
Am J Transl Res 2014;6(5):593-603
www.ajtr.org /ISSN:1943-8141/AJTR0001759

Original Article 
Tumor-associated macrophages in stage IIIA pN2  
non-small cell lung cancer after neoadjuvant  
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Abstract: Purpose: Most of the patients with stage IIIA pN2 non-small cell lung cancer (NSCLC) develop recurrence 
after surgery. It is not clear whether post neoadjuvant chemotherapy tumor-associated macrophages is associated 
with recurrence. Patients and Methods: Stage IIIA pN2 NSCLC patients underwent cisplatin/docetaxel neoadjuvant 
chemotherapy and surgery were retrospectively enrolled. Immunohistochemical staining of CD68 was used to iden-
tify macrophages in surgical resected stored tissues. Results: The objective response rate of cisplatin/docetaxel 
was 68%, overall median disease-free survival (DFS) was 13.1 months and median overall survival (OS) 36.8. 
months. Multiple Cox regression analysis showed low total macrophage numbers and mediastinal lymph nodes 
downstaging were independent factors for longer DFS, whereas high islet/stromal macrophages ratio was an in-
dependent facto for OS. In patients downstaged to pN0, low total macrophage numbers was also associated with 
longer DFS. Conclusions: Low total macrophage number is an independent factor for better DFS in pN2 stage IIIA 
NSCLC patients receiving neoadjuvant chemotherapy and surgical resection, which association was kept in those 
downstaged to pN0. Further studies are warrant to confirm the predictive role of TAMs and their potential causative 
role in tumor recurrence. 
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Introduction

Lung cancer, over 80% of which is non-small 
cell lung cancer (NSCLC), is the leading cause 
of cancer death worldwide [1]. Although NSCLC 
can be treated surgically with curative intent in 
the early stages, 30-70% of the patients devel-
op recurrences [2, 3]. Treatment with combined 
modalities in addition to surgery alone is thus 
evolving, particularly neoadjuvant chemothera-
py for N2 stage IIIA disease. The 5-year survival 
rate for those who underwent surgical resec-
tion alone was unsatisfactory, from 8% to 23% 
in different reports [3, 4]. Neoadjuvant chemo-

therapy theoretically allows early eradication of 
micrometastases, which are present in nearly 
80% of patients with stage IIIA NSCLC [5], and 
inducing tumor downstaging to enable better 
local control in surgery. Two randomized control 
trials clearly demonstrated survival advantage 
associated with neoadjuvant chemotherapy fol-
lowed by surgery compared with surgery alone 
in patients with stage IIIA-N2 NSCLC [2, 6]. 
Although the benefit was not seen in two later 
trials [7, 8], they were either enrolling more het-
erogeneous populations (stage I-IIIA) [8] or 
underpowered [7]. Nevertheless, even after 
neoadjuvant chemotherapy and adequate sur-
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gical resection, patients still had up to 60% 
locoregional relapse and 65% distant metasta-
sis after a follow-up of 5 years [2, 9]. Identi- 
fication of prognostic factors would potentially 
help to select patients need more aggressive 
consolidation treatment. Indeed, complete res- 
ection and mediastinal downstaging after neo-
adjuvant chemotherapy are two strong favor-
able prognostic factors, and resection is thus 
recommended only for patients with mediasti-
nal downstaging after chemotherapy [9, 10].

Macrophages are the major component of 
immune cells infiltrating in tumor microenviron-
ment [11]. Tumor-associate macrophages (TA- 
Ms), usually M2 skewed or alternatively acti-
vated, have been implicated in tumor invasion, 
immune suppression and tumor metastasis 
[12, 13]. They also have long been known to be 
a prognostic factor in lung cancer. Earlier repor-
ts demonstrated a negative correlation of the 
tumor infiltrating macrophage density with sur-
vival of patients with stage I-IIIA NSCLC after 
surgical resection [14, 15]. We have recently 

reported in advanced NSCLC, the majority of 
TAM located in tumor stroma and expressed 
M2 markers, also predicted for poor treatment 
response to epidermal growth factor receptor 
tyrosine kinase inhibitor (EGFR-TKI) and overall 
survival [16]. A prognostic role of TAMs in NSC- 
LC patients receiving neoadjuvant chemothera-
py and surgery has yet been tested. 

In this retrospective study, based on the hypoth-
esis that TAMs are associated with poor prog-
nosis, we numbered TAMs in resected tumors 
of patients with pN2 stage IIIA NSCLC receiving 
neoadjuvant chemotherapy and surgery, and 
analyzed the predictive value of TAMs and other 
clinical factors for disease free survival (PFS) 
and overall survival (OS) after surgical resec- 
tion. 

Patients and methods

Ethics statement 

This is a retrospective study approved by Insti- 
tutional Review Board of Chang Gung Medical 

Figure 1. Immunohistochemical staining demonstrated low and high CD68+ macrophages (brown) in tumor stroma 
(A and C), and tumor islet (B and D).
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Foundation, Linkou branch. (IRB 101-4181B) 
and informed consent was deemed not requi- 
red. The patient records was anonymized and 
de-identified prior to analysis.

Study population

Patients with pN2 stage IIIA NSCLC treated with 
docetaxel and cisplatin as neoadjuvant chemo-

The patients were restaged by chest CT and/or 
positron emission tomography after the neoad-
juvant chemotherapy. Every patient received an 
anatomic lung resection and mediastinal lymph 
node dissection in an attempt to eradicate the 
whole tumor. Lobectomy or bilobectomy was 
performed according to the lesion locations on 
chest CT before surgery. Postoperative treat-
ment was left to clinicians’ discretion. Adjuvant 

Table 1. Baseline Clinical Characteristics and Treat-
ment Response
Characteristics All
Gender, No. (%)
    Male 15 (53.5)
    Female 13 (46.5)
Mean Age, (range) 59±9 (41-78)
Age, y, no (%)
    <60 y 13 (46.5)
    ≥60 y 15 (53.5)
ECOGa Performance status, No. (%)
    0 3 (10.7)
    1 25 (89.3)
Smoking, No. (%)
    Never smoker 17 (60.7)
    Smoker 11 (39.3)
Histology, No. (%)
    Adenocarcinoma 20 (71.4)
    Squamous cell carcinoma 6 (21.4)
    Poorly differentiated carcinoma 2 (7.1)
Clinical Response, No. (%)
    PRb 19 (67.8)
    SDc 9 (32.2)
Post operative T, No. (%)
    T1 19 (67.8)
    T2 8 (28.6)
    T3 1 (3.6)
    T4 0 (0.0)
Post operative N, No. (%)
    N0 19 (67.8)
    N1 or N2 9 (32.2)
Infiltrating macrophages, medium, (IQRd) 
    Stromal macrophage 121 (59-164)
    Islet macrophage 105 (63-144)
    Islet/Stromal macrophage 1.21 (0.43-1.83)
    Total macrophage 228 (154-321)
Disease Free Survival, Median, (95% CI) 13.1 (5.0-21.3)
Overall Survival, Median, (95% CI) 36.8 (28.2-45.7)
aECOG: Eastern Cooperative Oncology Group; bPR: partial response; 
cSD: stable disease; dIQR: interquartile range.

therapy followed by complete surgical re- 
section between 2005 and 2008 were 
enrolled. The inclusion criteria were histo-
logically diagnosed N2 stage IIIA NSCLC 
patients, confirmed pathologically by vid-
eo-assisted thoracoscopy (VATS) or medi-
astinoscopy, without any prior treatment 
before neoadjuvant chemotherapy, fit for 
chemotherapy and received subsequent 
surgery with curative intent. All patients 
were staged according to the TNM classifi-
cation of the American Joint Committee on 
Cancer, 6th edition, by using bronchosco-
py, computer tomography (CT), and/or posi-
tron emission tomography. The patients 
with concomitant malignancies or partici-
pating in a clinical trial as induction chemo-
therapy were excluded. 

Treatment and response evaluation

Patients received neoadjuvant docetaxel 
60 mg/m2 as 1-hour intravenous infusion 
on day 1 and cisplatin 75 mg/m2 as a 3 
hours intravenous infusion on day 1 every 
3 weeks. Cycle numbers given were based 
on clinicians’ discretion according to clini-
cal and radiologic response. 

Clinical response was defined by using the 
Response Evaluation Criteria in Solid Tu- 
mors (RECIST) criteria [17]. A resection was 
considered complete (R0) when there was 
no residual tumor detected at the bronchial 
or vascular margins and no residual dis-
ease in the mediastinal area. Mediastinal 
downstaging was defined as no gross and 
microscopic disease in the resected medi-
astinal nodes. Pathologic complete respon- 
se (pCR) was defined as the absence of 
viable tumor detected in the resected sur-
gical specimen on pathologic examination 
[18]. Drug related toxicities were evaluated 
by the National Cancer Institute Common 
Toxicity Criteria version 3.0.
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chemotherapy was usually given to patients 
with residual lymph nodes metastasis. Those 
without residual tumor were followed up every 
3 months until recurrence. The survival data 
were censored at December 31, 2012. 

Immunohistochemical staining

Totally 28 stored paraffin-embedded, formalin-
fixed, surgically resected specimens were col-
lected for immunohistochemical (IHC) studies. 
Tissue sections were cut, placed onto glass 
slides, de-waxed in xylene and alcohols and 
then washed with phosphate-buffered saline 
twice as our previous study [16]. Macrophages 
were stained with an mouse anti-human CD68 
monoclonal antibody (Clone PG-M1 from Dako, 
Glostrup, Denmark.). 

Analysis and validation of immunohistochemi-
cal staining 

Analysis of IHC was performed blindly with 
respect to the clinical outcome. The five most 
representative high-power fields (200X magni-
fied) per slide were manually selected using an 
Olympus BX50 microscope (Olympus, Southall, 
United Kingdom). Nucleated CD68-positive ce- 
lls with macrophage morphology (Figure 1) 
were counted manually independently by two 
researchers, including a pathologist, and expre- 
ssed as islet, stromal or total macrophages as 
previous described [19]. The two sets of data 
were compared to assess the reproducibility 
and, hence, the validity of the results. 

The mediums of islet (113), stromal (113) and 
total macrophages (222) numbers per high 
power field (200X), and that of islet/stromal 
macrophage ratio (1.33) were chosen as cut-off 
levels for determination between high and low 
groups. Representative pictures of low and 
high CD68+ macrophages in islet and stromal 
area are shown in Figure 1. 

Statistical analysis 

The categorized variables were compared by 
Fisher exact test and continuous variables by 
the Mann-Whitney U test. The median follow-up 
was computed by the reverse Kaplan-Meier 
method [20]. Disease-free survival (DFS) was 
calculated from initiation of treatment to the 
date of last follow-up, the first clinical or radio-
logic evidence of tumor relapses, or progres-
sion, whereas Overall survival (OS) from initia-

tion of treatment to the date of last follow-up or 
death. The Kaplan-Meier estimation was used 
to plot survival curves, and log-rank tests to 
compare the difference between groups. Uni- 
variate analysis was performed to investigate 
the association between an outcome (DFS and 
OS) and each individual prognostic factor. Time 
to event was analyzed by fitting multiple Cox 
regression model. All analyses were performed 
by using SPSS version 20 (SPSS Inc, Chicago, 
IL) and Prism 5 (version 5.01, Graphpad Soft- 
ware, San Diego, CA). Statistical significance 
was considered when p<0.05 by two sided.

Results

Patient characteristics 

Between January 2005 and December 2008, 
totally 39 newly diagnosed potentially operable 
N2 stage IIIA patients were screened. Eleven 
patients were excluded without pathological 
confirmation of N2 diseases. Finally, twenty-
eight (71%) patients (15 men, mean age 59 
years, range 41-78 years) were enrolled for 
analysis. Most patients were non-smokers (17, 
[60%]) and adenocarcinoma (20, [71%]) was 
the predominant histology. The baseline char-
acteristics and treatment response were sum-
marized at Table 1.

Neoadjuvant treatment response and toxicity

Nine (32%) patients received 2 cycles, 9 (32%) 
received 3 cycles, and 10 (36%) received 4 
cycles of cisplatin/docetaxel. The objective 
response rate (ORR) was 67.8% (19 patients), 
all were partial response (PR). There were 9 
patients (32%) with stable disease (SD) and no 
(0%) progressive disease.

Only 20 of 28 patients were evaluable for drug 
related toxicity. Ten (50%) patients developed 
leukopenia and 9 (45%) anemia during neoad-
juvant chemotherapy. Frequent non-hemato-
logic toxicities were nausea/vomiting (10 of 20, 
[50%]), fatigue (13 of 20, [65%]), and alopecia 
(6 of 16, [37.5%]). Most of the side effects were 
grade 1 or 2, and only one (5%) grade 3 leuko-
penia was recorded.

Surgical resection, pathologic response, nodal 
downstaging and postoperative treatment

All patients had complete resection (R0). Most 
patients received lobectomy (27 of 28, [96%]) 
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and only one bilobectomy. Systemic lymph 
node dissection was performed in every pa- 
tient. Most patients (19, 67.8%) had tumor 
shrinkage to T1. Residual pN2 was presented 
in 4 (14%) patients, whereas mediastinal down-
staging in 18 (81%) patients, including 5 (18%) 
pN1 and 19 (68%) pN0 (Table 1). No pathologic 
complete response was achieved in these 
patients.

All 4 patients with residual pN2 disease under-
went cisplatin/docetaxel adjuvant chemothera-
py, whilst one out of two patients with pN1 
residual disease received the same treatment. 
None of the pN0 disease received adjuvant 
therapy. 

Relapse and survival

The median follow up time was 63 months 
(95% CI, 60.8-65.7 months). By December 31, 
2012, 21 (75%) patients experienced relapse 
and 16 (57%) had died, all of which died of 

relapse. The median DFS was 13.1 months 
(95% CI, 5.0-21.3 months), and the median OS 
36.8 months (95% CI, 24.0-72.1 months) (Table 
1). There were 5 locoregional relapses and 16 
distant metastases, the latter being 8 in the 
lungs and 8 in the brains as the first metastatic 
site. All patients with tumor relapse received 
chemotherapy and/or epidermal growth factor 
receptor tyrosine kinase inhibitors, and all 
those with brain metastasis received palliative 
radiotherapy.

Prognostic factors for survival outcomes

Univariate analysis of prognostic factors for 
DFS and OS were summarized in Table 2. Whilst 
mediastinal downstaging, low total numbers of 
macrophage and high islet/stromal ratio were 
significantly associated with longer DFS, only 
high islet/stromal macrophage ratio was signifi-
cantly associated with longer OS. Median DFS 
was 16.3 months (95% CI: 7.1-25.5 months) vs. 
5.3 months (95% CI: 4.2-6.8 months, p=0.001) 

Table 2. Univariate factor analysis of disease free survival and overall survival

Characteristics No
Disease Free Survival Overall Survival

Median (95% CI) P Median (95% CI) P
Gender
    Man 15 13.4 (5.0-21.8) 0.76 36.1 (22.1-50.1) 0.60
    Woman 13 9.3 (6.2-20.7) 40.5 (22.5-58.5)
Age
    <60 y 13 13.2 (3.8-22.5) 0.21 48.0 (20.9-75.2) 0.17
    ≥60 y 15 13.4 (16.7-46.1) 36.0 (36.1-48.7)
Smoking
    Never smoker 17 9.3 (8.4-22.5) 0.74 40.6 (32.6-48.4) 0.88
    Smoker 11 13.4 (6.3-20.4) 27.4 (0-70.1)
Histology
    Adenocarcinoma 21 13.4 (4.6-22.2) 0.42 48.0 (25.0-71.1) 0.14
    Non-adenocarcinoma 7 7.6 (3.3-11.9) 27.4 (15.3-39.4)
Clinical Response
    PRa 18 15.4 (10.3-20.5) 0.68 36.1 (3.9-68.3) 0.63
    SDb 10 7.4 (3.6- 11.3) 40.5 (31.0-50.0)

Mediastinal downstaging
    N0 19 16.3 (7.1-25.5) 0.001 52.8 (14.0-91.4) 0.187
    N1 or N2 9 5.3 (4.2-6.5) 36.8 (27.6-46.0)
Islet/stromal macrophage ratio
    < median 14 5.5 (4.4-6.6) 0.04 34.8 (21.8-47.9) <0.01
    ≥ median 14 20.7 (11.4-30.0) unreached 
Total macrophages
    < median 14 33.4 (7.5-59.3) 0.001 36.1 (0-75.4.2) 0.72
    ≥ median 14 5.5 (4.2-6.7) 36.8 (27.1-46.4)
aPR: partial response; bSD: stable disease.
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and 5.5 months (95% CI: 4.2-6.7 months) vs. 
33.4 months (95% CI: 7.5-59.3 months, 
p=0.001) for pN0 vs. pN1-2 and high total mac-
rophage numbers vs. low total macrophage 
numbers, respectively (Figure 2A and 2B). 
Median DFS and OS were 20.7 (95% CI: 11.4-
30.0 months) vs 5.5 months (95% CI: 4.4-6.6 
months, p=0.04) and unreached vs. 34.8 
months (95% CI: 21.8-47.9 months, p<0.01) for 
high islet/stromal macrophage ratio vs. low 
ratio, respectively (Figure 2C and 2D).

To determine the independent factors for PFS 
and OS, multivariate analysis was performed 
and included significant factors and those with 
p<0.05 for PFS in univariate analysis (Table 3). 
Mediastinal downstaging and low total macro-
phages were both independent factors for lon-
ger PFS (HR: 0.22; 95% CI: 0.07-0.74, p=0.02 
and HR: 4.21; 95% CI: 1.83-15.3, p=0.01, 
respectively). High islet/stromal macrophage 
ratio is the only independent factor for longer 
OS (HR: 0.25; 95% CI: 0.07-0.82, p=0.02).

Relapses occurred in 72.7-100% in each sub-
group, and distant failure was the major type of 
the relapse. There was no significant difference 
in types of relapse in each subgroup. 

Correlation of TAMs with survival in the sub-
group downstaged to pN0

To avoid the confounding with mediastinal sta-
tus and to clarify the prognosis role of TAMs, we 
further studied the patients with nodal down-
staged to N0 (Table 4). The median number of 
total macrophages (202) in these patients was 
used as the cut-off value. Patients with high 
total macrophage numbers had significantly 
shorter median DFS (13.4 months, 95% CI: 8.2-
18.6 months) compared with those with low 
numbers (33.4 months, 95% CI: 6.3-60 months, 
Log-Rank test p=0.01) (Figure 3A). OS was sim-
ilar in both groups (median 52.8 months, 95% 
CI: 10-95.6 months vs. unreached; Log-Rank 
test p=0.88) (Figure 3B). With regard to types 
of relapse, 2 (22.2%) and 6 (66.7%) patients 

Figure 2. Kaplan-Meier disease free survival curves of (A) total macrophages, (B) mediastinal downstaging, (C) islet/
stromal macrophage ratio and (D) overall survival of islet/stromal macrophage ratio. Data were dichotomized at the 
median value for each parameter.



TAM in pN2 IIIA NSCLC

599	 Am J Transl Res 2014;6(5):593-603

with high total macrophage numbers experi-
enced locoregional and distant metastasis, 
respectively. And the recurrence pattern was 
similar with 1 (10%) locoregional and 4 (40%) 
distant metastasis in those with low total mac-
rophage numbers (p=0.26).

Discussion

This study confirms the prognostic role of medi-
astinal downstaging for DFS and demonstrates 
that numbers of total macrophages also have 
the same prognostic role. In addition, we show- 

Table 3. Multivariate analysis for disease free survival and overall survival
Disease Free Survival Overall Survival

Characteristics HR (95% CI) P value HR (95% CI) P value
Mediastinal downstaging 0.22 (0.07-0.74) 0.02 0.73 (0.13-3.94) 0.71
High Islet/stromal macrophage ratio 0.39 (0.15-1.05) 0.06 0.25 (0.07-0.82) 0.02
High Total macrophages 4.21 (1.83-15.3) 0.01 0.86 (0.17-4.15) 0.85

Table 4. Clinical characteristics and outcomes in patients downstaged to pN0 
Low total macrophage (n=10) High total macrophage (n=9) p value

Gender, No. (%)
    Male 6 (60) 6 (66.7) 1.00
    Female 4 (40) 3 (33.3)
Mean Age, year (range) 64 (56-69) 57 (44-71) 0.09
Age, y, no (%)
    <60 y 2 (20) 5 (55.6) 0.17
    ≥60 y 8 (80) 4 (44.4)
ECOGa Performance status, No. (%)
    0 0 (0) 1 (11.1) 0.47
    1 10 (100) 8 (88.9) 
Smoking, No. (%)
    Never smoker 6 (60) 3 (33.3) 0.37
    Smoker 4 (40) 6 (66.7)
Histology, No. (%)
    Adenocarcinoma 8 (87.5) 5 (55.6) 0.35
    Non-adenocarcinoma 2 (12.5) 4 (44.4)
Clinical Response, No. (%)
    PRb 8 (80) 7 (77.8) 1.000
    SDc 2 (20) 2 (22.2)
Post Neoadjuvant pT, No. (%)
    T1 8 (80) 6 (44.5) 0.51
    T2 2 (20) 3 (44.4)
    T3 0 (0) 0 (0)
    T4 0 (0) 0 (0)
Relapse patterns, No. (%)
    No relapse 5 (50) 1 (11.1) 0.26
    Locoregional 1 (10) 2 (22.2)
    Distant 4 (40) 6 (66.7)
Disease Free Survival, 
Median, (95% CI) 33.4 (6.3-60) 13.4 (8.2-18.6) 0.01
Overall Survival, 
Median, (95% CI) 52.8 (10.0-95.6) 54.5 (33.4-75.5) 0.88
aECOG: Eastern Cooperative Oncology Group; bPR: partial response; cSD: stable disease.
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ed that islet/stromal macrophage ratio is cor-
related with for OS. Furthermore, in patients 
downstaged to pN0, high numbers of total mac-
rophage were associated with a shorter DFS. 
The present study also confirms a high objec-
tive response rate of docetaxel-cisplatin neo-
adjuvant chemotherapy, which were well tole- 
rated.

Several prognostic factors had been reported 
in stage III pN2 patients receiving neoadjuvant 
chemotherapy and subsequent surgery, with 
complete surgical resection and mediastinal 
downstaging being the most important [9, 10, 
21, 22]. In the present study, all patients had 
complete resection. An independent role of 
mediastinal downstaging for predicting DFS is 
confirmed. However, this factor was not signifi-
cant for OS in multivariate analysis. Although 
out result is conflicted with that reported by 
Betticher, et.al. [9, 10], it is in agreement with 
most others ones by Garrido, et. al. [21] and 
Elias, et. al. [22] and a retrospective report by 
Liao et. al. [23]. 

The prognostic roles of TAM have been tested 
for NSCLC in different settings. Chen et al first 
demonstrated that overall TAM was a poor 
prognostic factor for OS in surgically resected 
NSCLC [14, 15]. Further analysis by their micro-
anatomic localization showed that stromal 
TAMs [19, 24] were frequently negatively asso-
ciated with patient survival whilst islet TAMs or 
islet/stromal macrophage ratio were always 
positively correlated [19, 25, 26]. More recent 
data suggested that islet macrophages expre- 
ssed anti-tumor M1 phenotype [25] whilst more 

stromal ones were pro-tumor M2 skewed [27]. 
Generally, more TAMs were M2 macrophages 
compared to M1 macrophages in NSCLC [27]. 
In line with this concept, the present study 
showed islet/stromal macrophage ratio an 
independent factor for OS, which further ex- 
tends to a more homogenous population, e.g. 
stage IIIA pN2 patients post neoadjuvant che-
motherapy and surgery. 

Interestingly, total macrophage, instead of 
islet/stromal macrophage ratio, is an indepen-
dent predictive factor for DFS. This role was fur-
ther confirmed in the pN0 group, in which any 
confounding with mediastinal downstaging can 
be ignored. Thus total macrophage may be 
used to identify patients who need further 
treatment after surgery, even in patients with 
mediastinal clearance. As distant metastasis is 
the major site of first relapse, adjuvant chemo-
therapy and/or radiotherapy might be neces-
sary and need to be studied in further trials. 

It is not clear why total macrophages but not 
islet/stromal macrophage ratio are predictive 
of DFS. Nevertheless, it is in agreement with 
our recent report showing that total macro-
phages are predictive of poor efficacy, including 
progression-free survival (PFS), in response to 
EGFR-TKI [16]. Interestingly, high total macro-
phage numbers were associated with low islet/
stromal macrophage ratio (median, 1.21; IQR: 
0.43-1.83 vs. 1.83; IQR: 0.89-2.50) and there-
fore supporting their M2-skewed tumor sup-
porting phenotype as in advanced NSCLC [16]. 
Of note, recent gene profile experiments indi-
cate several distinct populations of TAMs that 

Figure 3. Kaplan-Meier survival curve of patients down-staged to N0 with different (A) total macrophages in patients 
downstaged to N0. (A) Disease-free survival and (B) Overall survival.
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often share features of both types [28]. In vitro 
studies also showed that, coculture with nor-
mal macrophages induced higher invasive 
potentials and activation of genes associated 
with angiogenesis and metastasis in lung can-
cer cell lines [15]. These studies support a 
potentially causative role of TAM, irrespective 
of their binary phenotypes.

There are limitations in the present study. First, 
the retrospective nature and small sample size 
might overlook confounding factors and was 
underpowered. Second, although CD68 is 
widely used as a marker of macrophages, it is 
also expressed on other cell types, such as 
immature CD1a-restrictive dendritic cells and 
fibroblasts. Nevertheless, this bias might have 
been minimized by the fact that only very low 
ratio of CD68+ cells were fibroblast or dendritic 
cells [16] and that macrophages were also 
determined by morphology. 

Conclusion

Lower total macrophages, in addition to medi-
astinal downstaging, could independently pre-
dict better DFS in pN2 stage IIIA NSCLC patients 
underwent neoadjuvant chemotherapy and sur-
gical resection. This role of TAMs is also kept in 
patients downstaged to pN0. The present study 
thus identified a novel marker that could be 
used to select patients who need more aggres-
sive post-surgical treatment. A prospective stu- 
dy is warranted to confirm the finding herein. 
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