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I N TRODUC TION

Classical Hodgkin lymphoma (cHL) is a B- cell- derived 
malignancy characterised by a tumour microenvironment 
(TME) composed of a few malignant Hodgkin and Reed– 
Sternberg (HRS) cells, surrounded by leukocytes consisting 
of T cells, B cells, mast cells, macrophages, plasma cells, eo-
sinophils and mesenchymal stromal cells.1– 3 Although prog-
ress has been made in the treatment of cHL, the prognosis of 
patients with disease relapse is still poor.4

Programmed- death (PD)- 1 inhibitors are approved to treat 
progressive and relapsed cHL,6,7 and higher expression of 
programmed- death- ligand (PD- L)- 1 in HRS cells predicts su-
perior response rates and survival outcomes.7,8 However, PD- 1 
inhibitors have uncertain response durability, and 65%– 87% of 
patients are objective responders.7,9– 11 Hence, there is an unmet 
need to explore different tumour immune escape mechanisms 
in the TME of cHL and identify new checkpoint targets.6

The cluster of differentiation 47 (CD47) is a transmem-
brane glycoprotein that transduces a checkpoint signal to 
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Summary
The glycoprotein CD47 regulates antiphagocytic activity via signal regulatory 
protein alpha (SIRPa). This study investigated CD47 expression on Hodgkin and 
Reed– Sternberg (HRS) cells in the classical Hodgkin lymphoma (cHL) tumour mi-
croenvironment and its correlation with prognosis, programmed- death (PD) im-
mune markers, and SIRPa+ leukocytes. We conducted immunohistochemistry with 
CD47 and SIRPa antibodies on diagnostic biopsies (tissue microarrays) from cHL 
patients from two cohorts (n = 178). In cohort I (n = 136) patients with high expres-
sion of CD47 on HRS cells (n = 48) had a significantly inferior event- free survival 
[hazard ratio (HR) = 5.57; 95% confidence interval (CI), 2.78– 11.20; p < 0.001] and 
overall survival (OS) (HR = 8.54; 95% CI, 3.19– 22.90; p < 0.001) compared with pa-
tients with low expression (n = 88). The survival results remained statistically sig-
nificant in multivariable Cox regression adjusted for known prognostic factors. In 
cohort II (n  =  42) high HRS cell CD47 expression also carried shorter event- free 
survival (EFS) (HR = 5.96; 95% CI, 1.20– 29.59; p = 0.029) and OS (HR = 5.61; 95% 
CI, 0.58– 54.15; p = 0.136), although it did not retain statistical significance in the 
multivariable analysis. Further, high CD47 expression did not correlate with SIRPa+ 
leukocytes or PD- 1, PD- L1 and PD- L2 expression. This study provides a deeper un-
derstanding of the role of CD47 in cHL during an era of emerging CD47 therapies.
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phagocytic cells, delivering a 'do not eat' signal via signal 
regulatory protein alpha (SIRPa).12 CD47 is presumably ex-
pressed by most cells in the body that need protection from 
phagocytosis. In haematological and solid malignancies, 
overexpression of CD47 on tumour cells is associated with 
poor survival.12– 14 Targeting the CD47– SIRPa axis check-
point is currently investigated in clinical trials across sev-
eral haematological malignancies, including cHL,15,16 with 
encouraging results in non- Hodgkin lymphoma.17

While one report recently suggested that CD47 overex-
pression in HRS cells is common among cHL cases,18 no 
studies have explored the long- term prognostic and clinical 
implications of high CD47 tumour expression or its correla-
tion with different immune- cell markers, including PD- 1 
and PD- L1 in cHL. This study aimed to investigate the prog-
nostic value of CD47 expression in the TME in cHL in two 
independent cohorts. In addition, we investigated the asso-
ciation of CD47 expression with SIRPa- positive leukocytes, 
PD- 1, PD- L1, PD- L2 and several other immune cells.

M ATER I A L S A N D M ETHODS

Ethical considerations

The study was granted ethical approval by the national 
and regional Ethical Review Boards: Dnr 99– 154 for, Dnr 
2014/233, Dnr 01– 367 and Dnr 2014/020.

Study cohort

The study subjects of the first cohort were part of the 
Scandinavian Lymphoma Aetiology (SCALE) study, a large 
case- control study conducted in Denmark and Sweden 
between 1999 and 2002, described in detail elsewhere.19 
Expert haematopathologist revisited all cases and classi-
fied histological subtypes in agreement with the WHO clas-
sification.20 The patient flow chart is provided in Figure 1. 
Patients' medical records were reviewed for clinical vari-
ables, administered treatment and pre- treatment blood test 

results, that is, erythrocyte sedimentation rate (ESR), hae-
moglobin and albumin.

Clinical stage was defined according to the Ann Arbor clas-
sification.21,22 Epstein– Barr virus (EBV) status was previously 
determined for this cohort by using EBV latent membrane 
protein (LMP)- 1 (Ventana Benchmark) and in situ hybridi-
sations for EBV- encoded small RNAs (EBER).23 The propor-
tion or count per high- power field for the following immune 
cells and checkpoint markers was analysed with immunohis-
tochemistry and described in detail elsewhere: PD- 1, PD- L1 
and PD- L2,24 CD138+ plasma cells,25 tryptase+ mast cells,26 
granzyme B+- activated lymphocytes,3 forkhead box P3+ reg-
ulatory T cells (FOXP3+ Tregs)3 and CD68+ macrophages.3

The second cohort comprised patients from a biobank 
programme, UCAN (Uppsala Umeå Comprehensive Cancer 
Consortium), which has collected data and created a bio-
bank with blood and tissue samples that include samples 
from lymphoma patients since 2010. All patients were diag-
nosed with cHL; one patient was diagnosed in 1986 and was 
recruited retrospectively in 2011 after first relapse. Included 
cases in current study were confined to patients (n = 42) with 
available diagnostic biopsies for tissue microarray (TMA) 
construction. Data variables for cohort two as well as EBV 
analysis were retrieved similarly for the SCALE cohort.

Western blot material and preparation of 
tissue lysates

Fresh frozen tumour tissues from five patients (UCAN co-
hort) and lymph node tissues (designated normal tissues) 
from two healthy individuals diagnosed with benign reac-
tive lymphadenopathy were analysed by western blot. In 
addition, further clustered regularly interspaced short pal-
indromic repeats (CRISPR) gene- edited cell line lysates HEK 
293 CD47T KO and HEK 293 T wt cell (both from Abcam, 
Cambridge, United Kingdom) were used as negative and 
positive controls respectively.

The tumour tissues and normal tissues were mixed with 
lysis buffer [50 mM Tris– HCl, pH 7.4, 150 mM NaCl, 1 mM 
EDTA, pH 8, 1% Triton X- 100, 0.1% sodium deoxycholate, 

F I G U R E  1  Flowchart of study participants cohort one (left) and cohort two (right). SCALE = SCAndiavian lymphoma Aetiology study, HRS, 
Hodgkin and Reed– Sternberg cells; UCAN, Uppsala Umeå comprehensive cancer consortium biobank programme.
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a protease inhibitor (Roche Complete Mini, Merck KGaA, 
Darmstadt, Germany)], and zirconium beads (ZrOB20- RNA, 
2 mm in diameter, Next Advance Inc.). The ratio of sliced tis-
sue mass:volume of lysis buffer:zirconium beads weight was 
1:4:2. A Bullet Blender device (BBX24B- CE, Next Advance 
Inc.) was used for homogenisation according to the manufac-
turer's recommendation for lymphatic tissue. Centrifugation 
at 13 000 rpm for 10 min at 4°C was performed on the homo-
genised tissues, and the supernatant was transferred to new 
tubes. The total protein concentration of tissue lysate was mea-
sured by PierceTM BCA Protein Assay kit (ThermoFisher).

Western blot and intensity values

A total of 40 μg from each sample was mixed with Tris– Glycine 
SDS sample buffer (Invitrogen, Fisher Scientific, Sweden) and 
separated by electrophoresis on a NuPAGE 10% Bis– Tris Gel 
(Invitrogen, Fisher Scientific, Sweden). Proteins were trans-
ferred to a nitrocellulose membrane using iBlot Transfer Stack 
mini according to the manufacturer's instructions (Invitrogen). 
Membranes were blocked for 1  h in Intercept [Tris- buffered 
saline (TBS)] blocking buffer (Li- Cor Biosciences GmbH, 
Germany) and then incubated with CD47 (LS- C658462), a 
polyclonal antibody (LifeSpan Biosciences, Seattle, WA, USA), 
diluted 1:100 in blocking buffer and incubated at 4°C over-
night. Membranes were washed three times for five minutes 
washing in 1× TBS with 0.05% Tween 20 (Sigma Aldrich, 
Merck KGaA) and incubated with IRdye 800CW donkey anti- 
Rabbit IgG secondary antibody (Li- Cor Biosciences) diluted 
1:15 000 in blocking buffer for 1 h at room temperature. After 
a final wash in TBS, the protein bands were visualised using a 
Li- Cor Odyssey scanner (Li- Cor Biosciences).

The intensity values of protein bands were calculated using 
ImageJ (Java- based image- processing and analysis software; 
http://rsb.info.nih.gov.ezpro xy.its.uu.se/nih- image/). An area 
of the same size, in each western blot band and the lightest 
area of the image, was used for analysis. Then, the mean value 
of reflected light per pixel was subtracted from the lightest 
area of the image, giving a mean blackness per pixel (bpp) 
value (i.e., intensity value of the band).

Tumour samples and immunohistochemistry

Diagnostic tumour tissue (formalin- fixed paraffin- 
embedded) from patients with cHL was subject to TMA 
construction according to standard technique (4 μm thin 
sections).27 Immunohistochemistry was performed using 
the Dako automated staining system (Dako, Santa Clara, CA, 
USA) at the Department of Clinical Pathology at Uppsala 
University Hospital, Sweden. Normal tonsils, lymph nodes 
and liver tissue were used as controls.

Immunohistochemical double stains for CD47/paired 
box protein 5 (PAX- 5) were performed; CD47 was rec-
ognised using a polyclonal antibody, LS- C658462 (LifeSpan 
Biosciences) diluted 1:1000. PAX- 5 was identified with a 

monoclonal antibody, M7307/DAK- Pax5 (Dako), diluted 
1:100. A MACH2 DS1 detection kit (Biocare Medical) was 
used for detection, diaminobenzidine (DAB) chromogen 
detecting CD47 and Warp Red chromogen detecting PAX5. 
SIRPa was identified using a monoclonal antibody, sc- 17 803/
A- 1 (Santacruz Biotech) and EnVision FLEX+ High pH Kit 
(Agilent). The sections were counterstained with Mayers 
haematoxylin (Histolab Products AB).

Scoring and assessments

The biopsy cores were previously compared with whole 
tissue sections regarding the distribution of tumour- 
infiltrating leukocytes with good agreement.28 Between 
two and four core biopsies with an area of 1 mm2 were ana-
lysed for each case by two separate researchers, PH (senior 
haematopathologist) and AG. The visualisation functions 
of an image analysis software (Visiomorph, Visiopharm, 
Hørsholm, Denmark) were used, and HRS cells were iden-
tified manually. Cases that lacked HRS cells or had major 
fibrosis, discolouration or artefacts were omitted (Figure 1). 
Since all HRS cells expressed CD47 with at least weak mem-
branous and cytoplasmic intensity, a simplified variant of 
the Allred method was used for the scoring.29 Cases with 
HRS cells expressing CD47 with weak or intermediate in-
tensity (corresponding to an Allred score of 6– 7) were clas-
sified as cases with low expression of CD47 on HRS cells. 
Cases with HRS cells expressing CD47 with strong inten-
sity compared to adjacent cells and a homogeneous staining 
pattern (corresponding to an Allred score of 8) were desig-
nated as cases with a high expression of CD47 on HRS cells 
(Figure  2). Cases containing both HRS cells with low and 
with high CD47 expression were classified according to the 
pattern expressed by most of the HRS cells. A few ambiguous 
cases were discussed between the two assessors to reach a 
consensus, with a high overall interobserver agreement. The 
SIRPa scoring assessment was only assessed in leukocytes 
due to negativity in all HRS cells. A SIRPa+ leukocyte pro-
portions score was calculated by the image software analy-
sis fitted to divide the number of positive leukocytes with 
the total number of positive and negative leukocytes in 4– 6 
high- power fields (HPF), at 400×, 0.0625 mm2.

STATISTICA L A NA LYSE S

Survival functions were analysed with the Kaplan– Meier 
method and associated log- rank tests. Cox regression was 
used for analysing hazard ratios (HRs) with a 95% confi-
dence interval (95% CI) and Wald tests. Time of event- free 
survival (EFS) was calculated from diagnosis until disease 
progression, tumour relapse, first- line treatment failure due 
to any cause, or death from any cause. Time of overall sur-
vival (OS) was calculated from diagnosis until death from 
any cause. Considering the number of patients and events in 
the multivariable Cox regression models, five covariates were 

http://rsb.info.nih.gov.ezproxy.its.uu.se/nih-image/
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selected to avoid model overfitting. Included covariates had 
the strongest prognostic impact on EFS and OS (Table  S1) 
or the most skewed distribution between groups compared. 
Assumptions of the proportional hazards were validated 
with Schoenfeld residuals. In addition, the nearest- neighbour 
(NN) method in the R- package MatchIt version 4.3.3 with 
calliper 0.2 was used for propensity score (PS) matching30 to 
generate balanced and comparable groups. In PS matching, 
each observation is paired with a control unit with the clos-
est propensity score. The calliper of 0.2 sets the acceptable 
distance for any match. Any observations outside the distance 
of the calliper are excluded.30 The covariate selection in the 
PS matching model was the same as with the Cox regression.

Tests for independence of categorical variables were 
calculated with the chi- squared test or Fischer's exact test. 
Normality was analysed with the Shapiro– Wilk test. The 
two- sample Wilcoxon test (Wilcoxon- Mann– Whitney test) 
was used to evaluate the association between a categorised 
variable and a continuous variable with a non- normal 
distribution. Clinicopathological correlations, including 
associations with SIRPa, were investigated on the SCALE 
cohort. A Spearman test (rho coefficient) was used for de-
termining correlations between two non- normal continu-
ous variables. R version 3.2.2 (https://cran.r- proje ct.org/) 
was used for all statistical calculations, and two- sided p- 
values less than 0.05 were defined as statistically significant.

F I G U R E  2  Immunohistochemical staining and correlations. (A) Immunohistochemical stains captured with light microscopy with original 
magnification 400×. The arrowheads indicate Hodgkin and Reed– Sternberg cells (HRS) with low CD47 expression and weak PAX5 staining. (B) Picture 
captured digitally from 400× magnification and further enlarged to 250%. Arrowhead indicates a case scored as high expression of CD47 on HRS 
cells, lacking the dot- like pattern in the Golgi area. (C) Arrowheads indicate three of several HRS cells with high CD47 expression. The arrows mark 
dot- like staining of the Golgi area. (D) Arrow indicates an HRS cell expressing partial CD47, categorised as low expression. (E) Immunohistochemical 
stains, original magnification 400×, with light microscopy for SIRPa+ leukocytes in the tumour microenvironment of classical Hodgkin lymphoma; a 
negative HRS cell is indicated by the arrowhead. (F) Boxplot for SIRPa+ leukocyte proportions in patients with high expression of CD47 on HRS cells 
(median = 0.19) compared to patients with low expression of CD47 on HRS cells (median = 0.185) (two- sample Wilcoxon test, p = 0.83) [Colour figure can 
be viewed at wileyonlinelibrary.com]
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Cut- offs

The CD47 scoring method yielded a predefined two- level cat-
egorised (high/low) variable during scoring and was treated as 
such (dichotomous) in all statistical analyses. Hence no further 
statistical cut- offs were utilised. SIRPa+ leukocyte scoring out-
come was treated as a continuous variable in univariate Cox 
regression and receiver operating characteristic (ROC) curves. 
The area under the curve (AUC) was used to determine its ac-
curacy to predict survival outcomes. Different cut- offs were 
also examined with the Kaplan– Meier method for SIRPa+ leu-
kocytes to identify any significant prognostic influence.

R E SU LTS

Patient characteristics and treatment

Complete baseline characteristics are available in Table 1. The 
baseline characteristics of the patients included in the current 
study were comparable to the characteristics of their original 
cohorts (Table 1), as were the survival outcomes between the 
cohorts examined (Figure S1). First- line chemotherapy proto-
cols were mainly ABVD (doxorubicin, bleomycin, vinblastine 

and dacarbazine) or BEACOPP (bleomycin, etoposide, doxo-
rubicin, cyclophosphamide, vincristine, procarbazine and 
prednisone) as recommended by the Swedish national guide-
lines.5,31 Radiotherapy was given after chemotherapy to pa-
tients with clinical stage I– IIA and individual patients with 
advanced disease (≥IIB). Some patients (17% SCALE and 13% 
UCAN) were treated with outdated first- line regimes (Table 
S2). Relapsed patients who reached complete remission after 
salvage therapy were treated with autologous stem cell trans-
plantation when eligible.

Western blot

We observed the 50  kDa band of the CD47 protein on the 
western blot, which confirmed the specificity of the CD47 an-
tibody binding (see Figure S2). In addition, we found no stain-
ing from the loaded HEK293T knock- out (CD47- negative) cell 
lysate sample, and we could confirm a band for CD47 in the 
HEK293T wild- type cell lysate (see Figure S2). Further, the two- 
control tissue from reactive lymph nodes showed lower CD47 
intensity bands than the five patient tissue samples. However, 
there was no correlation between band intensity readings and 
CD47 scoring on HRS cells, as expected. The bands represented 

T A B L E  1  Base- line demographics

Full UCAN cohort 
(n = 88)

Current UCAN cohort 
(n = 42)

Full SCALE cohort 
(n = 571)

Current SCALE 
cohort (n = 136)

Age (years): median (range) 41 (12– 85) 39.50 (12– 85) 35 (17– 74) 38 (18– 74)

Age ≥ 60 (n) 23 (26%) 8 (19%) 97 (26%) 21 (15%)

Male sex (n) 58 (66%) 29 (69%) 302 (81%) 81 (60%)

Follow- up time (y); median 
(range)

4.50 (0.36– 26) 5.2 (0.66– 26) 13.9 (0.37– 15.9) 
Missing = 242

13.8 (0.59– 15.9)

5- year OS probability 85% 90% 91%
Missing = 242

90%

2- year EFS probability 84% 86% 88%
Missing = 266

90%

Advanced stage (n) (IIB– IVA) 56 (64%) 21 (50%) 180 (55%)
Missing = 243

77 (57%)

IPS ≥ 2 (n) 64 (83%)
Missing = 11

26 (72%)
Missing = 6

108 (54%)
Missing = 371

59 (57%)
Missing = 33

BEACOPP at first- line (n) 14 (16%)
Missing = 2

4 (10%)
Missing = 1

64 (19%)
Missing = 237

31 (23%)
Missing = 1

ABVD at first- line (n) 55 (63%)
Missing = 1

31 (76%)
Missing = 1

206 (62%)
Missing = 237

81 (60%)
Missing = 1

EBV+ cases 16 (25%)
Missing = 23

10 (24%) 130 (29%)
Missing = 75

32 (24%)
Missing = 3

Nodular Sclerosis 53 (63%)
Missing = 4

31 (74%) 407 (77%)
Missing = 47

97 (71%)

For assigned treatment regimens, patients were categorised according to the regimens that constituted the majority of all cycles; for example, patients receiving two ABVD 
followed by six BEACOPP were classified as BEACOPP patients. All patients received six cycles of treatment as standard. Shorter regimens were always associated with EFS 
events, such as toxicity, progression or death. Advanced stage, according to Ann Arbor; age, age at diagnosis.
Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine and dacarbazine); BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine 
and prednisone; EBV, Epstein– Barr virus; EFS, event- free survival; IPS, international prognostic index; OS, overall survival; SCALE, SCAndiavian Lymphoma Etiology 
study; UCAN, Uppsala Umeå Comprehensive Cancer Consortium biobank programme; WHO, performance status according to the World Health Organisation's Eastern 
Cooperative Oncology Group (ECOG).
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whole tissues, with most cells being non- malignant in patientś  
tissues, while the scoring of CD47 was confined to HRS cells.

Immunohistochemistry

All HRS cells expressed CD47, observable mainly with 
membranous and cytoplasmic staining (Figure  2). In the 
SCALE cohort, 48 patients (35%) were categorised as hav-
ing a high CD47 expression, and 88 patients (65%) had a 
low expression. In the UCAN cohort, 16 patients (38%) 
were classified as having HRS cells with a high CD47 
expression and 26 patients (62%) as having low CD47 
expression on HRS cells. Cases with a high CD47 expres-
sion had intense, homogeneous staining, often with dot- 
like staining of the Golgi area. Cases with low expression 
had a weak, often heterogeneous cytoplasmic staining 
and no staining of the Golgi (Figure  2). The staining for 
SIRPa+ leukocytes was both membranous and cytoplasmic 
(Figure 2E). HRS cells lacked antibody staining for SIRPa, 
and the morphologies of positive leukocytes varied. We did 
not observe any association between high CD47 expres-
sion on HRS cells and proportions of SIRPa+ leukocytes 
(Figure 2F: p = 0.83). There was no apparent correlation of 

co- expression between PAX- 5- positivity and CD47 expres-
sion on HRS cells.

Correlation of study markers with 
clinicopathological features

Patients with a high expression of CD47 on HRS cells had 
significantly lower haemoglobin (p  <  0.01), lower albumin 
(p = 0.01), higher age (p = 0.01) and higher ESR (p < 0.01) 
than patients whose HRS cells had a low expression of CD47 
(Table 2). We did not find any statistically significant asso-
ciation between CD47 expression and PD- 1, PD- L2 or PD- L1 
expression (Table 2). Furthermore, there was no statistically 
significant difference between patients with high and low 
expression of CD47 on HRS cells regarding clinical stage, 
histological subtype of cHL, sex, tumour EBV status or pres-
ence of B symptoms (Table S3).

Increasing SIRPa+ leukocyte proportions correlated with 
increasing PD- L1+ leukocytes (rho = 0.40; p < 0.001), PD- L1+ 
HRS cells (rho = 0.22; p = 0.02) and decreasing blood lym-
phocyte count (rho = −0.20; p = 0.03), Table 2. EBV- positive 
cases (n = 31) had higher SIRPa+ leukocyte proportions (me-
dian = 0.32, p = 0.001) compared with EBV- negative cases 

T A B L E  2  Full correlation analysis in the SCALE cohort

Predictor variables

CD47 expression on HRS cells categorical SiRPa+ leukocytes continuous

Low median of 
predictor variable

High median of 
predictor variable p- Value Rho p- Value n

Clinical features

ESR (mm/h) 27.50 55.50 <0.01 0.02 0.90 124

Age (years) 30.50 37.00 0.02 −0.06 0.52 136

White blood cell count (count × 109) 8.50 9.20 0.14 −0.02 0.81 131

S- Albumin (g/dl) 40.00 37.50 0.01 −0.08 0.37 122

Haemoglobin (g/l) 113 117 <0.01 0.06 0.53 121

Lymphocyte count (count × 109) 1.50 1.70 0.76 −0.20 0.03 120

Immune cells in the tumour microenvironment

Plasma cells (proportion) 0.01 0.01 0.57 −0.12 0.21 118

CD68+ macrophages (proportion) 0.07 0.07 0.91 0.12 0.18 123

Tryptase+ mast cells (count) 23.00 31.50 0.28 0.14 0.10 136

FOXP3+ Tregs (proportion) 0.06 0.05 0.27 −0.11 0.22 121

Granzyme B+ lymphocytes (proportion) 0.03 0.03 0.62 0.04 0.67 121

Programmed death ligands and receptor

PD- L1+ leukocytes (proportion) 0.15 0.20 0.15 0.40 <0.01 122

PD- L1+ HRS cells (proportion) 0.45 0.55 0.71 0.22 0.02 122

PD- L2+ leukocytes (proportion) 0.01 <0.00 0.29 −0.02 0.87 120

PD- L2+ HRS cells (proportion) <0.00 <0.00 0.36 −0.13 0.20 120

PD- 1+ leukocytes (proportion) 0.03 0.02 0.35 −0.01 0.92 123

Column one shows the predictors. Columns two and three show the median of the predictors in the corresponding CD47 scoring group. The third column shows p- values retrieved 
with a two- sample Wilcoxon test. Column four shows the rho correlation coefficient with corresponding p- values in column 5, retrieved with the Spearman test. n, number of 
patients included in the analysis, missing values due to lack of data for predictors or dependent values; SIRPa+ leukocytes, proportions scored in the tumour microenvironment.
Abbreviations: ESR, erythrocyte sedimentation rates; FOXP3, Forkhead box P3; HRS, Hodgkin and Reed– Sternberg Cell (HRS); PD, programmed death; PD- L 
programmed- death- ligand.
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(n  =  131, median  =  0.15). SIRPa+ leukocyte proportions 
lacked significant correlation with clinical stage (p = 0.72), 
B symptoms (p = 0.98), male sex (p = 0.16) and histological 
cHL subtype p = 0.91).

Survival analysis

Baseline demographics for groups compared stratified by 
CD47 expression levels for the SCALE and the UCAN cohorts 
are available in Table S3 and Table S4. In the SCALE cohort 
(n = 136), patients with a high expression of CD47 on HRS cells 
(n = 48) had an inferior EFS [Figure 3: hazard ratio (HR) = 5.57; 
95% CI, 2.78– 11.20; p < 0.001] and OS (Figure 3: HR = 8.54; 95% 
CI, 3.19– 22.90; p < 0.001) compared with patients with a low 
expression of CD47 on HRS cells (n = 88). Survival outcomes 
remained statistically significant in multivariable Cox regres-
sion adjusted for well- known prognostic covariates including 
age > 45 years, advanced stage, albumin < 4 g/dl, haemoglo-
bin < 105 g/l, and white blood cell count (WBC) ≥15 × 109. The 
adjusted multivariable Cox regression analysis for EFS and OS 
remained significant with different cut- offs for age, >55 years 
and >65 years, and when age was treated as a continuous vari-
able (Table S5). Further, the adverse prognostic impact of high 
expression of CD47 on HRS cells in the SCALE cohort was ob-
served in subgroups of patients treated with modern first- line 
lymphoma therapy (ABVD/BEACOPP) and in analyses using 
PS matching, comparing groups balanced regarding the same 
covariates as in the Cox regression model [age > 45 years (and 
different cut- offs), advanced stage, albumin < 4 g/dl, haemo-
globin < 105 g/l, and WBC ≥ 15 × 10^9; Table S6]. Analysed as 
a continuous variable, SIRPa+ leukocytes had a low AUC for 
OS outcome (0.53) and did not have any significant prognostic 
value on EFS (HR = 0.91; 95% CI, 0.27– 0.3.13; p = 0.89) and 
OS (HR = 1.58; 95% CI, 0.38– 6.58; p = 0.53) in univariate Cox 
regression. Further different SIRPa leukocyte cut- offs propor-
tions, examined with the Kaplan– Meier method, did not sig-
nificantly correlate with survival outcomes.

For the UCAN cohort (n = 42), high CD47 expression on 
HRS was a predictor for inferior EFS (HR  =  5.96; 95% CI, 
1.20– 29.59; p = 0.029) in univariate Cox regression but lost 
statistical significance for impact on OS (HR = 5.61; 95% CI, 
0.58– 54.15; p = 0.136). High CD47 expression on HRS cells 
was not statistically significantly associated with EFS (p = 0.07) 
and OS (p = 0.99) in multivariable analyses adjusting for ad-
vanced stage, albumin <4 g/dl, haemoglobin <105 g/l, white 
blood cell count (WBC) ≥ 15 × 109 and age. Further, in the 
subgroup of patients treated with ABVD or BEACOPP in the 
UCAN cohort (n = 35), the survival implications did not reach 
significance for EFS (p = 0.99) and OS (p = 0.10).

Finally, when we examined all patients from both cohorts 
(n = 178), we found that high CD47 expression on HRS cells 
correlated with inferior EFS (HR = 5.78; 95% CI, 3.05– 10.91); 
p < 0.001 and OS (HR = 8.10; 95% CI, 3.28– 20.00; p < 0.001), 
retaining significance in multivariable analysis and when 
patient subgroup was confined to ABVD/BEACOPP treat-
ments, similar as for the SCALE cohort (Table S7).

DISCUSSION

The main finding of this study is the observed different ex-
pression of CD47 on HRS cells between patients and its ad-
verse prognostic implications. Interestingly CD47 expression 
did not correlate with several investigated immune cells and 
programmed- death checkpoint markers. Moreover, SIRPa+ 
leukocytes lacked a significant correlation with CD47 ex-
pression levels or EFS and OS. However, the presence of 
SIRPa+ leukocytes correlated with increased proportions of 
PDL- L1+ leukocytes and PD- L1+ HRS cells. These findings 
add to current understanding of the role of CD47 in cHL 
during an era of increased need for personalised medicine 
and ongoing trials targeting CD47 in several malignancies.

A recent study by López- Pereira et al.18 found that the 'over-
expression' of CD47 varies among cHL cases and that patients 
with overexpression of CD47 on HRS cells had a predominant 
diffuse granular cytoplasmic staining pattern similar to the dot- 
like Golgi pattern observed in the current study. Although only 
16 cases were included in the study by López- Pereira et al.,18 
they scored 27% of the cases as 3+ for CD47 expression on HRS 
cells and 63% as 1+ or 2+, which is highly comparable to results 
in the current study in which 35% were scored as cases with 
high expression of CD47 on HRS cells. These differences in 
proportions in low/high HRS cell CD47 expression most likely 
reflect random variation between study populations and dif-
ferent scoring methods. In the current study, high expression 
of CD47 on HRS cells was associated with inferior survival. 
It remained significant in relevant patient strata and adjusted 
multivariable analysis, suggesting that the CD47 checkpoint 
pathway is an essential mechanism for tumour surveillance 
escape in cHL even in the absence of CD47 inhibition. The 
findings of this study are consistent with the extensive evidence 
regarding the role of CD47 in cancer immune evasion and its 
association with inferior survival in several malignancies.12– 14 
Even though the primary mechanism for CD47 is to promote 
tumour survival through antiphagocytic regulation via SIRPa, 
several other mechanisms have been attributed to CD47, such 
as tumour migration via binding to integrins32,33 and increased 
proliferation via activation of intracellular signals like phos-
phatidylinositol- 3 kinase (PI3K)/protein kinase B (Akt).34

In the current study, high expression of CD47 on HRS cells 
correlated with lower albumin, lower haemoglobin, higher 
ESR and higher age. A biological explanation for these asso-
ciations is still uncertain. A link between associated inflam-
matory parameters and high expression of CD47 on HRS 
cells could be due to pluripotent cytokines that can both pro-
mote inflammation and upregulate CD47 in tumour cells.35 
The lack of correlation of CD47 protein expression and PD1, 
PD- L1 and PD- L2 was unexpected since a study has shown a 
correlation between PD- L1 mRNA and CD47 mRNA levels 
in leukaemic malignancies.36 However, in the same study, no 
correlation between PD- L1 and CD47 protein expression was 
observed, consistent with current findings.36

While CD47 is ubiquitously expressed, mainly myeloid 
cells are believed to express SIRPa.37 We did not see any cor-
relation between CD47 expression on HRS cells and SIRPa+ 
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F I G U R E  3  Survival analysis. Kaplan– Meier event- free survival (EFS) and overall survival (OS) plots with associated log- rank p- value comparing 
patients with high and low expression of CD47 on Hodgkin and Reed– Sternberg cells in all patients and the different cohorts. At bottom, multivariable 
Cox regression forest plot for EFS, for the SCALE cohort, 95% confidence interval (CI) for hazard ratios (HR) on the x- axis, for EFS, n = 112, 22 cases 
excluded due to missing data in covariates, number of events = 33. For overall survival (OS, n = 112), number of events = 22 [Colour figure can be viewed 
at wileyonlinelibrary.com]
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leukocytes. However, we did not exclusively explore SIPRa+ 
macrophages but rather the overall SIRPa in all leukocytes. 
The association between SIRPa and PD- L1 could be due to 
tumour necrosis factor (TNF) alpha, which can upregulate 
SIRPa expression38 and PD- L1.39 Further, studies show that 
an increased EBV viral load can upregulate PD- L1,40– 42 and 
a similar mechanism could be behind the correlation be-
tween EBV+ cases and increased proportion of SIRPa+ leu-
kocytes observed in the current study.

LI M ITATIONS A N D STR E NGTHS

The retrospective nature of this observational study makes 
the results vulnerable to the effects of unbalanced and in-
comparable groups. However, we utilised PS matching43 and 
traditional methods like Cox regression to assess the inde-
pendent prognostic significance of CD47 expression. The 
results of the survival analyses in this study should be cau-
tiously interpreted since the overall sample size (n = 178) is 
moderate, and due to a low number of patients, most likely 
did not show the same prognostic implications in the more 
modern cohort UCAN (n = 42). Moreover, there are general 
limitations in defining CD47 expression levels with immu-
nohistochemistry, and next steps should be to utilise single- 
cell RNA sequencing as well as proteomics on isolated HRS 
cells via DEParray™ technology and FACS44,45 to deepen our 
understanding of CD47 regulation in HRS cells. However, 
the sparse number of HRS cells in the TME of cHL makes 
an immunohistochemical methodology beneficial since it 
enables assessing the spatial and subcellular localisation of 
investigated protein. Thus, we could distinguish CD47 ex-
pression on HRS cells and non- malignant cells, which re-
vealed that cases with high expression of CD47 on HRS cells 
showed, in most cases, a dot- like staining of the Golgi area 
(Figure 2B).

Moreover, the used CD47 antibody in this study has 
been validated in a previous study by López- Pereira et al.18 
by double immunofluorescence co- expression of CD47 to-
gether with CD30 on HRS cells as with western blot in the 
current study. However, the western blot was performed on 
tissue lysate and could not work as a surrogate for CD47 
expression scoring on HRS cells. Furthermore, two inde-
pendent assessors conducted the immunohistochemical 
assessment, including a senior haematopathologist, with a 
high interobserver consistency regarding the assessment. 
A further strength of the study is the long- term follow- up 
of the cohort and that most of the patients had been treated 
with first- line lymphoma treatments still considered as con-
temporarily approaches.5,31,46

CONCLUSION

Introducing new checkpoint markers with prognostic impact 
is of high interest in cHL. This study showed that expression 
of CD47 on HRS cells varied between cases and had adverse 

prognostic implications. The findings provide a broader in-
sight into potential different tumour escape mechanisms in 
cHL during an era of personalised medicine and emerging 
CD47 therapies.
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