘SjozesdawO 0NS WA ‘NLH pue gewn|oAIN [eaAN M M 69 8
98¢ SISOI9S [eqo|b
pue %S V14l +
SISOJ9[2S JejoLaLe
pue [eLaly -
Ainfur jelayaida
Jejngny a1ndy -
(suolIssas G 1oj Ajiep) sjiydouisoa
sisasaydewse|d yum spuydau
(S950p 17 10} Apjoam) |ennsaisquloNgny G/ 'auize|IpAH
UI0JRAIDSCO Japun gewixnity 21N PJIN - sKep G 1o}
uolssaiboud (B34/6wW 7) ND buizinonau v 10dN Ajlep buw
JO 2dU3PIAS OU auojosiupaidAyisy sunuwwi-pned gy /9 95} V/N 00§ ‘@1eue|nAeP ($92Mm 9) sasop ¢ DY
DY Jo (Aep/Bus 3s0p)
eunuRlold  A1IaAsS uoles|paw
4dH/sII9D  Tp/Bbw N Jold awoy
SNJels JadueD awiodino JusWwabeuepy JUSWIPIS 1D p/bw D Jixoloiydau sieak
S4d |eURY [eniy| Asdoiq Asupry auun Jead  aulseqg Ajlenusiod SaNIpIGIOWoD) uoneinp |d) adAl Jedue)  adey xaS  ‘aby  ON

(panuuo)) SAUIODINO Ay} pue saldelayy [elul ‘suoieIsa)iuew
[BUSJ P31E|2J-|dD Y1 YlMm Pa1enosse sbulpuly 21dodsoidiu pue AI0jeioge| JIsyl pue sUOIIeISSjIUBW [BUSI P31e|Ri-|dD) PadojaAsp oym siusiied syl JO Sonslialdeiey) | ajqel



Page 5 of 13

2

(2019) 7

Mamlouk et al. Journal for InmunoTherapy of Cancer

Adeiayy yuswade|das eusas 4y ‘suiuneasd 1) ‘Alep aiml gjg “4oudgiyur Juiodydsyd sunwuwi
I1dD ‘sisoaarsojnisawolb jeruswbas (8204 $os4 ‘Aydesbowol uoissiwe uoayisod |34 ‘Olel SululIeaId 0) UlwNg|e Suln YOy ‘v plojAwe vy ‘Aydosie Jejngni/sisoiqly [eIsIaUL v/ ‘sniaydau [ennsisiuiongnl Ny ‘sniuydsuojniswolb
ND ‘YNQ papuelis-3|qnop YNJSP ‘dqejieAe 10U /N ‘dseury aupeald ) ‘asepixosadojaAw 04y ‘@pndad pajeuljiniid d1pAd> 4D “10lde) piojewnays 4y ‘Apognue diwse|doikd jiydosinauiue yONY ‘Apogiue Jesppnu-nue yyy ‘N
JewIou UIYHM TN ‘Ollel dUluiIeald 03 uldlold auun Ddn ‘siskjeutin iy ‘s||ad poojq pal Dgy ‘s||9> poojq dMYM JgM ‘@seasip Asupiy d1uoayd @yD ‘wuejdsuey ||93 widls [DS ‘saseasip Aieuownd aAIIdNIISAO DIUOIYD JJOD ‘Snijjdw
sa1aqeIp W@ ‘shiyMe plojewnays Y ‘ewopAw aidninw ppy ‘aseasip xnyai [eabeydosaoiiseb gyIo ‘uoisuauadAy NLH ‘€ duab uoneaide a1AoydwA| £-Dy7 Sde|q g ‘SUUM A ‘D]ewdy) 4 ‘Djew J ‘|eAIAINs d314-uoissaibold S4d

(2am€l)
gewnzijolquiad

(Adesayp sayuny  uapauadap 90 2dN 0z [udoursr 01 pappe sYPam /)
WO MIIPLIM) wapuadap V1l %51 eumeway (L+)  qigbwszi-¢/8 SO € 40y Jdued
92Ua1INd3l OuU SisAleip My B3y/6w | suosiupaid SISOJR[2S0[NIAWIO[D ON Jo eunAd f45) u1R104d ‘a1eugnAeD adod paxa1aWad pun| 192
YiM syauow 6 uR1sisied "PINUAUOISIP |dD N1V ON L'z S0 pue ujjjisixowy N1H pue uneidogied  [jews-UON MW 85 9l
%S SIS0I9IS
[eqo|b pue %G V14 * 0Ot ‘s|ozesdolued
Adesauy Jayuny MY JO 92U31Nd3l uoneWWeyUl 1O 005 "U1A0[2Ade[RA
paulpap 1uaned noyum Jougiyur dwnd - Ainful Jejngny Jo Jejniawolb 399Mm Jad sswin ¢
uay) asuodsal uojoid yum Huoje 91NJE JO DUSPIAS ON + SO0 2DdN (Bw 091/008) (obe syauow ) (4aaM Q1) S9|PAd 7
219|dwod yum AIan0Dal  S$yo9M g Ja)je pawinsal  (alenbapeur sem Asdolq 1si1) gy L 19 v/N  wudoylawin pue 105 dss Apogiue €-0y7  ewoydwAT
SUIBUBI SLIUOW €] 219|dwod Uyl py sem |dD MY J9e syaam f auog DIM LL €0l 60-80  9l0zexoylaweyng AyredoAwolpied pue gewn|oAIN ubpoH MW 8¢ Gl
AUDIX0) |dD pa1dadsns yim sased)
VLI %S -
950p 2uo Huw NHOJERY
uolielopad (s1sdas)py Otk qewIxiju| Jejniawolb |eqo|698T J1appe|q diusboinau
|omog 01 Buimo Aq pamojjoy (B3y/6W 1) Ainful 1€ DdN ‘wsiploAyiodAy
paseadap Jualied K1anodal suojosiupaidAyisy |ellayda Jeingny S1Ndy - gy LL 9o} V/N '95e3sIp  (SYeIm gl) 9K 9
DIEEINer |erueq panNuUIUOSIP |dD 'sisoplojAwe adAy vy - 29M LT S S0 - Aiue A1euoio) gewnzijoiquiad  euIoIpuoyd MW €9 vl
%6 SISOIDIS
[eqolb pue %0z V.14l -
(S1249pOW) SISOI[S
Je|OLaLIe pUE [eLRMY «
(Awopaiydau-1sod pue NIH)
Kiepuodas Ajay| (ss9o0id
100} JO uoneAssaid) SOG4 « (syauow O 10y)
sjiydouisoa yum sniydau qlunew| pue
uoissaiboud jo (Bx1/6w g0) 8¢€'0 :DdN ayio (sypuow 7| Joy)
2DUIPING Kian0D31 2UOSIpald 94 0 ) v/N ¢ abe1s gy quunIxy TND
Yim syauow 7| [e1ed panupuodsIp 14D [erauidaoingny a1y - 2am | €LC 9l 0O ‘9jozeidawo N1H YHM GeuWn|oAIN DY MW Lo €l
SISOJ9[2S JejoLiaLie
pue [eusuy « V14| %01-G *
susodsp [eljayudagns ey -
UONeAIdSqo (B3/6w 1) (N Apea sjqissod) €0 2dN (eXED)
Japun uolssalboud K1anodal QUOSIUPAId uonisodap €2 - Day L 9o} V/N elwapldi|sAp ‘NIH  (sf2em g) s9ppAd ¢ ewoaAW
OU YUM SYIuow 7| |ened pPaNURUOSIP |dD NIL sSnojewojnuels M TE 987 90 0¢ 's|0zesdosuer ‘wisiplolAyrodAy gewnzijolqwiad  Buuspjows M 4 19 7l
80D ¥@D ‘€D
10} ann1sod s|j2d
DY Jo (Aep/Bus 3s0p)
eunuRlold  A1IaAsS uoles|paw
4dH/sIIRD /Bt N Jolid awoy
SNJels JadueD awiodino JusWwabeuepy JUSWIPIS 1D p/bw D Jixoloiydau sieak
S4d |eURY [eniy| Asdoig Asupry auun Jead  aulseqg Ajlenusiod SaNIpIGIOWoD) uoneinp |d) adAl Jedue)  adey xaS  ‘aby  ON

(panuuo)) SAUIODINO Ay} pue saldelayy [elul ‘suoieIsa)iuew

[BURJ PR1BIRI-|dD Y1 Yum paiedosse sbuipuly 21dodsoudiul pue A101eloge| 11941 pUe SUORISSJIUBL [BUSI Pa1e|al-|dD) padojaasp oym siuaned ayl Jo sonspadeieyd | ajqel



Mamlouk et al. Journal for InmunoTherapy of Cancer (2019) 7:2

occurred within 9 weeks with the use of the CTLA-4
inhibitor tremelimumab or the combination of the
CTLA-4 inhibitor ipilimumab and the PD-1 inhibitor
nivolumab. All other patients on PD-1 inhibitors had
longer durations to development of AKL: a median of
20 weeks (range, 10—56 weeks) with nivolumab alone
and 13.5 weeks (range: 8—18 weeks) with pembrolizu-
mab alone.

The most common urine finding was sub-nephrotic
proteinuria at time of acute kidney injury diagnosis
(urine studies were done within 48 h of diagnosis in 13
out of 16 cases). The median urine protein-to-creatin-
ine (UPC) ratio was 0.8 g/g with a range of 0-31. 3
cases had <0.3 g/g protein in the urine. 10 cases had
proteinuria ranging from 0.3 to 3 g/g, and 3 cases had
nephrotic-range proteinuria and hypoalbuminemia con-
sistent with nephrotic syndrome and associated with
renal pathologies of AA amyloidosis, membranous
glomerulonephritis, or IgA nephropathy (one case each).
Prior urinalysis was not available in most of the cases
(11 out of 16) to compare the acuity of reported pro-
teinuria. Pyuria (>5 white blood cells [WBC]/high--
power field [HPF]) with associated biopsy finding of
tubulointerstitial inflammation was present in 7 pa-
tients but was absent in four patients despite histo-
logical evidence of tubulointerstitial nephritis in those
patients, there was no clear association with type of
CPI or use of steroids. Microscopic hematuria (>3 red
blood cells [RBC]/HPF) was present in eight of the pa-
tients in our series, two patients had > 50 RBC/HPF with
a renal pathology of pauci-immune glomerulonephritis.

Among non-renal irAEs that developed during therapy
with CPI (both Anti-PD-1 and Anti -CTLA-4), the most
common irAE was hypothyroidism. Other irAEs were
dermatitis, pnemonitis, colitis, esophagitis, adrenal insuf-
ficiency, and myositis. Majority of the non renal irAEs
developed nephrotoxicity after or at the time of non
renal irAE diagnosis. No correlation was observed be-
tween the severity and recovery of non-renal irAE with
the renal one.

Summary of observed other irAEs in patients who de-
veloped CPI related nephrotoxcity and their outcome
are included in Table 2.

Renal pathologies and their associated clinical findings
Acute tubulointerstitial nephritis
Tubulointerstitial inflammation was the most common
pathologic finding on biopsy, present in 14 of the 16
cases as either the main microscopic finding or as a mild
form of interstitial inflammation in association with
other glomerular pathologies.

As presented classically in the literature, our cases in-
clude 5 cases with only ATIN of which all had eosino-
philic infiltration in addition to neutrophils except for
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one case. 2 cases were treated with pembrolizumab, 2
cases on Nivolumab, and 1 case was treated with Atezo-
lizumab. 3 out of the 5 cases were also treated with ei-
ther Ibuprofen or proton-pump inhibitors prior to CPI
use which are also associated with ATIN [20].

Acute tubulointersitial Nephritis & Glomerulonephritis

Pauci-immune glomerulonephritis (Fig. 1) Acute focal
segmental necrotizing pauci -immune glomeruloneph-
ritis was noted in 3 cases, with nivolumab in 1 case, tre-
melimumab in 1 case, and nivolumab combined with
ipilimumab, in 1 case. The patient on nivolumab had
non-specific symptoms of fatigue and generalized weak-
ness. Antineutrophil cytoplasmic antibody (ANCA)
titer was negative.

The patient who developed pauci-immune glomer-
ulonephritis related to tremelimumab had arthralgia,
vasculitic rash, and pneumonitis. Serologic findings
were remarkable for positive antinuclear antibodies
(1:160), positive myeloperoxidase-antineutrophil cyto-
plasmic antibodies (MPO-ANCA; level > 8), negative
anti-glomerular basement membrane (anti-GBM) anti-
bodies, and normal complement.

The 3rd case we observed with microscopic finding
of pauci-immune granulomatous necrotizing vasculitis
occurred in a patient treated nivolumab combined with
ipilimumab. The patient had AKI with nonspecific
symptoms of poor appetite and fatigue. ANCA and
anti-GBM titers were negative. Fungal stains and stains
for acid-fast bacilli and BK polyomavirus were negative
which are also associated with granulomatous tubu-
lointerstitial inflammation. In all 3 vasculitis cases
urine studies indicated microscopic hematuria, pyuria
and sub nephrotic proteinuria were seen.

IgA nephropathy (Fig. 2) IgA nephropathy developed
in a patient receiving the combination therapy of ipili-
mumab and nivolumab and in a patient receiving pem-
brolizumab. Both patients had hypertension with no
prior history of IgA nephropathy. No previous urine
studies were available for evaluation of prior reported
microscopic hematuria or proteinuria. The patient who
was receiving ipilimumab combined with nivolumab had
preexisting stable CKD stage 3 (eGFR 55-60 mL/min/
1.73m?) and had an increase in creatinine level from a
baseline of 1.3mg/dL to 2.4 mg/dL, with pyuria and
hematuria (7 and 11 cells/HPF respectively) and neph-
rotic range proteinuria (UPC ratio: 7.7 g/g) after com-
pleting the 2nd cycle. Kidney biopsy showed IgA
nephropathy with focal, segmental endocapillary hyper-
cellularity and sclerosis and mild ATIN with eosinophils.

The 2nd case developed AKI after receiving the 5th
cycle of pembrolizumab. Urinalysis was positive for
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Table 2 Observed irAEs in patients who developed CPI related nephrotoxcity and their outcome

Patient #  CPI AKl severity  Assosciated irAE Relation to AKI diagnosis Renal and non renal irAE outcome
11 Nivolumab Nephrotic Hypothyrodisim (G2) 4 weeks prior to AKI Persistent hypothyrodisim
syndrome Complete remission of nephrotic
syndrome
14 Pembrolizumab  G3 Colitis (G3) 2 weeks prior to AKI Diarrhea and renal function
improved partially then patient
developed 2nd AKI
2 Nivolumab G3 Elevated dsDNA and RNP titers At the time of AKI diagnosis  Titers became undetectable
after 4 week
Partial renal recovery
6 Nivolumab G3 Hypothyrodisim (G2) 10 weeks prior to AKI Persistent hypothyrodisim
Complete renal recovery
3 Nivolumab G3 Myositis 6 weeks after AKI Myosisits had resolved
Partial renal recovery
7 Tremelimumab G3 Dermatitis (G1) At the time of AKI diagnosis Dermatitis and pneumonitis
Pneumonitis (G2) had resolved within 2 week
Partial renal recovery
15 Nivolumab GI Hypothyrodisim (G2) 5 weeks prior to AKI Esophagitis and AKI had
Esophagitis (G2) fully recovered
Persistent hypothyrodisim
10 Pembrolizumab  G3 Dermatitis (G1) At the time of AKI diagnosis ~ Dermatitis and pneumonitis
Pneumonitis (G2) had resolved within 1 week
Partial renal recovery
8 Nivolumaband  G3 Dermatitis (G1) 5 weeks prior to AKI Persistent hypothyrodisim
Ipilimumab Thyroditis (G3) and adrenal insuffiency

Adrenal insuffiency (G1)

Complete renal recovery

Common Terminology Criteria for Adverse Events (CTCAE)

Grade 1 Mild; asymptomatic or mild symptoms; clinical or diagnostic observations only; intervention not indicated
Grade 2 Moderate; minimal, local or noninvasive intervention indicated; limiting ageappropriate instrumental ADL
Grade 3 Severe or medically significant but not immediately life-threatening; hospitalization or prolongation of hospitalization indicated; disabling; limiting self

care ADL
Grade 4 Life-threatening consequences; urgent intervention indicated

CPI immue Checkpoint inhibitor, AKI acute kidney injury, irAE immue related adverse events

pyuria with no hematuria or proteinuria. Biopsy showed
IgA nephropathy with focal, segmentally sclerotic glom-
eruli, without evidence of active disease along with mild
ATIN. Of note, on the second case, the biopsy was per-
formed 5weeks after discontinuation of the CPIs and
while the patient was on prednisone, which may account
for the lack of significant inflammation in the biopsy.

Membranous nephropathy (Fig. 3) One patient who
had had negative urinalysis results before starting nivo-
lumab developed nephrotic-range proteinuria after 6 cy-
cles (16 weeks of therapy) with a UPC ratio of 9.7 g/g
and no hematuria, pyuria, or significant change in eGFR.
The pathology showed features of early membranous
glomerulonephritis negative for anti-phospholipase -A2-
receptor (PLA2R) autoantibodies with focal T cell-rich
crescent-like inflammation and acute glomerulocentric-
nephritis with T cells positive for CD3, CD4, and CD8.
The presence of concurrent ATIN, and the patient’s
complete recovery (UPC ratio improved to <0.5g/g)
after CPI discontinuation and steroid therapy suggested
that the membranous nephropathy was related to CPI
rather than to progression of the underlying malignancy.

The rest of the secondary serologic analysis, including the
hepatitis panel, was negative.

C3 glomerulopathy One patient with smoldering mul-
tiple myeloma was treated with pembrolizumab for 2
cycles and then developed AKI with microscopic
hematuria and pyuria. The patient had granulomatous
tubulointerstitial nephritis. Glomeruli were normal in
appearance without inflammation. However, there was
granular C3-only deposition on immunofluorescence
with corresponding rare, large sub-epithelial deposits
by electron microscopy and normal serum C3 levels.
Lack of immunoglobulin and light chain deposition
was confirmed by immunofluorescence staining of
proteinase-treated paraffin sections. The patient had
no evidence of infection and had stable free kappa
light chains. These findings suggested early features of
C3 glomerulopathy.

Focal segmental glomerulosclerosis (FSGS) FSGS was
observed in the kidney biopsy of one case treated with
nivolumab as monotherapy. The patient had hyperten-
sion and proteinuria, but it was less than 0.5g per day
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Fig. 1 Two cases showed pauci-immune glomerulonephritis characterized by focal, segmental glomerulonecrosis (a, H&E) without immune complex
deposition (b, IgG immunofluorescence) and with fibrin deposition within the lesions (c, fibrinogen immunofluorescence)

>
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Fig. 2 Two cases showed IgA nephropathy, one of which was characterized by segmental mesangial and endocapillary hypercellularity seen on
H&E (a) and PAS stains (b), indicated by arrows. There were IgA-dominant immune complex deposits (¢, IgA immunofluorescence) with numerous
mesangial electron dense deposits ultra-structurally, indicated by arrows (d, electron microscopy).
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electron-dense deposits, indicated by arrows (d, electron microscopy)

Fig. 3 A single case of membranous glomerulonephritis which showed a focal area of crescent-like inflammation and glomerulocentric
tubulointerstitial nephritis (a, H&E, arrow indicates crescent like inflammation) which was T-cell rich (b, CD3 immunohistochemistry, arrow
indicated CD3 positive cells). There was diffuse capillary immune complex deposition (c, IgG immunofluorescence) with numerous subepithelial

J

(UPC ratio < 0.5 g/g) with no hematuria or significant
pyuria noted on the urinalysis. Electron microscopy
showed preservation of foot processes which is suggest-
ive of secondary focal segmental glomerulosclerosis.
Again, acute tubulointerstitial nephritis was noted with
eosinophilia.

AA amyloidosis (Fig. 4) After 18 weeks (6 cycles) of
pembrolizumab, a patient with chondroma developed
AKI with nephrotic-range proteinuria (UPC ratio: 31 g/
g) and severe colitis. The kidney biopsy was positive for
amyloid on Congo red and thioflavin T. Immunofluor-
escence was negative for light chains, and mass spec-
troscopy confirmed AA amyloid. Patient was started on
steroids 48 h prior to the biopsy and could explain the
lack of ATIN in the pathology although there was evi-
dence of microscopic hematuria and pyuria on the
urinalysis.

Comparison of the characteristics and renal outcomes
of patients with renal pathologies related to CPI use be-
tween the current study and the previously published
case reports are summarized in Table 3.

Treatment

CPIs were discontinued in 15 cases and held for 6 weeks
in one case of the studied cases at the time of AKI diag-
nosis. Most of the patients received steroids at the time

of AKI diagnosis except two patients. One who had mild
nephritis, in whom CPI was held, and another who had
severe kidney disease and poor residual renal function
(seen in interstitial fibrosis with tubular atrophy (IFTA) >
90% on biopsy). Additional immunosuppressant agents
were used as indicated by the associated glomeruloneph-
ritis in the pathology. The dose, form, or duration of
steroid treatment did not follow any guideline. The ini-
tial used dose of prednisone ranged from 0.5-4 mg/kg/
day. The prednisone was tapered off over 4—24 weeks
depending on the renal pathology and recurrence of
renal disease.

Renal function and survival outcomes

Three of the 5 ATIN cases all had partial renal recovery
after prednisone and one of which had also infiliximab
(2 doses). The 2 cases with no renal response, one had
poor residual renal function from severe chronic kidney
disease with associated IFTA >90%, CPI was held, and
no steroids were given, and the other case had associated
acute tubular necrosis and remained hemodialysis
dependent as of 12weeks post AKI diagnosis despite
prednisone therapy.

In our glomerulonephritis cases, membranous ne-
phropathy, granulomatous with C3 glomerular depos-
ition, and focal segmental glomerulosclerosis, and one
of the 2 cases of CPIl-related IgA nephropathy had
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box, less dense fibril deposition indicated by arrows (d)

Fig. 4 In the case of amyloidosis, the glomeruli showed diffuse mesangial expansion by amorphous eosinophilic matrix, indicated by arrows (a,
H&E) that showed green birefringence under polarized light by Congo red stain (b) and diffuse 3+ fluorescence (Thioflavin T stain) of deposits in
glomeruli and arterioles (c). Abundant fibrils measuring 8-10 nm were identified by electron microscopy, area of dense fibril deposition within the

J

complete or partial recovery after starting prednisone (0.5
mg/kg-3 mg/kg). The two ANCA negative pauci-immune
glomerulonephritis patients had complete recovery of renal
function after discontinuing CPI and starting prednisone
and rituximab for treatment of pauci immune GN. The
3rd patient with ANCA positive pauci immune GN under-
went treatment with steroids, plasmapheresis, and rituxi-
mab as indicated for creatinine >4.0 mg/dl and possible
lung involvement. The patient with AA amyloid had partial
renal recovery after steroid treatment and due to contin-
ued colitis received infliximab and later progressed to AKI
due to sepsis. The second IgA case had partial renal re-
sponse after steroids, mycophenolate mofetil and then one
dose of infliximab due to failure of initial response.

Three of the 16 cases died because of disease progres-
sion. All 13 surviving patients continued treatment, with
5 being on active therapy and 8 staying on surveillance.

We included the disease progression free survival
(PES) of the 16 patients in Table 1. However, we are not
able to conclude a disease response or PFS benefit in
these patients since we do not have in this current popu-
lation patients who were treated with CPIs and didn’t
develop nephrotoxicity to make such comparison.

Discussion
We report 16 cases, 5 with typical ATIN with no associ-
ated glomerulonephritis which is the most commonly

reported etiology for AKI related to CPIs [21] . However,
we have also presented ATIN associated with glomerulop-
athies in nine out of the 16 cases. Some of these glomeru-
lopathies have not been reported in the literature to be
associated with CPI use (MPO-ANCA positive pauci-im-
mune glomerulonephritis, C3 staining, or AA amyloid).
The treatments of these glomerulopathies were varied and
not limited to steroids but included other immunosup-
pressive medications in steroids refractory cases and as a
standard of care to treat the glomerulopathies.

Immunotherapy-related acute interstitial nephritis
[22, 23] could be due to the loss of tolerance of drug-
specific effector T cells with the inhibition of PD-1 sig-
naling. These are T cells that were primed during a
prior nephritogenic drug exposure. Another proposed
mechanism is the development of autoimmunity to kid-
ney self-antigens after the loss of self-tolerance and po-
tentiation of antigen recognition after blocking of the
CTLA-4 or PD-1 pathway, which plays an important
role in regulating peripherally and at the level of target
organs, respectively [24].

The types of nephropathies induced by the CPI class
vary tremendously, even when induced by a single agent
such as nivolumab. For a given glomerulopathy related
to CPIs, the severity and the response to steroids can
also differ, partly due to patient differences. Overall, the
variety of CPI-induced renal manifestations suggests
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Table 3 Comparison of the characteristics and renal outcomes of patients with CPI related nephropathy between the current study
and the previously published case reports

Case Renal Manifestation Urine studies/ Malignancy Immunotherapy  Therapy Response
Serology
Nephrotic syndrome cases in relation to immune checkpoint agents
Daanen et al. [13] FSGS - RCC Nivolumab D/C + steroids+ Remission
MMF followed by
relapse
Kitchlu MCD - Hodgkin Pembrolizumab  D/C + steroids Remission
etal [14] lymphoma (partial)
Kitchlu MCD - Melanoma Ipilimumab D/C + steroids Remission
etal [14]
Lin et al. [9] Membranous Nephropathy - Melanoma Nivolumab D/C + steroids Remission
(PLA2R neg.) (partial)
Current study (#11) Membranous Nephropathy - RCC Nivolumab D/C + steroids Remission
(PLA2R neg.)
IgA nephropathy cases in relation to immune checkpoint agents
Jung et al. [16] AKI grade 4 Proteinuria and Clear cell Nivolumab D/C, steroids Recovery
Cellular crescents with necrosis hematuria Kidney cancer and RRT (RRT was d/c
Sub-epithelial desposition. after 5 months)
Kishi et al. [15] AKI grade 2 Sub nephrotic Lung SCC Nivolumab D/C Remission
Mesangial exp. with no crescents proteinuria. (Complete)
or endocapillary hypercellularity Hematuria
Current study (#9) AKl grade 2 Nephrotic range Melanoma Nivolumab+ D/C and steroids Remission
endocapillary hypercellularity proteinuria Ipilimumab followed
Pyuria and by relapse
hematuria
Current study (#10) AKl grade 3 No proteinuria Melanoma Pembrolizumab ~ D/C and steroids, Partial recovery
No Glomerular No hematuria MMF, and infliximab
proliferative lesions* +pyuria
Pauci-immune GN cases in relation to immune checkpoint agents
Van den Brom et al. [12] ~ GPA ** +PR3-ANCA Malignant Ipilimumab Cyclosporine Remission
Dysmorphic erythrocytes and proteinuria G normal Melanoma followed by and steroids
Extra renal: Cutaneous vasculitis Pembrolizumab
Stable lung nodule
Cusnir et al. [10] GPA +PR3-ANCA Malignant Nivolumab+ steroids and Not Stated
Focal proliferative GN G N/A Melanoma Ipilimumab rituximab
Extra renal; Cutaneous vasculitis
sinusitis
Current study (#6) Focal necrotizing pauci-immune Negative ANCA NSCLC (SCC) Nivolumab D/C, steroids Complete
glomerulonephritis with no crescents G N/A and rituximab recovery
Extra renal; N/A G3
Current study (#7) Focal segmental pauci-immune +MPO-ANCA mRCC Tremelimumab D/C, steroids, Partial
necrotizing glomerulonephritis G, normal plasmaphresis recovery
Extra renal; N/A G3 and rituximab
Current study (#8) Granulomatous necrotizing vasculitis Negative ANCA Uveal Nivolumab+ D/C, steroids Complete
Extra renal; N/A C3/4 normal Melanoma Ipilimumab and rituximab recovery
Anti-dsDNA cases in relation to immune checkpoint agents
Fadel et al. [11] AKI with proteinuria +dsDNA Metastatic Ipilimumab D/C Partial renal
Extramembranous and mesangial C; normal Melanoma recovery
deposits (IgG, IgM, C3, C1q) dsNDA;
not detectable
Current study (#2) AK| with proteinuria +dsDNA and RNP  Bladder Nivolumab D/C and steroids Partial renal
ATIN with no I.C. deposition GN cancer recovery
dsNDA
and RNP;

not detectable

FSGS focal segemental glomerulosclerosis, MCD mininmal change disease, D/C immune checkpoint agent was discontinued, Neg Negative, PLA2R anti-
phospholipase-A2 receptor, AKI acute kidney injury, I.C immune complex, GN glomerulonephritis, C, complement, Exp. expansion, AKI acute kidney injury, ATIN
acute tubulointerstitial nephritis, RRT renal replacement therapy, GPA granulomatosis with polyangiitis, PR3 proteinase 3, ANCA antineutrophil cytoplasmic
antibodies, MPO myeloperoxidase, N/A not available, NSCLC non-small cell lung cancer, mRCC metastatic renal cell carcinoma, dsDNA double stranded DNA
*Renal biospy was done 5 weeks post treatment with steroid, MMF and infliximab
**Presumptive diagnosis. Renal Biopsy was not reported
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multiple complex mechanisms that should be further
elucidated.

Autoantibody development was believed to explain the
variability in immune- related adverse effects [25, 26]. We
observed one case with acute interstitial nephritis that was
refractory to high-dose corticosteroids. The patient did re-
spond partially to infliximab. This was also demonstrated
in one of the IgA cases where patient was refractory to
high dose steroids and Cellcept and finally responded after
infliximab, suggesting that adding anti—tumor necrosis
factor alpha could have mediated some of the renal in-
flammation. The treatment success may be due to inflixi-
mab’s immediate action to block TNF-alpha, which is
usually upregulated in patients on CPIs [23]. The renal
benefit could be direct or indirect, via a decrease in cyto-
kine release that would otherwise contribute to acute
tubular necrosis. However, a delayed effect of mycopheno-
late mofetil use, which can take several weeks, cannot be
excluded in one of our cases [27]. Adding infliximab as a
second-line therapy for cases with irAEs that are resistant
to steroids has been suggested previously [27, 28], but has
not specifically reported in previous cases of nephritis-
type irAEs.

Based on the variety of renal pathologies noted in our
16 patients who developed AKI while on CPIs, we rec-
ommend a kidney biopsy in patients with grade 2 or
above renal injury and/or patients with unexplained pro-
teinuria of greater than one gram/day. At baseline, the
urinalysis, spot protein to creatinine ratio, antinuclear
antibody levels, and anti-double-stranded DNA levels
could be obtained before initiation of the CPI therapy.

Limitations

Patients with other irAEs may have also undergone treat-
ment with steroids or other forms of immunosuppression
that further ameliorate the renal dysfunction prior to the
renal biopsy. In addition, because of the retrospective na-
ture of the study we do lack baseline urinalysis prior to use
of CPI and therefore cannot completely exclude the pres-
ence of underlying renal pathologies prior to CPI use. In
addition, although majority of our cases with renal patholo-
gies were treated with anti-PD-1 agents we cannot con-
clude that ATIN was more prevalent in this class of
medications since out of the 6412 patients identified more
than half (3608) were treated with anti-PD1 agents. Needed
are prospective studies with urinalysis, proteinuria evalu-
ation at baseline, during CPI and pre-toxicity, at time of
toxicity and at the time of toxicity resolution to more ac-
curately identify and characterize renal irAEs and response
to immune suppression, in addition to obtaining early renal
consult and renal biopsy when indicated.
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