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Abstract
In Hodgkin Lymphoma (HL), about 20% of patients still have relapsed/refractory disease
and late toxic effects rate continue to rise with time. ‘Early FDG-PET’ and tissue macro-
phage infiltration (TAM) emerged as powerful prognostic predictors. The primary
endpoint was to investigate the prognostic role of both early FDG-PET and TAM; the
secondary endpoint was to test if early FDG-PET positivity could correlate with high
TAM score.A cohort of 200 HL patients was analysed. Induction treatment plan consisted
of two to six courses of ABVD and, if indicated, involved field radiation therapy. All
patients repeated CT scan and FDG-PET after two cycles and after the completion of
therapy. TAM in diagnostic specimens was determined by immunohistochemistry with a
monoclonal antibody (anti-CD68 KP1). Overall, early FDG-PET was negative in 163
patients (81.5%) and positive in 37 patients (18.5%), showing a significant correlation with
the achievement of CR (p< 0.0001). After a median follow-up of 40months, progression
free survival (PFS) was significantly better for PET negative patients (p< 0.0001). CD68
expression was low, intermediate or high in 26 (13%), 100 (50%) and 74 (37%) cases, with-
out difference in the distribution between responders and non-responders. PFS analysis
showed no significant difference in any score group. TAM score did not show any correla-
tion with early FDG-PET result.This study confirms that early FDG-PET has a high prog-
nostic power, while TAM score does not seem to influence the outcome; in contrast to our
original hypothesis, it does not correlate with FDG-PET assessment. Copyright © 2015
John Wiley & Sons, Ltd.
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Introduction

Classic Hodgkin lymphoma (cHL) is a highly curable
lymphoid malignancy that mostly affects young adults.
Neoplastic cells, called Reed–Sternberg (R–S) cells, have
s, Ltd.
a defective B-cell phenotype and represent just a minority
of overall cell population, surrounded by reactive cells in-
cluding T-lymphocytes, eosinophils, plasma cells and
macrophages [1–3]. Treatment choice is made on the basis
of clinical variables, such as Ann Arbor staging and the
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presence of B symptoms, with the risk of both undertreat
and over treat cHL patients. First-line therapy for
early-stage disease is represented by a combined modality
with ABVD (doxorubicin, bleomycin, vinblastine and
dacarbazine) two to four cycles followed by involved-field
radiotherapy (IF-RT); while for advanced-stage disease at
least six cycles of ABVD without RT are recommended
[4,5]. The number of ABVD cycles for early stage disease
will depend on favourable or unfavourable risk categories,
as established by EORTC criteria, that give a measure of
disease tumour burden [6]. Despite satisfactory results,
about 20% of patients still have relapsed/refractory disease
while the rate of late toxic effects, often because of over
treatment, continues to rise with time [7–9].
International prognostic score (IPS) was originally de-

signed for advanced disease, is less suitable for early-stage
disease and its power has weakened in the modern treat-
ment era [10,11]. Moreover, none of the published prog-
nostic factors can reliably identify patients in whom
treatment is likely to fail, so there is a need of new markers
to better stratify cHL patients at diagnosis and to conse-
quently provide a truly tailored individual therapy [12].
About imaging prognostic factors, early FDG-PET as-

sessment (after two cycles of chemotherapy, also called in-
terim PET or PET2) in recent years demonstrated a high
negative predictive value in limited-stage disease and a
strong positive predictive value in advanced-stage disease
[13,14]. In this field, a growing consent is emerging after
the study of Gallamini and colleagues, showing a signifi-
cantly lower 2-year progression-free survival (PFS) for pa-
tients with positive results (12.8% vs 95%, p<0.0001),
regardless of IPS [15]. Early FDG-PET seems to be very
promising to assess chemosensitivity [16,17], avoiding
overtreatment and late side effects. Currently its role in
guiding risk and response-adapted therapy is under inves-
tigation in several studies. To date, revised response
criteria for cHL define complete response (CR) when all
previous lesions are PET negative, even if a residual mass
persists by CT scan [18]. Notwithstanding there is no indi-
cation in current guidelines to tailor therapy administration
on the basis of early FDG-PET results outside of clinical
trials [5,19].
Tumour-associated macrophages (TAM), determined

both by gene-expression profiling (GEP) and by immuno-
histochemistry (IHC) using the marker CD68, emerged as
powerful prognostic predictors of disease-specific survival
(DSS) in HL patients in an important paper by Steidl and
colleagues, outperforming the IPS [20]. As previously hy-
pothesized, these macrophages could be ‘bad guys’ in
cHL, favouring tumour cells survival and leading to dis-
ease progression [12,21,22]. However, some consequent
studies showed conflicting results about TAM association
with survival and optimal cut-off [23–33].
Because of macrophages are the main component of

inflammatory background surrounding RS cells and its
Copyright © 2015 John Wiley & Sons, Ltd.
invasion could be linked with a poor prognosis, we hy-
pothesize, as previously published, that an abundance of
TAM could inhibit cell death in response to cytotoxic
treatments, leading to a more aggressive disease [22]. At
our institution we speculated that the macrophage infiltra-
tion could be a consequence of the inflammatory microen-
vironment which is detected by PET and that could persist
at early revaluation in patients who will finally fail to
achieve a CR [34]. FDG uptake could reflect the amount
of inflammation in terms of both metabolic activation
and number of all inflammatory cells, thus we would like
to investigate whether baseline CD68 expression could be
a good predictor of early PET response and consequently
of chemosensitivity.

In the study by Steidl and colleagues there was no men-
tion to early FDG-PET and in our knowledge only 2
recent studies investigated this association with opposite re-
sults [35,36]. According to this background, in the present
study the primary endpoint was to investigate, in a large co-
hort of patients with a long-term follow-up, the prognostic
role of both early FDG-PET and TAM, while the secondary
endpoint was to test if early FDG-PET positivity could cor-
relate with high TAM score in diagnostic specimens.
Patients and methods

Patients

A cohort of 200 consecutive cHL patients with adequate
available paraffin-embedded tissue diagnosed and treated
at six Italian hematology institutions between March
2005 and December 2012 was retrospectively analysed.
Diagnosis was made according to the World Health Orga-
nization classification of hematolymphoid neoplasms [37];
nodular lymphocyte predominant HL and HIV positive pa-
tients were excluded. Patients signed written informed con-
sent in accordance with local Institutional Review Board
requirements and the Declaration of Helsinki. Clinical
and follow-up data were obtained from clinical records,
and a centralized database was collected at the University
of Siena. All patients completed staging with whole body
CT scan, FDG-PET and bone marrow biopsy; at pre-
treatment evaluation a complete blood cell count and a
biochemistry panel including erythrocyte sedimentation
rate and lactate dehydrogenase were performed. Induction
treatment plan consisted, according to staging and EORTC
criteria, of two to six courses of ABVD and, if indicated,
IF-RT [4,6]. For relapsed/refractory patients, salvage ther-
apy was consistent with local guidelines.
Assessment of response

Response to treatment was assessed with CT scan and
FDG-PET after two cycles and after the completion of
Hematol Oncol 2017; 35: 69–78
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therapy, according to revised response criteria for malig-
nant lymphoma [18]. Patients not achieving CR were con-
sidered as treatment failures. FDG-PET evaluation was
made according to Deauville criteria; bone marrow biopsy
was performed in patients who had bone marrow involve-
ment at diagnosis. Duration of remission was clinically
evaluated every 3months and by CT scan every 6months
for 2 years; standard radiology with chest X-ray and ab-
dominal ultrasound was used thereafter. FDG-PET assess-
ment was not performed during follow-up period.
Immunohistochemistry

Formalin-fixed, paraffin embedded diagnostic specimens
including tumour cells from each patient were selected
for immunohistochemical analysis. All diagnosis was cen-
trally revised at the University of Siena.
TAM were determined as CD68+ cells using a mono-

clonal antibody (anti-CD68 KP1, Dako®), as previously
published [20]. Briefly, 1.5-mm duplicate cores were
obtained, and cells were examined in three representative
high-power fields. The relative percentage of CD68+ cells
was established in relation to the overall cellularity and
reported as an average of the scores of both duplicate
cores examined. Based on this percentage, patients were
divided into three groups: <5% (low expression, score 1),
5–25% (intermediate expression, score 2) and >25% (high
expression, score 3).
Imaging technique of PET-CT

PET studies have been performed in all the Institutions
with the same scanner during years and elaborated with un-
changed protocols of acquisition and reconstruction
throughout the interval of enrollment. For each patient
basal, interim and final PET scans were performed at the
same centre and with the same instrument. Early FDG-
PET was performed 12–14 days after second part of second
cycle. End of treatment FDG-PET was assessed at least
30 days after last ABVD course and never earlier 90 days
after treatment in patients receiving IF-RT. Scans were per-
formed with a Discovery 690 ST scanner (GE Medical
Systems) in three centres and with a Gemini CT-PET scan-
ner (Philips Electronics) in the other three centres. Patients
were injected with 18F-FDG after a 6-h fast; serum glucose
level in all patients at the time of injection was below
160mg/dl, and all scans were executed from the vertex to
the upper thigh. Emission data were acquired 60min post
18F-FDG administration; acquisition time was 25min per
PET scan. Patients were injected with 3.7MBq/kg body
weight of FDG; the same dose was employed at the centres
that used a GE scanner and at those that used a Philips
scanner. After completion of CT, PET emission data
Copyright © 2015 John Wiley & Sons, Ltd.
(4min per bed position) was obtained; CT data was used
for attenuation correction.
The imaging procedures were standardized and harmo-

nized in all the six involved centres as a part of the qualifica-
tion procedures requested by Fondazione Italiana Linfomi
(FIL), of which the centres are members. All the interim
and end-of-therapy PET studies were evaluated qualitatively,
by visual analysis, and the Deauville five-point scale was
employed to describe and report the PET findings.
A complete metabolic response was defined as absence of

any pathological 18F-FDG uptake or presence in the lesions
of minimal residual uptake less than/equal to the liver activ-
ity. Therefore a Deauville score 1 to 3 identified a negative
result while score 4–5 was considered as positive result.
The PET images were analysed and reported on site, and

a central review was not performed: this is a limitation of
the study even if the application of the Deauville scale
may have contributed to obtain an acceptable level of
inter-centre reproducibility.
Statistics

Categorical variables were analysed using Fisher’s exact
test. When we compared the three groups of CD68 expres-
sion we performed the Freeman–Halton extension of the
Fisher’s exact probability test with 2×3 contingency
tables. For survival analysis, primary endpoint was PFS,
defined as the time from the first day of treatment until dis-
ease progression, relapse, death for any cause or last
follow-up (censored); patients that did not achieve CR after
induction therapy were censored at that point for the pro-
gression analysis [18]. OS was defined as the time from
the first day of treatment until death for any cause. Survival
curves were estimated using the method of Kaplan and
Meier and log rank test for significant associations; a
p value< 0.05 was considered statistically significant.
All statistical analyses were done with software MedCalc,
version 2.0.
Results

Characteristics of patients

Clinical characteristics of enrolled patients are illustrated in
Table 1. Out of the 200 patients, median age was 33.5 years
(range 18–80), with a male/female distribution of 105:95.
At presentation, the Ann Arbor stage was I in 11 patients
(5.5%), II in 92 patients (46%), III in 55 patients (27.5%)
and IV in 42 patients (21%); B symptoms were present in
102 patients (51%). Overall, 73/200 (36.5%) patients had
early-stage disease (I–IIA) while 127/200 (63.5%) patients
had advanced-stage disease (IIB–IV). According to the
WHO classification, histological subtypes were nodular
sclerosis in 162/200 (81%), mixed cellularity in 28/200
Hematol Oncol 2017; 35: 69–78
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Table 1. Characteristics of patients

Characteristic Number of patients (%)

Age: median [range] 33.5 years [18–80]
Sex
Men 105/200 (52.5%)
Women 95/200 (47.5%)

Histology
Nodular sclerosis 162/200 (81%)
Mixed cellularity 28/200 (14%)
Lymphocyte rich 7/200 (3.5%)
Lymphocyte depleted 3/200 (1.5%)

Ann Arbor stage
I 11/200 (5.5%)
II 92/200 (46%)
III 55/200 (27.5%)
IV 42/200 (21%)
Early stage (I–IIA) 73/200 (36.5%)
Advanced stage (IIB–IV) 127/200 (63.5%)

B symptoms 102/200 (51%)
CD 68 expression
Low (<5%, TAM score 1) 26/200 (13%)
Intermediate (5–25%, TAM score 2) 100/200 (50%)
High (>25%, TAM score 3) 74/200 (37%)

Abbreviations: TAM, tumour associated macrophages

72 E Cencini et al.
(14%), lymphocyte rich in 7/200 (3.5%) and lymphocyte
depleted in 3/200 (1.5%) patients. All patients were treated
with curative intent and received ABVD therapy; IF-RT
was administered to early-stage disease and, in advanced-
stage, at investigator discretion, for residual or bulky disease.
CD 68 expression was low in 26/200 patients (13%, TAM

score 1), intermediate in 100/200 (50%, TAM score 2) and
high in 74/200 (37%, TAM score 3). There was a higher
percentage of stage II patients (p=0.02) and a trend toward
a higher representation of advanced-stage disease in the group
with TAM score 3 (Table 2).
Table 2. Characteristics of patients according to the CD68 expres

Characteristic CD68 low–intermediate

Age: median [range] 33.5 years [18–80
Sex
Men 69/126 (54.7%)
Women 57/126 (45.3%)

Histology
Nodular sclerosis 104/126 (82.5%)
Mixed cellularity 17/126 (13.5%)
Lymphocyte rich 4/126 (3.2%)
Lymphocyte depleted 1/126 (0.8%)

Ann Arbor stage
I 6/126 (4.7%)
II 66/126 (52.4%)
III 32/126 (25.4%)
IV 22/126 (17.5%)
Early stage (I–IIA) 52/126 (41.3%)
Advanced stage (IIB–IV) 74/126 (58.7%)

B symptoms 61/126 (48.4%)

Copyright © 2015 John Wiley & Sons, Ltd.
Response to treatment

Response to treatment is summarized in Table 3 and
Table 4. Overall, as reported in Table 3, 168 patients
(84%) achieved CR at the end of treatment, while the
remaining 32 patients (16%) were considered as treatment
failure; in this group 10 patients (5%) obtained a PR and
22 patients were non-responders (NR). Of 168 patients
achieving CR, 20 relapsed and all but one received
salvage therapy at investigator discretion followed by
autologous bone marrow transplantation (ABMT). Because
treatment outcome in HL is often much different for early
and advanced-stage disease, we have reported separately
the results (Table 4). Out of 73 patients with early-stage
disease, 65/73 achieved CR (89.0%), while the remaining
8 patients (11.0%) were considered as treatment failure;
out of 127 patients with advanced-stage disease, 103
obtained CR (81.1%), while the remaining 24 patients
(18.9%) did not. Response to treatment was not different
between early and advanced-stage patients (p=n.s.).

Early FDG-PET was negative in 163/200 patients
(81.5%) and positive in 37/200 patients (18.5%), with a
high negative predictive value of 93% (95%CI 88–96%).
Of responders, 152/168 (90.5%) were early FDG-PET neg-
ative and 16/168 (9.5%) were early FDG-PET positive; of
non responders, 11/32 (34.4%) were early FDG-PET neg-
ative and 21/32 (65.6%) were early FDG-PET positive
(p<0.0001). Out of 20 relapsed patients, 14 were early
FDG-PET negative, and six were early FDG-PET positive.

The correlation between negative result of early FDG-PET
and achievement of CR remained significant even if patients
with early-stage and advanced-stage disease were analysed
separately. In early-stage disease 57/65 CRs (87.6%) were
early FDG-PET negative, while 8/65 (12.4%) were early
FDG-PET positive; out of non-responders, 6/8 (75%) were
sion

N (%) CD68 high N (%) P

] 33.5 years [18–79] n.s.

36/74 (48.6%) n.s.
38/74 (51.4%)

58/74 (78.4%) n.s.
11/74 (14.8%) n.s.
3/74 (4.1%) n.s.
2/74 (2.7%) n.s.

5/74 (6.7%) n.s
26/74 (35.2%) 0.02
23/74 (31.1%) n.s.
20/74 (27.0%) n.s.
21/74 (28.4%) 0.07
53/74 (71.6%)
41/74 (55.4%) n.s.

Hematol Oncol 2017; 35: 69–78
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Table 3. Response to treatment

Number of
patients % p

CR (responders) 168/200 84%
Treatment failure 32/200 16%
PR 10/200 5%
NR 22/200 11%

Early FDG-PET POS 37/200 18.5%
Early FDG-PET NEG 163/200 81.5%

Responders <0.0001
Early FDG-PET POS 16/168 9.5%
Early FDG-PET NEG 152/168 90.5%

Treatment failure
Early FDG-PET POS 21/32 65.6%
Early FDG-PET NEG 11/32 34.4%

Responders n.s.
TAM score 1 23/168 13.7%
TAM score 2 85/168 50.6%
TAM score 3 60/168 35.7%

Treatment failure
TAM score 1 3/32 9.4%
TAM score 2 15/32 46.9%
TAM score 3 14/32 43.7%

Early FDG-PET POS n.s.
TAM score 1 4/37 10.8%
TAM score 2 22/37 59.5%
TAM score 3 11/37 29.7%

Early FDG-PET NEG
TAM score 1 22/163 13.5%
TAM score 2 78/163 47.9%
TAM score 3 63/163 38.6%

Abbreviations: CR, complete response; PR, partial response; NR,
non-responders; TAM, tumour associated macrophages.

73CD68 and prognosis in Hodgkin lymphoma
early FDG-PET positive, while only 2/8 (25.0%) were early
FDG-PET negative (p =0.0004); in advanced-stage disease
95/103 CRs (92.2%) were early FDG-PET negative, while
8/103 (7.8%)were early FDG-PET positive; of non responder
patients, 15/24 (62.5%) were early FDG-PET positive, while
only 9/24 (37.5%) were early FDG-PET negative
(p< 0.0001).
Correlation between TAM score, attainment of CR
and early FDG-PET result

In responders, TAM score was 1 in 23/168 patients
(13.7%), 2 in 85/168 (50.6 %) and 3 in 60/168 (35.7%);
in patients who had treatment failure TAM score was 1
in 3/32 patients (9.4%), 2 in 15/32 (46.9%) and 3 in
14/32 (43.7%) (p=n.s., Table 3 and Figure 1). The lack
of association between TAM score and attainment of CR
was confirmed even if we separately analysed patients with
early-stage and advanced-stage disease (Table 4). Of 65
early-stage responders, 10/65 patients (15.3%) had score
Copyright © 2015 John Wiley & Sons, Ltd.
1, 36/65 (55.3%) had score 2 and 19/65 (29.4%) had score
3; of 8 non responders, 1/8 (12.5%) patients had score 1,
5/8 (62.5%) had score 2 and 2/8 patients (25%) had score
3 (p=n.s.). Of 103 advanced-stage responders, 13/103 pa-
tients (12.6%) had score 1, 49/103 (47.6%) had score 2 and
41/103 (39.8%) had score 3; of 24 non responders, 2/24 pa-
tients (8.3%) had score 1, 10/24 (41.7%) had score 2 and
12/24 (50%) had score 3 (p=n.s.).
With regard to the possible correlation between TAM

score and early-FDG-PET result, of 163 PET negative pa-
tients, 22/163 (13.5%) had score 1, 78/163 had score 2
(47.9%) and 63/163 had score 3 (38.6%); of 37 PET posi-
tive patients, 4/37 (10.8%) had score 1, 22/37 (59.5%) had
score 2 and 11/37 (29.7%) had score 3 (p=n.s., Table 3).
The lack of association between TAM score and early
FDG-PET result remains even if we separately analysed
patients with early-stage and advanced-stage disease
(Table 4). Out of 59 PET negative patients with early-stage
disease, 9/59 (15.2%) had score 1, 32/59 (54.2%) had score
2 and 18/59 (30.6%) had score 3; while out of 14 PET pos-
itive patients, 2/14 (14.3%) had score 1, 9/14 (64.3%) had
score 2 and 3/14 (21.4%) had score 3 (p=n.s.). Out of 104
PET negative patients with advanced-stage disease, 13/104
(12.5%) had score 1, 46/104 (44.2%) had score 2 and
45/104 (43.3%) had score 3; while out of 23 PET positive
patients, 2/23 (8.7%) had score 1, 13/23 (56.5%) had score
2 and 8/23 (34.8%) had score 3 (p=n.s.).
Survival analysis

After a median follow-up of 40months 194/200 patients
(97%) were alive, and six patients died, five of progressive
disease and one because of a second neoplasm (gastric can-
cer). There was a trend to a lower PFS for advanced-stage
patients compared to early-stage, but it did not reach statis-
tical significance (p=0.07, 2-year PFS of 84% and 73%, re-
spectively, as shown in Figure S1). Patients with negative
early FDG-PET had longer PFS compared to patients with
a positive result; median PFS was not reached vs 7months
(p<0.0001, Figure 2); while TAM score was not associ-
ated with PFS (p=n.s., Figure 3). The HR was 1.833 for
TAM score 3 vs 1 (95% CI 0.766–4.383) and of 1.534 for
TAM score 3 vs 2 (95% CI 0.842–2.794), while the
estimated 3-year PFS was 80%, 77% and 65% for the three
different groups, respectively. The same results were ob-
tained when we separately analysed patients with early-stage
and advanced-stage disease (Figures S2–S5). Median PFS and
OS in the whole cohort were not reached.

Discussion and conclusion

In this study we observed that (i) early FDG-PET is a
strong prognostic factor in cHL, (ii) TAM score is not, at
least in our hands, a significant factor for outcome
Hematol Oncol 2017; 35: 69–78
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Table 4. Response to treatment in early and advanced-stage disease

Early-stage disease Advanced-stage disease

Number of patients % P Number of patients % p

CR (responders) 65/73 89.0% 103/127 81.1%
Treatment failure 8/73 11.0% 24/127 18.9%
Early FDG-PET POS 14/73 19.2% 23/127 18.1%
Early FDG-PET NEG 59/73 80.8% 104/127 81.9%

Responders 0.0004 <0.0001
Early FDG-PET POS 8/65 12.4% 8/103 7.8%
Early FDG-PET NEG 57/65 87.6% 95/103 92.2%

Treatment failure
Early FDG-PET POS 6/8 75% 15/24 62.5%
Early FDG-PET NEG 2/8 25% 9/24 37.5%

Responders n.s. n.s.
TAM score 1 10/65 15.3% 13/103 12.6%
TAM score 2 36/65 55.3% 49/103 47.6%
TAM score 3 19/65 29,4% 41/103 39.8%

Treatment failure
TAM score 1 1/8 12.5% 2/24 8.3%
TAM score 2 5/8 62.5% 10/24 41.7%
TAM score 3 2/8 25% 12/24 50%

Early FDG-PET POS n.s. n.s.
TAM score 1 2/14 14.3% 2/23 8.7%
TAM score 2 9/14 64.3% 13/23 56.5%
TAM score 3 3/14 21.4% 8/23 34.8%

Early FDG-PET NEG
TAM score 1 9/59 15.2% 13/104 12.5%
TAM score 2 32/59 54.2% 46/104 44.2%
TAM score 3 18/59 30.6% 45/104 43.3%
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prediction in cHL, and (iii) there is not any correlation be-
tween TAM score and early FDG-PET result.
HL is a highly curable neoplasm but about 30% of pa-

tients with advanced-stage disease and up to 15% with
early-stage disease will be refractory or finally relapse;
moreover prognostic factors in cHL are still a matter of
debate and to date treatment strategy is principally
Figure 1. Correlation between TAM score, achievement of CR
and early FDG-PET result

Copyright © 2015 John Wiley & Sons, Ltd.
determined by the assessment of tumour burden [4–6]. Ma-
lignant RS cells are surrounded by non-neoplastic cells, in-
cluding TAM, that might influence tumour survival through
a deep cross-talk [12,22]. TAM could reflect inflammation
igure 2. Correlation between early FDG-PET and PFS. Pa-
ients with negative early FDG-PET had longer PFS compared to
atients with positive result; median PFS was not reached vs
F
t
p

7months (p< 0.001)
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Figure 3. Correlation between TAM score and PFS. High TAM
score did not show any correlation with PFS

75CD68 and prognosis in Hodgkin lymphoma
and the non-malignant component and might be detected by
PET [34].
The prognostic value of early FDG-PET is obtaining a

growing consent, especially in advanced-stage disease where
it is outperforming the IPS [15]. A recent multicentre FIL
study evaluated 246 newly diagnosed HL patients with
early-stage disease (I–IIA) treated with 4 cycles of ABVD
followed by IF-RT to assess the predictive role of early
FDG-PET on 2-year FFS. The positive and negative early
FDG-PET predictive value was 53% and 95%, while the sen-
sitivity and specificity were 65.5% and 92%, respectively. Af-
ter a mean follow-up of 46months, a positive early FDG-PET
result was the only one factor that negatively affected FFS in
a multivariate analysis, suggesting that interim PET could be
considered a prognostic test also in early-stage HL [38].
Although many phase II or III trials are ongoing, to date an

interim PET-driven approach is not yet suggested in clinical
practice [5,19]. About imaging evaluation, the Deauville
score has been accepted as the standard because it is simple
and allows reproducible results [16,17].
Since 2010, when Steidl and colleagues analysed TAM

prognostic value in GEP and IHC, we were very interested
to this observation, because they realized an easy score
with a strong association with PFS and DSS, useful both
at diagnosis and at relapse [20]. In this study was observed
a relationship between high TAM score and treatment out-
come while in our study we did not identify any associa-
tion; these different results are not surprising because of
the different cohort of patients. First, in our study we
analysed 200 consecutive HL patients, and our cohort is
characterized by a relatively good prognosis because 51%
of patients had stage I–II disease; conversely the Canadian
cohort was enriched for all available cases of treatment-
failure identified through the database of their Institution.
In our study ORR was 84% with only 16% of chemo-
resistant patients, while in the original report 79 out of
Copyright © 2015 John Wiley & Sons, Ltd.
166 patients (47%) had a treatment-failure. Another reason
explaining the different findings obtained could be identi-
fied in the choice of monoclonal antibodies addressing dif-
ferent epitopes, because we used KP-1 while for Steidl and
colleagues the assessed epitope was PGM-1.
Despite promising results of this and other subsequent

studies, other authors found no correlation between TAM
(determined by CD68 expression) and outcome, as showed
in Table 5 [23–33;35,36]. These discordant results could be
because of the choice of TAM markers, the antibodies used
for IHC and the choice of the cut-offs [12,21,27,29].
Azambuja stated an overall lack of reproducibility for IHC
analysis, while Klein and colleagues suggested CD163 en-
sures greater reproducibility and could be superior to CD68
in predicting OS in cHL patients [27,29]. A possible expla-
nation is that CD68 could stain both myelomonocytic cells
and some connective tissue cells such as fibroblasts and en-
dothelial cells. Steidl and colleagues used the KP1 antibody
but, as declared in subsequent papers, KP1 clone for CD68
could react with myeloid and fibroblast cells, too; however
the other available antibody PGM1 showed discordant asso-
ciation with prognosis, too [27,36]. Although the reproduc-
ibility of the Steidl score appears very low, when other cut-
off values were adopted (e.g. moving from the ROC curves
analysis) a relationship could be found. Yoon and colleagues
performed separated analyses at different cut-off points and
they determined the best cut-off of 20% to divide the patients
in two groups employing the log-rank test, finding an associ-
ation with EFS, DSS and OS [25]. Greaves defined three
prognostic groups with low, intermediate and high CD68
expression (<5%, 5% to 15% and >15%), high TAM score
was associated with inferior FFTF and OS [26]. Kamper and
colleagues found a correlation between CD68≥7.8% and
lower EFS and OS, while Tan and colleagues found an
optimum threshold of 12.7% to identify the group with
reduced FFS and OS [23,31].
Only two recent studies investigated a possible correla-

tion between TAM score and early FDG-PET result.
Touati and colleagues analysed a cohort of 158 patients
enrolled between 1995 and 2011 and found a correlation
between CD68 ≥25% and inferior PFS and OS [35].
Early FDG-PET showed an association with high CD68
expression, but there are some biases because it was done
in only 68 patients, treatment strategy was not uniform
and data since 2005 (performed by a dual head coinci-
dence gamma camera) were analysed retrospectively
using the Deauville score. Agur and colleagues enrolled
98 patients with a median follow-up of 45months and
did not observe any correlation between TAM score,
early FDG-PET and PFS [36].
In our study, 200 consecutive cHL patients were pro-

spectively enrolled, and all of them underwent early FDG-
PET scan. Characteristics of patients and response to treat-
ment are consistent with previously published data, with a
CR rate of 84%, PFS at 2 and 5years of 76% and 73%,
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Table 5. Prognostic role of CD68+ tumour associated macrophages (TAM) in classical Hodgkin lymphoma

Study Method Patients number Cut-off Outcome correlation

Kayal and colleagues [33] IHC 100 • Steidl score (<5%, 5–25%, >25) No
• <25%, ≥25% (lowest quartile vs others) No
• <12.9%, ≥12.9% (lowest quartile vs others) No
• <18.2, ≥18.2 (median) No

Casulo and colleagues [28] IHC 81 (relapsed/ refractory) • Steidl score No
• <30%, ≥30% Inferior OS in

univariate,
not in multivariate

Azambuja and colleagues [27] IHC 265 Steidl score No
Klein and colleagues [29] IHC 88 <25%, ≥25% No
Agur and colleagues [36] IHC 98 Steidl score No
Steidl and colleagues [20] GEP, IHC 166 Steidl score Inferior PFS, DSS
Yoon and colleagues [25] IHC 144 <20%, ≥20% Inferior EFS, DSS, OS
Tan and colleagues [23] IHC 287 <12.7%, ≥12.7% Inferior FFS, OS
Greaves and colleagues [26] IHC 90 <5%, 5% to 15%, >15% Inferior FFTF, OS
Jakovic and colleagues [30] IHC 52 <25%, ≥25% Trend to inferior EFS,

inferior OS
Touati and colleagues [35] IHC 158 <25%, ≥25% Inferior PFS, OS
Kamper and colleagues [31] IHC 288 <7.8%, ≥7.8% Inferior EFS, OS
Deau and colleagues [32] IHC 59 Steidl score Refractoriness or

early relapse
Tzankov and colleagues [24] IHC 105 >0.82% Inferior OS

Abbreviations: IHC, Immunohistochemistry; OS, overall survival; PFS, progression free survival; DSS, disease specific survival; EFS, event free
survival; FFS, failure free survival; FFTF, freedom from treatment failure.
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respectively, with a small rate of late relapses. According to
the clinical risk, the number of ABVD cycles ranged from 2
to 6; in the subgroup receiving two cycles the PET scan per-
formed after the second cycle was an End of Treatment scan
and not a ‘standard’ interim PET, but it was the case of only
2 stage IA patients, not impacting on the overall study re-
sults. All the other 9 stage IA patients received 4 ABVD cy-
cles because of unfavourable characteristics.
In our cohort the proportion of patients achieving CR

was similar for early and advanced-stage disease (89% vs
81.1% respectively), while patients with advanced-stage
disease had a trend to a lower PFS (p=0.07). In the original
Canadian cohort the proportion of patients with advanced-
stage disease was higher than in our cohort (75.3% vs
63.5%) and advanced-stage was associated with shorter
PFS both in univariate and in multivariate analysis
(p=0.002 and p=0.001, respectively).
Negative early FDG-PET results were associated with

attainment of CRs and an improved PFS in the whole co-
hort. This correlation was further confirmed in both the
early and advanced-stage subsets, further highlighting the
strong prognostic value for early FDG-PET result in all
stages of cHL.
Because TAM score did not show any correlation with

treatment response and with PFS, we believe that it is not
a useful prognostic tool for clinical application, at least un-
til a standardized method of determination will be avail-
able. In contrast to our original hypothesis, TAM score
does not correlate with FDG-PET assessment.
Copyright © 2015 John Wiley & Sons, Ltd.
In conclusion, we suggest to investigate in future
multicentre studies the role of macrophage subpopulations
and a possible correlation between early FDG-PET and the
presence of new prognostic markers (such as FOXP3,
CD20 and bcl-2), with the goal of providing a better strat-
ification of cHL patients at diagnosis and proposing to each
patient the most adequate therapeutic strategy.
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