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FDGFDG--PET PET studiesstudies
Evaluate the prognostic role of an early interim Evaluate the prognostic role of an early interim 

fluorodeoxyglucosefluorodeoxyglucose--PET scan in advanced HodgkinPET scan in advanced Hodgkin’’s s 

LymphomaLymphoma
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ProgressionProgression--Free SurvivalFree Survival

According to International According to International 

Prognostic ScorePrognostic Score

According to PETAccording to PET--2 results 2 results 

for patients with a low or a for patients with a low or a 

high IPShigh IPS

Prognostic biologic factors in HodgkinPrognostic biologic factors in Hodgkin’’s lymphomas lymphoma



Problems: Problems: costs and availability as well as costs and availability as well as ad interimad interim test test 



““If at time of diagnosis we could If at time of diagnosis we could 

identify patients who are destined identify patients who are destined 

to have a poor response to to have a poor response to 

treatment, most patients could be treatment, most patients could be 

spared a combination of therapies spared a combination of therapies 

or radiotherapy with its attendant or radiotherapy with its attendant 

longlong--term toxic effectsterm toxic effects””. De Vita . De Vita 

NEJM 2010NEJM 2010



CHL: crossCHL: cross--talk between HRSCs and microenvironmenttalk between HRSCs and microenvironment

SteidlSteidl C, Connors JM, C, Connors JM, GascoyneGascoyne RD. JCO 2011, 29:1812RD. JCO 2011, 29:1812--2626

Biomarkers referred to neoplastic cellsBiomarkers referred to neoplastic cells

and microenvironmental components and microenvironmental components 



ImmunoistochemicalImmunoistochemical studiesstudies
•• BCL2BCL2

•• CD20CD20

•• p53p53

•• EBVEBV

•• TOP2ATOP2A

•• HGALHGAL

•• IRF4IRF4

•• HLA class IIHLA class II

•• FOXP3FOXP3

•• Tia1/Tia1/GyBGyB
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SteidlSteidl C, Connors JM, C, Connors JM, GascoyneGascoyne RD. JCO 2011, 29:1812RD. JCO 2011, 29:1812--2626



Haematologica 2010, 96:186-9



Haematologica 2010, 96:186-9

Antibody and scoring systemAntibody and scoring system

Biomarker combinationBiomarker combination EBV infectionEBV infection



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

haematological centreshaematological centres

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

immunohistochemical proceduresimmunohistochemical procedures

•• Ab tested:Ab tested:

-- 11 proteins encoded by genes shown as prognostically relevant b11 proteins encoded by genes shown as prognostically relevant by DNAy DNA--microarray microarray 

studies studies (STAT1, PCNA, SAP, TOP2A, RRM2, CDC2, MAD2L1, ALDH1A1, CD68, CD1(STAT1, PCNA, SAP, TOP2A, RRM2, CDC2, MAD2L1, ALDH1A1, CD68, CD163, 63, 

and BCL11a)and BCL11a)

-- 9 markers previously reported to have prognostic value in conve9 markers previously reported to have prognostic value in conventional studies ntional studies (CD20, (CD20, 

EBER, BclEBER, Bcl--2, p53, PD1, FOXP3, TIA1, Granzyme B, and Perforin)2, p53, PD1, FOXP3, TIA1, Granzyme B, and Perforin)

•• The molecules were assessed in both neoplastic (HRSC) and microThe molecules were assessed in both neoplastic (HRSC) and micro--environmental cell environmental cell 

(MEC) components(MEC) components

•• Evaluation of the prognostic impact of such markers on HodgkinEvaluation of the prognostic impact of such markers on Hodgkin’’s lymphoma outcomes lymphoma outcome

•• Comparison with the predictive value of ad interim PETComparison with the predictive value of ad interim PET

•• Construction of a predictive modelConstruction of a predictive model

Bologna studyBologna study



Inclusion criteriaInclusion criteria

•• Diagnosis  of Diagnosis  of cHLcHL

•• HIV negativeHIV negative statusstatus

•• Biopsy sample at diagnosisBiopsy sample at diagnosis available  available  

•• Clinical and followClinical and follow--up (FU) dataup (FU) data were always availablewere always available

•• Treatment with courses of Treatment with courses of ABVD with or without radiotherapyABVD with or without radiotherapy

•• FDGFDG--PET appraisal of the treatment response performed after PET appraisal of the treatment response performed after 

two courses of chemotherapy (two courses of chemotherapy (PETPET--22) available) available

Prognostic biologic factors in HodgkinPrognostic biologic factors in Hodgkin’’s lymphomas lymphoma

209 cases enrolled209 cases enrolled



Revised and classified according to WHO 2008Revised and classified according to WHO 2008

SN1SN1 SN2SN2

SyncytialSyncytial LDLD



PatientsPatients’’ characteristicscharacteristics

49 (23.4%)49 (23.4%)
3131



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

haematological centreshaematological centres

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

immunohistochemical proceduresimmunohistochemical procedures

•• Ab tested:Ab tested:

-- 11 proteins encoded by genes shown as prognostically relevant by11 proteins encoded by genes shown as prognostically relevant by DNADNA--microarray microarray 

studiesstudies [STAT1, PCNA, SAP, TOP2A, RRM2, CDC2, MAD2L1, ALDH1A1, CD68, CD1[STAT1, PCNA, SAP, TOP2A, RRM2, CDC2, MAD2L1, ALDH1A1, CD68, CD163, 63, 

and BCL11a]and BCL11a]

-- 9 markers previously reported to have prognostic value in conven9 markers previously reported to have prognostic value in conventional studiestional studies (CD20, (CD20, 

EBER, BclEBER, Bcl--2, p53, PD1, FOXP3, TIA1, Granzyme B, and Perforin)2, p53, PD1, FOXP3, TIA1, Granzyme B, and Perforin)

•• The molecules were assessed in both neoplastic (HRSC) and microeThe molecules were assessed in both neoplastic (HRSC) and microenvironmental cell (MEC) nvironmental cell (MEC) 

componentscomponents

•• Evaluation of the prognostic impact of such markers on HodgkinEvaluation of the prognostic impact of such markers on Hodgkin’’s lymphoma outcomes lymphoma outcome

•• Comparison with the predictive value of ad interim PETComparison with the predictive value of ad interim PET

•• Construction of a predictive modelConstruction of a predictive model

Bologna studyBologna study



Scoring system for HRSC Scoring system for HRSC 
markersmarkers

score 0 : 0%(+)score 0 : 0%(+)

score 1 : 1score 1 : 1--9%(+)9%(+)

score 2: 10score 2: 10--24%(+)24%(+)

score 3: 25score 3: 25--49%(+)49%(+)

score 4: 50score 4: 50--74%(+)74%(+)

score 5: >75%(+)score 5: >75%(+)

TOP2aTOP2a RRM2RRM2

PCNAPCNA MAD2L1MAD2L1

CDC2CDC2 CD20CD20

BCL2BCL2 P53P53

EBEREBERBCL11aBCL11a



Prognostic indicators in HodgkinPrognostic indicators in Hodgkin’’s Lymphomas Lymphoma

ALDH1A1ALDH1A1

Scoring system for macrophageScoring system for macrophage

markers (ALDH1A1, CD68/PGM1,markers (ALDH1A1, CD68/PGM1,

CD68/KP1, CD163)CD68/KP1, CD163)

score 0 : 0%(+) score 0 : 0%(+) 

score 1 : 1score 1 : 1--4%(+) 4%(+) 

score 2: 5score 2: 5--24%(+)24%(+)

score 3: 25score 3: 25--49%(+)49%(+)

score 4: 50score 4: 50--74%(+)74%(+)

score 5: >75%(+)score 5: >75%(+)
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STAT1, SAP, PD1STAT1, SAP, PD1
microenvironment expression patternsmicroenvironment expression patterns

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

�� Rosetting : Rosetting : expressed only in  cells forming expressed only in  cells forming 
rosettesrosettes around neoplastic cellsaround neoplastic cells

�� ScatteredScattered : few cells positive in the : few cells positive in the 
microenvironment microenvironment 

DIFFUSEDIFFUSE

ROSETTINGROSETTING

SCATTEREDSCATTERED



FOXP3 and Cytotoxic markers (Tia1, FOXP3 and Cytotoxic markers (Tia1, GyBGyB, Perforin) , Perforin) 
evaluationevaluation

mean value mean value 

calculated on evaluable corescalculated on evaluable cores

x400x400 x400x400

x400x400 x400x400



Data processingData processing

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

•• Every cutEvery cut--off assessedoff assessed

•• Every pattern testedEvery pattern tested

Prognostic biologic factors in HodgkinPrognostic biologic factors in Hodgkin’’s lymphomas lymphoma



0.
00

0.
25

0.
50

0.
75

1.
00

0 20 40 60 80 100
analysis time

Kaplan-Meier survival estimate

Overall survivalOverall survival

0.
00

0
.2

5
0.

50
0.

75
1.

00

0 20 40 60 80 100
analysis time

Kaplan-Meier survival estimates
PET2PET2--

PET2+PET2+

Overall survivalOverall survival

PET2  p .0000PET2  p .0000

Median followMedian follow--up: 62.3 months up: 62.3 months 

84%84%



0.
00

0.
2

5
0.

50
0.

75
1.

00

0 20 40 60 80 100
analysis time

Kaplan-Meier survival estimates

Overall survivalOverall survival

Histotypes  p .0227Histotypes  p .0227

SyncSync

LDLD

NS2NS2

NS1NS1
MCMC

LRLR



<50%<50%

>50%>50%

.0003.0003(2.09(2.09--27.80)27.80)7.63   7.63   33,5%33,5%≥≥ 50%50%BCL2BCL2

PP95% C.I.95% C.I.
Hazard ratio of Hazard ratio of 

event riskevent risk
nncutcut--offoffvariablevariable

Overall survivalOverall survival
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BCL2  p .0003BCL2  p .0003

UniUni--variatevariate analysisanalysis

(87.2(87.2--98.8)98.8)96%   96%   < 50%< 50%BCL2BCL2

(55.4(55.4--86.9)86.9)75%  75%  ≥≥ 50%50%BCL2BCL2

95% C.I.95% C.I.OSOS-- 93 93 monthsmonthscutcut--offoffvariablevariable



Progression Free SurvivalProgression Free Survival
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14.0714.072828199199TotTot

40.8240.822020494911

5.335.338815015000

Pct ErrorPct Error
N N MisMis--
ClassedClassed

N CasesN CasesClassClass

Misclassification for Learn and Misclassification for Learn and TestTest DataData

 

PET_INTERIM = (1)

Terminal
Node 1

Class = 1
Class Cases %

0 8 21.6
1 29 78.4

W = 37.00
N = 37

PET_INTERIM = (0)

Terminal
Node 2

Class = 0
Class Cases %

0 142 87.7
1 20 12.3
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N = 162

Node 1
Class = 1

PET_INTERIM = (1)
Class Cases %

0 150 75.4
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ROC Integral: 0.770ROC Integral: 0.770



Progression Free SurvivalProgression Free Survival
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Progression Free SurvivalProgression Free Survival
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PD1 and PFSPD1 and PFS

Membranous stainingMembranous staining

�� PD1 is involved in regulation of TCRPD1 is involved in regulation of TCR--signalingsignaling

�� Expressed by follicular helper TExpressed by follicular helper T--cellscells

�� In our series, the expression of PD1 by  lymphocytes of In our series, the expression of PD1 by  lymphocytes of 
microenvironment is related to adverse outcome microenvironment is related to adverse outcome 
(p.0000)(p.0000)
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ROSETTINGROSETTING

SCATTEREDSCATTERED 0.
00

0.
25

0.
50

0.
75

1.
00

0 20 40 60 80 100
analysis time

Kaplan-Meier survival estimates

DD

RR
SS



Prognostic biologic factors in HodgkinPrognostic biologic factors in Hodgkin’’s lymphomas lymphoma

SCATTEREDSCATTERED SCATTEREDSCATTERED

SCATTEREDSCATTERED DIFFUSE/ROSETTINGDIFFUSE/ROSETTING

PD1/SAPPD1/SAP
uniuni--variatevariate analysis PFSanalysis PFS

SCORE 0SCORE 0

SCORE 1SCORE 1

SCORE 2SCORE 2

Combined expression Combined expression 

of FTH markers in of FTH markers in 

microenvironmentmicroenvironment

is associated with  worseis associated with  worse

prognosis ( p .0018 ):prognosis ( p .0018 ):

Score 0 = worse prognosisScore 0 = worse prognosis

DIFFUSE/ROSETTINGDIFFUSE/ROSETTING
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Multivariate analysisMultivariate analysis
CoxCox’’s regression model:s regression model:

Prognostic biologic factors in HodgkinPrognostic biologic factors in Hodgkin’’s lymphomas lymphoma

.021.021(1.06(1.06--2.15)2.15)1.511.51BCL2BCL2

.000.000(3.0(3.0--43.5)43.5)11.5  11.5  PET2PET2

PP95% C.I.95% C.I.
Hazard ratio Hazard ratio 
of event riskof event risk

variablevariable

.003.003(1.55(1.55--8.51)8.51)3.643.64P53P53

.000.000(1.46(1.46--3.09)3.09)2.162.16StageStage

.000.000(7.53(7.53--29.78 )29.78 )14.97  14.97  PET2PET2

PP95% C.I.95% C.I.
Hazard ratio Hazard ratio 
of event riskof event risk

variablevariable

Overall SurvivalOverall Survival

Progression Free SurvivalProgression Free Survival



CD68/KP1CD68/KP1
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CD68/PGM1CD68/PGM1
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CD163CD163
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ALDH1A1ALDH1A1
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Comments on macrophagesComments on macrophages

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

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

•• It is likely that the relatively short followIt is likely that the relatively short follow--up up 
(median 62.3 months) due to the selection criteria (median 62.3 months) due to the selection criteria 
used (i.e.  cases with PETused (i.e.  cases with PET--2 available), has limited the 2 available), has limited the 
statistical power of the analysis.statistical power of the analysis.



Classification And Regression Tree Classification And Regression Tree 

(CART) analysis(CART) analysis



Haematologica 2010, 96:186-9

Antibody and scoring systemAntibody and scoring system

Biomarker combinationBiomarker combination EBV infectionEBV infection



ConclusionsConclusions
•• PET2 still maintains the highest predictive valuePET2 still maintains the highest predictive value but but 

remains an remains an ad interimad interim parameter that doesnparameter that doesn’’t avoid the t avoid the 
risk of induced chemorisk of induced chemo--resistance produced by two resistance produced by two 
cycles of ABVD.cycles of ABVD.

•• Several promising upSeveral promising up--front prognostic markers are front prognostic markers are 
proposed by the present study, including p53 and Bcl2 proposed by the present study, including p53 and Bcl2 
that have a bit been neglected during the last few that have a bit been neglected during the last few 
years.years.

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

•• CART analysis allowed the retrieval of most patients CART analysis allowed the retrieval of most patients 
misclassified by interim PET as negative and may misclassified by interim PET as negative and may 
therefore represent an interesting operational tool .therefore represent an interesting operational tool .
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