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Abstract. Hodgkin's lymphoma (HL) is a hematological 
malignancy characterized by a minority of neoplastic cells 
outnumbered by tumor‑associated macrophages (TAMs). The 
overexpression of the CD163 antigen by TAMs is considered 
to be a significant predictive biomarker for risk stratification. 
This is likely caused by a genetic single‑nucleotide polymor-
phism (SNP) at the gene promoter. The aim of the present 
retrospective case‑control study was to establish a gene 
expression profile of a specific biomarker for classical HL 
(CHL) in order to predict the outcome and survival of CHL 
patients in Saudi Arabia. The protein expression of CD163 on 
TAMs was studied using immunohistochemistry (IHC). A 
prognosis index was calculated for the CD163 protein to assess 
the risk stratification of CHL. Genotyping of selected SNPs of 
this antigen was performed for 100 CHL cases and controls. 
The analysis revealed that the CD163 protein expression level 
was significantly correlated with disease relapse (DR) and 
overall survival (OS). In addition, the CD163 index threshold 
(15.0) was found to be significantly correlated with the relapse 
rate. Among the studied CD163 SNPs, rs75608120 exhibited a 
significant correlation with the DR rate of CHL patients, but 
not with OS. The findings of the present study confirmed that 
CD163 is a specific marker for TAMs, and its overexpression 
by TAMs is significantly associated with relapse and reduced 
survival post‑therapy. In addition, a new methodology of 
indexing CD163 protein expression for HL risk stratification 
was proposed. Thus, the present study identified a specific 

predictive molecular and antigenic biomarker for CHL 
prognosis.

Introduction

Hodgkin's lymphoma (HL) is a clonal B‑lymphocyte neoplasm 
commonly affecting younger patients. HL has characteristic 
pathological stages, highlighting the paramount importance of 
a timely and effective clinical management. Epidemiological 
studies on HL from Saudi Arabia are scarce (1). Recent cancer 
researchers have yet to identify tumor‑specific biomarkers 
with inter‑individual variations (i.e., polymorphisms). It has 
been hypothesized that genetic signatures may enable genetic 
prediction of cancer prognosis. Obviously, this successful 
prediction will determine the diagnostic and prognostic value 
of the association between the biomarker and the clinical 
outcome (2). HL is the ninth most common malignancy in 
the Gulf Cooperation Council (GCC) States, and its incidence 
has continuously increased over the past decade among GCC 
nationals (3). The 2013 Saudi Cancer Registry report revealed 
that the median age of HL at diagnosis was 25 years (4). In 
most Western countries, HL has two peaks of incidence, at the 
age range of 10‑35 years old and at a later age >60 years old. 
However, in the Middle East and Asia, HL is more common 
during childhood (5). Based on a study by Al‑Diab et al (6) on 
a Saudi and Middle Eastern population, it is hypothesized that 
the rapid improvement in the living standards and healthcare 
systems over the past two decades has affected the clinical 
behavior of HL.

The diagnosis of HL is confirmed by the presence of 
Hodgkin and Reed‑Sternberg cells (HRS) (7,8). The Revised 
European‑American Lymphoma (REAL) classification, which 
was later adopted by the World Health Organization (WHO) 
scheme, concluded that HL comprises two well‑defined 
entities: Nodular lymphocyte‑predominant (NLP) HL and 
the more common variant, classical HL (CHL), which was 
sub‑classified into four subtypes: Nodular sclerosis (NS), 
mixed‑cellularity (MC), lymphocyte‑depleted (LD), and 
lymphocyte‑rich (LR) (7,9). The diagnosis of HL should be 
followed by staging, which is achieved using the Ann Arbor 
staging scheme or its Cotswold modification; the latter classifies 
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HL as low‑grade (stages I and II) and high‑grade (stages III 
and IV) (10). To date, the most widely accepted risk stratifi-
cation scoring system for high‑grade HL is the International 
Prognostic Score (IPS), with a higher score predicting a worse 
outcome (11-13). Another prognostic factor for early‑stage HL 
is the erythrocyte sedimentation rate (ESR); an increased ESR 
is predictive of early relapse and poor prognosis (14).

The diagnosis of HL relies on morphological examina-
tion and immunophenotyping of the HRS cells. This may 
be achieved by immunohistochemical (IHC) staining of 
formalin‑fixed paraffin‑embedded (FFPE) sections, or the 
multi‑parametric flow cytometry technique for fresh tissue 
specimens. These reliable assays display the same accuracy, 
and can directly detect HRS lymphoma cells and evaluate 
the background cells as an adjunct diagnostic test (15). Flow 
cytometry enables sensitive detection of antigens for which 
antibodies may not be available in IHC staining. In addition 
to the ease in defining a distinct cell population based on their 
size, granularity and presence of specific tumor cell markers, it 
excludes dead cells. Similarly, the FFPE tissue specimens are 
not suitable for flow cytometric analysis, as it requires viable, 
unfixed cells (8,16).

In most HL cases, HRS cells constitute the minority of the 
cellular milieu, while the vast majority of the tumor micro-
environment (TME) cells are immune non‑neoplastic cellular 
components (9,17). There are four TME patterns observed 
that form the basis of the different CHL subtypes  (17). 
Furthermore, TME cells are outnumbered by tumor‑associated 
macrophages (TAMs), which participate in the recruitment 
of more macrophages and other immune cells  (18). TAMs 
promote peritumoral inflammation and avoid immune 
destruction, as they exhibit TAM‑specific tumor‑sustaining 
properties (19). Macrophages were found to support tumor 
growth and suppress the immune response that targets tumor 
cells (20). Increased numbers of TAMs have been reported 
to confer a poor prognosis, inferior outcomes and shortened 
survival in HL (6). Ree and Kadin reported that the presence 
of large numbers of TAMs is correlated with a high incidence 
of clinical‑laboratory relapse within 2 years of therapy (21). 
Increased numbers of TAMs in the TME should be taken into 
consideration to improve prognostic prediction standards and to 
plan appropriate therapeutic strategies (22). However, although 
advances in therapy may achieve a disease‑free survival, this 
is accompanied by increased risk of secondary cancers, most 
commonly in HL patients with a family history of cancer (23). 
The currently available therapeutic protocol is unsuccessful in 
20‑30% of HL cases, as the current predictive systems cannot 
accurately identify these high‑risk patients (24,25). Therefore, 
minimizing the adverse effect of TME cells on treatment 
success and reducing tumor progression may be achieved 
via therapeutic inhibition of TAMs. Therapeutic targeting of 
these chemo‑protective TAMs may improve the efficiency of 
standard treatments (17,19,26,27).

The gene signature of HL is routinely validated in FFPE 
tissues using IHC. CD163 antigen expression by TAMs was 
evaluated by computer image analysis or quantified manu-
ally by pathologists. Scoring was performed by estimating 
the relative percentage of CD163‑positive cells in relation 
to overall cellularity (18). The overexpression of the CD163 
antigen is an important pre‑treatment measure and may be 

used to identify patients with an unfavorable prognosis or 
at high risk for relapse. On the other hand, patients with a 
favorable prognosis should not be over‑treated (28). This gene 
signature of TAMs was validated in several cohort studies, 
which have demonstrated that increased CD163 expression 
on IHC was directly associated with treatment failure and a 
poor event‑free survival. The adverse prognostic significance 
of CD163 has been confirmed to be a predictive biomarker 
for HL patients  (18,20,24,29). Yoon et  al  (30) concluded 
that a high CD163 immunostaining intensity is particularly 
associated with a decreased rate of complete remission (CR) 
and is considered as a specific reliable prognostic indicator in 
HL. By contrast, Azambuja et al (31), did not observe such 
an association in their study population. The CD163 gene is a 
scavenger receptor cysteine‑rich (SRCR) protein‑coding gene; 
it is a restricted monocyte and tissue macrophage marker, as 
demonstrated by IHC (32,33). CD163 is considered to be a 
better TAM marker compared with CD68 in HRS cell‑rich 
areas, with less non‑specific staining of the background (34). 
A single‑nucleotide polymorphism (SNP) in the CD163 gene 
may modify the CD163 protein phenotype, particularly if 
these SNPs are located within the regulatory region that can 
alter the protein expression and, thus, the functional properties 
of the CD163 protein (35).

Materials and methods

Sample collection. CHL comprises the majority of HL 
cases. A review of our records (between 1990 and 2015) at 
John Hopkins Aramco Healthcare Center (JHAH) in Saudi 
Arabia revealed that CHLs represented >85% of HL cases. 
Although HL may be curable, a marked percentage of HL 
cases (20‑30%) fail to respond to therapy. Early identification 
of those cases has become an important objective for clinical 
research. The aim of this retrospective case‑control study was 
to investigate the significance of the CD163 antigen expres-
sion and the presence of the related SNPs on the prognosis 
of CHL in Saudi patients. A total of 100 formalin‑fixed 
paraffin‑embedded (FFPE) tissue samples of patients previ-
ously diagnosed with CHL were collected. Patients were 
selected from all histological CHL subclasses and stages. A 
total of 20 FFPE normal lymphoid samples (mainly tonsils) 
that had been collected within the same period from subjects 
with no known personal or family history of cancer were used 
as negative controls for the IHC staining evaluation. In addi-
tion, 100 EDTA peripheral blood samples were collected from 
healthy blood donors to be used as a study control group for 
the molecular genotyping assay. The study protocol received 
ethical approval from the Institutional Review Board at John 
Hopkins Aramco Healthcare Center.

IHC staining and evaluation. All the FFPE tissue blocks were 
re‑cut into two representative sections that were mounted 
on slides and designated as CD30 and CD163. In addition, a 
normal lymph node tissue section was included as a quality 
control in each slide. All tissues were processed in the 
fully automated staining instrument Ventana Benchmark 
Ultra (Ventana Medical Systems, Inc., Tucson, AZ, USA) 
for antigen retrieval and immune staining. IHC included 
monoclonal antibody CD30 (clone BerH2, cat. no. 790‑2926, 
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Roche Diagnostics, Basel, Switzerland) and CD163 (clone 
10D6, product code: NCL‑L‑CD163, Leica Biosystems Ltd., 
Newcastle, UK; dilution 1:20), using a multimeric UltraView 
Universal DAB detection kit and Ventana iView™ DAB 
Detection kit (Ventana Medical Systems, Inc.).

IHC staining was evaluated by a pathologist to select the 
areas that contained CD30‑positive HRS cells; these were 
analyzed for CD163 expression on the surrounding TAMs. 
Sections lacking CD30‑positive cells, areas with fibrosis, 
blood vessels, reactive lymph nodes, necrosis and artifacts 
were excluded from the analysis field to minimize areas of 
non‑specific background staining. The tissue sections were 
examined manually using a Nikon ECLIPSE E600 micro-
scope (Nikon Corporation, Tokyo, Japan) under x40 lenses, 
equivalent to 1 high‑power field of 0.5 mm in diameter and 
an area of 0.196 mm2. The number of CD30‑positive cells 
in at least 10 fields was counted and a mean was calculated. 
For CD163‑stained slides, the number of CD163‑positive 
monocytes/macrophages surrounding a central cluster of 
CD30‑positive cells was counted in 10 fields, then the mean 
was also calculated. We herein intended to introduce a new 
methodology for calculating a ‘prognosis index’ of CD163, 
which was calculated by dividing the mean number of 
CD163‑positive TAMs by the mean number of CD30‑positive 
cells. Although CD30 IHC may stain activated B lymphocytes 
in addition to HRS cells, it is used as a baseline to differ-
entiate reactive B lymphocytes from malignant HRS cells. 
CD30‑positive reactive B lymphocytes were counted in the 
normal lymph node tissues (i.e., negative controls), selecting 
the inter‑follicular rather than the intrafollicular areas or sinu-
soidal spaces, and selecting the scattered non‑clustered cells 
in that area. CD30‑positive cells were used at denominator 
for the calculated CD163 index to eliminate errors and yield a 
more specific absolute number reflecting a more realistic index 
value. The equation used was as follows:

CD163 prognosis index=Mean number of CD163‑positive 
TAMs/mean number of CD30‑positive cells.

Genotyping by polymerase chain reaction (PCR) analysis. All 
FFPE sections of the CHL and control groups were assayed 
for molecular PCR genotyping. Two normal tonsillar fresh 
tissue specimens were also obtained to serve as PCR negative 
controls. In addition, two fresh lymph node tissue samples 
from newly diagnosed CHL patients served as PCR positive 
controls. Total genomic DNA was extracted from patients' 
FFPE and control group tissues, in addition to EDTA periph-
eral blood samples of the study control group, using QIAamp 
DNA FFPE Tissue (250) kit (cat. no. 56404, Qiagen Inc., USA) 
and Qiagen Mini Spin column technique, according to the 
manufacturer's instructions and specifications.

Genotyping assay was performed for seven CD163 gene 
SNPs, including four randomly selected SNPs at the promoter 
region (rs61729, rs11054197, rs11054195 and rs75608120), 
in addition to three different randomly selected SNPs at 
the protein‑coding region (rs200642325, rs61729510 and 
rs150018775) in both control and CHL patient samples. PCR 
was performed using 96‑well plates and TaqMan® GTXpress™, 
Genotyping Assays, Human, SM Kit (cat. no.  4351379; 
Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, 

MA, USA). The PCR reaction was performed with an Applied 
Biosystems 7500 Real Time PCR system following the stan-
dard manufacturer's protocols and the following conditions: 
Enzyme activation at 95˚C for 20 sec, then total of 40 cycles of 
both denaturation at 95˚C for 15 sec and annealing/extension 
at 60˚C for 60 sec.

Statistical analysis. All statistical analyses were performed 
using SPSS software, version 22.0 (IBM Corp., Armonk, NY, 
USA). The results were considered statistically significant 
at P≤0.05. CD163 IHC optimum threshold was determined 
using SPSS software based on the maximal χ2 value of the 
log‑rank test for disease relapse (DR), classified as low‑ and 
high‑risk. DR was defined as the time between treatment 
initiation and disease progression or relapse. Overall survival 
(OS) was defined as the time between treatment initiation and 
death from any cause. The t‑test was used for the association 
of the CD163 indices (high and low) with DR and OS. Fisher's 
exact probability (Chi‑squared) test was used to investigate 
any association of all the studied SNPs with DR and OS in 
CHL patients. One‑way analysis of variance was applied to 
investigate the association of the CD163 indices with different 
SNPs, and also for different HL stages and CHL subtypes. 
The correlation of the CD163 prognosis index with ESR for 
low‑stage CHL, and with IPS score for high‑stage CHL, were 
analyzed by t‑tests.

Survival curves were constructed using the Kaplan‑Meier 
method and assessed for statistical significance using the 
log‑rank test. Genotype and allele frequencies for all used 
SNPs were estimated using the online version of SHEsis 
Software (http://analysis.bio‑x.cn/myAnalysis.php). Fisher's 
exact probability (Chi‑squared) test was used to evaluate any 
associations of all the studied SNPs with DR and OS in the 
CHL patients included in this study.

Results

Demographic characteristics of the studied Saudi CHL 
patients. Our data demonstrated that 44% of the patients 
were female and 56% were male, with a male: Female ratio of 
1.3:1.0. The CHL patients' age at diagnosis ranged from 3 to 
80 years, with a median age of 42 years. The majority (78%) 
of the patients were aged <45 years (Table I). The aggregated 
data also revealed that the CHL entity constituted 85.2% 
of all newly diagnosed HL cases at JHAH, whereas NLP 
accounted for 14.8% of all cases over the past 26 years (Fig. 1). 
Moreover, ~81% of the cases diagnosed at JHAH exhibited a 
higher prevalence of the NS subtype of CHL compared with 
the other subtypes (Table I; Fig. 2). In addition, data analysis 
demonstrated that stage II and III CHLs were the most 
common among the studied Saudi patients (41.3 and 33.7%, 
respectively; Table I).

CD163 IHC staining. The microscopic examination of IHC 
staining for CD163 revealed that this protein is expressed on 
TAMs as surface/membranous and cytoplasmic/lysosomal 
staining in cases with a higher number of TAMs around HL cells; 
however, it was mainly expressed as cytoplasmic/lysosomal 
staining in cases with a lower number of TAMs surrounding 
HL cells. Only CD163‑positive TAMs (Fig. 3B) surrounding 
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a central cluster of CD30‑positive cells (Fig. 3A) were taken 
into consideration to calculate the CD163 index in this study. 

The CD163 prognosis index was calculated by dividing the 
number of CD163‑positive macrophages by the total number of 
CD30‑positive HRS cells in CHL patients, and by the number 
of CD30‑positive reactive B‑lymphocytes in the control 
group. When comparing the index mean of CD163 expressed 
on TAMs in CHL patients against that of the control group 
using Student's t‑test, a statistically significant difference was 
observed (P<0.001; Table II).

Determining the threshold of the CD163 prognosis index. 
The CD163 prognosis index threshold was determined using 
t‑test to compare the CD163 IHC mean of the relapsed cases 
vs. that of the non‑relapsed patients at several cut‑off values 
(5, 7, 10, 15, 20 and 25) of the CD163 index. A threshold value 

Figure 2. Prevalence of different CHL subtypes at the John Hopkins Aramco 
HealthCare (JHAH) Center‑KSA between 1990 and 2015. Data from JHAH 
Center‑KSA revealed a highest percentage of the NS‑CHL subtype in compar-
ison with the other subtypes in Saudi patients. CHL, classical Hodgkin's 
lymphoma; NLP, nodular lymphocyte‑predominant; NS, nodular sclerosis; 
LR, lymphocyte‑rich; MC, mixed‑cellularity; LD, lymphocyte‑depleted.

Figure 1. Prevalence of CHL vs. NLP at the John Hopkins Aramco 
HealthCare (JHAH) Center‑KSA between 1990 and 2015. Data from JHAH 
Center‑KSA revealed a higher number of CHL cases compared with the 
NLP type of HL in Saudi patients. CHL, classical Hodgkin's lymphoma; 
NLP, nodular lymphocyte‑predominant.

Figure 3. Immunohistochemical staining results. (A) CD30‑positive HRS cells 
(circles). (B) CD163‑positive monocytes/macrophages (arrows) surrounding the 
HRS cell cluster at a magnification of x40. HRS, Hodgkin and Reed‑Sternberg.

Table I. Demographic characteristics of CHL cases in the 
Saudi population at the John Hopkins Aramco HealthCare 
Center during the period between 1990 and 2015.

Demographic characteristics	 Total no. (n)	 %

Age (years)	 100	
  <45 	 78	 78.0
  >45	 27	 27.0
Sex	 100	
  Male	 56	 56.0
  Female	 44	 44.0
CHL stage 	 92	
  I	 8	 8.7
  II	 38	 41.3
  III	 31	 33.7
  IV	 15	 16.3
CHL subtype 	 100	
  NS	 81	 81.0
  MC	 13	 13.0
  LR	 5	 5.0
  LD	 1	 1.0
Treatment received (response)	 100	
  Curative	 98	 98.0
  Palliative	 2	 2.0
Relapse	 100	
  No relapse	 84	 84.0
  Relapsed	 16	 16.0
Overall survival	 100	
  Did not survive	 11	 11.0
  Survived	 89	 89.0

CHL, classical Hodgkin's lymphoma; NS, nodular sclerosis; MC, 
mixed‑cellularity; LD, lymphocyte‑depleted; LR, lymphocyte‑rich.
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of 15 reflected significant differences between the relapsed 
and non‑relapsed patient groups, with a P‑value of 0.008. 
Accordingly, CHL patients were divided into two stratification 
groups: Low‑risk (lower CD163 index, ≤15.0) and high‑risk 
(higher CD163 index, >15.0). In this study, 69/100 (69%) of 
CHL patients had a low CD163 index and 31/100 (31%) had a 
high CD163 index (Table III).

Association of CD163 IHC prognostic index with DR and 
OS in CHL. The analysis revealed that there was a statisti-
cally significant direct association of the CD163 index 
with DR and OS, with a Pearson's Chi‑squared P‑value of 
<0.001. Additionally, the CD163 index at the determined 
threshold level (15.0) was directly associated with DR 
(P=0.022, Fisher's exact test=0.034); however, it was not 
significantly associated with OS rate (P=0.173, Fisher's exact 
test=0.189).

Genotyping analysis of CD163 gene SNPs. Upon CD163 gene 
SNPs analysis, genotype and allele frequencies for all seven 
studied SNPs were calculated using the SHEsis Software. 
The analysis demonstrated that all CD163 gene SNPs were at 
Hardy‑Weinberg equilibrium (HWE) among controls (Fisher's 
P‑value >0.05), which indicated that our population was 
homogeneous, excluding rs75608120 SNP, which is located at 
the promoter region of the CD163 gene and was not in HWE 
among controls (Fisher's P‑value <0.001), indicating that our 
population was not homogeneous for this SNP (Table IV). The 
theory behind HWE states that in a given population, allele 
frequency as well as genotype frequency of any gene will 
persist among consecutive generations, unless evolutionary 
influences interfere.

Association of CD163 gene SNPs with DR and OS of CHL. 
Chi‑square analysis of allele genotype of the studied CD163 
gene SNPs revealed that there is no statistically significant 
association with DR or OS in CHL, except for one CD163 

SNP (rs75608120), which is located in the promoter region, 
and exhibited a statistically significant association with DR 
(P=0.032), but not with OS (Table V).

Testing the study hypothesis. In order to determine whether 
CD163 protein overexpression is stimulated by the pres-
ence of any SNP at the gene promoter region, or even at the 
protein‑coding region, the calculated CD163 prognostic index 
was evaluated for its association with its SNPs using analysis 
of variance (ANOVA). The analysis revealed that none of the 
studied SNPs were associated with the CD163 IHC protein 
expression (P=0.690). Thus, the null hypothesis was rejected.

Association of CD163 IHC prognostic index with ESR for 
low‑stage CHL. The CD163 IHC‑determined index was 
assessed via Student's t‑test for association with ESR, as this 
predictive biomarker is already used to assess the CHL risk 
for low‑stage HL (I and II). The analysis demonstrated a direct 
significant association between the ESR and the CD163 index 
(P<0.001): The CD163 index was higher in CHL cases with an 
ESR of >20 mm/h (Table VI).

Association of the CD163 IHC prognostic index with IPS 
score for high‑stage CHL. The statistical t‑test was used to 
assess the association of the IHC CD163 index with IPS, as 
it is the accepted tool used for predicting the HL risk for 
high‑stage CHL (III and IV). The analysis confirmed a signifi-
cant association between IPS and the CD163 index (P<0.001): 
The CD163 index was higher in CHL cases with an IPS of >3 
(Table VI).

CHL survival curve based on the established CD163 prog‑
nostic index threshold. The total number of relapsed and 
deceased CHL patients in our study was 27/100 (27%). A total 
of 16 CHL patients (16%) constituted the known relapsed CHL 
cases within a period ranging from 1 month to 12 years, with 
a median of 3.2 years. A total of 11/100 CHL patients (11%) 

Table II. Comparison of the CD163 index between CHL patients and control subjects.

Indices	 CHL patients (n=100)	 Controls (n=20)	 t‑test P‑value

CD163 (mean)	 13.5	 2.8	 <0.001

CHL, classical Hodgkin's lymphoma.

Table III. CHL risk stratification groups at the cut‑off value of the CD163 index in comparison with controls.

	 CHL patients	 Controls
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
CD163 IHC index (at cut‑off)	 n	 %	 n	 %	 P‑value

Low‑risk CHL (≤15)	 69	 69.0	 20	 100.0	 <0.001
High‑risk CHL (>15)	 31	 31.0	 0	 0	
Total	 100	 100.0	 20	 100.0	

CHL, classical Hodgkin's lymphoma; IHC, immunohistochemistry.
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succumbed to the disease within the same time period. A total 
of 11 CHL known cases died from the disease, the majority 
(9 out of 11) of them succumbed within the first 5 years, while 
the minority (2 out of 11) survived for >5 years. The median 
OS was ~3.5 years in our patient population (Table VII).

A survival curve was constructed for the CD163 index using 
the Kaplan‑Meier method, which calculates the cumulative 
survival rate. Accordingly, the CD163 index was statistically 
significant in high‑risk CHL patients (i.e., CD163 index 

>15.0) in comparison with the low‑risk patients (i.e., CD163 
index ≤15.0). Subsequently, there was an observable decline 
in the survival of high‑risk CHL patients (Fig. 4). Similarly, 
the hazard function analysis demonstrated a higher cumula-
tive hazard in the high‑risk CHL group (Fig. 5). The survival 
and the hazard function were assessed using the log‑rank test, 
which revealed a significant association between the CD163 
index and survival rate, with a P‑value of 0.039.

Discussion

In the present study, we first attempted to standardize the 
evaluation of CD163 expression on TAMs using IHC, and to 
determine a threshold level for CHL patients to help stratify 
disease prognosis. To investigate the effect of CD163 protein 
expression on CHL prognosis, the association of CD163 IHC 
with DR and OS was evaluated and found to be statistically 
significant (P<0.001). This finding confirms that an increased 
number of TAMs overexpressing CD163 is significantly 
associated with reduced progression‑free and overall survival 
after standard chemotherapy (with or without radiotherapy). 
Therefore, this antigen may be considered as a prognostic 
biomarker for CHL in Saudi patients.

We attempted to determine the threshold of IHC staining 
level of CD163 in order to stratify the CHL cases into low‑ 
and high‑risk groups. Based on the maximal χ2 value of the 
log‑rank test with regard to relapse and survival rate (i.e., DR 
and OS), the CD163 index threshold was determined as 15.0, 
with a Pearson's Chi‑squared P‑value of 0.008 and a Fisher's 
exact test P‑value of 0.014. This threshold value for CD163 

Table VI. Association of ESR and IPS score with the CD163 
index in HL patients.

Variables	 n	 %	 P‑value (t‑test)

ESR (stages I and II), mm/h	 46		  <0.001
  <20 	 20	 43.3	
  >20 	 26	 56.6	
IPS (stages III and IV)	 46		  <0.001
  <3	 18	 39.1	
  >3	 7	 15.2	

IPS was calculated based on HL stage, age, sex, white blood cell 
count, lymphocyte count, hemoglobin level and serum albumin. It is 
commonly used for advanced‑stage (III and IV) HL and it was calcu-
lated for 25 of the 46 cases, while in the rest of cases the albumin level 
was missing. ESR, erythrocyte sedimentation rate; IPS, international 
prognostic score; HL, Hodgkin's lymphoma.

Table V. Significance of the correlation between CD163 SNPs with the DR and OS rates of the CHL cases among Saudi patients 
at the John Hopkins Aramco HealthCare Center during the period between 1990 and 2015.

	 CHL patients	 Control group
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	   DR P‑value	 OS P‑value
CD163 promoter region SNPs	 n=100	 %	 n=100	 %	 NCa	 NCa

SNP1 (rs61729515)					   
  Homozygous for wild‑type allele 	 0	 0	 0.0	 0		
  Heterozygous	 0	 0	 0.0	 0		
  Homozygous for mutant allele 	 100	 100	 100.0	 100		
SNP2 (rs11054197)	 100		  100		  0.203	 0.573
  Homozygous for wild‑type allele 	 1	 1	 0.0	 0		
  Heterozygous	 15	 15	 9.0	 9		
  Homozygous for mutant allele 	 84	 84	 91.0	 91		
SNP3 (rs11054195)	 100		  100		  0.637	 0.637
  Homozygous for wild allele 	 0	 0	 0.0	 0		
  Heterozygous	 0	 0	 0.0	 0		
  Homozygous for mutant allele 	 100	 100	 100.0	 100		
SNP4 (rs75608120)	 100		  100		  0.032	 0.09
  Homozygous for wild allele 	 1	 1	 1.0	 1		
  Heterozygous	 1	 1	 3.0	 3		
  Homozygous for mutant allele 	 98	 98	 96.0	 96		

aNo statistics were computed because the variable was constant; only one group to compare. CHL, classical Hodgkin's lymphoma; 
SNP, single‑nucleotide polymorphism; DR, disease relapse; OS, overall survival.
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was significantly correlated with the number of relapsed 
CHL patients (P=0.022). Moreover, our study demonstrated 
that CD163 protein expression was significantly correlated 
with ESR in low‑stage (I and II) and with IPS in high‑stage 
(III and IV) CHL, with a P‑value of <0.001. This finding 
supports the use of CD163 expression levels in addition to 
ESR and IPS as biomarkers for predicting the prognosis of 
CHL.

To complete the study, we performed genetic typing of 7 
SNPs in the 5' region of the CD163 locus in 100 CHL patients 
and an equivalent number (i.e., n=100) of healthy controls. The 
7 polymorphisms were selected on the basis that they may 
guide, drive or affect the protein expression level of CD163. To 
the best of our knowledge, no previous study has investigated 
CD163 gene polymorphisms, or their correlation with the level 
of protein expression or CHL prognosis. We herein attempted 
to correlate the presence of different CD163 gene SNPs with 
CHL prognosis by calculating the statistical significance of 
these SNP genotypes with the DR and OS of CHL. Using the 
Chi‑squared test, we found that all the studied CD163 SNPs 
were insignificantly correlated with DR and OS in CHL 
patients, except for rs75608120 (a polymorphism located in the 
promoter region). This SNP exhibited a significant correlation 

with the DR of CHL (P=0.032), but not with OS (P=0.090). 
One of the main goals of the present study was to determine 
whether CD163 protein overexpression is guided or stimulated 
by the presence of any one SNP in CHL patients compared 
with healthy controls. Upon multivariate ANOVA, no signifi-
cant correlation was identified between CD163 expression on 
IHC and the studied SNPs in CHL patients (P=0.690), although 
the rs75608120 polymorphism may represent a separate single 
genetic predictive biomarker for CHL prognosis. In addition, 
the lack of an association between CD163 IHC and its studied 
SNPs in CHL may be due to the small number of CHL patients 
included in the present study. Further investigation is required 
to study more or even all the SNPs at the promoter region; 
however, this may indicate that the protein overexpression 
of CD163 on TAMs in CHL cases is not directly caused by 
any genetic polymorphism in its gene, but rather the result of 
immunological pathophysiology of TME crosstalk.

In conclusion, the present study provided valuable insight 
into the molecular genetics and antigenicity of CD163 and 
its effect on the prognosis of CHL in Saudi patients. CD163 
overexpression on TAMs was confirmed to be significantly 
associated with early relapse and reduced survival post‑therapy. 
To the best of our knowledge, the present study was also the 

Table VII. Summary of DR and OS in the studied CHL patients at the John Hopkins Aramco HealthCare Center.

	 DR	 OS
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
	 0‑6 months	 6 months‑5 years	 5‑10 years	 >10 years	 <5 years	 >5 years

No. of CHL patients	 3/100	 10/100	 2/100	 1/100	 9/100	 2/100

CHL, classical Hodgkin's lymphoma; DR, disease relapse; OS, overall survival.

Figure 4. Estimated survival curve based on the CD163 index (time is 
calculated in years).

Figure 5. Estimated hazard curve based on the CD163 index (time is 
calculated in years).
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first to define a specific genetic pattern that is clearly associ-
ated with the clinical outcome of CHL. Accordingly, CD163 
is a useful predictive antigenic and genetic biomarker for 
CHL prognosis in Saudi patients. Our findings may pave the 
way for improving the clinical management of CHL in the 
future through molecular analyses for gene expression and 
IHC, and they may help develop better therapeutic protocols 
incorporating pharmacogenetics and monoclonal antibodies 
specifically designed to block TAM receptors for CD163. 
Anti‑CD163 antibodies may be applied for the treatment of 
HL along with the currently available therapeutic options.
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