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Abstract: Background: This study aimed to assess the prognostic and predictive implications of CD47,
CD68, and CD163, biomarkers of tumor-associated macrophages (TAMs), on the treatment efficacy
and clinical outcomes of nasopharyngeal carcinoma (NPC). Additionally, the prognostic value of
TAM-related indices, such as the monocyte-to-lymphocyte ratio (MLR) and monocyte-to-albumin
ratio (MAR), was evaluated. Methods: A retrospective cohort of 54 patients with locally advanced or
oligometastatic NPC treated with concurrent chemoradiotherapy (CCRT), with or without induction
chemotherapy, was analyzed. Patients were categorized based on the cumulative expression scores
for CD47, CD68, and CD163: negative/low (0–3 points) and high (4–6 points). MLR and MAR were
also stratified as low MLR (<0.545) vs. high MLR (≥0.545) and low MAR (<16.145) vs. high MAR
(≥16.145). The primary endpoint was overall survival (OS). Results: High CD47, CD68, and CD163
expression levels were correlated with advanced clinical stage, reduced CCRT response, and elevated
MLR and MAR. These TAM biomarkers were linearly correlated with each other and with established
risk factors such as advanced age and elevated EBV-DNA levels. Kaplan–Meier analysis revealed
that patients with low TAM expression had significantly longer OS and progression-free survival
(PFS) than those with high TAM expression. Multivariate analysis identified high CD163, MLR, and
MAR levels as independent adverse prognostic factors for OS. Elevated MLR is an independent
risk factor for both OS and PFS in patients with NPC. Conclusions: CD47, CD68, and CD163 are
significant prognostic markers in NPC, with higher levels being associated with poorer OS and PFS.
Elevated MLR and MAR values also predict worse outcomes, underscoring their value as prognostic
tools. CD163 and MLR are particularly strong predictors, highlighting the crucial role of TAMs in
NPC management and suggesting that CD163 is a potential therapeutic target within the immune
checkpoint pathway.

Keywords: nasopharyngeal carcinoma; CD47; CD68; CD163; tumor-associated macrophages;
monocyte-to-lymphocyte ratio; monocyte-to-albumin ratio; prognosis; survival; immunotherapy

1. Introduction

Nasopharyngeal carcinoma (NPC) is a distinct subtype of head and neck cancer with
a decreasing incidence rate of approximately 1 per 100,000 annually in recent years [1].
Nevertheless, it is significantly more prevalent, six to nine times greater in Southeast Asia
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and North Africa than in other global regions [2–4]. NPC exhibits a male predilection,
occurring three times more frequently in males than in females, and it is notably linked to
latent Epstein–Barr virus (EBV) infection in endemic areas [3–5]. Furthermore, due to its
distinct structural characteristics, including pronounced intratumoral heterogeneity, and
its evaluation within the context of ecological and evolutionary processes, it represents a
unique subgroup within head and neck tumors [6]. Despite advancements in radiotherapy
techniques that reduce regional recurrence rates, NPC still exhibits a high propensity for
distant metastases [7,8]. In early-stage NPC (T1-2, N0), definitive radiotherapy alone is
an effective treatment [9,10]. However, for locally advanced and advanced stages (stage
II to IVb), the current standard approach involves induction chemotherapy (gemcitabine–
cisplatin) followed by concurrent chemoradiotherapy (CCRT) [9,11,12]. To mitigate the
risk of systemic recurrence, ongoing efforts are exploring maintenance therapies such as
capecitabine, following these established protocols [13]. Additionally, the emergence of
immune checkpoint inhibitors, a prominent focus of cancer research in recent years, has
been investigated in NPC. In a pivotal study by Mai et al., the PD-1 inhibitor toripal-
imab exhibited clinically significant survival advantages when integrated with standard
chemotherapy for the treatment of recurrent or metastatic NPC, leading to FDA approval
in late 2023 [14]. Understanding the interactions between NPC and the immune system,
particularly the mechanisms of immune evasion and the potential of immune checkpoint
inhibitors, is crucial for the development of effective therapies [15,16]. Ongoing research
continues to explore new ways to harness the immune system to improve the outcomes of
patients with NPC.

CD47, alternatively referred to as integrin-associated protein (IAP), is a transmem-
brane protein associated with binding proteins that plays a pivotal role in numerous
physiological processes, including immune regulation, cell signaling, and the maintenance
of tissue homeostasis [17,18]. CD47, known for its role as a “don’t eat me” signal on
the cell surface, inhibits phagocytosis when it binds to signal regulatory protein alpha
(SIRPα), which is expressed on macrophages [19,20]. This interaction prevents clearance
of healthy cells through the immune system. This mechanism ensures the maintenance of
immune tolerance and mitigates autoimmune reactions [21,22]. Increased expression of
CD47 on the surface of tumor cells enables them to evade phagocytosis, thereby facilitating
tumor growth and progression [19–22]. This phenomenon has been correlated with poor
survival outcomes in studies of gastric and ovarian cancer [23,24]. Moreover, various ap-
proaches, such as monoclonal antibodies that block CD47-SIRPα interaction, appear to have
promising and innovative potential in cancer immunotherapy [25,26]. Research on lung
and breast cancers has shown that antibody–drug conjugates (ADCs) developed against
CD47 can inhibit tumor growth and eliminate radioresistant cells [27–29]. Despite these
efforts, challenges such as managing side effects and overcoming resistance mechanisms
remain [30].

CD68, also known as macrosialin, is a transmembrane glycoprotein found in lyso-
somes and late endosomes of cells belonging to the mononuclear phagocytic system,
particularly macrophages, monocytes, and dendritic cells [31]. It plays a role in various cel-
lular functions, including phagocytosis, endocytosis, antigen presentation, and lysosomal
degradation. Specifically, it facilitates the uptake and digestion (phagocytosis) of foreign
particles, cellular debris, and pathogens by macrophages, thereby contributing to tissue
homeostasis and immune defense. Under inflammatory conditions, CD68 expression typi-
cally increases in activated macrophages and infiltrating monocytes, leading to enhanced
phagocytic activity [31]. Consequently, in tissue immunohistochemical analyses, CD68 is
widely used as a marker for macrophages and monocytes. Increased expression of CD68
in tumor tissues has been associated with favorable survival outcomes in head and neck
cancers [32]. However, in many other cancer types such as glioblastoma, pancreas, liver,
lung, kidney, and thyroid cancers, it has been linked to tumor progression, metastasis, and
poor clinical outcomes [33,34]. Moreover, based on findings from studies across different
cancer types [35,36], its interaction with receptors directly influences immune checkpoint
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pathways, such as PD-1 and PD-L1, and its potential impact on resistance mechanisms
suggest that it is a promising therapeutic target in cancer immunotherapy.

CD163 is a transmembrane glycoprotein belonging to the scavenger receptor cysteine-
rich (SRCR) superfamily and is expressed on the surface of monocyte–macrophage lineage
cells [37]. It plays a crucial role in maintaining iron homeostasis and protecting tissues
from oxidative stress by interacting with the haptoglobin–hemoglobin complex to facilitate
the clearance of free hemoglobin and prevent oxidative damage [37]. Additionally, CD163
can trigger anti-inflammatory signaling pathways within macrophages, leading to the
production of anti-inflammatory cytokines, such as interleukin-10, and suppression of
pro-inflammatory responses [37]. Increased CD163-positive tumor-associated macrophages
(TAMs) in the tumor microenvironment have been associated with tumor progression,
metastasis, and poor prognosis in specific cancer types [38–43]. Recent research, partic-
ularly focusing on immunotherapy, has shown promising potential for developing new
therapeutic approaches and improving treatment options.

The primary objective of this study was to evaluate the prognostic significance of
CD47, CD68, and CD163 expression levels, identified as TAM biomarkers, on the sur-
vival outcomes of patients with stage II-IVB NPC. Moreover, this study examined the
potential influence of prognostic indices, such as the monocyte-to-lymphocyte ratio (MLR)
and the monocyte-to-albumin ratio (MAR), which are evaluated prior to treatment and
predominantly reflect monocyte activity in peripheral blood, on therapeutic efficacy and
clinical outcomes in NPC. Additionally, the correlation between these indices and TAMs, as
determined through immunohistochemical analysis of tumor tissues, has been explored. To
the best of our knowledge, this study is the first to research to simultaneously investigate
TAM biomarkers (CD47, CD68, and CD163) in a triple combination in NPC. Furthermore,
the current study holds promise in the rapidly accelerating field of research focused on
immune checkpoint pathways, suggesting potential for the development of new combi-
nations, overcoming resistance mechanisms, and expanding treatment options in near
the future.

2. Materials and Methods
2.1. Study Design, Patient Selection, and Collection of the Data

Following ethical approval from the Institutional Ethics Committee (approval number:
2023-342), 93 patients treated at the Clinical Oncology Department of Health Sciences
University Antalya Education and Research Hospital (HSUAERH) with a pathologically
confirmed diagnosis of NPC between February 2014 and May 2023 were retrieved from the
archival records. Given the high potential for long-lasting responses to local treatments in
stage 1 nasopharyngeal cancer, with 5-year survival rates of 85–90%, early-stage patients
were excluded from the study to mitigate challenges in interpreting disease-free and
overall survival data during clinical follow-up. Due to the substantial disparity in 5-year
survival rates between patients with distant visceral organ involvement (10–30%) and
those with locally advanced or oligometastatic disease (60–75%), 13 patients presenting
with visceral metastatic involvement at the time of diagnosis were excluded from the
study. Additionally, nine patients with inadequate tumor tissue for immunohistochemical
analysis of CD47, CD68, and CD163 were excluded. Patients younger than 18 years or
older than 80 years, those with an uncontrolled second primary cancer diagnosis, seven
patients with a history of prolonged immunosuppressive treatment due to chronic immune
or inflammatory conditions or antibiotic use, and ten patients with incomplete medical
laboratory or radiological data during clinical follow-up were excluded from the study. In
conclusion, 54 patients who adhered to the core design and met all the study criteria were
included in the final analysis (Figure 1).



Diagnostics 2024, 14, 2648 4 of 15

Diagnostics 2024, 14, x FOR PEER REVIEW 4 of 15 
 

 

study. In conclusion, 54 patients who adhered to the core design and met all the study 
criteria were included in the final analysis (Figure 1). 

 
Figure 1. Flowchart of the study according to CONSORT diagram. Abbreviations: NPC, nasopha-
ryngeal carcinoma; MLR, monocyte-to-lymphocyte ratio; MAR, monocyte-to-albumin ratio; CON-
SORT, consolidated standards of reporting trials. 

The medical records of the patients, including demographic and clinical data such as 
age, sex, Eastern Cooperative Oncology Group (ECOG) performance status, body mass 
index, smoking status, presence of comorbidities, alcoholism, pre-treatment peripheral 
complete blood count, comprehensive biochemical analyses, plasma EBV-DNA copy 
number, tumor node metastasis (TNM) category, tumor grade, clinical stage, disease bur-
den categorized as locoregional or oligometastatic, induction chemotherapy status, cho-
sen induction chemotherapy regimen, response after induction chemotherapy, chemo-
therapy agents administered with CCRT, response after CCRT, adjuvant chemotherapy 
status, chosen adjuvant chemotherapy regimen, and development of progression and 
mortality during clinical follow-up, were obtained from the archives of the oncology de-
partment at HSUAERH. MLR was calculated using the formula described by Xiang et al. 
[44]: MLR = (monocytes/lymphocytes). MAR was calculated according to Zhao et al. [45]: 
MAR = (monocyte/albumin). 

2.2. Treatment Details and Response Assessment 
All patients included in the study were staged according to the American Joint Com-

mittee on Cancer (AJCC) 8th edition, utilizing Fluorine-18 fluorodeoxyglucose (FDG) pos-
itron emission tomography (PET) and magnetic resonance imaging (MRI) scans prior to 
treatment initiation. For patients classified as stage II to IVb, the standard treatment pro-
tocol comprised either CCRT or induction chemotherapy with cisplatin–gemcitabine or 
cisplatin–5FU followed by CCRT [12]. All patients were administered cisplatin or car-
boplatin as a part of CCRT. Subsequently, patients under clinical follow-up were moni-
tored every three months through serial radiological examinations and blood tests. Clini-
cal responses were assessed and categorized as complete response (CR), partial response 
(PR), stable disease (SD), or progressive disease (PD) in accordance with the revised Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) guidelines (version 1.1). Progres-
sion-free survival (PFS) was defined as the time from the date of initial diagnosis to pro-
gression, death, or the last follow-up. Overall survival (OS) was calculated as the time 
from the date of histological diagnosis to death or last follow-up. The primary endpoint 
of interest was the OS. 

Figure 1. Flowchart of the study according to CONSORT diagram. Abbreviations: NPC, nasopharyn-
geal carcinoma; MLR, monocyte-to-lymphocyte ratio; MAR, monocyte-to-albumin ratio; CONSORT,
consolidated standards of reporting trials.

The medical records of the patients, including demographic and clinical data such as
age, sex, Eastern Cooperative Oncology Group (ECOG) performance status, body mass
index, smoking status, presence of comorbidities, alcoholism, pre-treatment peripheral
complete blood count, comprehensive biochemical analyses, plasma EBV-DNA copy num-
ber, tumor node metastasis (TNM) category, tumor grade, clinical stage, disease burden
categorized as locoregional or oligometastatic, induction chemotherapy status, chosen
induction chemotherapy regimen, response after induction chemotherapy, chemotherapy
agents administered with CCRT, response after CCRT, adjuvant chemotherapy status,
chosen adjuvant chemotherapy regimen, and development of progression and mortality
during clinical follow-up, were obtained from the archives of the oncology department
at HSUAERH. MLR was calculated using the formula described by Xiang et al. [44]:
MLR = (monocytes/lymphocytes). MAR was calculated according to Zhao et al. [45]:
MAR = (monocyte/albumin).

2.2. Treatment Details and Response Assessment

All patients included in the study were staged according to the American Joint Com-
mittee on Cancer (AJCC) 8th edition, utilizing Fluorine-18 fluorodeoxyglucose (FDG)
positron emission tomography (PET) and magnetic resonance imaging (MRI) scans prior
to treatment initiation. For patients classified as stage II to IVb, the standard treatment
protocol comprised either CCRT or induction chemotherapy with cisplatin–gemcitabine or
cisplatin–5FU followed by CCRT [12]. All patients were administered cisplatin or carbo-
platin as a part of CCRT. Subsequently, patients under clinical follow-up were monitored
every three months through serial radiological examinations and blood tests. Clinical
responses were assessed and categorized as complete response (CR), partial response (PR),
stable disease (SD), or progressive disease (PD) in accordance with the revised Response
Evaluation Criteria in Solid Tumors (RECIST) guidelines (version 1.1). Progression-free
survival (PFS) was defined as the time from the date of initial diagnosis to progression,
death, or the last follow-up. Overall survival (OS) was calculated as the time from the date
of histological diagnosis to death or last follow-up. The primary endpoint of interest was
the OS.
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2.3. Immunohistochemical Study and CD47-CD68-CD163 Scoring System

Tissue sections were acquired from slides that had been pre-coated and cut from tissue
blocks at a thickness of 4 µm. Deparaffinization was performed using xylene followed
by rehydration with graded ethanol solutions. The tissue sections were then incubated
overnight at 4 ◦C in a humidified chamber with rabbit recombinant monoclonal antibody
CD47 (EPR21794 CN), mouse recombinant monoclonal antibody CD68 (KP1 CN), and
rabbit recombinant monoclonal antibody CD163 (EPR19518 CN) at dilution ratios of 1:750,
1:1000, and 1:500, respectively (Abcam, Cambridge, United Kingdom) (CN;clone number).
Ultimately, two head and neck pathologists blinded to the clinical data assessed and scored
the stained tissue slides.

Prostate tissue was utilized as the positive control for CD47, while tonsil tissue served
as the positive control for CD68 and CD163. The slides stained for CD47, CD68, and
CD163 were examined under a light microscope. Membranous or cytoplasmic staining
was considered positive for CD47, whereas dot-like granular or cytoplasmic staining was
regarded as positive for CD68 and CD163.

The staining intensity was categorized according to the following scale: 0, absence of
staining; 1, weak staining; 2, moderate staining; and 3, strong staining (Figure 2). Tumor
cell staining percentage was categorized based on the following criteria: 0 for staining less
than 10% (considered negative), 1 for staining 10% or more but less than 50%, 2 for staining
50% or more but less than 80%, and 3 for staining 80% or more [46]. The final scores for
CD47, CD68, and CD163 were determined by summing the stain density (rated from 0 to
3) and stain coverage percentage (rated from 0 to 3), yielding a combined score ranging
from a minimum of 0 to a maximum of 6 for each case. Patients were categorized into two
distinct groups according to their CD47, CD68, and CD163 cumulative expression scores:
negative/low (0–2/3 points) and high (4–6 points) (Figure 2). Subsequent comparative
statistical analyses of the clinical data were performed using this classification scheme.
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in peritumoral and intratumoral macrophages. (F) Low expression of CD163 in peritumoral and
intratumoral macrophages (DAB, ×100). DAB (diaminobenzidine).
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Ethical considerations were adhered to throughout this study, which was conducted
in compliance with the Helsinki Declaration of 1964 as revised in 2013. The study pro-
tocol was thoroughly reviewed and approved by the institutional review board of the
HSUAERH (Approval Number: 2023-342). Given the retrospective design of this study,
patient consent was not mandatory. Nonetheless, to safeguard patient confidentiality, data
were anonymized.

2.4. Statistical Analysis

Statistical analyses were performed using Statistical Package for Social Sciences (SPSS)
version 27 for Windows (IBM SPSS Inc., Chicago, IL, USA). The sample size was calcu-
lated using the G-Power 3.1.9.2 program. With an effect size of 0.40, a type I error rate
of 0.05, and a test power of 95%, it was determined that a sample size of 52 tissue sam-
ples would be sufficient for the study. The normal distribution suitability of continuous
data was evaluated using the Kolmogorov–Smirnov and Shapiro–Wilk tests. Numerical
variables conforming to a normal distribution are expressed as mean ± standard devia-
tion, whereas those deviating from normality are presented as median (min–max). The
predictive accuracy of MLR and MAR for mortality was evaluated using receiver operating
characteristic (ROC) curve analysis. The optimal cut-off values for the MLR and MAR
ratios were determined using the Youden Index method within the ROC curve analysis.
Continuous data were compared using the independent samples t-test or Mann–Whitney
U test. Categorical data were compared using Pearson’s chi-squared test. Fisher’s exact
test was used when expected value problems arose. PFS and OS were estimated using
the Kaplan–Meier method and compared using the log-rank test. Variables significantly
associated with survival in univariate analysis were further analyzed using multivariate
Cox regression models. Statistical significance was defined as p < 0.05 for all analyses.

3. Results

The median age of the cohort was 57 years (range: 19–82 years). Thirty-five patients
(64.8%) were aged > 55 years, and 43 patients (79.6%) were male. A history of smoking was
documented in 34 patients (63%), whereas 13 patients (24.1%) reported a history of alcohol
consumption. Seventeen patients had comorbid conditions, predominantly cardiovascular
disease. EBV-DNA levels exceeding 65 copies/mL were detected in 32 patients (59.3%). The
ECOG PS was 0–1 in 49 patients and 2 in 5 patients. In the majority of patients (64.8%), the
tumor grade was 3. According to TNM staging, 48.1% of the patients had T3-4 tumors, and
59% had N2-3 lymph node involvement. According to clinical staging, 32 patients (59.3%)
were classified as having Stage II-III disease, whereas 22 patients (40.7%) were classified as
having Stage IVA-IVB disease. At diagnosis, 46 patients (85.2%) presented with locoregional
disease, while 8 patients (14.8%) had oligometastatic disease. Among the 46 patients
(%85.2) who received induction chemotherapy, 28 (60.9%) were treated with cisplatin
plus gemcitabine, while 18 (39.1%) received a modified DCF regimen. The response to
induction chemotherapy was assessed based on the RECIST criteria. SD was observed in
15 patients (32.6%), PR in 21 (45.7%), and CR in 10 (21.7%). All patients underwent CCRT
with either cisplatin (87%) or carboplatin (13%). In the response evaluation following CCRT,
seven patients exhibited PD, 15 patients had SD, and 32 patients showed either PR or CR.
Adjuvant chemotherapy was administered to 37 (68.5%) patients. The most frequently
used regimen was cisplatin plus fluorouracil (5FU), administered to 22 patients, followed
by gemcitabine in 9 patients, and capecitabine in 6 patients. Table 1 provides a detailed
summary of the sociodemographic and clinical characteristics of NPC patients categorized
according to CD47, CD68, and CD163 expression levels.
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Table 1. Comparison of sociodemographic and clinicopathological characteristics of patients classified
according to CD47, CD68, and CD163 expression levels (all patients, n = 54).

Variables

CD47 Expression CD68 Expression CD163 Expression

Negative/Low High
p *

Negative/Low High
p *

Negative/Low high
p *

n, (%) n, (%) n, (%) n, (%) n, (%) n, (%)

Age
<55 14 (48.3) 5 (20)

0.029
10 (40) 9 (31)

0.343
12 (52.2) 7 (22.6)

0.025
≥55 15 (51.7) 20 (80) 15 (60) 20 (69) 11 (47.8) 24 (77.4)

Sex
Male 21 (72.4) 22 (88)

0.14
20 (80) 23 (79.3)

0.61
19 (82.6) 24 (77.4)

0.454
Female 8 (27.6) 3 (12) 5 (68) 6 (20.7) 4 (17.4) 7 (22.6)

ECOG PS
0–1 29 (100) 20 (80)

0.017
24 (96) 25 (86.2)

0.225
22 (95.7) 27 (87.1)

0.283
2 0 (0) 5 (20) 1 (4) 4 (13.8) 1 (4.3) 4 (12.9)

Smoking status
No 10 (34.5) 10 (40)

0.445
9 (36) 11 (37.9)

0.555
7 (30.4) 13 (41.9)

0.282
Yes 19 (65.5) 15 (60) 16 (64) 18 (62.1) 16 (69.6) 18 (58.1)

Comorbidity
No 21 (72.4) 16 (64)

0.355
17 (68) 20 (69)

0.585
18 (78.3) 19 (61.3)

0.151
Yes 8 (27.6) 9 (36) 8 (32) 9 (31) 5 (21.7) 12 (38.7)

Alcohol
consumption

No 21 (72.4) 20 (80)
0.372

19 (76) 22 (75.9)
0.622

17 (73.9) 24 (77.4)
0.506

Yes 8 (27.6) 5 (20) 6 (24) 7 (24.1) 6 (26.1) 7 (22.6)

EBV-DNA copy
number

Low 17 (53.1) 5 (20)
0.004

13 (52) 9 (31)
0.099

13 (56.5) 9 (29)
0.04

High 12 (46.9) 20 (80) 12 (48) 20 (69) 10 (43.5) 22 (71)

Clinical stage
II-III 22 (75.9) 10 (40)

0.008
20 (80) 12 (41.4)

0.004
17 (73.9) 15 (48.4)

0.053
IVA-IVB 7 (24.1) 15 (60) 5 (20) 17 (58.6) 6 (26.1) 16 (51.6)

Disease
burden

Locoregional 29 (100) 17 (68)
0.001

25 (100) 21 (72.4)
0.004

23 (100) 23 (74.2)
0.008

Oligometastatic 0 (0) 8 (32) 0 (0) 8 (27.6) 0 (0) 8 (25.8)

Response to CCRT

PD 1 (3.4) 6 (24)

<0.001

1 (4) 6 (20.7)

<0.001

1 (4.3) 6 (19.4)

0.005SD 3 (10.4) 12 (48) 1 (4) 14 (48.3) 3 (13.1) 12 (38.7)

PR + CR 25 (86.2) 7 (28) 23 (92) 9 (31) 19 (82.6) 13 (41.9)

MLR
Low 28 (96.6) 7 (28)

<0.001
23 (92) 12 (41.4)

<0.001
21 (91.3) 14 (45.2)

<0.001
High 1 (3.4) 18 (72) 2 (8) 17 (58.6) 2 (8.7) 17 (54.8)

MAR
Low 27 (93.1) 8 (32)

<0.001
21 (84) 14 (48.3)

0.006
22 (95.7) 13 (41.9)

<0.001
High 2 (6.1) 17 (68) 4 (16) 15 (51.7) 1 (4.3) 18 (58.1)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; EBV, Epstein–Barr virus
(≥65 copies/mL = positive or high); CCRT, concurrent chemoradiotherapy; PD, progressive disease; SD, stable
disease; PR, partial remission; CR, complete remission; MLR, monocyte-to-lymphocyte ratio; MAR, monocyte-to-
albumin ratio; * statistically significant (p <0.05).

3.1. Cut-Off Values of the Laboratory Parameters

The MLR and MAR indices were assessed for their predictive efficacy with respect
to mortality using ROC curve analysis (Table 2). MLR exhibited the highest area under
the ROC curve (AUC) at 0.898 (95% CI: 0.80–0.99), followed by MAR at 0.870 (95% CI:
0.76–0.97) (Figure 3). The optimal cutoff values, determined using the maximum Youden
index, were 0.545 for MLR and 16.145 for MAR.

Table 2. AUC values for MLR and MAR compared using ROC curve analysis.

AUC 95% CI Sensitivity Specificity p

MLR 0.898 0.800–0.995 82.6% 100% <0.0001

MAR 0.870 0.766–0.973 82.6% 77.4% <0.0001
Abbreviations: AUC, area under the curve; CI, confidence interval; MLR, monocyte-to-lymhocyte ratio; MAR,
monocyte-to-albumin ratio.
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CD47 expression was negative or low in 29 (53.7%) NPC patients, whereas 25 (46.3%)
had high CD47 expression. High CD47 expression was significantly associated with older
age (p = 0.029), lower ECOG PS (p = 0.017), elevated EBV-DNA levels (p = 0.004), advanced
clinical stage (p = 0.008), oligometastatic burden (p = 0.001), reduced response to CCRT
(p < 0.001), increased MLR and MAR (p < 0.001), and higher CD68 and CD163 expressions
(p < 0.001) (Tables 1 and 3).

Table 3. The relationship between the expressions of CD47, CD68, and CD163.

CD47
p

CD68
p

CD163
pNegative/

Low High Negative/
Low High Negative/

Low High

CD68
0/low 23 (79.3) 2 (8.0)

<0.001 CD163
0/low 18 (72.0) 5 (17.2)

<0.001 CD47
0/low 20 (87.0) 9 (29.0)

<0.001
high 6 (20.7) 23 (92.0) high 7 (28.0) 24 (82.8) high 3 (13.0) 22 (71.0)

CD163
0/low 20 (69.0) 3 (12.0)

<0.001 CD47
0/low 23 (92.0) 6 (20.7)

<0.001 CD68
0/low 18 (78.3) 7 (22.6)

<0.001
high 9 (31.0) 22 (88.0) high 2 (8.0) 23 (79.3) high 5 (21.7) 24 (77.4)

CD68 expression was negative or low in 25 (46.3%) NPC patients, whereas 29 (53.7%)
had high CD68 expression. High CD68 expression was significantly associated with
advanced clinical stage (p = 0.004), oligometastatic burden (p = 0.004), reduced response to
CCRT (p < 0.001), increased MLR (p < 0.001), increased MAR (p = 0.006), and higher CD47
and CD163 expressions (p < 0.001) (Tables 1 and 3).

CD163 expression was negative or low in 23 (42.6%) NPC patients, whereas 31 (57.4%)
had high CD163 expression. High CD163 expression was significantly associated with
older age (p = 0.025), elevated EBV-DNA levels (p = 0.04), oligometastatic burden (p = 0.008),
reduced response to CCRT (p = 0.005), increased MLR and MAR (p < 0.001), and higher
CD47 and CD68 expressions (p < 0.001) (Tables 1 and 3). The results of the comparison of
the CD47, CD68, and CD163 expression levels are presented in Table 3.
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3.2. Survival Analysis

Over a median follow-up period of 47.2 months, disease progression was observed
in 25 patients (46.3%), and 19 patients (35.1%) died. In patients with locally advanced
and oligometastatic NPC, the median OS and PFS were 86 months (95% CI; 46.3–125.7)
and 77 months (95% CI; 35.5- 118.5). The median OS levels for patients exhibiting high
expression levels of CD47, CD68, and CD163 were 25 months (95% CI; 6.3–43.6), 38 months
(95% CI; 12.1–63.9), and 44 months (95% CI; 33.1–54.9), respectively. The median OS
levels for patients with negative or low expression levels of CD47, CD68, and CD163 were
109 months (95% CI; 88.2–120.2), 94 months (95% CI: 75.1–112.9), and 94 months (95%
CI: 81.9–106.1). The median PFS levels for patients exhibiting high expression levels of
CD47, CD68, and CD163 were 21 months (95% CI; 10.4–31.6), 25 months (95% CI; 12.9–37.1),
and 34 months (95% CI; 12.8–55.2), respectively. The median PFS levels for patients with
negative or low expression levels of CD47, CD68, and CD163 were 87 months (95% CI;
66.9–107.4), 85 months (95% CI: 50.6–118.5), and 79 months (95% CI: 61.9–96.1). Patients
with low or negative expression levels of CD47, CD68, and CD163 exhibited significantly
longer OS and PFS than those with high expression levels of CD47, CD68, and CD163.
Kaplan–Meier survival curves for OS and PFS stratified by negative or low and high
expression levels of CD47, CD68, and CD163 are shown in Figures 4 and 5, respectively.
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The clinical and immunohistochemical data affecting the OS of patients with NPC were
investigated using a univariate Cox proportional hazards model (Table 4). In univariate
analysis, age, alcohol consumption, EBV-DNA level, clinical stage, disease burden, MLR,
MAR, CD47, CD68, and CD163 were significantly associated with OS (p < 0.05). In the
multivariate analysis, MLR, MAR, and CD163 were significantly associated with overall
survival (p < 0.05) (Table 4). In the univariate Cox proportional hazards model, the following
factors were significantly associated with PFS (p < 0.05): age, alcohol consumption, EBV-
DNA level, clinical stage, MLR, MAR, CD47, CD68, and CD163 (Table 5). In multivariate
analysis, only MLR demonstrated a statistically significant association with PFS (p < 0.05)
(Table 5). Both univariate and multivariate analyses revealed that high expression levels
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of CD163 or high MLR and MAR scores were adverse prognostic factors associated with
reduced OS (Table 4). An elevated MLR score independently constituted a risk factor for
both OS and PFS in patients with NPC (Tables 4 and 5). Furthermore, it was a robust
predictor of adverse clinical outcomes.

Table 4. Cox regression analysis of overall survival in patients with locally advanced and
oligometastatic nasopharyngeal carcinoma.

Overall Survival

Univariate Analysis Multivariate Analysis

HR 95% CI p HR 95% CI p

Age 0.07 0.01–0.54 0.011 Age 0.17 0.02–1.54 0.115

Sex 0.51 0.17–1.53 0.228 Sex - - -

Smoking 1.47 0.60–3.57 0.398 Smoking - - -

Alcohol 0.12 0.02–0.86 0.035 Alcohol 0.61 0.07–5.28 0.652

EBV-DNA 3.08 1.43–10.10 0.007 EBV-DNA 5.17 0.94–28.54 0.059

ECOG PS 3.01 1.00–9.50 0.050 ECOG PS 1.49 0.35–6.35 0.587

Clinical stage 2.80 1.17–6.71 0.021 Clinical stage 0.59 0.22–1.59 0.29

Disease burden 4.40 1.63–11.87 0.003 Disease burden 2.74 0.65–11.48 0.169

MLR 84.93 11.06–652.3 <0.001 MLR 187.14 6.79–5151.0 0.002

MAR 11.34 4.06–31.81 <0.001 MAR 9.76 1.50–63.45 0.017

CD47 19.84 4.50–87.57 <0.001 CD47 0.33 0.01–16.36 0.574

CD68 5.79 1.92–17.42 0.002 CD68 8.82 0.42–184.03 0.160

CD163 3.31 1.21–9.06 0.019 CD163 0.34 0.03–0.45 0.010
Abbreviations: EBV, Epstein–Barr virus; ECOG PS, Eastern Cooperative Oncology Group Performance Status;
MLR, monocyte-to-lymphocyte ratio; MAR, monocyte-to-albumin ratio.

Table 5. Cox regression analysis of progression-free survival in patients with locally advanced and
oligometastatic nasopharyngeal carcinoma.

Progression-Free Survival

Univariate Analysis Multivariate Analysis

HR 95% CI p HR 95% CI p

Age 0.87 0.01–0.65 0.017 Age 0.31 0.03–2.84 0.299

Sex 0.51 0.17–1.51 0.223 Sex - - -

Smoking 1.30 0.54–3.12 0.558 Smoking - - -

Alcohol 0.13 0.02–0.96 0.046 Alcohol 0.49 0.04–5.57 0.566

EBV-DNA 3.32 1.28–8.62 0.014 EBV-DNA 1.05 0.26–4.28 0.941

ECOG PS 2.89 0.96–8.72 0.060 ECOG PS - - -

Clinical stage 2.66 1.10–6.40 0.029 Clinical stage 0.79 0.28–2.30 0.671

Disease burden 2.31 0.88–6.12 0.091 Disease burden - - -

MLR 22.65 16.53–78.64 <0.001 MLR 14.77 1.92–113.45 0.010

MAR 7.68 2.95–20.03 <0.001 MAR 1.50 0.29–7.69 0.625

CD47 11.80 3.86–36.10 <0.001 CD47 1.85 0.12–28.78 0.574

CD68 5.39 1.95–14.90 0.001 CD68 2.52 0.30–20.95 0.394

CD163 3.21 1.17–8.84 0.024 CD163 0.14 0.02–1.33 0.087
Abbreviations: EBV, Epstein–Barr virus; ECOG PS, Eastern Cooperative Oncology Group Performance Status;
MLR, monocyte-to-lymphocyte ratio; MAR, monocyte-to-albumin ratio.
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4. Discussion

TAMs are key components of the tumor microenvironment and play a crucial role in
cancer progression, immune evasion, and metastasis. TAMs are typically polarized into a
phenotype that supports tumor growth, often referred to as the M2-like phenotype. The
expression of specific biomarkers such as CD47, CD68, and CD163 is associated with these
TAMs and has been studied extensively in relation to cancer prognosis [46–50]. Elevated
expression levels of CD47, CD68, and CD163 are commonly associated with a more im-
munosuppressive tumor microenvironment, which promotes tumor growth, metastasis,
and resistance to treatment. Extensive cancer research has shown that tumors with high ex-
pression of these biomarkers are associated with poorer prognosis, characterized by reduced
OS and PFS [46,48–50]. This prompted the investigation of therapeutic strategies aimed
at reprogramming or inhibiting TAMs. For example, targeting CD47 with monoclonal
antibodies has been explored in clinical trials, demonstrating potential benefits beyond its
direct antitumor effects, such as enhancing the efficacy of conventional treatments such as
chemotherapy and immunotherapy and addressing resistance to radiotherapy [26–28,30].
Thus, CD47, CD68, and CD163 not only serve as prognostic indicators but also represent
promising targets for novel cancer therapies designed to modulate the tumor immune
microenvironment. In addition, peripheral monocytes play a pivotal role in the formation
and function of TAMs within tumors. Recruitment and differentiation are critical processes
that influence tumor progression and prognosis. By understanding these mechanisms,
researchers are developing strategies to modulate TAMs activity and to improve cancer
treatment outcomes.

The findings of this study provide compelling evidence that elevated expression levels
of CD47, CD68, and CD163 in tumor tissues are significantly correlated with poorer PFS
and OS in patients with NPC. The higher incidence of adverse prognostic factors, such
as oligometastatic burden (advanced clinical stage), diminished response to CCRT, and
increased MLR and MAR scores in patients with high CD47, CD68, and CD163 expression,
underscores the prognostic relevance of TAMs. Regression analyses further revealed that
high CD163 expression and elevated MLR scores exerted a more pronounced predictive
influence on clinical outcomes. This finding suggests that, in addition to CD47, which
has been extensively investigated in tumor immunology and antibody–drug conjugate
research, CD163 may also represent a novel target for future immunotherapeutic strategies.
Moreover, this study highlights that, beyond TAMs, readily calculable and accessible
prognostic indices, such as MLR and MAR, which reflect peripheral blood monocyte
activity, could offer valuable prognostic insights to clinicians, aiding in the prediction of
clinical outcomes and guiding therapeutic decision making, particularly in cancers such
as NPC. In conclusion, this study contributes a novel perspective to the field of tumor
immunology, providing promising avenues for future clinical research aimed at expanding
treatment options, overcoming resistance mechanisms, and improving clinical outcomes.

The expression of specific TAMs, such as CD47, CD68, and CD163, has been studied
in NPC and is linked to various aspects of tumor behavior, prognosis, and potential
therapeutic strategies. In a study by Wang et al. [51], increased CD47 expression levels
correlated with higher recurrence rates and elevated EBV-DNA levels in non-metastatic
NPC, mirroring the findings of our research. A study by Yu et al. [52] suggested that
elevated CD68 expression might predict better prognostic outcomes in patients with NPC.
While these findings appear contradictory to our study’s data, differences in the study
period, the heterogeneity of the selected patient population, and the fact that the majority of
the cohort received radiotherapy alone as standard treatment are factors that may influence
the interpretation of the results. A meta-analysis by Chen et al. [53] on NPC prognosis,
which included research on mouse and human models, the density of the M2-like TAM
markers CD68 and CD163 was associated with poorer overall survival. Yu et al. [54]
also found that increased CD163 expression levels were linked to worsened OS and PFS
outcomes in NPC, consistent with the results of our study, given its similar design and
patient distribution. In a study by Deng et al. [55], which focused on immunotherapy



Diagnostics 2024, 14, 2648 12 of 15

in NPC, it was found that higher PDL-1 expression levels correlated with lower CD163
expression, and both were associated with more favorable survival outcomes. The findings
of this study also support the notion that CD163 could be a critical target molecule in
treatment combinations involving immunotherapy for advanced NPC.

Our findings are consistent with existing molecular studies on the prognosis and
clinical trajectory of nasopharyngeal cancer. Additionally, the notion that indices based
on immune inflammation and nutrition, such as MLR and MAR, which are indirectly
associated with TAMs activity, can further contribute to risk stratification among patients
and prediction of the clinical course of cancer is supported. This study further corroborates
that established risk factors, including advanced age, poor ECOG PS, and elevated EBV-
DNA copy number, adversely affect disease progression. While these TAM-associated
biomolecules (CD47, CD68, and CD163) negatively affect overall survival in NPC, CD163
has emerged as a particularly significant biomarker due to its exceptional predictive value,
suggesting its potential as a promising target in clinical research involving ADCs. This
study offers a novel perspective for future research focused on developing alternative
therapeutic strategies, addressing resistance mechanisms, and broadening the treatment
options for NPC.

The strength and adequacy of this study are underscored by several consistent and
positive factors, including the inclusion of a substantial number of cases within a relatively
rare tumor group and the treatment of all patients according to international standard
protocols by a tertiary cancer center with an active multidisciplinary tumor board. How-
ever, this study has some limitations. The retrospective design, small sample size, and
single-center nature of the study may limit the balanced distribution of cases, the applica-
tion of more comprehensive statistical analyses, and the generalizability of the findings,
potentially impacting the robustness of the study. Additionally, the potential for bias due
to differences in adjuvant and advanced-line treatment options, which could influence
overall survival outcomes, should be considered. The inclusion of regional and ethnic vari-
ations, particularly for endemic cancer, may further complicate the interpretation of clinical
outcomes. Moreover, the absence of a globally recognized and standardized protocol for
immunohistochemical evaluation of CD47, CD68, and CD163 could result in variability in
the analysis. However, regarding the calculation of prognostic indices such as MLR and
MAR, certain issues may have been overlooked, including the presence of asymptomatic
infections during the measurement of blood parameters, individual differences in immune
system alterations, potential transient fluctuations in marker levels, and the lack of an
internal validation group.

5. Conclusions

This study showed that elevated expression levels of CD47, CD68, and CD163 in
tumor tissues are significantly correlated with poorer OS and PFS in patients with NPC.
Increased levels of these biomarkers, together with higher MLR and MAR, reflect a more
immunosuppressive tumor microenvironment, which is associated with advanced disease
stage, diminished response to CCRT, and unfavorable clinical outcomes. These findings
underscore the potential of CD47, CD68, and CD163 as robust prognostic indicators and
their promise as targets for novel therapeutic strategies aimed at modulating the tumor
immune environment. Additionally, the substantial predictive value of MLR and MAR
reinforces their role as accessible and valuable prognostic tools in the management of NPC.
Future research should focus on validating these results in larger, more diverse patient
cohorts and exploring the development of targeted therapies that combine the inhibition of
these biomarkers with existing treatment modalities. This study provides critical insights
into NPC prognosis and proposes promising pathways to enhance therapeutic strategies
and improve patient outcomes.
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