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SUMMARY – Recent studies have shown an association of the number of tumor-associated 
macrophages (TAM) with the prognosis and treatment outcomes of ductal pancreatic adenocarci-
noma. This study aimed to examine the correlation between CD86 and CD163 macrophage expres-
sion and clinical-pathological characteristics of the disease in patients operated on for pancreatic 
carcinoma. A retrospective research was conducted in which the archival materials of the Ljudevit 
Jurak Department of Pathology, Sestre milosrdnice University Hospital Center were used together 
with all relevant patient clinical data obtained from the Hospital Information System on 76 pa-
tients operated on for pancreatic adenocarcinoma. In our study, the number of CD86 macrophages 
and the CD86/CD163 ratio showed a statistically significant correlation with increasing T and N 
stages of the disease. The number of CD163 macrophages did not show a statistically significant 
correlation with the mentioned variables. These results indicated that in our clinical conditions, 
proinflammatory (M1) macrophages were more expressed in locally advanced tumor stages with 
worse long-term prognoses. In conclusion, TAMs could be a valid prognostic marker or even a 
target for therapeutic agents but more studies will be needed to fully comprehend the impact of 
M1/M2 differentiation.
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Introduction

Pancreatic cancer is a neoplasm that, in most ca-
ses (85%), originates from ductal epithelium of the 
pancreas1. In terms of mortality at the world level, it 
ranks 7th for both men and women2. The incidence is 
higher in developed areas such as the USA, Western 
Europe, and parts of East Asia2. The disease rarely 
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occurs before the age of 45; the incidence is highest 
in the 65-69 age group for men and 75-79 age group 
for women2. Males are affected somewhat more often 
(1.3:1)3. Risk factors for the occurrence of this disease 
include smoking, obesity, diabetes, diet, alcoholism, as 
well as genetic factors4-6. Surgical resection is the only 
potentially curative treatment currently available but 
at the time of diagnosis, only 15%-20% of patients are 
candidates for pancreatic resection7. Five-year survival 
after R0 resection is 30% in cases where lymph nodes 
are unaffected and 10% in cases with dissemination 
to lymph nodes7. The most common symptoms of the 
disease are asthenia, weight loss, dull pain in the ab-
domen, anorexia, jaundice, nausea, and back pain8. In 
60%-70% of cases, the tumor is located in the head of 
the pancreas, 20%-25% in the body/tail, and the rest 
of cases involve the entire organ9. The basis of dia-
gnosis are endoscopic and radiology tests (endoscopic 
retrograde cholangiopancreatography and computed 
tomography/magnetic resonance imaging), which are 
complemented by laboratory findings, including the 
tumor marker CA 19-910-12. In defining the advanced 
stage of cancer, the TNM classification according to 
the American Joint Committee of Cancer is used, 
which classifies cancers based on the depth of tumor 
invasion (T), the involvement of regional lymph nodes 
by the tumor (N), and the presence of distant metasta-
ses (M)13. When deciding on the treatment method, 
it is important to follow the criteria that determine 
unresectable (locally and generally extended) disease, 
which include the relationship of the tumor to large 
blood vessels, as well as the presence of distant meta-
stases14. Recently, neoadjuvant chemotherapy has been 
used in an increasing number of centers for oncology 
treatment of borderline resectable cases, although stu-
dies report mixed results on the effectiveness of this 
approach15,16. Tumor biopsy could be used to improve 
the results of neoadjuvant therapy as it can allow for a 
more targeted approach through RNA-sequencing17,18. 
After surgery, chemotherapy is administered in almost 
all cases (a potential exception is only the T1N0 stage 
in well-differentiated tumors)19.

Considering the poor prognosis of treatment of 
this tumor, the search is being made for the key mo-
lecules responsible for the formation and spread of 

malignant cells. In addition to forecasting the outco-
me of treatment, the goal of research into the expre-
ssion of these antigens is the body immune response 
to their presence, which could enable development of 
tumor-specific vaccines but most research is still in 
early stages and without conclusive findings20. 

Macrophages are a type of white blood cells that 
originate from monocytes and are responsible for 
various immune functions in the human body, and 
are found in almost all tissues21. Macrophages can be 
differentiated into two lineages, M1 and M2. M1 ma-
crophages have a proinflammatory effect and inhibit 
proliferation of tumor cells, whereas M2 macrophages 
have an immunosuppressive effect, promote angioge-
nesis, and have a protumor effect22. The M1 phenotype 
is associated with the production of proinflammatory 
cytokines such as interleukin-12 (IL-12), interferon 
gamma and tumor necrosis factor alpha, antigen 
presentation, and the ability to eliminate pathogens, 
whereas M2 is associated with the production of IL-
4, IL-10, and tissue remodeling23. When identifying 
these macrophages, markers associated with a certain 
type are used; M1 macrophages show predominantly 
CD80, CD86 and human leukocyte antigen expres-
sion, whereas M2 macrophages predominantly show 
CD163, CD204, CD206, and arginase24,25. Markers 
such as CD68 are positive in M1 and M2 macrop-
hages26. Most studies on this topic have been carried 
out on in vitro models, and they have shown greater 
expression of M2 macrophages in aggressive tumor 
strains27,28. However, some studies focusing on breast 
and colorectal cancer have shown mixed results or 
even better survival associated with higher expression 
of M2 macrophages29,30. Monitoring the number of 
TAMs depending on the direction of their differentia-
tion into M1 or M2 macrophages in pancreatic cancer 
could indicate earlier lymphogenous dissemination 
and thus modify treatment approach31. The assumpti-
on of a recent research is that the effectiveness of 
neoadjuvant and adjuvant chemotherapy could be im-
proved by screening patients32. Modulation of M1 and 
M2 macrophage responses could be the basis for the 
development of new therapies that would improve tre-
atment efficacy and increase survival in patients with 
pancreatic cancer33. 
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Materials and Methods

Archival material kept at the Ljudevit Jurak Depar-
tment of Pathology and Cytology, Sestre milosrdnice 
University Hospital Center (UHC), obtained after re-
section of the pancreas due to ductal adenocarcinoma 
in the period from January 1, 2003 until December 31, 
2019, was used in the study. Only those patients who 
met the following conditions were included in the re-
search: all the necessary clinical data and appropriate 
histopathologic findings and follow-up were available; 
and no malignant tumor other than pancreatic cancer. 
Patients with early postoperative mortality (<30 days) 
were also excluded. Seventy-six patients met all the 
criteria and were included in the study. Patient data 
were collected from the Hospital Information System 
of the Sestre milosrdnice UHC, while data on the date 
of death were collected from the Cancer Registry of 
the Croatian Institute of Public Health. The Ethics 
Board of both the Hospital and the University of Za-
greb approved the research.

The material was processed by a standard histolo-
gic method that includes tissue fixation in 10% buffe-
red formalin and mounting in paraffin blocks, cutting 
to a 5-µm thickness, deparaffinization, and staining 
with the standard hematoxylin and eosin (HE) met-
hod. Primary monoclonal antibodies were used for 

immunohistochemical analysis, i.e., CD86 (ab234401, 
Abcam, UK) and CD163 (ab156769, Abcam, UK), 
for M1 and M2 macrophages. Immunohistochemical 
analysis for the mentioned antibodies was performed 
with the EnVision FLEX-PTL method as a visua-
lization system on a Dako Autostainer automated 
machine for immunohistochemical staining (Figs. 1 
and 2).

On statistical data processing, the time of taking 
the sample during the operation was the starting po-
int of the research. The endpoint was overall patient 
survival. The goal of data analysis was to analyze the 
relationship between the number of CD86, CD163 
and the ratio of CD86/CD163 positive intratumoral 
macrophages in pancreatic adenocarcinoma sam-
ples. The number and ratio of CD86 and CD163 
macrophages were compared with histopathologic 
characteristics of the tumor, i.e., tumor size, depth of 
invasion (pT stage) of the tumor, status of regional 
lymph nodes (pN stage) and lymphovascular invasion, 
and variables of surgical treatment, i.e., complications, 
reoperation, type of operation, and positive resection 
margin. Immunohistochemical and histopathologic 
variables were compared with patient clinical chara-
cteristics, i.e., age, gender and experience. Analysis 
of the normality of data distribution was checked 
with the Smirnov-Kolmogorov test, and according to 

Fig. 1. Positive immunohistochemical reaction of 
macrophages in the tumor area to CD86 (magnification 
X200).

Fig. 2. Negative immunohistochemical reaction of 
macrophages in the tumor area to CD86 (magnification 
X200).
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the results obtained, parametric and nonparametric 
tests were used, as well as the corresponding display 
of continuous values ​​(arithmetic mean and standard 
deviation (SD), or median). A binary outcome (alive 
or deceased) is indicated by census. A large number 
of variables were foreseen and tests were used that 
can compensate for unfavorable ratios of the num-
ber of respondents and variables. In order to reduce 
the potentially negative influence of a small number 
of subjects on testing a large number of variables, it 
is planned to perform a multivariate Cox regression 
analysis (with time to event as follow-up time in 
months). Then, for each variable that would show a 
statistically significant association with survival, the 
receiver operating characteristic curve (ROC) analysis 
was performed and a cut-off value was determined 
using the Youden J factor in order to convert conti-
nuous variables into categorical ones, as 0 = below the 
cut-off value and 1 = above the cut-off value . Using 
categorical variables arranged in this way, results were 
presented with the Kaplan Meier survival curve. As a 
confirmatory method, a principal component analysis 
with oblimin rotation was performed in order to se-
parate groups of variables that appear together and 
to confirm the results of the multivariate regression 
analysis. Variables were compared with each other 
using Spearman’s rho correlation coefficient. All 
statistical tests were two-tailed. Values ​​of p less than 
and equal to 0.05 were determined to be statistically 
significant. Statistical data processing was done using 
the MedCalc program (Version 11.2.1 © 1993-2010; 
MedCalc Software bvba Software, Mariakerke, Bel-
gium) and SPSS program (Version 22.0 Released in 
2013; IBM SPSS Statistics for Windows, IBM Corp., 
Armonk, NY, USA). 

Results

The study included 76 subjects who were surgically 
treated for histopathologically confirmed adenocarci-
noma of the pancreas at the Department of Surgery, 
Sestre milosrdnice UHC, from January 1, 2003 until 
December 31, 2019. The patients were monitored po-
stoperatively and their oncologic status was recorded. 
At the time of diagnosis, the patients were free of other 
clinically detectable malignant diseases. There were 32 

male and 44 female patients, yielding a 0.73 male-fe-
male ratio. Their mean age was 65.14, range 32-86 
years, SD 9.97. The mean age of men was 64.6±10.33, 
median 65.5 years, and of women 65.6±9.67 years, me-
dian 67 years.

The mean length of patient follow-up, expressed as 
arithmetic mean and SD, was 26±22 months. Due to 
the large SD, the median was a more precise measu-
re of follow-up length and it was 19.33, range 2-129 
months.

Statistical analysis of the possible associations of 
the variables with patient survival marked as time to 
the critical event was performed using multivariate 
Cox regression (χ2=61.433, df=16, p<0.001), which 
showed the following variables to be statistically si-
gnificantly associated with the outcome: (a) number 
of intratumoral macrophages immunohistochemically 
labeled with CD86 (p=0.025, hazard ratio 5.018); 
(b) type of operation total pancreatectomy (p=0.025, 
hazard ratio 5.023); (c) occurrence of complications 
in the postoperative course (p<0.001, hazard ratio 
18.691); and (d) need of reoperation (p=0.002, hazard 
ratio 9.165)

The ROC analysis of the number of intratumoral 
macrophages immunohistochemically marked with 
CD86 and its association with patient survival showed 
that the cut-off value was expressed with the help of 
the Youden index (0.2137) where the specificity and 
sensitivity were the highest values ​​>3 (sensitivity 
76.92%, specificity 44.44% with 95% confidence in-
terval (CI) of 46.2%-95.0% for sensitivity and 31.9%-
57.5% for specificity). Then, the values ​​of the number 
of intratumoral macrophages immunohistochemically 
labeled with CD86 were converted into categorical 
ones; if the value in the patient sample was >3, it was 
converted into a categorical variable with a value of 1, 
and if the value in the patient sample was <3, it was 
converted into a categorical variable with a value of 
0. The relationship between the number of intratu-
moral macrophages immunohistochemically labeled 
with CD86 and patient survival was shown using the 
Kaplan Meier survival curve (Fig. 3) and the hazard 
function graph (Fig. 4). 

Statistical analysis using Spearman’s rho corre-
lation coefficient showed that age was not related to 
other variables, or to CD86 and CD163 values, or to 
the CD86/CD163 ratio. The number of intratumoral 
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macrophages immunohistochemically labeled with 
CD86 was significantly positively correlated with the 
CD86/CD163 ratio (Spearman rho coefficient 0.813, 
p<0.001), with increasing T category (Spearman rho 
coefficient 0.223, p=0.05) and N stage of the patients 
(Spearman rho coefficient 0.229, p=0.046), while the 
number of intratumoral macrophages immunohistoc-
hemically labeled with CD163 did not show signifi-
cant correlations with other variables.

The CD86/CD163 ratio significantly correlated 
with the number of CD86 (Spearman rho coefficient 
0.813, p<0.001) and with increasing T category (Spe-
arman rho coefficient 0.230, p=0.046). The T category 
positively correlated with the CD86/CD163 ratio 
(Spearman rho coefficient 0.230, p=0.046), while the 
N stage positively correlated with the number of CD86 
positive macrophages (Spearman rho coefficient 0.229, 
p=0.046). Resection margins did not show significant 
correlations with other variables. A larger scope of the 
initial operation significantly correlated with lower 
probability of reoperation (Spearman rho coefficient 

-0.243, p=0.034), and the occurrence of complications 
significantly correlated with the probability of reope-
ration (Spearman rho coefficient 0.906, p<0.001) and 

with male gender (Spearman rho coefficient -0.255, 
p=0.026).

Discussion

Ever since the discovery of TAMs, their role has 
been evaluated and they have come in interest for tar-
geted cancer treatment34. While early in vitro research 
polarized TAMs and proclaimed M2 macrophages 
distinctly pro-tumor35, other studies have shown a 
more complex relationship between M1 and M2 types, 
showing that they can be modulated on a spectrum36. 
Since most studies were done with a variety of ma-
lignant diseases, both in vitro and in vivo (primarily 
with test animals)37, we opted for a clinical study with 
patients suffering from pancreatic adenocarcinoma. 
We found studies researching the link between TAMs 
and pancreatic cancer but most were done in a pre-cli-
nical setting27,38,39, and we decided to try and include a 
clinical aspect in the research.

Results of clinical parameters (operative results) 
were as expected, as a more extensive surgical opera-
tion indicates a larger or multicentric tumor. This was 
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Fig. 3. Correlation between the number of intratumoral 
macrophages immunohistochemically labeled with CD86 
and patient survival (p=0.025).

Fig. 4. Correlation between the number of intratumoral 
macrophages immunohistochemically labeled with CD86 
and the increase in hazard in relation to patient survival.
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indicated by the hazard ratio (5.023) for total pancre-
atectomy as opposed to Whipple’s procedure or distal 
pancreatectomy. The survival length of the patients 
was on par with general statistics concerning pancre-
atic cancer.

In our study, the number of CD86 macrophages 
and the CD86/CD163 ratio showed a statistically si-
gnificant correlation with increasing T and N stage of 
the disease. The number of CD163 macrophages did 
not show a statistically significant correlation with the 
mentioned variables. These results indicate that in our 
clinical conditions, proinflammatory (M1) macrop-
hages were more expressed in locally advanced tumor 
stages with worse long-term prognosis. The reasons for 
this can be numerous, and seem to indicate that in cer-
tain conditions M1 macrophages can also be regarded 
as a factor in worse treatment outcomes. We tried to 
analyze and compare our findings with other authors, 
since some recent studies could not reach a consensus 
on the prognostic value of M1 and M2 macrophage 
activation. 

This unconventional correlation was shown in si-
milar clinical studies concerning gliomas, medullobla-
stomas, and non-small cell lung cancer40-42. In a study 
concerning medulloblastomas, researchers hypothesi-
zed that this correlation may be caused by multiple 
factors, e.g., high M1 macrophage recruitment can 
assist tumor growth and progression, contrary to its 
role in other cancers. They also theorize that M1 ma-
crophages are highly recruited to enhance the tumo-
ricidal effect in aggressive group of medulloblastoma 
(but this mechanism alone was insufficient to fight 
the particular malignancy); or high M1 recruitment 
is an epiphenomenon, and these cells are simply re-
cruited by other medulloblastoma initiators and do 
not directly affect prognosis40. Another example of 
differing results is shown in a research concerning 
non-small cell lung cancer; M1 macrophage numbers 
tended to be higher in the stroma of poor prognosis 
patients compared with good prognosis patients. The 
M1 macrophages may be in the wrong tissue com-
partment for the modulation of tumor activity as key 
immune responses affecting survival in non-small cell 
lung cancer seem to take place in the tumor islets as 
opposed to the stroma41. In a study featuring gliomas, 
M1 macrophages were hypothesized to be negatively 

affecting antibody treatments and consequently redu-
cing survival rates42. 

As mentioned earlier, there are new views about the 
M1/M2 macrophage relationship that should be taken 
into account, i.e., the process of macrophage activation 
is complex and includes monocytes43 and myeloid-de-
rived dendritic cells44. In tissues, this creates a certain 
macrophage phenotype which cannot always be assor-
ted in a certain group; more information is required 
about macrophages in vivo and at the population level, 
as well as at the single-cell level36.

Still, certain studies tend to receive results that 
indicate M2 macrophages as the more dominant 
phenotype in tumor cells in patients with shorter sur-
vival spans and more aggressive disease strains45-47. In 
a study concerning uveal melanoma positive CD163 
(M2), staining was found to be associated with ciliary 
body involvement and monosomy 3, and the absence of 
such staining was associated with increased survival46. 
Another study found positive correlation of M2 ma-
crophages and regulatory T lymphocytes which could, 
together with other suppressor cells such as myeloid‐
derived suppressor cells, promote an immunosuppres-
sive environment in aggressive prostate cancer47. Dis-
crepancies in the results of various studies show that 
in clinical studies with different types of tumors, more 
factors than simple M1/M2 polarization are involved. 
Most studies tend to generally have a relatively low 
number of participants and have to focus on specific 
tumor cells, which limits their conclusiveness. These 
findings would suggest that the immune response in 
different types of malignant disease is still not entirely 
clear in clinical, in vivo conditions.

Conclusion

Regarding pancreatic cancer, TAMs could still be 
a valid prognostic marker or even a target for thera-
peutic agents but more studies will be needed to fully 
comprehend the impact that M1/M2 differentiation 
plays in battling the generation and spread of this dan-
gerous disease. Other antigens and their effect (such 
as MAGE, melanoma-associated antigen) are being 
studied as well48. Nevertheless, surgery will probably 
remain the mainstay treatment in the near future.
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Sažetak

ODNOS IMUNOHISTOKEMIJSKE IZRAŽENOSTI CD86/CD163 POZITIVNIH INTRATUMORSKIH 
MAKROFAGA S PROGNOZOM DUKTALNOG ADENOKARCINOMA GUŠTERAČE

G. Glavčić, M. Zovak, S. Sović, S. Mašić, N. Blažević, Z. Misir, Z. Bilić, M. Glavčić i P. Radulović

	 Nedavne studije pokazale su povezanost broja makrofaga povezanih s tumorom (TAM) s prognozom i ishodima liječenja 
duktalnog adenokarcinoma gušterače. Cilj ovog istraživanja bio je ispitati korelaciju između ekspresije CD86 i CD163 
makrofaga i kliničko-patoloških karakteristika bolesti u bolesnika operiranih zbog karcinoma gušterače. Provedeno je 
retrospektivno istraživanje u kojem je korišten arhivski materijal Kliničkog zavoda za patologiju i citologiju Ljudevit Jurak, 
KBC „Sestre milosrdnice“. Svi relevantni klinički podaci dobiveni su iz Bolničkog informacijskog sustava za 76 bolesnika 
operiranih od adenokarcinoma gušterače. U našem istraživanju broj CD86 makrofaga i omjer CD86/CD163 pokazali su 
statistički značajnu korelaciju s porastom T i N stadija bolesti. Broj CD163 makrofaga nije pokazao statistički značajnu 
korelaciju s navedenim varijablama. Ovi rezultati pokazuju da su u našim kliničkim uvjetima proupalni (M1) makrofagi 
bili izraženiji u lokalno uznapredovalim stadijima tumora s lošijim dugoročnim ishodima. Zaključno, TAM-ovi bi mogli 
biti valjan prognostički čimbenik ili čak meta za terapijska sredstva, ali bit će potrebno više studija kako bi se u potpunosti 
razumio utjecaj diferencijacije M1/M2 makrofaga.

	 Ključne riječi: Adenokarcinom gušterače; M1/M2 makrofagi; CD68/CD163; Makrofagi povezani s tumorom; Istraživanje 
raka; Kirurška onkologija
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