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Identification of predictive biomarker for
pseudoprogression after immunotherapy
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Lung Cancer Treatment Paradigm

PROGRESS IN LUNG CANCER TREATMENT IMMUNOTHERAPY

NEXT-GENERATION
TARGETED THERAPY

TARGETED THERAPY I

PLUS CHEMOTHERAPY r*
TARGETED
THERAPY
CHEMOTHERAPY
COMBINATIONS . e ’
) .

SURGERY

1990s 2000s PRESENT

http://www.thelungcancerproject.org/



CNUH CASE #1

« 55/F Past medical history (-)
« 2016.05) Lt. SCLN Bx : metastatic adenocarcinoma of lung origin, EGFR WT, ALK (-), Stage IV (bone)
« 2016.05-2017.02) #1-4. cis+alimta, alimta maintenance (#1-9) — PD
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CNUH CASE #1

55/F adenocarcinoma,

| = T ———— stage IV

high PD-L1 expression
(TPS>50%)

2nd line, pembrolizumab

Pseudoprogression
e & §* -‘ e ‘,
J=Z S d T e T
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Pre-treatment After 3 cycles

Ongoing 14 cycles

After 6 cycles After 9 cycles
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« 34/F Past medical history (-)
« 2016.10) EBUS Bx : adenocarcinoma, EGFR WT, ALK (-), Stage IV (pericardial effusion)
« 2016.10~2017.04) #1-4. cis+alimta, alimta maintenance (#1-3) — PD

CNUH CASE #2

Pericardiocentesis :
malignant cell (+)

2016.09.29 2016.10.07
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Pericardiostomy

CNUH CASE #2 - Cytology : malignant cell (-)

- Biopsy : acute and chronic
dallasmation without tumor

34/F adenoca,
stage IV

high PD-L1
expression
(TPS>50%)

2nd line,
pembrolizumab

Death after 3
months
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Pseudoprogression with Immunotherapy

« Transient increase in the size of existing tumor lesions or the appearance of new
lesions from treatment effect rather than true disease progression

e >25% increase of the tumor burden or a new lesion

- Early pseudoprogression : at 12 weeks, first imaging assessment
- Delayed pseudoprogression : after the first imaging assessment

Journal of Clinical Oncology 33.31 (2015): 3541-3543.
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Pseudoprogression with Immunotherapy

* Incidence
- 8.9% in patients with melanoma treated with ipilimumab
(early pseudoprogression 4.6%, delayed pseudoprogression 4.3%)
- 7% In patients with melanoma treated with pembrolizumab
(early pseudoprogression 4.6%, delayed pseudoprogression 2.8%)

 Pathophysiology
1) Transient immune cell infiltration with or without edema
2) Late effective immune response
(Continuing tumor growth until development of a sufficient immune response)

Journal of Clinical Oncology 33.31 (2015): 3541-3543.
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Pseudoprogression

IS

Melanoma Brain Metastas

=3y

Cancer immunology research 4.3 (2016): 179-182
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Melanoma Cutaneous Lesion Pseudoprogression

A .
2t (A) Melanoma-cell nest with
¢ abundant mononuclear cell

infiltrate

(B) Activated cytotoxic
lymphocytes (CD8)

(C) TIA-1 (apoptosis promoting
protein)

(D) Granzyme B

Cancer immunology, immunotherapy 58.8 (2009): 1297-1306.
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Pseudoprogression with Immunotherapy

OURNAL oOF CLINICAL ONCOLOGY

+«seoenew Official Journal of the American Society of Clinical Oncology

Pseudoprogression in cancer immunotherapy: Rates, time course and patient outcomes.

« Cohort, retrospective study
« Phase | and Il trials from March 2008 to July 2015

(214 melanoma, 103 NSCLC, 6 SCLC, 33 Others)
« Pseudoprogression : progression from nadir followed by response from peak

| RECisT

Incidence (%) 7/356 (2%) 21/356 (6%)
Mean days (range)
Baseline to progression 74 88
Baseline to response 169 187
Interventing time 94 oL


http://ascopubs.org/journal/jco
http://ascopubs.org/journal/jco

1. Aol H{ A

Pseudoprogression with Immunotherapy in Lung Cancer

 Non-conventional benefit criteria (CheckMate 017 & 057)
- Patients who had not experienced PR or CR prior to initial progression (RECIST v1.1)
1) new lesion followed by decrease from baseline of at least 10% in sum of target lesions
2) initial increase >20% in sum of target lesions followed by reduction from baseline of at least 30%
3) initial increase >20% in sum of target lesions followed by at least 2 tumor assessments showing
no further progression

Patients Treated .
Non-conventional

benefit criteria

After Initial RECIST v1.1-
defined Progression

CheckMate 017 20.7% (28/135) 6.7% (9/135)
CheckMate 057 24.3% (71/292) 5.5% (16/292)
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Pseudoprogression with Immunotherapy in Lung Cancer

Reports Year | Journal Case Clinical course

Immunotherapy and pseudoprogression in
lung adenocarcinoma

Report of two cases of pseudoprogression in
patients with NSCLC treated with nivolumab

Subcutaneous pseudoprogression in lung
squamous cell carcinoma treated with
nivolumab

Symptomatic pseudoprogression followed by
significant treatment response in two lung
cancer patients with immunotherapy

2017

2016

2017

2017

Canadian journal
of respiratory,
critical care, and
sleep medicine

Lung cancer

Clinical case
report

Lung cancer

59/F, Adeno, PD-L1 (-)
Nivolumab, 2" line

64/M, Adeno
Nivolumab, 2" line

75/F, Adeno
Nivolumab, 7th line

68/F, Squamous NSCLC
Nivolumab, 31 line

63/M, Adeno, high PD-L1
Pembrolizumab, 2nd line

63/F, Adeno
Pembrolizumab, 219 line

After 5 cvcles : PD

After 2 months : lung lesions resolved
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Pseudoprogression with Immunotherapy in Lung Cancer

« Tumor size increase or new tumor lesion
— Pseudoprogression vs. True disease progression ?
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Purpose of Study

* Predictive biomarker for pseudoprogression after immunotherapy

1) Peripheral blood biomarker

2) Imaging modality
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Relationship between tumor and host cells

Cytokine-mediated

altered protein synthesis \

in liver Biomarkers of cancer-related

systemic inflammation

Cytokine - mediated

cellular feedback loops Increased Acute Phase Reactants

e.g. C-reactive protein
Decreased albumin
Increased Glasgow Prognostic Score

Increased White Cell Count
Increased Neutrophil - Lymphocyte Ratio

Increased Platelet - Lymphocyte Ratio
Decreased Lymphocyte - Monocyte Ratio
Cytokine-mediated /
recruitment of myeloid
cells and platelets

from bone marrow

Clinical Pharmacology & Therapeutics (2017).
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Available blood markers predictive of ICl outcomes

Marker __________|ICl therapy Study results

Lymphocyte count

Relative lymphocyte count

Total leukocyte count
Eosinophil count
Relative eosinophil count

Neutrophil count

Neutrophil/lymphocyte ratio

Derived neutrophil/lymphocyte ratio

Monocyte count

LDH

CRP

Ipilimumab, Pembrolizumab

Ipilimumab, Pembrolizumab

Ipilimumab

Ipilimumab

Ipilimumab

Nivolumab
Ipilimumab

Ipilimumab

Ipilimumab, Nivolumab,
Pembrolizumab

Ipilimumab

>1000/p2 at week 3-6 — 1 OS

Melanoma t At week 12 vs baseline — 1 OS
Melanoma 1 Baseline = 1 OS

Melanoma | Baseline — 1t response

Melanoma 1 At week 3 vs baseline — 1 response

t At week 6 vs baseline — t OS
oS

OS, PFS, response

k3-6 - 10S
Melanoma | Baseline = 1 OS, PFS
NSCLC | Baseline = 1 OS
Melanoma | Baseline — 1 OS, PFS
Melanoma | Baseline = 1 OS
| Baseline = 1 OS
Melanoma 1 At week 12 vs baseline = | response, OS

| At week 12 — 1t response, OS

Melanoma | At week 12 — 1 response, OS

British journal of cancer 117.7 (2017): 913.
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Immune checkpoint pathway

B71-1or
B71-2, |CD28

D) =l

CTLA4

Helper

® .
? cytokines
Tumour \
antigens

Lymphoid tissue

Nature Reviews Cancer 16.5 (2016): 275.
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Tumor microenvironment

A B
. Tumor-promotin
Immunosurveillance inflargmation 9 Chemotherapy
T A~ Radiotherapy Cytoklnes
Cytokines (@ - Q& @ i ' Cytokines
IF:&.-IC;.S-:J. //\\\‘ L o 4 |.— \A S ) W Immune

' e @ S @k (B IL-17, IL-23 . °°"

IL-12 S \3) S @@ Receptor/
‘ f\ — J ;
Cytokines Necr:c i
FasL,TNF
; . products
TRAIL, IFNap Cytokines
TNF, IL-6
) IL-11, IL-1 Cytokines

Cytotoxic effectors IL17 T cell activation

Perforin

Granzyme

TRAIL .
Therapy-Induced Inflammation
- ( Dendritic
- T cell Q csl
Fo N Macro-
Tumor k s e ‘ phage

Cell 140.6 (2010): 883-899.
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Cytokines in tumor destruction

NK cell Perforin % —_— Granzyme

TRAIL @
CD8* T cell

Apoptosing
@ cancer cell

Antibody
cancer cells \NOS ROS mP

Macrophage
IFN-y -
Angiogenesis | f——— " inophi
...:: ; [ 00‘ ‘;‘
Ty \ Granulocyte i 3
o “

Proliferating

Nature Reviews Cancer 4.1 (2004): 11.
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Macrophage cytokines

Cytokines:
TNEF, IL-1p, 1L-6, 0
IL-12, IL-23
X : LPS, TNF,
Chemokines: TFN-y, GM-
CCL2, CCL3, CSF

CCLA, CCL5,
CCLS, CCL9,
CCL10, CCL1

TTh1 responses
T Antimicrobial properties
T Tumour suppression

Monocyte

& /,!,' Cytokines:
7

IL-10, TGF-B,
IL-1Ra

_ ‘ Chemokines:

CCL17, CCL22,
CCL24

Cytokines:

TNF, IL-1p, IL-6,

o
LPS, ICs, e

Chemokines:

CCLI1

&
W\ Arginase
Ve
C
l
\

Cytokines:

IL-10, TGF-B

—
|

J
U

1Th2 responses
1Wound healing and tissue repair
TImmunosuppression
TTumour promotion

Frontiers in immunology 5 (2014):

491.
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Candidate
biomarker

Emerging blood-based biomarkers
of ICI response, prognosis, and toxicity

Study results

Eosinophil count

Assay ICI therapy
Absolute eosinophil count Ipilimumab or pembrolizumab Melanoma
Atezolizumab, pembrolizumab, Lung cancer

or nivolumab

t AEC — 1 Survival
REC<1.5 — 1t Death

Baseline eosinophil : toxicity

Neutrophils and ALC, ANC, or NLR Ipilimumab Melanoma Baseline ALC, ANC : prognostic value
DAELCEES Nivolimab Lung cancer NLR >3 : progression, death
Peripheral blood Plasma IL-6, cytoscore Nivolumab Lung cancer 1 IL-6 : Inflammatory tumor
cytokines microenvironment

} Cytoscore — | Survival
Peripheral T cells FOXP3+ Tregs, CD4 & CD8 T cells Ipilimumab Melanoma 1 Treg (baseline, after Tx) : | Survival

1+ CD4, CD8 T cell after Tx : 1 Survival

Annals of translational medicine 5.18 (2017).
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Key Points

Immune cell infiltration, Inflammation >> Tumor growth

Pseudoprogression
Cytotoxic T lymphocyte, Macrophage

(Circulating) Immune cells, Inflammatory cytokines
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Diffusion-weighted MRI

* Increase in ADC following therapy

Effective
therapy Treatment-
Induced
Cell Death

Solid
Tumor

Distribution
Distribution

S

Water Mobility or “ADC” Water Mobility or “ADC”

Journal of Magnetic Resonance Imaging 32.1 (2010): 2-16.
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Tumor reduction rate after 2 courses (%)

 Detection of Early Response to Chemotherapy in NSCLC

80 ~
70
60 -

50 -~

40

30

20 -

10

Diffusion-weighted MRI

r2=0.41
P<0.01
T | |
-20 -10 0 10 20
A ADC (%)

Radiology 261.2 (2011): 598-604.
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Functional diffusion map in Brain tumor

« Changes in tumor water diffusion values : clinical brain tumor response

A Necrosis Apoptosis

Mid-Treatment

> Pre-Treatment
i ’ ‘., : Imaging Protocol R Imaging Protocol
Secondary ," B e F: E p
. Necrosis - -

% Phagocytosis ¢
X :
Cell Lysis . e Cell Blebbing

H,0
Cell Shrinkage

. e B Reorganization
OO0 Q]
.‘ MO

(] .

Tumor cells Necrosis/Cyst

oW
Hzo/'o

Cell Swelling H,0 Drainage

X

ADC Ch
e Scatter Plot

Proceedings of the National Academy of Sciences of the United States of America 102.15 (2005): 5524-5529.
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Functional diffusion map in Brain tumor
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Key Points

Immune cell infiltration, Inflammation >> Tumor growth

Pseudoprogression
Cytotoxic T lymphocyte, Macrophage

(Circulating) Immune cells, Inflammatory cytokines

Diffusion-weighted MRI (Functional diffusion map)
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Patient Number & Time

« Participants : 200 patients with advanced NSCLC
 Study duration : 3 years

« Sampling Time
» Pre-treatment
> Just before every cycle until the 2nd response assessment
> At every response assessment

» At initial RECIST v1.1-defined progression or events suspecting progression



Patient Number & Time

« Imaging Time
» Pre-treatment

» At the 1st response assessment : no CR or PR

> At the 2nd response assessment

» At initial RECIST v1.1-defined progression or events suspecting progression



* Peripheral blood biomarker

Analysis

» ELISA : Inflammatory cytokines
» Flow cytometry : CD4/CD8 T cell, Treg, MDSC

- Imaging modality

» Diffusion-weighted MRI

IL-11

Tumor promotion
& invasion

Anti-tumor
activity

Perforin, Granzyme
TRAIL, FasL,
IFN-A, GM-CSF
IL-4, IL-5, IL-13

TNF-a
IL-17 IL-10

IL-12
IL-6

IL-1 IL-8
IL-23

TGF-B

Macrophage



3. g2 B

Method for peripheral blood biomarker

Step 1 Step 3 Step 5

S_ampling o Storage Data analysis
peripheral blood (deep freezer,

nitrogen tank)

Step 2 Step 4
Isolation Experiment
(PBMC, plasma) - ELISA

- Flow cytometry
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