
Abstract. Background/Aim: The histological features of
lymph nodes (LNs) treated by chemoradiotherapy (CRT) in
non-small cell lung cancer (NSCLC) have not been well
studied. The purpose of this study was to evaluate the
histological findings of LNs affected by CRT. Patients and
Methods: Among 107 clinically N2 NSCLC patients who
underwent induction CRT followed by surgery from 1999 to
2017, 24 patients who received pathological evaluation of
mediastinal LN before CRT were enrolled in this study.
Postoperatively, we histologically reviewed all resected LNs
(n=117) of the station evaluated before CRT. Results: Fibrosis
and/or necrosis were observed in all investigated LN stations.
Histological observation of fibrosis and/or necrosis in the
resected LNs after CRT indicated the presence of LN metastasis
before CRT. Conclusion: The metastatic LNs that responded to
CRT showed specific histological features, which enabled us to
know the accurate clinical stage of the patient even though
cancer cells were not found in the post-treated LNs.

Induction chemoradiotherapy (CRT) followed by surgery is one
of the treatment options for locally advanced non-small cell
lung cancer (NSCLC) (1). It is well known that histological
changes, such as fibrosis or necrosis, are common pathological
indicators of therapeutic response in the primary tumor (2). The
existence of such histopathological findings indicates the
presence of cancer cells before treatment, and based on these
findings, several histological grading systems about the effect

of CRT on the primary tumor have been reported (3). However,
the pathological findings in metastatic lymph nodes (LNs)
treated by CRT have not been well-documented.

Downstaging of mediastinal LNs is a favorable prognostic
indicator of N2 disease after induction therapy (4). Thus,
accurate estimation of LN status before CRT is important not
only to determine the pretreatment stage, but also to predict
the prognosis of the disease. Endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS-TBNA) is
the option available to evaluate mediastinal LN metastatic
status before CRT. Based on these facts, we investigated the
pathological findings of metastatic and non-metastatic LNs
after CRT, by reviewing the resected LNs of NSCLC patients
treated with CRT, and comparing them to the pathological
findings of the LNs obtained by EBUS-TBNA.

Patients and Methods

Patient selection. Between January 1999 and December 2017, a
total of 107 NSCLC patients with clinically N2 (cN2) disease
underwent induction CRT followed by surgery at Okayama
University Hospital. Among them, EBUS-TBNA was performed in
28 patients, to evaluate mediastinal LN metastasis before
introduction of treatment. We excluded four of these patients
because sufficient material was not obtained by EBUS-TBNA in
three patients and curative resection was not performed in one
patient. Disease staging was performed according to the
International Association of the Study of Lung Cancer TNM staging
system, 8th edition (5). This is a retrospective study and the study
protocol was approved by the Institutional Review Board and Ethics
Committee of Okayama University (permission number 1055).
Written informed consent was waived by this ethics committee. 

Treatment. Platinum-based chemotherapy with concurrent radiation
at a dose of 46 Gy was administered as induction CRT. Patients
without unresectable lesions were scheduled to undergo surgery
(basically lobectomy with systemic mediastinal lymph nodal
dissection) within 4 to 8 weeks after the completion of CRT (6).

Histopathological evaluation of mediastinal LNs before and after
induction CRT. Before CRT, EBUS-TBNA followed by histological
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assessment was performed for the mediastinal LNs that were
suspicious for metastasis by radiological examination and all
resected LNs were pathologically evaluated for the presence of
metastasis. In this study, we performed an additional pathological
evaluation of all resected LNs of the stations that were
pathologically diagnosed by EBUS-TBNA in order to assess the
presence of fibrosis/necrosis as well as metastasis. Furthermore, we
randomly reviewed the resected LNs within the radiation field of an
additional cohort of five cN0 patients (non-metastatic LNs) who
received induction CRT because of a superior sulcus tumor or chest
wall invasion (7).

Results

Patient characteristics and accuracy of EBUS-TBNA. The
patients’ characteristics are shown in Table I. Median
duration from the initiation of CRT to surgery was 11.0
weeks (range=9.9-18.3 weeks). Among them, 23 patients
were confirmed as positive for mediastinal LN metastasis by
EBUS-TBNA, while one patient (Case 24) was negative for
metastasis before CRT. Although EBUS-TBNA failed to
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Table I. Patient characteristics. 

Characteristics                                                          Total (n=24)

Median age (range)                                                   66 (46-77)
Gender, n (%)                                                                     
  Male                                                                            19 (79)
  Female                                                                         5 (21)
Histological subtype, n (%)                                               
  Adenocarcinoma                                                        11 (46)
  Squamous cell carcinoma                                          12 (50)
  Large cell carcinoma                                                    1 (4)
Clinical stage, n (%)                                                          
  IIIA                                                                             15 (63)
  IIIB                                                                               9 (37)
Pathological N factor, n (%)                                              
  N0                                                                               12 (50)
  N1                                                                                 1 (4)
  N2                                                                               10 (42)
  N3                                                                                  1(4)
Induction chemotherapy, n (%)                                         
  Paclitaxel plus Carboplatin                                         3 (13)
  Docetaxel plus Cisplatin                                            20 (83)
  S-1                                                                                 1 (4)

Figure 1. Radiological images of the lymph nodes (LNs) of case 24. Enhanced chest computed tomography (CT) showed enlargement of the LNs
(a: 4R, c: 10R). The maximum diameter of the LNs was 2.2 and 2.8 cm, respectively. The LNs (b: 4R, d: 10R) showed strong 18F-deoxyglucose
uptake on positron emission tomography-CT. The #4R LN was pathologically diagnosed as metastasis-negative by endobronchial ultrasound-guided
transbronchial needle aspiration.



demonstrate mediastinal LN metastasis in this patient,
induction CRT was introduced because LN metastasis was
strongly suspected by radiological examinations (Figures 1
and 2).

Among the cases where sufficient materials were obtained
by EBUS-TBNA, the accuracy of EBUS-TBNA was 96%
(24 of the 25 aspirated LNs) in this study (Figure 2).

Histological findings in the resected LNs treated by induction
CRT. Among 24 patients enrolled in this study, we
histologically reviewed 25 LN stations (a total of 117 resected
LNs) evaluated by EBUS-TBNA (median number of

evaluated LNs per patient: 4, range=2-16). Representative
examples of histological features of resected LNs with
metastasis before iCRT are present in Figure 3. Fibrosis and/or
necrosis were present in all 25 LN stations evaluated by
EBUS-TBNA in all 24 patients. In addition, residual viable
cancer cells were also observed along with fibrosis and/or
necrosis in 11 LN stations of 11 patients. In case 24, viable
cells with fibrosis and/or necrosis were identified by
pathological assessment, although the preoperative evaluation
by EBUS-TBNA did not show malignancy (Figure 2).

In a total of 15 LN stations (34 resected LNs) from the
five cN0 patients treated by induction CRT, all LNs
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Figure 2. Comparison of histological features before and after induction chemoradiotherapy. We histologically reviewed 25 LN stations evaluated
by EBUS-TBNA from 24 enrolled patients. Fibrosis and/or necrosis were present in all 25 LN stations. In addition, residual viable cancer cells
were also observed along with fibrosis and/or necrosis in 11 stations of 11 patients. LN: Lymph node; EBUS-TBNA: endobronchial ultrasound-
guided transbronchial needle aspiration.



maintained the feature of normal LNs, without fibrosis
and/or necrosis (Figure 4), indicating that CRT does not
induce histological changes in non-metastatic LNs relatively
early after initiation of CRT (median period from initiation
of CRT to surgery: 10.8 months, range=9.1-22.0 months).

Discussion

LN metastasis is known to be a poor prognostic factor in
NSCLC patients. Although the histopathological evaluation
of primary tumors treated by CRT has been well known,
that for LNs with or without metastasis has not been
documented yet. In this study, we found that fibrosis and/or
necrosis were present in all LNs of the stations of 24
patients who were confirmed as positive for LN metastasis
before CRT. This result suggests that presence of fibrosis
and/or necrosis in the LN is a signature of lymph node
metastasis before CRT.
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Figure 3. Representative examples of histological features of resected lymph nodes (LNs) with metastasis before induction chemoradiotherapy. (a
and b) LN with fibrosis and necrosis. The black and white arrows show fibrosis and necrosis, respectively. (c and d) LN with both viable cancer
cells and fibrosis. (a) Fibrosis and/or necrosis suggest the presence of metastasis before induction chemoradiotherapy (original magnification:
×20). The square region is magnified in (b). (b) Magnified image of the fibrotic and necrotic area (original magnification: ×200). (c) Residual
viable cancer cells and fibrotic areas are observed in the resected lymph node (original magnification: ×20). The square region is magnified in
(d). (d) Residual viable cancer cells are surrounded by fibrotic tissue (original magnification: ×200).

Figure 4. Representative example of histological features of a resected
lymph node (LN) without metastasis (cN0) before induction
chemoradiotherapy. The LN was filled with normal lymph nodules, with
neither fibrosis nor necrosis. Original magnification: ×20.



Beppu et al. demonstrated that metastasis-negative LNs
were histologically distinguishable from total regression LNs
(metastasis-positive LNs before treatment), because
metastasis-negative LNs with rectal cancer were filled with
normal lymph nodules (8). Similarly, our current study
revealed that the normal LN structure was maintained, with
neither fibrosis nor necrosis, in resected LNs that were
diagnosed as having no metastasis before CRT. Since
pathological downstaging of mediastinal LN metastasis after
induction therapy is known to be a favorable prognostic
indicator (4), the regression grade of individual LNs might
be useful in predicting prognosis. This fact suggests that
pathological findings of resected LNs are a useful clue to
accurately determine the clinical stage, and contribute to the
prediction of the clinical outcomes of NSCLC patients
treated by CRT.

In conclusion, we demonstrated that the presence of
characteristic histological features of fibrosis and/or necrosis
in resected LNs indicate the presence of LN metastasis
before CRT, while CRT did not affect the histological
features of non-metastatic LNs. 
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