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Abstract

Background: The current study was conducted to explore the im-
pact of macrophages and programmed cell death protein 1 (PD-1) 
expression on tumor-infiltrating lymphocytes (TILs) on treatment 
outcomes and to define the interaction between these factors and the 
clinicopathologic features of advanced cholangiocarcinoma (CCA) 
patients.

Methods: Twenty-five patients with metastatic CCA were recruited 
for the current study from El-Rajhi Hospital and the Clinical Oncolo-
gy Department of Assiut University. Additionally, 19 healthy controls 
were included. Before the flow cytometric detection of immune cells, 
the diagnosis and staging of CCA were performed based on surgical 
intervention, imaging, carbohydrate antigen 19-9 (CA19-9), and car-

cinoembryonic antigen (CEA) determinations. This was followed by 
flow cytometric detection of CD4+, CD8+, CD4+PD-1+, CD8+PD-1+, 
and CD11b+CD68+ macrophages in the peripheral blood of both pa-
tients and controls.

Results: The current results revealed higher levels of CD4+, CD8+, 
and CD11b+CD68+ macrophages in controls compared to patients. At 
the same time, PD-1 expression was significantly higher in patients 
compared to controls. CD4+ was correlated with improved progres-
sion-free survival (PFS), while CD8+PD-1 was associated with short-
er PFS. In general, CD4+ and CD8+ levels progressively increased 
with improved response to treatments, differentiation, single organ 
site metastasis, and surgical interventions. On the contrary, PD-1 ex-
pression and macrophages progressively increased with worsening 
response, dedifferentiation, multiple organ sites, and surgical inter-
ventions. The median PFS was 12 months, and the mean ± standard 
error (SE) was 13.1 ± 1.3.

Conclusions: CCA has a desmoplastic microenvironment with com-
plex immunologic topography and tumor-reactive stroma. The im-
mune landscape of the peripheral blood mononuclear cells (PBMCs) 
in CCA patients before treatment could reflect the state of systemic 
immune function and response to treatments. Our results revealed that 
T-lymphocytes correlated with better prognosis while macrophages 
and PD-1+ expression were associated with poor outcomes.

Keywords: Cholangiocarcinoma; PD-1+ expression; Macrophages; 
PBMNCs; Progression-free survival

Introduction

Cholangiocarcinoma (CCA) is a heterogenous malignancy 
with aggressive behavior and a high death rate. Recently, its 
incidence has been rising worldwide [1]. The incidence is 
relatively low in high-income countries but rising, even up to 
40 times higher, in some countries such as China and Korea; 
where infection with liver flukes is the most likely cause of 
CCA [2]. The risk of CCA is related to a variety of pathologic 
states such as infections (flukes, hepatitis C and hepatitis B 
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viruses), cholestatic liver diseases, biliary stone diseases, met-
abolic disorders (diabetes, obesity, non-alcoholic fatty liver 
diseases), chemicals, toxins, and drugs. All these factors result 
in cholestasis, inflammation, and ultimately carcinogenesis [3, 
4]. Data regarding its incidence in Egypt are lacking, but ex-
pected to be high and rising, due to high incidence of hepatic 
flukes and viral infections [5].

CCA is divided into extrahepatic and intrahepatic (iCCA) 
subtypes. The former is further divided into perihilar (pCCA) 
and distal (dCCA) subtypes with distinct biological, epidemio-
logical, prognostic, and therapeutic challenges. The majority of 
patients have unresectable diseases at the time of presentation, 
with 50% of patients deemed potentially resectable at the time 
of diagnosis found to be unresectable or metastatic at the time 
of surgery [6], so the role of neoadjuvant chemotherapy appears 
to improve resectability and decrease postoperative recurrences.

Tumor cells secrete many factors and cytokines to recruit 
and shape various cell types in the tumor microenvironment 
(TME) to enhance tumor initiation and progression. These 
cells include tumor-associated macrophages (TAMs), tumor-
infiltrating lymphocytes (TILs), Tregs, neutrophils, and natural 
killer (NK) cells [7, 8]. TAMs are derived mainly from blood 
monocytes rather than activated stromal cells (Kupffer cells), 
then recruited to CCA by releasing different factors, includ-
ing vascular endothelial growth factor A (VEGF-A), monocyte 
chemoattractant protein-1(MCP-1), macrophage colony-stim-
ulating factor-1 (CSF-1), and tumor necrosis factor-like weak 
inducer of apoptosis (TWEAK)/fibroblast growth factor-in-
ducible 14 (Fn14) [9, 10].

MCP-1 enhances the recruitment of TAMs into CCA and the 
expression of the CD206+ marker after tumor infiltration. TAMs 
attain a protumor phenotype (M2) instead of their original pro-
inflammatory and antitumor phenotype (M1) [10]. In addition to 
CD206+ TAMs, programmed cell death protein 1 (PD-1)+ TAMs 
are recruited into the CCA niche to facilitate tumor progression, 
resulting in poor clinical outcomes [11]. The interplay between 
TAMs and cancer stem cells (CSCs) is supported by high levels 
of CD163+ and CD206+ TAMs and CD44+ and EPCAM+ CSCs. 
CSCs are the spearhead for carcinogenesis, recurrence, metasta-
sis, and drug resistance [12-14].

PD-1, referred to as CD279, is expressed on activated T, 
B, and NK cells, monocytes, macrophages, dendritic cells, and, 
more importantly, its expression on TILs [15]. Transcription of 
PD-1 is induced by nuclear factor of activated T cells (NFAT), 
NOTCH, forkhead box protein (FOX) O1 and interferon (IFN) 
regulatory factor 9 (IRF9), binding of PD-1 with its ligands 
PD-L1 and PD-L2 promotes T cell activation, proliferation, 
and disruption of antitumor immune response [16].

PD-1 inhibits both innate and adaptive immune responses; 
subsequently, accumulating evidence supports that its target-
ing promotes an antitumor response and clinical improve-
ments in many cancer types [17]. On the other hand, there are 
conflicting results regarding the association of TAMs with 
the clinical behavior of CCA. Some studies indicated worse 
outcomes, while others reported better results [18]. Our study 
was conducted to explore the impact of macrophages and PD-1 
expression on TILs on treatment outcomes, emphasizing the 
interaction between these factors and the clinicopathologic 
features of advanced CCA patients.

Materials and Methods

The study was conducted in full concordance with principles 
of the Declaration of Helsinki, Good Clinical Practice (GCP), 
and within the laws and regulations of Egypt. The nature of 
the study was clarified to all participants, and participants 
were assured that their confidentiality was protected. Partici-
pation was entirely voluntary, and they were able to withdraw 
at any time without providing a reason, and their data were 
destroyed if they wished; the study was approved by the Eth-
ics Committee of Assiut University (Institutional Review 
Board (IRB) = 04-2023-300194). The researchers also fully 
explained the nature of the research at the start of the work, 
and informed written consent was obtained from all cases 
and controls.

Twenty-five patients were recruited for the current study 
from El-Rajhi Hospital and the Clinical Oncology Department 
of Assiut University. Only patients with metastatic CCA were 
recruited, performance status by ECOG < 2, ages > 18 and < 
80 years, no previous chemotherapy or immunotherapy after 
being metastatic, those who received palliative radiotherapy 
were included; patients with a previous history of adjuvant 
chemotherapy treatments within 1 year before recruitment, and 
those with concurrent infections at the time of sampling were 
excluded. Also, 19 healthy controls were included to partici-
pate in the flow cytometric detection of PD-1 on immune cells 
and macrophages.

Preliminary diagnosis was suspected based on history and 
clinical examination (obstructive jaundice, abdominal pain, or 
attack of cholangitis), measurement of carbohydrate antigen 
19-9 (CA19-9), and carcinoembryonic antigen (CEA). The 
diagnosis was confirmed by endoscopic retrograde cholangio-
pancreatography (ERCP) and biopsy, endoscopic ultrasound 
(EUS)-guided fine needle aspiration cytology (FNAC), tru-cut 
needle biopsy (TCNB), or after surgery.

Previous surgical interventions varied from palliative re-
section of the hepatic duct without adequate safety margin or 
lymph node dissection, palliative bypass, Whipple’s operation 
with partial pancreatectomy, second and third parts duodenec-
tomy, and lymph node dissection for distal CCA. Also, previ-
ous hepatic resection for intrahepatic CCA was reported. Pal-
liative percutaneous drainage of bile for inoperable lesions or 
stenting of the common bile duct by ERCP was done.

Before blood sampling and flow cytometry, the stag-
ing was done using magnetic resonance imaging (MRI) with 
contrast of abdominopelvis, multislice computed tomography 
(MSCT) of the chest, bone scan, blood chemistry, hemograms, 
and blood tumor markers (CA19-9 and CEA). All data were 
collected, followed by flow cytometric detection of CD4+, 
CD8+, PD-1 expression of T cells, and CD11b+CD68+ mac-
rophages of peripheral blood. Two inflammatory parameters 
were calculated, including neutrophil to lymphocyte ratio 
(NLR) and mean platelet volume/platelet count ratio (MPR), 
followed by chemotherapy treatment.

Treatment of patients mainly consisted of systemic chem-
otherapy with gemcitabine-based regimens (gemcitabine and 
cisplatin, gemcitabine and capecitabine, and gemcitabine and 
oxaliplatin), or single agent gemcitabine or capecitabine. Some 
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patients received palliative radiotherapy concurrently with 
capecitabine. After 4 - 6 months of treatments, those achieved 
a response were kept on follow-up without maintenance chem-
otherapy, and second-line treatments were resumed on pro-
gression.

Flow cytometric detection of macrophage and PD-1 ex-
pression on T cells

Peripheral blood was stained for 20 min with CD8-PE, CD4-
PerCP-Cy5.5, CD279-FITC, CD68 PE-Cy7, and CD11b-ABC 
(Becton Dickinson Biosciences, CA, USA). After red blood 
cells (RBCs) lysis and washing, the cells were resuspended 
in phosphate-buffered saline (PBS) and analyzed using FACS-
Canto flow cytometry (BD Biosciences, USA). A forward and 
side scatter histogram was used to define the lymphocytes and 
monocytes (macrophage) population. Then, CD68 and CD11b 
were assessed on the monocyte population to detect total mac-
rophage. CD4+ and CD8+ cells were also evaluated on lym-
phocytes and then gated for further analysis of the expression 
of CD279 (PD-1). The results were expressed as a percentage, 
as shown in Figure 1.

Statistics

Data were analyzed using IBM SPSS version 26 for descrip-
tive stats; mean, median, standard deviation, and percentag-
es were used for inferential stats, Mann Whitney U test for 
comparison between scale variables for two categories, and 
Robust tests (with correction of inhomogeneity of variances) 
and Kruskal Wallis test for more than two categories, Spear-
man rho correlation for relations between immune cells and 
survival, Kaplan-Meier test for graphing and calculation of 
progression-free survival (PFS) and overall survival. Results 
with P value < 5% were considered significant. PFS was calcu-
lated from the time of diagnosis of metastatic CCA to the time 
of death or progression. Multivariate analysis was done using 
Cox regression with the forward stepwise method.

Results

The current study involved 25 cases of metastatic CCA treated 
in the Clinical Oncology Department of Assiut University. 
Whether they were metastatic at presentation or metastatic at 

Figure 1. Flow cytometric detection of the checkpoint expression on T cells. (a) Forward and side scatter histogram was used 
to define monocytes and lymphocytes population. (b) CD68 and CD11b were assessed on the monocyte population to detect 
total macrophage. (c) Then CD4+ cells and CD8+ cells were assessed on lymphocytes and then gated. (d, e) The expression of 
CD279 (PD-1) was assessed on CD4+ and CD8+ cells. PD-1: programmed cell death protein 1.
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the time of relapse, the age, sex, and performance status of pa-
tients were tabulated (Table 1). The median age was 59 years; 
males were slightly more affected than females; nearly two-
thirds of patients had a performance of 1 - 2; weight loss of > 
5% was detected in 36% of patients. Almost all patients had 
hypertension, diabetes, or both; all females were non-smokers, 
while all males were either smokers or ex-smokers (Table 1).

Extrahepatic CCA was reported in 80% of patients, while 
intrahepatic CCA in 20% of them. The commonest sites of me-
tastasis were the peritoneum, liver, non-regional lymph nodes 
(LNs), and lungs. All intrahepatic CCA were mass-forming, 
most dCCAs were detected to have intraductal-growing tumors. 
Dedifferentiation was found in 44% of patients, and 52% of 
patients underwent surgery, whether radical or palliative. The 
overall response and locoregional control rates to gemcitabine-
based combinations were 56% and 84%, respectively (Table 2).

Regarding CD4+ and CD8+ cells, the mean percentages 
were higher for controls compared to patients but insignificant 
(27.9 ± 9.9 vs. 34.1 ± 10.2, P = 0.05, and 18.34 ± 7.5 vs. 22.1 ± 
6.7, P = 0.09 for patients and controls, respectively). However, 
the expression of PD-1 on these cells was significantly higher 
in patients compared with controls (for CD4+: 30.04 ± 25.5 vs. 
9.1 ± 3.8, P < 0.001. for CD8+: 24.6 ± 21.1 vs. 6.9 ± 1.8, P < 
0.001, respectively). Regarding CD11b+CD68+ macrophages, 

they were significantly accumulated in controls compared with 
patients (27.1 ± 19.1 vs. 43.2 ± 19.5 for patients and controls, 
respectively, P = 0.008) (Fig. 2).

As expected, healthy controls had higher RBCs, hemo-
globin (Hb) levels, WBCs, monocyte percentage, and platelet 
counts than patients. However, mean platelet volume (MPV) 
was significantly higher for healthy controls than for patients. 
Subsequently, MPR was comparable between both without 
significant differences. Moreover, NLR was significantly 
higher for healthy controls than for patients (Table 3).

Survival analysis

The median PFS was 6 months, and the mean ± standard error 
(SE) was 6.6 ± 0.64 (5.3 - 7.82) (Fig. 3). There was a signifi-

Table 2.  Clinicopathologic Characteristics

Characteristics Descriptive
Primary site
    dCCA 10 (40%)
    pCCA 10 (40%)
    iCCA 5 (20%)
Sites of metastasis
    Single site 17 (68%)
    Multiple sites 8 (32%)
Macroscopic pattern
    Mass-forming 5 (20%)
    Periductal-infiltrating 7 (28%)
    Intraductal-growing 13 (52%)
Grading of CCA
    G1 4 (16%)
    G2 10 (40%)
    G3 11 (44%)
Previous surgery
    No surgery 12 (48%)
    Radical surgery 6 (24%)
    Palliative surgery 7 (28%)
Response
    Complete response 9 (36%)
    Partial response 5 (20%)
    Stable disease 7 (28%)
    Progressive disease 4 (16%)
Outcome
    Dead 10 (40%)
    Alive 15 (60%)

Data are expressed as numbers and percentages. CCA: cholangiocar-
cinoma; iCCA: intrahepatic CCA; pCCA: perihilar CCA; dCCA: distal 
CCA.

Table 1.  Demographic Data of Patients

Demographic data Descriptive
Age (median) 59 years
    Mean ± SD 56.6 ± 10.8 years
    Min -Max 34 - 77 years
Sex (male/female) 13/12 (1.1/1)
ECOG-PS
    PS = 0 9 (36%)
    PS = 1 - 2 16 (64%)
BMI
    Underweight 9 (36%)
    Normal weight 6 (24%)
    Overweight 10 (40%)
Smoking
    None 12 (48%)
    Smoker 4 (16%)
    Ex-smoker 9 (36%)
Comorbidities
    None 2 (8%)
    Diabetic 6 (24%)
    Hypertensive 11 (44%)
    Both DM and HTN 6 (24%)

Data are expressed as mean, median, SD, number, and percentages, 
as well as ECOG. ECOG-PS: Eastern Cooperative Oncology Group-
performance status; SD: standard deviation; Min: minimum; Max: maxi-
mum; BMI: body mass index; DM: diabetes mellitus; HTN: hyperten-
sion.
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cant positive correlation between PFS and CD4+ T cells and 
negative correlations with CD8+PD-1+ T cells and NLR. Fur-
thermore, there were significant negative correlations between 
CD4+ T cells and CD4+PD-1+ and CD11b+CD68+ macrophag-
es. Also, CD4+PD-1+ was positively correlated with CD8+PD-
1+cells (Table 4).

Relation between response type and immune cells

There was a progressive decline in CD4+ T cells with a worsen-
ing response to treatments. On the other hand, there were pro-
gressive rises in PD-1+ on either CD4+ or CD8+ T cells with 
worsening response. Likewise, macrophages were significantly 
accumulated in those with stable disease and progressive disease 
compared with complete response and partial response (Table 5).

Relations between immune cells and other clinicopatho-
logic features

Only CD4+ T cells were accumulated in normal or overweight 

Table 3.  Comparison Between Patients and Controls Regard-
ing Hematologic Indices

Index Groups Mean ± SD P value
RBC Patients 4.2 ± 0.43 0.012

Healthy controls 4.8 ± 1.0
Hb Patients 11.7 ± 1.2 0.038

Healthy controls 13.01 ± 2.3
WBCs Patients 6.85 ± 3.7 0.012

Healthy controls 10.15 ± 4.7
Neutrophils, % Patients 75.37 ± 8.9 0.6

Healthy controls 77.14 ± 15.4
Lymphocytes, % Patients 17.97 ± 5.6 0.4

Healthy controls 15.27 ± 11.8
Monocytes, % Patients 4.99 ± 3.4 0.05

Healthy controls 7.84 ± 6.0
Platelet count Patients 181.44 ± 44.8 < 0.001

Healthy controls 278.1 ± 114.5
MPV Patients 9.64 ± 1.2 0.001

Healthy controls 10.89 ± 1.1
NLR Patients 4.7 ± 1.9 0.012

Healthy controls 8.5 ± 5.7
MPR Patients 0.057 ± 0.02 0.8

Healthy controls 0.059 ± 0.07

Data are expressed as mean ± SD and analyzed by Mann-Whitney 
test. SD: standard deviation; RBCs: red blood cells; Hb: hemoglobin; 
WBCs: white blood cells; NLR: neutrophil to lymphocyte ratio; MPV: 
mean platelet volume; MPR: mean platelet volume/platelet count ratio.

Figure 2. Differential expression of PD-1 and macrophages between 
patients and healthy controls. Data are analyzed by Mann Whitney U-
test. PD-1: programmed cell death protein 1.

Figure 3. PFS of 25 metastatic cholangiocarcinoma. PFS: progression-free survival
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patients compared to underweight ones (mean ± standard de-
viation (SD) = 31.4 ± 9.7 vs. 21.7 ± 7.0, P = 0.016). In contrast, 
the remaining immune cells showed no significant differences 
between underweight and normal or overweight patients with 
P values of 0.3, 0.7, 0.6, 0.5, 0.3, 0.4 for CD4+PD-1+ T cells, 
CD8+ T cells, CD8+PD-1+ T, CD11b+CD68+ macrophages, 
NLR, and MPR, respectively.

Likewise, for comorbidities, we did not detect any signifi-
cant association between immune cells and ratios with different 
comorbidities in patients even after correction for homogene-
ity of variances and performance of Welch test. Furthermore, 
no significant differences in immune cell levels according to 
smoking status were found except for CD4+ T cells, where 
they tended to be lower in currently active smokers (mean ± 
SD = 25.9 ± 12.1 vs. 24.1 ± 3.0 vs. 32.3 ± 7.5, P = 0.048 for the 
non-smoker, smoker, and ex-smoker, respectively).

There was no significant impact of the primary site on 
immune cells. However, CD4+ T cells were significantly ac-
cumulated in a single site of metastasis compared to multiple 
organ sites (31.2 ± 9.6 vs. 21.0 ± 6.5, P = 0.012). In contrast, 
CD4+PD-1+ and CD8+PD-1+ T cells were significantly accu-
mulated in patients with multiple sites of metastases compared 
with single sites (47.9 ± 22.9 vs. 21.7 ± 222.7, P = 0.013, and 
40.8 ± 28.9 vs. 17.01 ± 10.04, P = 0.05, respectively) (Fig. 
4). In addition, no significant differences in immune cells 
according to the macroscopic pattern were found except for 
macrophages, where they were accumulated in a periductal-
infiltrating pattern followed by intraductal-growing then mass-
forming (38.1 ± 16.9 vs. 26.7 ± 19.1 vs. 12.2 ± 6.4, respec-
tively, P = 0.037) (Fig. 5).

We detected a significant increase in CD4+ and CD8+ T 
cells in differentiated CCA, while PD-1 expression on immune 

Table 4.  Correlations Between Survival and PD-1 Expression and Macrophages

Variable PFS CD4+ CD4+PD-1+ CD8+ CD8+PD-1+ CD11b+CD68+ NLR MPR
PFS r 1 0.472a -0.262 0.088 -0.428a -0.213 -0.48a 0.133

P 0.017 0.205 0.677 0.033 0.308 0.015 0.526
CD4+ r 0.472a 1 -0.593 -0.084 -0.280 -0.569 -0.2 -0.11

P 0.017 0.002 0.689 0.175 0.003 0.453 0.587
CD4+PD-1+ r -0.262 -0.593 1 0.152 0.544 0.300 0.030 -0.1

P 0.205 0.002 0.468 0.005 0.146 0.888 0.646
CD8+ T cells r 0.088 -0.084 0.152 1 0.241 0.246 -0.15 -0.32

P 0.677 0.689 0.468 0.246 0.236 0.462 0.116
CD8+PD-1+ r -0.43a -0.280 0.544 0.241 1 0.29 -0.15 -0.26

P 0.033 0.175 0.005 0.246 0.163 0.475 0.206
CD11b+CD68+ M r -0.213 -0.569 0.300 0.246 0.288 1 -0.3 0.258

P 0.308 0.003 0.146 0.236 0.163 0.199 0.212
NLR r -0.5a -0.157 0.030 -0.154 -0.150 -0.27 1 -0.3

P 0.015 0.453 0.888 0.462 0.475 0.199 0.191
MPR r 0.133 -0.114 -0.097 -0.322 -0.262 0.258 -0.27 1

P 0.526 0.587 0.646 0.116 0.206 0.212 0.191

aSignificant. Spearman rho correlation, r: correlation coefficient. PFS: progression-free survival; PD-1: programmed cell death protein 1; NLR: neu-
trophil to lymphocyte ratio; MPR: mean platelet volume/platelet count ratio; M: macrophages.

Table 5.  Disturbance of Immune Cells According to Responses to Treatment

Immune cells Complete response Partial response Stable disease Progressive disease P value
CD4+ T cells Mean ± SD 38.1 ± 5.8 25.3 ± 4.5 21.7 ± 4.9 19.33 ± 10.6 0.001
CD4+PD-1+ Mean ± SD 11.77 ±13.4 39.5 ± 32.2 32.47 ± 16.8 55.1 ± 27.9 0.04
CD8+ T cells Mean ± SD 15.77 ± 7.1 18.8 ± 4.2 19.5 ± 5.2 21.5 ± 14.3 0.7
CD8+PD-1+ Mean ± SD 14.8 ± 8.5 18.9 ± 3.3 17.37 ± 7.4 66.53 ± 19.8 0.008
CD11b+CD68+ M Mean ± SD 12.9 ± 2.3 16.5 ± 13.2 45.69 ± 20.8 39.0 ± 4.6 < 0.001
NLR Mean ± SD 4.2 ± 0.9 5.3 ± 1.8 4.93 ± 3.0 5.0 ± 1.9 0.6
MPR Mean ± SD 0.06 ± 0.01 0.05 ± 0.02 0.06 ± 0.02 0.05 ± 0.03 0.7

Data are expressed as mean ± SD and analyzed by Robust test. NLR: neutrophil to lymphocyte ratio; MPR: mean platelet volume/platelet count ratio; 
M: macrophages; SD: standard deviation; PD-1: programmed cell death protein 1.
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cells was significantly accumulated with dedifferentiation. 
Likewise, CD11b+CD68+ macrophages progressively accu-
mulated with dedifferentiation, which had a significant effect. 
Furthermore, as mentioned in Table 6 and Figure 6, there was 
no clear impact of inflammatory markers on grading.

CD4+ T cells were significantly varied with the type of 

surgery to be accumulated, mainly in palliative surgery fol-
lowed by radical surgery, compared with those without sur-
gery. Conversely, CD8+PD-1+ cells were higher in patients 
without surgery compared with palliative or radical surgery. 
In the same manner, macrophages were significantly higher in 
those without surgery and progressively declined in patients 

Figure 4. Differential expression of immune cells between single and multiple sites of metastasis (Mann-Whitney test). PD-1: 
programmed cell death protein 1; NLR: neutrophil to lymphocyte ratio; MPR: mean platelet volume/platelet count ratio.

Figure 5. Differential expression of CD11bCD68+ macrophages according to the macroscopic pattern (Kruskal Wallis test, P = 
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with palliative and radical surgeries (Table 7, Fig. 7).

Multivariate analysis of prognostic variables of PFS

In univariate analysis of different clinicopathological features, 
no significant associations between PFS and the following 
prognostic factors were found: age (P = 0.6), Eastern Coop-
erative Oncology Group performance status (ECOG-PS) (P = 
0.9), comorbidities (P = 0.2), body mass index (BMI) (P = 0.2), 
site (P = 0.5), growth pattern (P = 0.06), and previous surgery 
(P = 0.4).

However, sex had a significant impact on PFS (males vs. 
females of 8.2 ± 4.04 vs. 5.1 ± 1.9, P = 0.03). Additionally, 
grades had a significant impact on PFS, with G1 at 11.3 ± 2.5, 
G2 at 5.4 ± 2.8, and G3 at 6.2 ± 3.3 (P = 0.009).

Moreover, patients who achieved complete response had 

better PFS (complete response = 8.9 ± 3.4, partial response = 
5.8 ± 1.5, stable disease = 6.3 ± 3.9, and progressive disease = 
3.5 ± 1.9, P = 0.042).

In multivariate analysis of significant immune cells and 
clinicopathologic features, the hazard of death or progression 
decreased three times, more than two times, and nearly two 
times in patients who achieved complete response, partial re-
sponse, and stable disease compared to progressive disease. 
Furthermore, increasing NLR by one unit increased the hazard 
of death or progression by 0.743. The impact of immune cells 
was neglected because of multicollinearity with other vari-
ables like response and NLR (Table 8).

Discussion

The development of cancer is regulated by disturbed immune 

Table 6.  Differential Expression of Immune Cells According to Grading

Variable G1 G2 G3 P value
CD4+ T cells Mean ± SD 36.3 ± 3.1 26.3 ± 8.9 26.4 ± 11.3 0.009
CD4+PD-1+T cells Mean ± SD 9.6 ± 12.8 30.7 ± 24.3 36.91 ± 27.6 0.049
CD8+ T cells Mean ± SD 21.4 ± 1.4 16.5 ± 4.8 18.9 ± 10.3 0.036
CD8+PD-1+ T cells Mean ± SD 10.1 ± 6.03 19.8 ± 11.9 34.3 ± 26.6 0.027
CD11b+CD68+ M Mean ± SD 12.7 ± 2.3 21.3 ± 9.7 37.4 ± 23.6 0.004
NLR Mean ± SD 4.2 ± 1.5 6.0 ± 1.9 3.8 ± 1.5 0.06
MPR Mean ± SD 0.06 ± 0.01 0.053 ± 0.01 0.059 ± 0.02 0.4

Data are expressed as mean ± SD and analyzed by Robust test. M: macrophages; NLR: neutrophil to lymphocyte ratio; MPR: mean platelet volume/
platelet count ratio; SD: standard deviation; PD-1: programmed cell death protein 1.

Figure 6. Differential accumulation of immune cells according to grading. PD-1: programmed cell death protein 1; NLR: neutro-
phil to lymphocyte ratio; MPR: mean platelet volume/platelet count ratio.
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Table 7.  Disturbances of Immune Cells According to Previous Surgery

Variable (mean ± SD) No surgery Radical surgery Palliative surgery P value
CD4+ T cells 23.2 ± 9.8 27.2 ± 4.8 36.6 ± 8.0 0.01
CD4+PD-1+ T cells 37.7 ± 25.1 33.7 ± 31.9 13.9 ± 12.9 0.1
CD8+ T cells 19.8 ± 8.6 20.1 ±2.2 14.2 ± 7.8 0.2
CD8+PD-1+ T cellsa 34.4 ± 26.6 12.92 ± 5.6 17.9 ± 7.3 0.045
CD11b+CD68+ M 37.4 ± 21.2 19.9 ± 10.4 15.2 ± 10.8 0.022
NLR 3.97 ± 1.6 6.6 ± 2.3 4.5 ± 1.04 0.016
MPR 0.059 ± 0.02 0.05 ± 0.01 0.06 ± 0.01 0.3

Data are expressed as mean ± SD and analyzed by Kruskal Wallis testa, and Robust test. PD-1: programmed cell death protein 1; M: macrophages; 
NLR: neutrophil to lymphocyte ratio; MPR: mean platelet volume/platelet count ratio; SD: standard deviation.

Table 8.  Multivariate Analysis of Prognostic Factors of PFS

Variable B Wald P value HR
95.0% CI for HR

Lower Upper
Step 1 NLR 0.440 7.699 0.006 1.553 1.138 2.119
Step 2 Response 11.773 0.008

Complete response -3.144 10.762 0.001 0.043 0.007 0.282
Partial response -2.540 6.710 0.010 0.079 0.012 0.539
Stable disease -1.806 3.917 0.048 0.164 0.027 0.983
Progressive disease Reference
NLR 0.556 7.945 0.005 1.743 1.184 2.565

Data were analyzed using Cox regression using forward stepwise methods (likelihood ratio), HR = eB. HR: hazard ratio; CI: confidence interval; NLR: 
neutrophil to lymphocyte ratio; PFS: progression-free survival.

Figure 7. Differential expression of immune cells according to previous surgery. PD-1: programmed cell death protein 1; NLR: 
neutrophil to lymphocyte ratio; MPR: mean platelet volume/platelet count ratio.
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response and changes in homeostasis. The interaction between 
tumor cells and the surrounding TME successfully promotes 
tumor progression and metastasis. Growing evidence indicated 
that cellular constituents of TME, including innate cells such as 
macrophages, NK, dendritic cells (DCs), neutrophils, and adap-
tive immune cells such as T and B lymphocytes, promoted tu-
mor spread to distant organs [19-21]. The most common source 
of immune cells is the peripheral blood of cancer patients, which 
can be assessed repeatedly to correlate the dynamic changes in 
their measurements with the regression or progression of tumors 
in response to specific therapy, particularly immunotherapy.

The current results, evaluating the role of peripheral T 
lymphocytes, their PD-1 expression, and peripheral mac-
rophages in CCA outcomes and relating them to clinicopatho-
logic characteristics, revealed higher levels of CD4+, CD8+, 
and CD11b+CD68+ macrophages in controls compared to pa-
tients. In contrast, PD-1 expression was significantly higher in 
patients compared with controls; CD4+ positively correlated 
with PFS, while CD8+PD-1 was negatively correlated with 
PFS. In general, CD4+ and CD8+ were progressively rising 
with improvement of response to treatments, differentiation, 
single organ sites, and surgical interventions. On the contrary, 
PD-1 expression and macrophages progressively increased 
with worsening of response, dedifferentiation, multiple organ 
sites, and surgical interventions.

Tumor cells have the ability to release different cytokines 
and chemokines to recruit and shape the pericellular environ-
ment to a protumor profile, A variety of cells such as fibroblasts, 
neutrophils, NK cells and TILs could be shaped to a protumor 
phenotype by CCA, among these cells are TAMs, which are 
derived from circulating monocytes where they deviated into 
protumor phenotype [22]. Progressive influx of macrophages to 
CCA is associated with worse CCA phenotype, recurrence, high 
metastatic rate, and poor prognosis [23]. It was evidenced that 
circulating monocytes served as a prognostic marker for CCA 
activity and correlated with poor pathological parameters includ-
ing non-papillary type and high number of tissue macrophages 
[24]. In keeping with the previous studies, we explored that pe-
ripheral CD11b+CD68+ macrophages were associated with poor 
response to treatment, high grade CCA, periductal-infiltrating 
pattern, and multiple organ metastasis.

A recent report indicated that a high level of TAM in tu-
mor-invasive front was associated with improved survival and 
lower recurrences in intrahepatic CCA [18]. Contrary to that 
report, the current results failed to detect any significant direct 
impact of macrophages on survival. However, indirectly, they 
were associated with short survival because of the high meta-
static rate with multiple organ sites and disease progression.

TILs are a highly heterogeneous population derived from 
peripheral blood and represented mainly by CD4+, CD8+ T 
cells, Tregs, and B cells. These cells are responsible for adaptive 
immune response and are crucial for immune surveillance and 
tumor eradication. Previous work in intrahepatic CCA indicated 
that low numbers of CD4+ T cells were associated with poor sur-
vival [25]; another report showed that high levels of TILs were 
associated with longer survival in CCA [26]. Our results were 
comparable to previous studies, where the level of CD4+ T cells 
was significantly correlated with improved survival [25, 26].

A recent study has demonstrated that the high number 

of CD8+ cells in iCCA was associated with better survival, 
and the high level of tumor-infiltrating CD8+PD-1 was sig-
nificantly correlated with advanced stage, short postoperative 
survival, and high-density CD68+PD-L1 [27]. Collectively, 
low PD-1 expression in CCA was associated with favorable 
outcomes, as evidenced in many studies [28-30]. The current 
study was in alignment with the previously mentioned ones, 
where CD8+PD-1 was correlated with poor PFS. In addition, 
PD-1 expression was associated with disease progression, in-
adequate response and poor clinicopathologic characteristics.

An embarrassing recent work in pCCA reported that high 
CD8+PD-1 levels were associated with improved median sur-
vival and recurrence-free survival and considered them an in-
dependent predictor for better survival in multivariate analysis 
(hazard ratio (HR) = 0.42, P = 0.031), which was explained 
by high nerve fiber density detected in these tumors [31], 
and therefore indicated that the prognostic relevance of PD-1 
is diverse. The expression of this marker and its ligands by 
themselves are not sufficient for prognosis without taking into 
consideration other immune cells in TME.

Furthermore, the pertinence of NLR to immune cells and 
survival was indefinite in the current study, where it was not 
related to immune cell levels, PD-1+ expression, response to 
chemotherapy, grading, primary tumor sites and macroscopic 
patterns, and site of metastasis, but it was correlated with short 
PFS (r = -0.5, P = 0.015), and its level was progressively rising 
from those without surgical intervention to radical surgery (P = 
0.016). These results were hardly aligned with those of Lin et 
al, where NLR was correlated with PD-1+ expression and also 
related to short survival [32].

The standard treatment for advanced CCA is the gemcit-
abine-cisplatin regimen, which modestly increased the median 
survival compared with gemcitabine alone. Also, the addition 
of nab-paclitaxel to this regimen further prolonged PFS (11.8 
months) and median survival (19.2 months). Other regimens 
including gemcitabine and fluoropyrimidine were approved, 
but in general chemotherapeutic regimens had limited efficacy 
in CCA. To improve therapeutic outcomes, targeting of TME 
was studied in several reports focusing on targeting of PD-1, 
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), and 
TAMs. Pembrolizumab (monoclonal anti-PD-1 antibody) was 
associated with 100% disease control rate (DCR) in CCA with 
high microsatellite instability (MSI-H)/deficient mismatch re-
pair (dMMR). Also, in the analysis of pembrolizumab in five 
uncontrolled single-arm studies, including 149 patients with 
MSI-H/MMR-deficient tumors (KEYNOTE-012, 016, 028, 
158, 164) (90 metastatic colorectal cancers and 59 other tu-
mor types, including 11 biliary tract cancers), the objective re-
sponse rate (ORR) was 39.6% and persisted for ≥ 6 months in 
78% of them; moreover 27% of CCA patients had a duration of 
response ranged from 11.6 to 19.6 months [33].

A recent meta-analysis [34] involved all phase II and III 
trials to compare immunotherapy protocols in patients with 
solid malignancies. The pooled results showed that immuno-
therapy was associated with improved PFS in patients with 
good PS (ECOG-PS: 0 - 1). In the current results, PFS was not 
improved in patients with PS = 0, compared to PS = 1 - 2. Fur-
thermore, no immunotherapy was given despite being the pre-
ferred treatment in combination with chemotherapy for CCA.
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We focused on the peripheral blood mononuclear cells 
(PBMCs) because they were easier to obtain than tissue bi-
opsies and more convenient for clinical applications. Further-
more, we found that the immune landscape of the PBMCs in 
CCA patients before treatment could reflect the state of sys-
temic immune function and response to treatments; and impor-
tantly, it can be used to identify biological markers to predict 
the response of chemotherapy.

Limitations of the study

The study has several limitations. It was carried out on met-
astatic cases, and better work needs to be done on different 
stages of CCA to define the role of immune cells properly. 
Also, macrophages and PD-1 should be evaluated on TME 
in addition to peripheral blood. The current results need to be 
validated in a larger sample size and sub-grouped according to 
operability. Furthermore, a national and international collabo-
ration between cancer centers is required.

Conclusions

CCA has a desmoplastic microenvironment with complex im-
munologic topography and tumor-reactive stroma. The im-
mune landscape of the PBMCs in CCA patients before treat-
ment could reflect the state of systemic immune function and 
response to treatments. Our results revealed that T lympho-
cytes correlated with better prognosis while macrophages and 
PD-1+ expression were associated with poor outcomes.
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