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Learning Objectives

* To describe shared mechanisms of cardiac and renal toxicity from
cancer therapy

* To describe the pathogenesis and clinical approach to ICl-related
myocarditis

* To describe mechanisms for other selected cardiovascular toxicities
and implications for prevention and management



Cardiac and Renal Toxicity: Different Triggers but Shared

Biology

Traditional Cardio-Renal Syndrome

Dysfunctionin

one organ can SHARED PATHOPHYSIOLOGY :
initiate or worsen
HEART dysfunction in KIDNEYS Chronic low-grade
the other inflammation
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@ Endothelial dysfunction
@ RAAS overactivation
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Reduced cardiac output Reduced perfusion
Venous congestion Sodium retention Oxidative stress
Neurohormonal activation Progressive CKD

Adipokine imbalance
(adiponectin 4, leptin 1)

@ Mitochondrial dysfunction

Cancer Therapy

Cancer Therapy

-

Direct and Systemic Injury
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HeartFailure Nephritis
Myocarditis AKI
Vascular Disease CKD

Arrhythmias TMA



Why are the Heart and Kidney Especially Vulnerable?
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Shared Biology

Four major mechanisms underly most cardiac and renal cancer
therapy related toxicity

IMMUNE ENDOTHELIAL MITOCHONDRIAL FIBROTIC

e Loss of tolerance e | NO/prostacyclin e MROS e Inflammation
e T cell activation e Capillary e ATP failure e Fibroblast
e Cytokine signaling rarefaction e Cellular activation
e Microvascular injury/dysfunction e ECM expansion

ischemia



ICI Therapy: Immune Related Adverse Events

1 month 3 months

Endrocrine organs
+ Hypophysitis
* Thyroiditis
= Adrenalitis

CNG
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Cardiovascular Complications of IC| Therapy

Conduction disease

« Atrioventricular block
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Lyon et al. Lancet Oncol 2018;19:e447; Salem et al

Atrioventricular

Pericarditis
« Effusion
« Tamponade

Coronary artery disease

« Atheriosclerotic plague rupture
« Acute myocardial infarction

« Coronary vasculitis

Non-inflammatory left ventricular
dysfunction

« Heart failure

« Takotsubo syndrome

31,321 ICl related complications in Vigibase

Anti-CTLA-4 | Combination
monotherapy IClIs
(n=8,266) (n=2,412)

Anti-PD-1 or
anti-PD-L1

monotherapy
(n=20,643)

Myocarditis 84 (0.41%) 6 (0.07%) 32 (1.33%) 50%

Pericardial disease 74 (0.36%) 13 (0.16%) 8 (0.33%) 21%

Vasculitis 56 (0.27%) 18 (0.22%) 8 (0.33%) 6%
Temporal arteritis 7 (0.03%) 10 (0.12%) 1 (0.04%)
Polymyalgia rheumatica 14 (0.07%) 1(0.01%) 1 (0.04%)

Characterized by elevation in Tn

* May or may not have LV dysfunction

underlying CVD

Often seen with myopathy (25%) and myasthenia gravis (11%)
Risk Factors: Dual ICl therapy, thymoma, autoimmune disease,

. Lancet Oncology 2018;19:1579; Munir et al. Nature Reviews Cancer 2024;24:540.



Pathogenesis of
ICl Myocarditis

* Autoimmunity

* Animal models and pts
with ICl myocarditis have
increased levels of
circulating a-MHC-
specific CD8+ T cells

Axelrod et al. Nature 2022; 611:818-826.

Grabie et al. Cardiovasc Res. 2019;115(5):869-877.

Location

Thymus

Heart draining
lymph node

o

Heart

MTEC presenting
self antigens

o

Developing
Tcell

DC presenting :

heart antigens .
1 v

Myocardial cells
presenting heart
antigens

p
%

Process

Deletion and Treg
development
(Central tolerance)

Naive T cells specific

for heart antigens

(e.g. a-MyHC)

(Failed central tolerance)

Deletion/supression
(Peripheral tolerance)

Effector T cells specific for
heart antigens
(Failed peripheral tolerance)

Normal heart
(Peripheral tolerance)

Myocarditis
(Failed peripheral tolerance)

Possible mechanism

AIRE-dependent
antigen expression

No expression of antigen
in thymus

Treg supression,
CTLA-4

Cardiac infection or injury
Treg deficiency
Checkpoints impaired

(ICB Rx or genetic)

Other genetic autoimmune
risk (MRL, NOD, T1D)

Treg supression,
PD-1/PD-L1, LAG-3

Treg deficiency
Checkpoints impaired

(ICB Rx or genetic)

Other genetic autoimmune
risk (MRL, NOD, T1D)



The CD8* T Cell - IFN-y - Macrophage — CXCL10 Axis:
A Feed-Forward Amplification Loop in ICl Myocarditis

@ Activated CD8* Tcells @) cD8* Tcells secrete IFN-y ~ €)) IFN-y activates macrophages () Activated macrophages @ cxcL10binds CXCR3
infiltrate the myocardium oo ) (and other myeloid cells) produce CXCL10 (and other on CD8* T cells
Upon recognizing antigen, CD8* E
ICI therapy leads to expansion T cells release IFN-y. IFN-y stimulates resident and recruited chemokines) CXCL10 binds to CXCR3 on
of activated, antigen-specific macrophages to an activated (M1-like) Activated macrophages secrete T cells, promoting chemotaxis,
CD8* T cells that traffic to state. CXCL10 (and CXCL9, CXCL11), retention, and survival.
the heart. creating a chemokine gradient.

Macrophage IFN-y

°

@ CXCL10
(and CXCLS,
CXCL11)

The Amplification Loop
CD8* T cell — IFN-y — Macrophage activation
— CXCL10 — CXCR3+* T cell recruitment/retention

— More IFN-y and injury — More CXCL10 ... o More IFN-y and cytotoxic

9 Ampilification loop sustains

CXCR3 g v mediators are produced
(CXCL9/10/1) and escalates inflammation P
. aosu oy . Re-activated CD8* T cells prod
receptor) Injury drives additional antigen RESULT: Self-sustaining inflammation and m‘;; I:llj-y i ‘:ran;’ym:ce
release and innate activation, progressive myocardial damage S b
d TNF-a, ocyt
further amplifying CXCL10 N =/ o i e o

Arodlictionadiiiveall and releasing more antigens.

recruitment.

° Perforin
® a%e Granzyme B
L TNF-a

o 8 '."~ ] o £ : ». "4 . ’ J,
Myocyte injury and death &—/
Antigen release and further immune activation

Ma et al. Circulation 2024;149(1):48-66
Zhu et al. Circulation. 2022 Jul 26;146(4):316-335



Pathogenesis of ICI Myocarditis: Other Potential
Triggers

* Shared tumor and heart antigens
* Molecular mimicry/ homologous epitopes
* Newly exposed antigens after cardiac injury

* HLA-dependent antigen presentation



Diagnostic Criteria for ICl Myocarditis

I1C-OS 2021 Consensus

Either pathohistological diagnosis:

Multifocal inflammatory cell infiltrates with overt cardiomyocyte loss by light microscopy of cardiac tissue samples
Or clinical diagnosis * §:

A troponin elevation (new, or significant change from baseline) with 1 major criterion or a troponin elevation (new, or significant change from baseline)

with 2 minor criteria after exclusion of acute coronary syndrome or acute infectious myocarditis based on clinical suspicion

Major Criterion

e CMR diagnostic for acute myocarditis (modified Lake Louise criteria)

Minor Criteria

¢ Clinical syndrome (including any one of the following: fatigue, muscle weakness, myalgias, chest pain, diplopia, ptosis, shortness of breath, orthopnea,
lower extremity edema, palpitations, lightheadedness/dizziness, syncope, cardiogenic shock)

e Ventricular arrhythmia and/or new conduction system disease

® Decline in cardiac (systolic) function, with or without regional WMA in a non-Takotsubo pattern

e Other immune-related adverse events, particularly myositis, myopathy, myasthenia gravis

e Suggestive CMR (meeting some but not all of the modified Lake Louise citeria)

Both troponin | and troponin T can be used; however, troponin T may be falsely elevated in those with concomitant myositis.

Herrmann et al. Eur Heart J 2022;43:280-99.




Modified Lake Louise Criteria for Myocarditis

MAIN CRITERIA SUPPORTIVE CRITERIA

1. Pericarditis
(Effusion at cine
images or abnormal
LGE, T2 or T1)

Myocardial Edema

Mild pericardial effusion
Regional increase Regional native T2

of T2 51 at T2w images increase at T2 mapping

2. Systolic LV
Dysfunction

(Regional or global wall
motion abnormality)

Non-ischemic
Myocardial Injury

Normal LVEF

Cine/systole

Regional non-ischemic Regional native T1 Regional ECV increase
LGE increase at T1 mapping

Leiner et al. J Cardiovasc Magn Reason 2020;22:76



ICOS/ESC Grading and © Managemencof patients with a defniive disgnosis of IChrelted myocardis

Treatment Algorithm

/Severlty \ l

m Severe: hemodynamic instability, mechanical ventilation, high grade heart block,
significant ventricular arrhythmia

m Non-severe (clinically significant): symptomatic but hemodynamic and electric
stability; reduced ejection fraction may be present

m Smoldering: subclinical, no clinical signs or symptoms

Admission to ICU (level 3)
(Class I)

Weaning protocol by |0 mgiweek
with troponin monitoring including MCS
(Class lla) (Class I)

l

e —
(Class 1)

Lyons et al. Eur Heart) 2022;00:1-133



Abatacepl foR ImmUne checkpoint inhibitor
associated Myocarditis (ATRIUM)

Cardiac immune infiltration |

2 40+ -
- 100y 3 *
© )
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& @ ¢ .
complex %) -—
= S 1049 -i- 2
o b [5)
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50 100 C57/BL6 Veh 2wks 14wks
T cell activation T cell inactivation Days alive Abatacept
= Ctla4"" Pdcd1” - Vehicle (n=51) Ctia4"" Pdcd-1"

=== Ctla4"" Pdcd1”" - Abatacept (n=19)

Corticosteroids + Primary Endpoint:
Abatacept* _ .
WA vaoseof 10mafke MA;E = cc?mp05|te of Cy death,
cardiogenic shock, cardiac arrest,
N\ 1:1 (active: placebo) VT, bradyarrhythmia requiring

, , PPM or new decompensated HF
Corticosteroids

Pts with biopsy or clinical
diagnosis of ICl
myocarditis and

no immunosuppressive
therapy except steroids

RANDOMIZE

Todd DJ et al. IntJ Clin Prac. 2007;61:494-500.



Abatacept + Ruxolitinib for Refractory Overlap
Syndrome

Definite ICI myocarditis (n = 40)
Severity grading (G) criteria detailed in Supplementary Table S5 (severe if G 23)

RNA'Seq of mouse ICI'myo carditis model Per chronologic admission period
|
B _ v _ v
Conirol IC1 myocarditis Quartile 1 (05/2018-03/2020) ] Quartiles 24 (03/2020-08/2021)
T Group G+-2(n=2),G23(n=38) - Prompt high-dose abatacept G1-2(n=8),G 23 (n=22)
Corticosteroids (n = 10) (immune-monitored) & ruxolitinib Corticosteroids (n = 26)
Jak1ns Plasmapheresis (n = 8) (vs. mycophenolate) for G >3 Abatacept (n = 22)
Jak2+**P = (0.009 Abatacept (n=7) - Stop plasmapheresis Ruxolitinib (n = 18)
Mycophenolate (n = 4) - Screening & ventilation of Plasmapheresis (n = 2)
Jak3ns Tacrolimus (n= 1) respiratory muscle failure IVig (n = 5)°
Tyk2ns IVig (n=2)" Mycophenolate (n = 2)"
Stat? ="F < 0.0001 >

40%
Stat? **P- 0.008 60% I> ‘ 97%
ICI myotoxicity-related death

Stat3*P = 0.013 e <t Alive
Statd P < 0.0001 m Fatal m Fatal

o 23% /20%
Statsans 70% 10% s
Statsh ne 103 _:(> 2
T7%
50%

100-day overall survival

Staté ns P =0.007
Alive
TI oo : W Fatal myotoxicity Alive
e B Fatal myotoxicity and sepsis m Fatal myotoxicity
D thootn ® Fatal sepsis (non-COVID) m Fatal—other causes

(COVID n = 2; hemorrhage n=1;
cirrhosis n=1; stroke n=1;
cancer progression n= 1)

I F N _YQJA K/STAT p at hway% CXC L9 & CXC L1 O -> CXC R3 T C e ll_ *Started before admission in our unit and transferred for poor evolution on

these drugs [5/7 for intravenous (IV) Ig and 2/2 for mycophenolate].

Ruxolltlnlb InthItS JAK1 /2 They were stopped upon admission in our unit.

Salem et al. Cancer Discov 2023;13:1100-15.



ACHLYS Trial: Dose Finding Study for Abataceptin
ICl Myocarditis

» Severe or steroid-resistant ICl myocarditis
* Intervention: Abatacept (10/20/25 mg/kg) + ruxolitinib 15 mg bid + corticosteroids
* Primary Endpoint: > 80% CD86 receptor occupancy w/in 3 weeks

Primary endpoint End of
B Salem,et al. Archives o‘fﬁrdiovascular Disgase 2025;4ﬂ&ﬂﬂﬁa-n‘lp‘tlig,al follow-up
10mg/kg nc% 10me/fkg 10mg/kg H”‘?
<2, 120, | [T o]} 1521
Abatacept 2 i B3 S~ B8 S 58 ~ Optional & '
Randomization .,f"L"x 20me/ke 2 /A f'§ EDmgxth—’ ﬁ -' Eé 20mg/ke E“ﬁ :E E ﬁ, * \ﬁ ? "
- 1:1:1 Fﬁl—ga .?"_‘ | F‘_{g- E, " 3%‘. K - I + g
N.?,.’Emup =3 == & 1 = & | == I i
N:21 total S | &R s | @R & 1 3%  Qptional '
21 tota cossro '3 o8R0 3, cosro™d  coseRo Y, COBGRO CodeRo
25mglkg & v 25mp/ke S 25meikg G Ko o " - = ) >
m D5+2 D14+2 D21+2 visitevery 104  Visit every 31
days starting D21 months starting D30
Initial Phase (D0O-D21) Maintenance (D21-D90) Follow-up (D90-365)

Salem et al. Archives of Cardiovascular Disease 2025;118:106-115.



CV Adverse Events of CAR T-cell Therapy
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IMMUNE CELL ACTIVATION

T cell activation and expansion
Monocytes / Macrophages

‘ I: Endothellal activation

Frequency (%)

Post-Discharge CV Events

r

[ Multiple myeloma ‘

Itzhaki Ben Zadok et al. 2024;150 (22):1815-1817; Joseph et al. Curr Onc Rep. 2025;27:135-147.

CYTOKINE RELEASE SYNDROME (CRS)

High levels of cytokines
(IL-6, IL-17, IL-1B, TNF-q, IFN-y, etc.)

Systemic endothelial activation

Capillary leak « Vasodilation * Hypotension

N

7

CARDIAC AND RENAL INJURY

N\

Predictors of CV Events

CRS grade = 2
Underlying tumor burden
* Pre-existing CVD or CV RF

 Cardiomyopathy or Afib



Cardiotoxicity from Cytokine Release Syndrome
Myocardial Dysfunction Arrhythmias

Sepsis / Septic shock CENTRAL ILLUSTRATION: Inflammatory Cytokines and Cardiac
(dysregulated host response) Arrhythmias- An overview
Inflammatory mediators DAMPs / PAMPs signaling
(TNF-a, IL-1B, IL-6) (TLRs, HMGB1, etc.)

N,

NO / ROS-RNS excess
(oxidative-nitrosative stress)

Tocilizumab \
Sl ItUX| ma b Endothelial & microvascular dysfunction

(impaired perfusion, capillary leak)

Corticosteroids /

An d kl nra Mitochondrial dysfunction

(ATP deficit, impaired energetics)

\

Altered calcium handling
& B-adrenergic signaling

\ Electrical and structural myocardial remodelling

|
Myocardial dysfunction
(R systolic diastelie R ENCRtIcaIT) Ventricular arrhythmias Atrial fibrillation Conduction disturbances

—Y I~y | IR | PR
Clinical impact

(hypotension, Tvasopressors, lactate)
Potential reversibility in survivors

22
Inflammatory cytokines
TNF-c, IL-1, IL-6, IL<17 %,

ve

Lazzerini PE, et al. J Am Coll Cardiol Basic Trans Science. 2023;8(6):728-750.

Padureanu et al. Int. J. Mol. Sci. 2026, 27(6), 2552



CV Toxicities of TKls

Toxicity Odds Ratio [95% Cl] TKI No TKI
Arterial thromboembolism 1.52 [1.17, 1.98] - L —
Cardiac dysfunction 1.35 [1.06, 1.70] — 2.7% 1.95%
Cardiac ischemia 2.83 [1.72, 4.65] 1.75% 0.56%
Congestive Heart Failure 1.66 [0.84, 3.30] 0.5% 0.28%
Deep vein thrombosis 1.20 [0.86, 1.66] T 5.66% 4.73%
Fatal cardiovascular events 1.26 [0.63, 2.53] 0.25% 0.17%
Hypertension 5.28 [4.53, 6.15] = 2% 5.2%
Pulmonary embolism 0.94 [0.58, 1.52] " 2.65% 2.77%
Severe hypertension 5.59 [4.67, 6.69] — 7.4% 132%
Unspecified thromboembolism 1.28 [0.95, 1.73] T 5.58% 5.53%
Unspecified venous thromboembolism 1.07 [0.97, 1.19] 1.3 4.4% 3.95%
0.2 0.5 1 2 5

Higher with control Higher with angiogenesis inhibitors

Abdel Qadir et al. Cancer Rx Reviews 2017;53:120.



NORMAL VEGF SIGNALING: MAINTAINS CARDIOVASCULAR AND RENAL HOMEOSTASIS

@
HEART VEGF @ o §¢ © KIDNEY
VEGFR2
Endothelial Endothelial
Cell l s i < . : ‘ = Cell
{ | ( ]
: PLCy PI3K | MAPK/ERK Other pathways :
i _ (e.g., Src) :
v = _ ' ; \ " vy v
(" ) IP,/DAG AKT ‘_ Gene S o\
Normal coronary N ¢—’ ’ it expression 23 Normal glomerular
microvasculature , N stability £ catttubil
+ Ca? eNOS peritubular
J L 2 microvasculature
+ Adequate perfusion | l
» Normal hemodynamics | [~ =3 ) ) N ST 2
bkt - «+ eNOS activation « NO production « Cell survival « Junction integrity + Intact filtration barrier
* Heal myocaraium
o * NO production » Endothelial survival + Proliferation » Vascular stability + Normal GFR
» Vasodilation | |« Barrier integrity « Angiogenesis « Anti-inflammatory + Tubular homeostasis
" =7 ) < =
VEGF INHIBITORS (e.g., bevacizumab, sunitinib, pazopanib)
2 < < v iE
PLCYy § | PI3K | MAPK/ERK 4 Other pathways |
v ' + il (e.g.,* Src)
IP,/DAG 4 ' AKT l Gene | Cytoskeletal |
v v expression stability
| Ca® 1 eNOS ‘ l r
s ‘,, 7 * =
COMMON ENDOTHELIAL CONSEQUENCES
| Prostacyclin 4 Endothelin-1 | Nitric Oxide 1 Reactive Oxygen Endothelial dysfunction
(PGL,) 5 (ET-1) (NO) ) Species (ROS) * Inflammation
O ! O k * Increased permeability
W ) o ; + Capillary rarefaction 7
™ 4 R
CARDIAC CONSEQUENCES ( 2 RENAL CONSEQUENCES
T Vasoconstriction @ LV hypertrophy / remodeling CHUsAL O.UTCOMES 1>\ Glomerular endothelial injury HJ] Tubular injury & apoptosis
& microvascular dysfunction * Hypertension b7 G) S Prerci i 9i0)9
o ' + Fluid retenti
T Afterload & wall stress t%;%' Myocerdibl fbraets ’ -~ ' 8.°.0 1 Sodium retention
+ Increased CV events L GRR 04%  &volume expansion
" ke LV dysfunction / cardiomyopathy * Worsening kidney function ’% - CKD progression Thrombotic microangiopathy (TMA)
Ong Myocardial ischemia ‘ - Heart failure & arrhythmias K « Heart failure - AKI
' 5 ” \ b




Surveillance and
Management of
TKI Associated
Hypertension

* Daily home BP monitoring
for the first cycle, each dose
increase and Q2-3 weeks
thereafter

* Hold therapy for:
« SBP>180/110
* End-organ damage

Treatment of arterial hypertension in patients with cancer

Hypertension caused by cancer therapy

|
Systolic BP =160 mmHg and diastolic BP =100 mmHg
1
—¢ &
ACE-l or ARB ACE-l or ARB
(Class I) (Class 1)
AND l
Dihydropyridine CCB Ditwd idine CCB
(Class 1) .
as second-line therapy
in patients with
uncontrolled BP
(Class 1)
1 J
¥
If resistant hypertension®™

+ Bem-blockers®

= Spironolactone
* QOral or transdermal nitrates and/or hydralazine

(Class lla)

v
BP target during cancer therapy

l

BP target <140 mmHg systolic and
<30 mmHg diastolic
(Class [)

OR

BP target <130 mmHg systolic and <80 mmHg
diastolic if well tolerated
(Class lIb)

OR

In selected asymptomatic patients with
metastatic cancer systolic BP 140-160 mmHg,
and diastolic BP 20-100 mmHg
(Class llb)

@ESC—
Lyons et al. Eur Heart J 2022;00:1-133.



Anthracyclines

Cardiomyocyte Injury
Progressive LV dysfunction
(26% @ 550 mg/m?
Can present late)

Anthracyclines

4

Mitochondrial Dysfunction
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Tubular cells are
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Potential susceptibility to
oxidative injury

Li, et al. Biomedicine and Pharmacotherapy. 2024;179:117312



Dexrazoxane: iron chelator

534 pts with advanced breast CA N=195 pediatric pts, ALL, NHL, or osteosarcoma
g O Mean F/U 18.1 + 2.7 yrs
g 06 = i
M: ;-i-..-: ‘ . Crverall - E
m_'].. .-ﬁ-l‘.lul ------ :l T T T T i
~ E-z;n;n‘a;.uyﬁnuénummmmmmm Males F E
Curmulative Doss of Daxonbicin (mgim® ) :
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1.0 v :
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3 o L Dox = 250 o »-
g P mem :
04 Dox 250+ - i
,m;';".;-n'? . .. ' n1.1 [r:l.z EI.:E Ir_n :?.D ETD
Curmuistive Dose of Doxorubicin (mgém? )

Lyu et al. Cancer Res. 2007;67(18):8839; Swain J Clin Onc 1997;15:1318;

Chow et al. JCO 2023:41(12):2248-57
Swain J Clin Onc 1997;15:1333 oweta ;41(12)



Cardiotoxicity and Fibrosis

From Inflammation to Matrix Expansion:
An Integrative Biomarker-Imaging Framework for Myocardial Fibrosis

TRIGGERS

RAAS (Ang Il, aldosterone)
Ischemia
Mechanical stress
Metabolic dysfunction

Inflammation / RAAS activation /
Mechanical stress / Ischemia

-

}

CELLULAR ACTIVATION

TGF-8 / ROS — Myofibroblast

S a—>

Macrophage-Fibroblast Crosswalk

ECM REMODELING

ECM Expansion
(Quantitative burden)

PICP (Quaitatve remodeling)
PINP
PIIINP CITP

- Collagen Volume :"::;‘#;:s

Fraction (CVF)

Stiffness, Remodeling dynamics

/

[ Myocardial fibrosis is a dynamic continuum in which biological activity (biomarkers) and structural burden

(imaging) represent complementary but non-identical dimenstions.

Self-Perpetuating Loop

Matrix Quality &
Cross-Linking

|

IMAGING & OUTCOMES

Structural Phenotype

CMR-LGE - Focal Fibrosis
T1 mapping / ECV - Diffuse Fibrosis
,\ GLS — Mechanical impairment

Y,

Clinical Trajectory

HF progression
Diastolic stiffness
Arrhythmias
Mortality



Fibroblast Activating Protein (FAP) as an Imaging
and Therapeutic Target

CARDIAC MAGNETIC RESONANCE COMPUTED TOMOGRAPHY A
Activatep FiBroBLAST
Late gadolinium enhancement T1 - extracellular volume CT - late enhancement CT - extracellular volume
\\
‘4
e
ECV (%)

Native T1 times (ms)

POSITRON EMISSION TOMOGRAPHY LNP degradation
releases mRNA

Gallium®8 Fibroblast Activation Protein Inhibitor
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Take Home Points

Lesson Future Implications

1. Shared pathways of toxicity could Immune modulation, endothelial
lead to common protective and protection, mitochondrial protection,
treatment pathways anti-fibrotic strategies

2. Understanding mechanisms may Early markers of injury e.g.
allow detection before phenotypic  urinary/serum CXCL10, VCAM-1,
disease ICAM-1, etc.

3. Organ cross-talk matters Disease in one amplifies the other




Thank you!
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