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T Cell Activation Requires

2 Signals
Antigen Generates CD28 Costimulation Provides

Signal 1 E Signal 2
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CTLA4 Attenuates T Cell
Activation

Expressed by T cells early
after activation

Shares homology to CD25
within the CDBO/EE binding
region

Binds CD80/85 500-2500
times more avidhy than
does CD28

Important for
T cell regulation CTLAA

MHC class 1l

DC = dendritic cell; CTLAY = eytctoxie T lymphooyte—associated artigen 4,
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Abatacept Vs Ipilimumab

Abatacept Selectively Modulates
T Cell Activation
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T cell imhibition

* O atovac PD-1/PD-L1




[ToANoL oykol ekppalouv PD-L1

PD-L1 binds to PD-1 and inhibits
T cell killing of tumor cell

Tumor cell

Anti-PD-L1

Anti-
PD-1

Tumor cell
death

Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell

T cell
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Table 1. Immune Checkpoint-Blocking Antibodies Approved by the Food
and Drug Administration.*

Drug Target Indication
Ipilimumab CTLA-4 Melanoma
Nivolumab PD-1 Melanoma, non—small-cell lung cancer,

renal-cell carcinoma, hepatocellular
carcinoma, classic Hodgkin's lympho-
ma, squamous-cell carcinoma of the
head and neck, urothelial carcinoma,
colorectal cancer with high micro-
satellite instability or mismatch-repair
deficiency

Pembrolizumab PD-1 Melanoma, non—small-cell lung cancer,
classic Hodgkin's lymphoma, squa-
mous-cell carcinoma of the head and
neck, urothelial carcinoma, gastric
cancer, solid tumors with high micro-
satellite instability or mismatch-repair

deficiency
Atezolizumab PD-L1 Nnn—snl'lall-cell lung cancer, urothelial
carcinoma
Avelumab PD-L1 Merkel-cell carcinoma, urothelial carcinoma
Durvalumab PD-L1 Urothelial carcinoma

* CTLA-4 denotes cytotoxic T-lymphocyte antigen 4, PD-1 programmed cell
death 1, and PD-L1 programmed cell death ligand 1.



Immune related adverse events (Ir-AE)

* Checkpoint inhibitors associate
with immune mediated
adverse effects

* Can affect any organ

e Usually skin, gut, endocrine
organs and liver

* Serious events in PD-1
blockade 16%

 CTLA4 blockade 27%
e Combined treatment 55%
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Figure 2. Possible Mechanisms Underlying Immune-Related Adverse Events.

The mechanisms that result in immune-related adverse events are still being elucidated. Some potential mechanisms
include increasing T-cell activity against antigens that are present in tumors and healthy tissue, increasing levels of
preexisting autoantibodies, an increase in the level of inflammatory cytokines, and enhanced complement-mediated
inflammation due to direct binding of an antibody against cytotoxic T-lymphocyte antigen 4 (CTLA-4) with CTLA-4
expressed on normal tissue, such as the pituitary gland.
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Molecular Sciences

Review

Rheumatic Manifestations in Patients Treated with
Immune Checkpoint Inhibitors
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An MRI study of immune checkpoint
inhibitor-induced musculoskeletal manifestations
myofasciitis is the prominent imaging finding
Dimitrios Daoussis'*, Pantelis Kraniotis®*, Alexandra Filippopoulou’,

b PfOSpECti\le StUdY to assess: Rafaella Argiriadi®, Spyridoula Theodoraki®, Thomas Makatsoris®,

Angelos Koutrass, loannis Kehagias“, Dionysios J. Papachristou®,
Aikaterini Solomou?, Haralabos Kalofonos® and Stamatis-Nick Liossis’

1. Clinical

] } characteristics of ICl-induced musculoskeletal manifestations
2. Imaging (MRI)

3. To explore potential associations between musculoskeletal
manifestations and oncologic response



Demographics

* male predominance (80%)

* mean + SEM age of 66.8 £ 2.6 years

* The median (range) time from ICI treatment since development of
symptoms was 2.5 (1-22) months

* |[Cl treatment: mostly nivolumab (n=7)







patient 8

 Male

* Age:67

* Nivolumab

* Type of cancer: renal

* Musculoskeletal
manifestations:

Pain at left knee/thigh with

no signs of arthritis

The imaging findings of myo-fasciitis correspond to
tissue inflammatory infiltration at the histology level



Treatment, follow up, oncologic response @
&

* Follow- up 6.5 months (median time)

* Most of patients (n=6) treated with low/moderate dose of corticosteroids
- good clinical response

ONCOLOGIC RESPONSE

* Favorable oncologic response ( partial response or stable disease) in

50% of patients with musculoskeletal ir-AE related to ICl administration -

Vs . p=0.0016
12.5% of patients without musculoskeletal ir-AE _




In our cohort

Musculoskeletal manifestations in 7.7%

* Myo-fasciitis is the prominent imaging finding in MRI

The ICl induced musculoskeletal manifestations mostly involve periarticular
structures and associate mainly with myo-fasciitis and not synovium based
pathology

* Favorable oncologic response in patients with musculoskeletal ir-AE
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Autoimmunity Correlates With Tumor Regression in Patients With
Metastatic Melanoma Treated With Anti—-Cytotoxic T-Lymphocyte
Antigen-4

Peter Attia, Giao Q. Phan, Ajay V. Maker, Michael R. Robinson, Martha M. Quezado, James
C. Yang, Richard M. Sherry, Suzanne L. Topalian, Udai S. Kammula, Richard E. Royal,
Nicholas P. Restifo, Leah R. Haworth, Catherine Levy, Sharon A. Mavroukakis, Geoff
Nichol, Michael J. Yellin, and Steven A. Rosenberg

From the Surgery Branch, National Cancer Institute, National Institutes of Health, Bethesda, MD;
and Medarex Inc, Princeton, NJ.



Fold change B cells

The Journal of Clinical Investigation CONCISE COMMUNICATION

Early B cell changes predict autoimmunity following

YT[ (Ix pXO U V T[ p Ovv w GT L K O l,__ combination immune checkpoint blockade
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'Department of Medicine, “Department of Pediatrics, Yale University School of Medicine, New Haven, Connecticut, USA. *Institute for Stem Cell Biology and Regenerative Medicine, and “Department of
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[Tolol oykoAoyikot aocBevelc Ba amovtnoouy
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Author manuscript Active response to treatment No or limited response to treatment
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PD-L1 (B7-H1) and PD-1 Pathway Blockade for Cancer Therapy:
Mechanisms, Response Biomarkers and Combinations
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a Immature TLS b MatureTLS
Cancer immunology

B cells to the forefront ) 0’ ”
ofimmunotherapy e,

Tullia C. Bruno

Three studies reveal that the presence in tumours of two key
immune components — B cells and tertiary lymphoid structures Low T-cell
—isassociated with favourable outcomes when individuals Y
undergoimmunotherapy. See p.549, p.556 & p.561

High T-cell
activity

Inhibitory Antigen Antitumour
factors? presentation antibodies



Eival aopaAng n emavevapén tTng avoooBeparneiog HETA
OTtO KAItoLo cupBav?

* MaAAoOV val

* 50% Kkaveva cuppBav

e 24% t0 1610 cupPav

e 26% €va veo cupfav

Y& amelAntikn yia tnv (wn ek6NAwaon 6gv emavayopnyouvtol



Review Article

Immune Checkpoint Inhibitors in Challenging Populations

Douglas B. Johnson, MD'; Ryan J. Sullivan, MD?; and Alexander M. Menzies, MBBS?>
* MmopouUv aoBeveic Le YVWOTH PEVUATIKA VOO0 va Aafouv
avoooBeparmneia?
 MaAAov NAI. Alya debopeva kaBwc amokAeloTnkayv oo HEAETEC
* 30% Ba kKAvouV NTLa £€0pon UTTOKELMEVNC VOOOU
* 29% Ba kavouv ir-AE

e KaAo va amodeuyetol n cuvOuaoTIK avoocoBepareia



[Tolol oBeVeLC TIPETIEL VO TTALPATIE UTIOVTAL O
DEUMATOAOYO

* OLapBpadyiec/pualyiec eivat moAU ouxveC o aoBeveic e
avoooBepameia. OxL dLaitepn KAWLKN onuoocia
* ExeL vonua n maparoun aocbevwy pe
e «OAeypovwdn» cupntwpatoloyia. Mpwwv Suckapio (>30 min).
* \ELTOUPYLKO TIEPLOPLOMO
* Mn tpavpatikn SLoykwaon apbpwaoswv



[Twc Beparmevovtal Ot LUOOKEAETLKEC EKONAWOELC?

» Y& Aritec ekdbnAwoelc MZAD/ovadyntika

e Y& ooPapotepec eKONAWOELC
* KaBuotepnon enopevng Beparmeiac pe check point inhibitors

* AVOOOKOTOOTOAN LE:

* Pos otepoeldn-npoomnabela yLa xoprynon tTng Hikpotepng duvatngc d0onc ywa to
LLKpOTEPO Suvato daotnua. DMARDs o€ sppévouoec ekONAWOELG

* BloAoyikec Beparmeiec (anti-TNF)
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Prophylactic TNF blockade uncouples efficacy and
toxicity in dual CTLA-4 and PD-1 immunotherapy
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EXTENDED REPORT

Rheumatic disorders associated with immune

checkpoint inhibitors in patients with cancer—<linical
aspects and relationship with tumour response: a
single-centre prospective cohort study

Marie Kostine," Léa Rouxel,' Thomas Barnetche,” Rémi Veillon,? Florent Martin,’

Caroline Dutriaux,’ Léa Dousset,> Anne Pham-Ledard,’ Sorilla Prey,?
Marie Beylot-Barry,” Amaury Daste,” Marine Gross-Goupil,* Julie Lallier,”

Alain Ravaud,” Edouard Forcade,” Bernard Bannwarth,' Marie-Elise Truchetet,’
Christophe Richez,' Nadia Mehsen,’ Thierry Schaeverbeke,' and on behalf of the FHU

ACRONIM

Patients receiving ICI; n=524

Rheumatic irAEs; n=35 (6.6%)

Inflammatory arthritis; n=20 (3.8%)

Non-inflammatory complaints;
n=15 (2.8%)

PMR pattern (n=11)

RA pattern (n=7)

PsA pattern (n=2)

Anti PD-1 (n=9)
Anti PD-L1 (n=2)

Anti PD-1 (n=5)
Anti PD-L1 (n=1)
Anti CTLA4 (n=1)

Anti PD-1 (n=2)

Anti PD-1 (n=13)
Anti PD-L1 (n=1)
Anti PD-L1 + Anti CTLA4 (n=1)

Increased CRP (n=7)
ANA=1/160 (n=1)
Ultrasound + (n=5)

Increased CRP (n=4)
ANA>1/160 (n=2)
Anti-CCP + (n=1)
Ultrasound + (n=5)

Increased CRP (n=2)
ANA>1/160 (n=1)

Corticosteroids (n=9)
NSAIDs (n=2)

Corticosteroids (n=7)
Methotrexate (n=1)

NSAIDs (n=2)
Methotrexate (n=1)

Corticosteroids (n=3)
Peri-articular injection (n=1)
Analgesics (n=5)

NSAIDs (n=2)
Physiotherapy (n=3)

None (n=1)




FIGURE 1 Immune Checkpoints in the Tumor Microenvironment
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patient 2

e Male
* Age: 71
 Nivolumab

* Type of cancer: Lung

* Musculoskeletal manifestations:

Diffuse painful swelling of hands
and right foot




patient /

 Male
* Age:68

 Nivolumab

* Type of cancer: bladder

* Musculoskeletal

Pain of right knee
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Intestinal microbiome analyses identify melanoma
patients at risk for checkpoint-blockade-induced
colitis

Krista Dubin1'2'3, Margaret K. Callahan®5, Boyu Ren6, Raya Khanin7, Agnes Viales, Lilan Lingz, Daniel Noz,
Asia Gobourne?, Eric Littmann2, Curtis Huttenhower®®, Eric G. Pamer"219+* & Jedd D. Wolchok#>10:1.+
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*Ertikpatnon Bacteroidetes phylum
OXETI(ETAL LE HELWMEVN TOELKOTNTAL
(koAitda) amo ipilimumab.

*Xpnon npofLotikwv/avtiBLloTikwv??
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Commensal Bifidobacterium
promotes antitumor immunity and
facilitates anti-PD-L1 efficacy

Ayelet Sivan,'* Leticia Corrales,'* Nathaniel Hubert,” Jason B. Williams,”
Keston Aquino-Michaels,® Zachary M. Earley,? Franco W. Benyamin,' Yuk Man Lei,?
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Gut microbiome and anticancer immune response:
really hot Sh*t!
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