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FDG-PET studies

Evaluate the prognostic role of an early interim
fluorodeoxyglucose-PET scan in advanced Hodgkin's
Lymphoma
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“If at time of diagnosis we could
identify patients who are destined
to have a poor response to
treatment, most patients could be
spared a combination of therapies
or radiotherapy with its attendant
long-term toxic effects”. De Vita
NEJM 2010
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\Fibroblast IL8
Fibroblast \*
- Mast cell \ CXCR1/2 -".".,

CCL11/ LA/ °
Eot ®
otaxin ® . -II_-TNF ¢ Neutrophil

Eosinophil @8 ccrs FElrle: 0"." f TGF-p APRIL
IL- 13\ WcoszoL !?L,.C BAFV

Biomarkers referred to neoplastic cells

B cel

and microenvironmental components

LCALLID ™S LCU/Y4SSEEmTaaa., 0 IViws
\ /ﬁ 1‘ CCL20CD40L- IL-10
Gal TGFp _\.
cxscu g'ﬂ PDL1

CCR3/
\CCR10 MIF

IFNy
f | kxscm‘ 0CSF1R
Macrophage ; IL-2R
. 4 IL-2 NK cell
Plama cell / . k/ (TH1)

IL8

Steidl C, Connors JM, Gascoyne RD. JCO 2011, 29:1812-26



Immunoistochemical studies
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Table 2. Biomarkers With Outcome Correlations Described in the Literature

Gene Expression Profiling

Main Gene Components

Qutcome Correlation

Reference No.

Angiogenic signature
Adipocyte signature

Fibroblast function/extracellular
matrix remodeling

B-cell signature

Cytotoxic T-cell signature

Plasmacytoid dendritic cells

Macrophage signature

ADH1B, CD93, SRPX, PLA2G2A, GPR126
GLUL, MGST1, COL1A2, FABP4

Adverse: MMP2 MMP3, TIMP1, COL1A1,
COL4A1, COL4A2 COLBAT, COL18AT,
COL16AT, MFAP2 THBS1/2, FNT,
EDNRA, ITGB5, LAMA4; favorable:
TIMP4, SPON1, LAMB1, TACR1, CCL26

BCLT1A BANK1, STAP1, BLNK, FCER2,
CD24, CCL21

CD3D, CD8B1, CTSL, CD26, SHZD1A,
IFI16, RGS13, CR2, ELL3, CCDC23,
PPM1L, TRA@, PIK3CA

ITM2A, SRPX, CTSB, APP

ALDHTAT, LYZ, STAT1, ITGA4, CCL13,
MS4A4A, CCL23, VCAN, HSPIOABSP,
HSP90AB1, CTSB, CFL1, IMJDE,
MAPK7, IKBKG, RAB7A, RXRA,
MAPK13

Adverse (primary treatment failure)
Adverse (primary treatment failure)

Discordant; adverse/favorable
(primary treatment outcoma)

Favorable (primary treatment
outcome)

Adverse (primary treatment
outcome)

Adverse (primary treatment
outcome)

Adverse (primary treatment
outcome)

132,140

131,182,142

131,132,142

131. Sanchez-Espiridiéon B, Séanchez-Aguilera A,
Montalban C, et al: A TagMan low-density array to
predict outcome in advanced Hodgkin's lymphaoma
using paraffin-embedded samples. Clin Cancer Res
15:1367-1375, 2009

132. Steidl C, Lee T, Shah SP, et al: Tumor-
associated macrophages and survival in classic
Hodgkin's lymphoma. N Engl J Med 362:875-885,
2010

140. Chetaille B, Bertucci F, Finetti P, et al: Molec-
ular profiling of classical Hodgkin lymphoma tissues
uncovers variations in the tumor microenvironment
and correlations with EBV infection and outcome.
Blood 113:2765-3775, 2009

142. Sanchez-Aguilera A, Montalban C, de la
Cueva P, et al: Tumor microenvironment and mitotic
checkpoint are key factors in the outcome of classic
Hodgkin lymphoma. Blood 108:662-668, 2006

148. Devilard E, Bertucci F, Trempat P, et al: Gene
expression profiling defines molecular subtypes of
classical Hodgkin's disease. Oncogene 21:3095-
3102, 2002



Macrophages predict treatment outcome in Hodgkin’s lymphoma
Christian Steidl, Pedro Farinha, and Randy D. Gascoyne

Departments of Pathology and Experimental Therapeutics, British Columbia Cancer Agency and the BC Cancer Research Centre,
BC Cancer Agency, University of British Columbia, Vancouver, BC, Canada

E-mail: rgascoyn@bccancer.be.ca doi:10.3324/haematol.2010.033316 Haematologica 2010, 96:186-9
Markers used Method # Outcome correlation Reference
PNA Histochemistry 43 Adverse (refractory disease, early relapse) Ree et al, Cancer 1985
STATI, ALDHIAI GE, [HC 235 Adverse (disease-specific survival) Sanchez-Aguilera ef al., Blood 2006"
LYZ, STAT1, ALDHIAI GE, [HC 194 Adverse (refractory disease, early relapse) Sanchez-Espiridion ef al., Clincial
Cancer Research 2009"
CD68 [HC 166 Adverse (progression-free survival, Steidl et al., NEIM 2010°
disease-specific survival)
LYZ, STAT1 GE 262 Favorable (failure-free survival) Sanchez-Espiridion ef al., Blood 2010*
CD68, CD163 [HC 288 Adverse (event-free survival, overall survival) Kamper ef al., Haematologica 2011°
CD68 [HC 59 Adverse (refractory disease) Benedicte ef al,, Blood 2010 [abstr.]*
CD68 (also in combination
with FOXP3) [HC 122 Adverse (freedom from treatment failure,
overall survival) Greaves et al., Blood 2010 [abstr.]®
CD68 [HC 144 Adverse (event-free survival, Yoon et al., Blood 2010 [abstr.]*
disease-specific survival)
CD68 [HC 105 Adverse (overall survival) Tzankov ef al. [personal communication]
CD68 [HC 45 Adverse (progression-free survival) Hohaus & Larocca

[personal communication]
CD68 [HC 153 Adverse (overall survival, progression-free survival) ~ Farinha et al [abstr.]*

PNA: peanut agglutinin, GE: gene expression (mRNA), IHC: immunohistochemistry.
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Antibody and scoring system

Further study is needed to determine
the optimal antigen (e.g. CD68 versus CD163), anti-CD68
antibody clone (e.g. KP1 versus PGM1) and scoring thresh-
olds (e.g. manual versus computer-assisted) for detecting HL-

associated macrophages.

Biomarker combination

The preliminary results of an immunohisto-
chemistry study combining two markers, CD68 and
FOXP3 (a marker for regulatory T cells), were presented at
the ASH 2010 meeting. The authors showed that a com-
bined FOXP3/CD68 immunohistochemistry score was an
improvement over the predictive value of the individual
markers alone and that this score was applicable to both
limited and advanced-stage disease. The value of this com-

EBV infection

In a re-analysis of our data we were
able to confirm a relationship between increased tumor-
assoclated macrophages and EBV positivity; however, virtu-
ally all of our cases were of the nodular sclerosis subtype
and EBV alone was not associated with treatment outcome
(unpublished observations, 2010). EBV infection of HRS cells
has been reported in up to 60% of patients and is more fre-
quent in mixed cellularity subtype, although varying with
geographical location, age, gender, clinical stage and histo-
logical subtype.” The impact of EBV infection on outcome
remains controversial, but appears to be dependent on age.



Bologna study

Biopsy samples from cHL patients at diagnosis enrolled by 13 Italian and 3 Danish

haematological centres

Construction of TMAs to collect cases of interest in the same block and optimization of

immunohistochemical procedures
Ab tested:

- 11 proteins encoded by genes shown as prognostically relevant by DNA-microarray
studies (STAT1, PCNA, SAP, TOP2A, RRM2, CDC2, MAD2L1, ALDH1A1, CD68, CD163,
and BCL11a)

- 9 markers previously reported to have prognostic value in conventional studies (CD20,
EBER, Bcl-2, p53, PD1, FOXP3, TIA1l, Granzyme B, and Perforin)

The molecules were assessed in both neoplastic (HRSC) and micro-environmental cell
(MEC) components

Evaluation of the prognostic impact of such markers on Hodgkin's lymphoma outcome
Comparison with the predictive value of ad interim PET

Construction of a predictive model



Inclusion criteria

Diagnosis of cHL

HIV negative status

Biopsy sample at diagnosis available

Clinical and follow-up (FU) data were always available
Treatment with courses of ABVD with or without radiotherapy

FDG-PET appraisal of the tfreatment response performed after
two courses of chemotherapy (PET-2) available

209 cases enrolled

Prognostic biologic factors in Hodgkin's lymphoma
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Patients' characteristics

Age, years Ann Arbor Stage

mean 36 I 9 (4,3%)
median 32 II 118 (56,5%)
range 14-80 11 50 (23,9%)
Sex IV 32 (15.3)
male 103 (49,3%) | Constitutional symptoms

female 106 (50,7%) | A 110 (52,6%)
Follow-up, months  months B 99 (47.4)
mean 50,26 Bulky disease

median 52,30 Yes 42 (20.1%)
range 3-93 No 167 (79,9%)
Histologic subtype First-line treatment

CHL, nos 19 (9,1%) ABVD 209 (100%)
NS-nos 10 (4,8%) RT 52 (24,9)
NS-cellular phase 9 (4,3%) PET after 2 cycles

NS-1 93 (44,5%) | Negative 171 (81,9%)
NS-2 37 (17,7%) | Positive 38 (18.1%)
NS-syncytial variant 8 (3,8%) Clinical outcome

MC 29 (13,9%) | Failure 49 (23.4%)
LR 1 (0,5%) progression 31

LD 3 (1.4%) relapse 18




Bologna study

Biopsy samples from cHL patients at diagnosis enrolled by 13 Italian and 3 Danish

haematological centres

Construction of TMAs to collect cases of interest in the same block and optimization of
immunohistochemical procedures

Ab tested:

- 11 proteins encoded by genes shown as prognostically relevant by DNA -microarray
studies [STAT1, PCNA, SAP, TOP2A, RRM2, €CDC2, MAD2L1, ALDH1A1, CD68, CD163,
and BCL11a]

- 9 markers previously reported to have prognostic value in conventional studies (CD20,
EBER, Bcl-2, p53, PD1, FOXP3, TIA1l, Granzyme B, and Perforin)

The molecules were assessed in both neoplastic (HRSC) and microenvironmental cell (MEC)
components

Evaluation of the prognostic impact of such markers on Hodgkin's lymphoma outcome
Comparison with the predictive value of ad interim PET

Construction of a predictive model



Scoring system for HRSC
markers

score 0 : 0%(+)
score 1: 1-9%(+)
score 2: 10-24%(+)
score 3: 25-49%(+) GRS
score 4: 50-74%(+) AL {&;..
score 5: >75%(+) : - ~. o




: P Scor'mg system for macrophage
"‘%”fﬁg markers (ALDH1A1, CD68/PGMI,
s CD68/KP1, CD163)

N score 0 : 0%(+)

" score 1: 1-4%(+)
score 2: 5-24%(+)
score 3: 25-49%(+)
score 4: 50-74%(+)
score 5: >75%(+)

Prognostic indicators in Hodgkin's Lymphoma




STAT], SAP, PD1
microenvironment expression patterns

 Diffuse : diffuse pattern of staining in MC
cells between and surrounding neoplastic
cells

* Rosetting : expressed only in cells forming
rosettes around neoplastic cells

» Scattered : few cells positive in the
microenvironment

Prognostic biologic factors in Hodgkin's lymphoma



FOXP3 and Cytotoxic markers (Tial, GyB, Perforin)
evaluation

mean value
calculated on evaluable cores



Data processing

Every result evaluated to find correlation with patients'’
outcome: percentage and intensity of expression, nuclear or
cytoplasmic localization, both in tumour cells and
microenvironment

Every cut-off assessed
Every pattern tested

Prognostic biologic factors in Hodgkin's lymphoma
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Uni-variate analysis Over\a” sur‘\/ival
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Progression-Free Survival

Progression Free Survival
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Misclassification for Learn and Test Data

N Mis-
Class |N Cases M Pct Error
Classed
0 150 8 5.33
Node 1
Class =1 1 49 20 ‘ 4082
PET_INTERIM = (1) . e
Class Cases % Tot 199 28 14.07
0 150 75.4
1 49 24.6
W =199.00
N =199 ROC Integral: 0.770
D
1 } l L}
PET_INTERIM = (1)  PET_INTERIM = (0) 107
[ | [ |
Terminal Terminal i
Node 1 Node 2 0.8
Class =1 Class =0 0] |
Class Cases % Class Cases % § 0.6
0 8 21.6 0 142 87.7 : )
1 29 784 1 20 12.3 é T
W = 37.00 W =162.00 % 0.4+
N =37 N=162 I: |
I e
0.2
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Progression Free Survival

variable

Hazard ratio
of event risk

95% C.I.

Stage IT 4.03 (1.94-8.36) | .000
Stage ITI 8.31 (3.89-17.80) | .000
Stage IV 8.59 (4.93-11.17) | .000
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Progression Free Survival
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Progression Free Survival

Kaplan-Meier survival estimates
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PD1 and PFS

Membranous staining

» PD1is involved in regulation of TCR-signaling

cells

» Expressed by follicular helper T-

lymphocytes of

* Inour series, the expression of PD1 by

microenvironment is related to adverse outcome

(p.0000)
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PD1/SAP

uni-variate analysis PFS

Combined expression

of FTH markers in
microenvironment

is associated with worse
prognosis ( p .0018 ):

Score 0 = worse prognosis

Kaplan-Meier survival estimates
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Multivariate analysis

Cox's regression model:

Overall Survival

: Hazard ratio o
variable of event risk 95% C.I. P
BCL2 151 (1.06-2.15) 021
PET2 115 (3.0-43.5) .000

Progression Free Survival

variable l;lfa zszi Tr‘c;;rsiﬁ 95% C.I. P
Stage 2.16 (1.46-3.09) | .000
P53 3.64 (1.55-8.51) | .003
PET2 14.97 (7.53-29.78 ) | .000

Prognostic biologic factors in Hodgkin's lymphoma
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Lack of association of tumor-associated

macrophages with clinical outcome in patients
with classical Hodgkin's lymphoma

D. Azambujal, Y. NatkunamZ, L Biasoli3, I. S. Lossos 4, M. W. AndersonZ, | C. Morais 3 and

W
N.Spector3:
Abstract

Background: A recent study demonstrated that an increased number of CD68+
macrophages were correlated with primary treatment failure, shortened
progression-free survival (PFS) and disease-specific survival {DSS) in patients
with classical Hodgkin's lymphoma (cHL).

Patients and methods: The aim of the present study was to verify the relationship
between the number of CD68+ and CD163+4+ macrophages with clinical outcomes

in a cohort of 265 well-characterized patients with cHL treated uniformly with

the standard doxorubicin, bleomycin, vinblastine and dacarbazine chemotherapy

regimen. Two pairs of hematopathologists carried out independent pathological
evaluations of tissue microarray s lides.

Results: There were no associations between clinical characteristics and the
expression of CD68 or CD163. However, higher levels of CD68 and CD163

expression were correlated with the presence of Epstein-Barr virus-positive

Hodgkin tumor cells {#= 0.01 and 0.037, respectively). The expression of CD68
or CD163 was not associated with either the PFS or the DSS.

Conclusion: CD68 and CD1 63 expression require further evaluation before their
use can be recommended for prognostic stratification of patients with cHL.



Comments on macrophages

+ Steidl et al. (NEJM) found that the macrophage
content correlates with DFS in a cohort of patients
with a median follow-up of 16.4 years.

* In two other papers, Kamper et al (Haematologica)
and Tzankov et al (Pathobiology) also observed that
the amount of macrophages correlates with OS by
using however different counting systems; the two
series spanned over 17 and 26 years, respectively.

It is likely that the relatively short follow-up
(median 62.3 months) due to the selection criteria
used (i.e. cases with PET-2 available), has limited the
statistical power of the analysis.
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Macrophages predict treatment outcome in Hodgkin’s lymphoma
Christian Steidl, Pedro Farinha, and Randy D. Gascoyne

Departments of Pathology and Experimental Therapeutics, British Columbia Cancer Agency and the BC Cancer Research Centre,
BC Cancer Agency, University of British Columbia, Vancouver, BC, Canada

E-mail: rgascoyn@bccancer.be.ca doi:10.3324/haematol.2010.033316 Haematologica 2010, 96:186-9

Antibody and scoring system

Further study is needed to determine
the optimal antigen (e.g. CD68 versus CD163), anti-CD68
antibody clone (e.g. KP1 versus PGM1) and scoring thresh-
olds (e.g. manual versus computer-assisted) for detecting HL-
associated macrophages.

I:> Biomarker combination EBV infection

The preliminary results of an immunohisto-
chemistry study combining two markers, CD68 and
FOXP3 (a marker for regulatory T cells), were presented at
the ASH 2010 meeting. The authors showed that a com-
bined FOXP3/CD68 immunohistochemistry score was an
improvement over the predictive value of the individual
markers alone and that this score was applicable to both
limited and advanced-stage disease. The value of this com-

In a re-analysis of our data we were
able to confirm a relationship between increased tumor-
assoclated macrophages and EBV positivity; however, virtu-
ally all of our cases were of the nodular sclerosis subtype
and EBV alone was not associated with treatment outcome
(unpublished observations, 2010). EBV infection of HRS cells
has been reported in up to 60% of patients and is more fre-
quent in mixed cellularity subtype, although varying with
geographical location, age, gender, clinical stage and histo-
logical subtype.” The impact of EBV infection on outcome
remains controversial, but appears to be dependent on age.



Conclusions

+ PET2 still maintains the highest predictive value but
remains an ad interim parameter that doesn't avoid the
risk of induced chemo-resistance produced by two

cycles of ABVD.

- Several promising up-front prognostic markers are
proposed by the present study, including p53 and Bcl?2
that have a bit been neglected during the last few
years.

* The impact of microenvironment including
macrophages, is certainly relevant; however, some
further work (e.g. standardization of cut-off values
and markers) seems needed.

+ CART analysis allowed the retrieval of most patients
misclassified by interim PET as negative and ma
therefore represent an interesting operational tTool .



| e =
s

.

INIVERSITA DEGLI STUD|

g‘gﬂfuf@ @‘ EMA;I; FOGIATE ONECOSE& A MEDIC /
S TelNANY.O [ ARIOSTO SERAGNOL]

C Ago's’rinelli,‘PP Piccdluga, E Sabattini, F Bacci, € Sagramoso, M Rossi, S Righi, A h
Gazzola, T Sista, M Piccioli, MR Sapienza, C Mannu, F Sandri, P Artioli, G De
Biase, G Da Pozzo, C Tigrini and I Barese




on behalf of the Intergruppo Italiano Linfomi

Francesca Fiore
Luca Rigacci
Francesco Merli
Umberto Vitolo
Caterina Patti
Caterina Stelitano
Francesco Di Raimondo Danish Lymphoma Group
Alessandro Levis
Luca Trentin
Teodoro Chisesi
Pierfederico Torchio

Francesco D'Amore

Peter Kamper
Elisabeth Ralfikiaer

Institute of Haematology and Medical Oncology L & A Seragnoli,
University of Bologna, Bologna, Italy

Alessandro Broccoli



