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Abstract
Purpose  To investigate the surgical prognosis and efficacy of adjuvant therapy in non-small cell lung cancer (NSCLC) with 
occult lymph node metastasis (ONM) defined by positron emission tomography/computed tomography (PET/CT).
Methods  A total of 3537 NSCLC patients receiving surgical resection were included in this study. The prognosis between 
patients with ONM and evident nodal metastasis, ONM patients with and without adjuvant therapy was compared, 
respectively.
Results  ONM was associated with significantly better prognosis than evident nodal metastasis whether for patients with 
N1 (5-year OS: 56.8% versus 52.3%, adjusted p value = 0.267; 5-year RFS: 44.7% versus 33.2%, adjusted p value = 0.031) 
or N2 metastasis (5-year OS: 42.8% versus 32.3%, adjusted p value = 0.010; 5-year RFS: 31.3% versus 21.6%, adjusted p 
value = 0.025). In ONM population, patients receiving adjuvant therapy yielded better prognosis comparing to those without 
adjuvant therapy (5-year OS: 50.1% versus 33.5%, adjusted p value < 0.001; 5-year RFS: 38.4% versus 22.1%, adjusted p 
value < 0.001).
Conclusions  ONM defined by PET/CT identifies a unique clinical subtype of lung cancer, ONM is a favorable prognostic 
factor whether for pathological N1 or N2 NSCLC and adjuvant therapy could provide additional survival benefits for ONM 
patients.
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Introduction

Lymph node staging is a critical determinant for the ther-
apeutic strategy in patients with non-small cell lung can-
cer (NSCLC). The occurrence of lymph node metastasis 
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generally heralds a more guarded prognosis [1] and therefore 
calls for a more aggressive treatment [2]. For NSCLC with 
lymph node involvement, surgery alone cannot provide ade-
quate oncological efficacy, adjuvant therapy has been proved 
to confer additional survival benefits [3–8].

In the clinical practice of lymph node staging, there is a 
highly specialized population of occult lymph node metas-
tasis (ONM), in whom lymph nodal metastasis is ignored 
by preoperative staging modalities but unexpectedly recog-
nized during surgery. ONM presents specific clinicopatho-
logic characteristics and may represent a distinct invasive 
extent from clinically evident nodal metastasis [9, 10], which 
implies the prognostic and therapeutic uniqueness of ONM.

However, the prognosis and treatment strategy of ONM 
have not been clarified. For one thing, the controversy con-
tinues on the oncological results of ONM. Previous publi-
cations tended to favour ONM, demonstrating that ONM 
yielded better prognosis than clinically evident nodal metas-
tasis [11, 12]. Conversely, there were also several studies 
drawing a negative conclusion, revealing ONM was not a 
significant prognostic factor in NSCLC with lymph node 
involvement [13, 14]. And the existing evidences only lim-
ited in the N2 subgroup, the significance of ONM in N1 
population remains ambiguous. For another, the therapeu-
tic strategy of ONM has not been fully investigated yet. 
The most common option for ONM is probably to proceed 
with surgery and administer adjuvant therapy. However, the 
benefits of adjuvant therapy remain an issue of contention 
[12–15].

In addition, ONM in prior studies were mainly defined 
according to the computed tomography modality. Positron 
emission tomography/computed tomography (PET/CT), 
which simultaneously provides the functional and anatomi-
cal information of tumours, has emerged as a more effective 
staging modality [16]. In the era of PET/CT, whether ONM 
defined by PET/CT represents a unique clinical subtype of 
NSCLC requires further investigation.

In such instances, this study aims to reveal the hetero-
geneity of prognosis between ONM and clinically evident 
nodal metastasis and tentatively explore the efficacy of adju-
vant therapy in NSCLC with ONM.

Material and methods

Patients

We retrospectively reviewed 6737 consecutive patients 
with NSCLC who received surgical resection with hilar and 
mediastinal lymphadenectomy at Shanghai Pulmonary Hos-
pital, Ningbo No. 2 Hospital, The First Hospital of Lanzhou 
University and Affiliated Hospital of Zunyi Medical Col-
lege from January 2016 to September 2016. The approval of 
Institutional Review Board and waiver of written informed 
consent were obtained for this research.

Patients were excluded when meeting the following crite-
ria: history of malignancy, sublobar resection, non-R0 resec-
tion, insufficient lymphadenectomy (numbers of resected 
lymph nodes < 6 or resected mediastinal stations < 3), 

Fig. 1   Flowchart of study 
design. NSCLC, non-small cell 
lung cancer; AIS, adenocarci-
noma in situ; MIA, minimally 
invasive adenocarcinoma; 
ONM, occult lymph node 
metastasis
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Table 1   Baseline characteristics of the entire cohort

p1 value for comparing the occult N1 group with the evident N1 group; p2 value for comparing the occult N2 group with the evident N2 group. 
IQR, interquartile range

Characteristics Entire cohort Occult N1 Evident N1 Occult N2 Evident N2 p1 value p2 value
n = 3537 n = 118 n = 141 n = 234 n = 282

Age (years) 0.860 0.669
   ≤ 65, n (%) 2607 (73.70) 89 (75.40) 105 (74.50) 178 (76.10) 219 (77.70)
   > 65, n (%) 930 (26.30) 29 (24.60) 36 (25.50) 56 (23.90) 63 (22.30)
Sex, n (%)  < 0.001  < 0.001
  Male 2220 (62.80) 71 (60.20) 116 (82.30) 126 (53.80) 199 (70.60)
  Female 1317 (37.20) 47 (39.80) 25 (17.70) 108 (46.20) 83 (29.40)

Smoking, n (%) 0.818 0.676
  Never 1869 (52.84) 46 (39.00) 53 (37.60) 93 (39.70) 107 (37.90)
  Ever 1668 (47.16) 72 (61.00) 88 (62.40) 141 (60.30) 175 (62.10)

Surgery procedure, n (%) 0.032 0.003
  Lobectomy 3145 (88.90) 98 (83.05) 104 (73.76) 202 (86.32) 210 (74.47)
  Bilobectomy 202 (5.70) 12 (10.17) 15 (10.64) 12 (5.13) 31 (10.99)
  Pneumonectomy 190 (5.40) 8 (6.78) 22 (15.60) 20 (8.55) 41 (14.54)

Location, n (%) 0.108 0.359
  Right 2135 (60.36) 72 (61.00) 72 (51.10) 141 (60.30) 181 (64.20)
  Left 1402 (39.64) 46 (39.00) 69 (48.90) 93 (39.70) 101 (35.80)

Resected lymph node numbers, median (IQR) 13 (10–17) 14 (10–18) 15 (12–19) 13 (10–17) 14 (11–18) 0.008 0.002
Resected lymph node Stations, median (IQR) 6 (5–7) 6 (5–7) 6 (5–7) 6 (5–7) 6 (5–7) 0.428 0.063
Pathological type, n (%)  < 0.001 0.020
  Adenocarcinoma 2110 (59.70) 77 (65.25) 48 (34.04) 160 (68.40) 159 (56.40)
  Squamous cell carcinoma 999 (28.20) 21 (17.80) 60 (42.55) 36 (15.40) 73 (25.90)
  Adenosquamous carcinoma 136 (3.80) 7 (5.93) 11 (7.80) 18 (7.70) 23 (8.20)
  Others 292 (8.30) 13 (11.02) 22 (15.60) 20 (8.50) 27 (9.60)

Visceral pleural invasion, n (%) 0.389 0.143
  Absent 2364 (66.84) 70 (59.30) 91 (64.50) 132 (56.41) 177 (62.77)
  Present 1173 (33.16) 48 (40.70) 50 (35.50) 102 (43.59) 105 (37.23)

Pathological T stage, n (%) 0.001 0.164
  T1 1487 (42.00) 44 (37.30) 39 (27.70) 70 (29.90) 76 (27.00)
  T2 1651 (46.70) 63 (53.40) 62 (44.00) 138 (59.00) 155 (55.00)
  T3 285 (8.10) 7 (5.90) 31 (22.00) 15 (6.41) 32 (11.35)
  T4 114 (3.20) 4 (3.40) 9 (6.40) 11 (4.70) 19 (6.74)

Pathological N stage, n (%) 1.000 1.000
  N0 2762 (78.09) 0 0 0 0
  N1 259 (7.32) 118 (100) 141 (100) 0 0
  N2 516 (14.59) 0 0 234 (100) 282 (100)

Multi-station invasion, n (%) 0 17 (14.41) 27 (19.15) 103 (44.00) 154 (54.60) 0.311 0.017
Pathological TNM stage, n (%)  < 0.001 1.000
  1 2266 (64.10) 0 0 0 0
  2 633 (17.90) 107 (90.70) 101 (71.60) 0 0
  3 638 (18.00) 11 (9.30) 40 (28.40) 234 (100) 282 (100)

Adjuvant therapy, n (%) 2132 (60.3) 94 (79.66) 112 (79.43) 198 (84.62) 242 (85.82) 0.964 0.702
Chemotherapy, n (%) 2063 (58.30) 90 (76.30) 107 (75.90) 174 (74.36) 206 (73.05)
Radiotherapy, n (%) 208 (5.90) 5 (4.24) 7 (4.96) 84 (35.90) 112 (39.70)
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carcinoma in situ or minimally invasive carcinoma, patho-
logical N3 involvement, distant metastasis, pathological 
lymph node metastasis but without PET/CT and conduc-
tion of neoadjuvant therapy. Finally, a total of 3537 NSCLC 
patients were included (Fig. 1).

Preoperative evaluation and surgical treatment

Routine evaluation before surgery included chest X-ray and 
computed tomography (CT) scan, abdominal ultrasound, 
pulmonary function test, flexible bronchoscopy, assessment 

Table 2   Distribution of positive 
lymph node stations for the 
entire cohort

p1 value for comparing the occult N1 group with the evident N1 group; p2 value for comparing the occult 
N2 group with the evident N2 group

Characteristics Occult N1 Evident N1 Occult N2 Evident N2 p1 value p2 value
n = 118 n = 141 n = 234 n = 282

Positive N2 station, n (%)
  2 0 0 56 (23.90) 84 (29.80) 1 0.136
  3 0 0 29 (12.40) 63 (22.30) 1 0.003
  4 0 0 103 (44.00) 145 (51.40) 1 0.094
  5 0 0 46 (19.70) 54 (19.10) 1 0.884
  6 0 0 23 (9.80) 30 (10.60) 1 0.763
  7 0 0 90 (38.50) 123 (43.60) 1 0.236
  8 0 0 16 (6.80) 32 (11.30) 1 0.079
  9 0 0 19 (8.10) 24 (8.50) 1 0.873

Positive N1 station, n (%)
  10 51 (43.20) 74 (52.50) 58 (24.80) 84 (29.80) 0.137 0.205
  11 81 (68.60) 91 (64.50) 79 (33.80) 116 (41.10) 0.486 0.085
  12 10 (8.47) 13 (9.22) 19 (8.12) 22 (7.80) 0.834 0.894
  13 8 (6.78) 10 (7.09) 13 (5.56) 15 (5.32) 0.922 0.906
  14 7 (5.90) 8 (5.70) 10 (4.30) 14 (5.00) 0.929 0.711
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Fig. 2   Overall survival A and recurrence-free survival B curves of N classifications for the entire cohort. HR, hazard ratio; OS, overall survival; 
RFS, recurrence-free survival
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of cardiac function. Magnetic resonance imaging (MRI) of 
cerebrum and bone scintigraphy and were applied to rule out 
the distant metastasis. Considering PET/CT was not a rou-
tine administration in our institutions, we excluded patients 
with pathological lymph node metastasis but without pre-
operative PET/CT to confirm the reliability of the clinical 
staging in lymph node involved patients. ONM patients 
were defined as patients in whom there was no suspicion of 
lymph node involvement neither on CT (short-axis diam-
eter < 1 cm), nor on PET (standardized uptake value < 2.5) 
[10]. The Parameters of The CT and PET Scanners were 
detailed in the supplementary material. The tumour stages 
were re-assessed according to eighth edition of the TNM 
staging system [1].

Adjuvant therapy and follow‑up

Adjuvant chemotherapy was conducted for stage IB dis-
eases with high-risk factors and stage IIA-IIIB tumours 
after surgery. Platinum-based doublet regimens were given 
for 4–6 cycles (3 weeks per cycle) after surgery. Adjuvant 
radiotherapy was administrated for stage III-N2 diseases. A 
radiotherapy dose of 50–60 Gy in 1.8–2.0 Gy per fraction 
was delivered for 5–6 weeks.

Follow-up was conducted at 3, 6, and 12 months within 
the first postoperative year and then at 1-year interval. Chest 
CT scan and abdominal ultrasound were routinely imple-
mented. MRI scan for cerebrum and bone were adopted to 
excluded the distant metastasis. The PET/CT scan or/and 
endobronchial ultrasound-guided transbronchial needle aspi-
ration (EBUS-TBNA) were recommended when recurrence 

was suspected. Survival data were acquired from the outpa-
tient visit and telephone follow-up. The overall survival (OS) 
was estimated as the duration since the day of surgery until 
the day of death or last follow-up visit. Patients alive would 
be censored at the last follow-up. Recurrence-free survival 
(RFS) was defined as the time elapsed between the date of 
surgery and the date of progress or death or last follow-up 
visit. Patients alive or without recurrence would be censored 
at the last follow-up. All patients completed follow-up sur-
vey up to September 2021.

Statistical analysis

Categorical data were presented as frequency (percentage) 
and compared by Pearson χ2 test or Fisher exact test. Nor-
mally distributed continuous parameters were exhibited 
as mean ± standard deviation and analysed using Student 
t-test, and continuous variables in skewed distribution were 
described as median (interquartile range [IQR]) and assessed 
by Mann–Whitney U test. The Kaplan–Meier method and 
Log-rank test were used to estimate the survival outcomes. 
Cox proportional hazards regression model was performed 
to identify the risk factors for the prognosis. All statistical 
analyses were conducted via SPSS 23.0 (IBM Corporation, 
Armonk, NY).

Table 3   Multivariate Cox 
analysis of overall survival and 
recurrence-free survival for in 
the entire cohort

HR, hazard ratio; CI, confidence interval

Variables Overall survival Recurrence-free survival

HR (95% CI) p value HR (95% CI) p value
Age (> 65) 1.381 (1.213–1.573)  < 0.001 1.226 (1.085–1.385) 0.001
Sex (Male) 1.356 (1.171–1.570)  < 0.001 1.310 (1.159–1.481)  < 0.001
Pathological type (Adeno-

carcinoma)
0.759 (0.663–0.869)  < 0.001 0.732 (0.654–0.818)  < 0.001

Pathological T stage
  T1 Reference Reference
  T2 1.575 (1.365–1.817)  < 0.001 1.572 (1.382–1.788)  < 0.001
  T3 2.512 (2.046–3.083)  < 0.001 2.494 (2.062–3.017)  < 0.001
  T4 3.423 (2.625–4.463)  < 0.001 3.398 (2.648–4.361)  < 0.001

N classification
  N0 Reference Reference
  Occult N1 2.584 (1.941–3.440)  < 0.001 2.591 (1.995–3.366)  < 0.001
  Evident N1 3.178 (2.464–4.099)  < 0.001 3.721 (2.970–4.661)  < 0.001
  Occult N2 4.154 (3.465–4.980)  < 0.001 4.133 (3.488–4.896)  < 0.001
  Evident N2 5.490 (4.675–6.447)  < 0.001 5.201 (4.469–6.055)  < 0.001

Adjuvant therapy (Yes) 0.640 (0.562–0.730)  < 0.001 0.716 (0.635–0.809)  < 0.001
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Results

Study population

The baseline characteristics were summarized in Table 1. 
The entire cohort of 3537 patients included 2220 (62.8%) 
men and 1317 (37.2%) women. There were 2110 (59.7%) 
adenocarcinomas and 999 (28.2%) squamous cell carci-
nomas. Most tumours (n = 3145, 88.9%) were treated with 
lobectomy. The median resected lymph node numbers and 
stations were 13 (range, 10–17) and 6 (range, 5–7), respec-
tively. Postoperative adjuvant therapy was administered to 
2132 (60.3%) patients. With respect to nodal status, most 
patients (n = 2762, 78%) were diagnosed as pathological 
N0 diseases, N1 and N2 metastasis were identified in 259 
(7.23%) and 516 (14.63%) patients, respectively.

According to the preoperative staging outcome, 118 
(3.36%) patients were categorized as occult N1 disease 
and 234 (6.62%) as occult N2 disease. No matter for N1 
or N2 disease, ONM was significantly associated with less 
male (occult N1 versus evident N1: 60.2% versus 82.3%, 
p < 0.001; occult N2 versus evident N2: 53.8% versus 70.6%, 
p < 0.001), higher frequency of lobectomy (occult N1 ver-
sus evident N1: 83.05% versus 73.76%, p = 0.032; occult 
N2 versus evident N2: 86.32% versus 74.47%, p = 0.003), 
less resected lymph node numbers (occult N1 versus evident 
N1: 14 versus 15, p = 0.008; occult N2 versus evident N2: 
13 versus 14, p = 0.002), more adenocarcinomas (occult N1 
versus evident N1: 65.25% versus 34.04%, p < 0.001; occult 
N2 versus evident N2: 68.4% versus 56.4%, p = 0.020). In 
addition, as summarized in Table 2 station 11 (occult N1: 
68.6%; evident N1: 64.5%) and station 4 (occult N2: 44%%; 
evident N2: 51.4%) were most frequently involved N1 sta-
tion and N2 station, respectively.

Surgical prognosis of ONM

As displayed in Fig. 2 and Table 3, ONM was associated 
with significantly better prognosis than clinically evident 
lymph node metastasis whether for patients with N1 (5-year 
OS: 56.8% [47.8–67.6%] versus 52.3% [44.0–62.2%], 
adjusted p value = 0.267; 5-year RFS: 44.7% [35.8–55.8%] 
versus 33.2% [25.5–43.3%], adjusted p value = 0.031) or 
N2 metastasis (5-year OS: 42.8% [36.7–49.9%] versus 
32.3% [27.0–38.5%], adjusted p value = 0.010; 5-year RFS: 
31.3% [25.7–38.1%] versus 21.6% [17.1–27.4%], adjusted p 
value = 0.025). Subgroup analyses based on histology were 
illustrated in Fig. 3, for adenocarcinoma, ONM patients 

yielded significantly favourable prognosis than those with 
evident nodal metastasis no matter in N1 (5-year OS: 
54.5% [43.3–68.3%] versus 49.4% [36.4–67.1%], adjusted 
p value = 0.342; 5-year RFS: 41.7% [31.1–56.0%] ver-
sus 35.9% [23.8–54.3%], adjusted p value = 0.049) or N2 
disease (5-year OS: 44.8% [37.4–53.5%] versus 29.5% 
[23.0–37.9%], adjusted p value = 0.011; 5-year RFS: 30.4% 
[23.9–38.8%] versus 17.1% [12.0–24.6%], adjusted p 
value = 0.021). Similarly, for patients with squamous cell 
carcinoma, the occurrence of ONM was relevant to signifi-
cantly improved prognosis compared with evident nodal 
metastasis in both N1 (5-year OS: 66.9% [48.2–92.9%] ver-
sus 65.3% [53.6–89.4%], adjusted p value = 0.768; 5-year 
RFS: 69.0% [51.1–93.3%] versus 32.5% [21.7–48.7%], 
adjusted p value = 0.035) and N2 involvement (5-year OS: 
47.0% [32.7–67.4%] versus 39.4% [29.3–52.9%], adjusted 
p value = 0.471; 5-year RFS: 47.3% [33.1–67.6%] versus 
28.4% [19.4–41.7%], adjusted p value = 0.047). However, 
in other histologies, ONM did not predict improved prog-
nosis whether in N1 (5-year OS: 55.2% [35.9–85.0%] ver-
sus 34.1% [18.8–61.9%], adjusted p value = 0.240; 5-year 
RFS: 27.5% [11.6–65.3%] versus 29.8% [14.7–60.5%], 
adjusted p value = 0.839) or N2 disease (5-year OS: 31.0% 
[18.8–51.2%] versus 33.7% [22.0–51.5%], adjusted p 
value = 0.936; 5-year RFS: 18.9% [9.1–39.0%] versus 30.3% 
[19.4–47.4%], adjusted p value = 0.772).

Adjuvant therapy benefits of ONM

In the ONM population (n = 352), adjuvant therapy was 
administrated to 292 (83%) patients, of them, 264 (75%) 
cases received adjuvant chemotherapy and 89 (25.3%) 
cases underwent adjuvant radiotherapy. The baseline 
between patients with and without adjuvant therapy did 
not differ significantly (Table 4). As illustrated in Fig. 4 & 
Table 5, patients receiving adjuvant therapy were associ-
ated with improved prognosis comparing to those without 
adjuvant therapy (5-year OS: 50.1% [44.4–56.6%] versus 
33.5% [23.0–48.9%], adjusted p value < 0.001; 5-year RFS: 
38.4% [32.9–44.8%] versus 22.1% [13.3–36.7%], adjusted 
p value < 0.001.

Discussion

ONM is a highly specialized group of lung cancer, in whom 
nodal metastasis evaded from the preoperative monitoring 
and only discovered during surgery. The current study raises 
two questions: does ONM defined by PET/CT yield better 
prognosis than evident nodal metastasis? If such is the case, 
should ONM population be considered as patients without 
histological nodal invasion, or as genuine positive nodal 
invasion?

Fig. 3   Overall survival and recurrence-free survival curves of N clas-
sifications for patient with adenocarcinoma (A & B), squamous cell 
carcinoma (C & D) and other histologies (E & F). HR, hazard ratio; 
OS, overall survival; RFS, recurrence-free survival

◂
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Regarding the first question, it is presumed that com-
pared to evident nodal metastasis, ONM may represent a 
lower extent of nodal involvement and tumour metastasis 
burden, which could be proved by results of this study that 
ONM patients tended to have a lower frequency of visceral 
pleural metastasis (42.6% versus 48.9%) and multi-station 
involvement (34.1% versus 42.8%). In addition, the occur-
rence of ONM may imply less aggressiveness and prolif-
eration of the primary tumour, which was also indicated by 

the earlier T stage of ONM population in the current study 
(T3 and T4 stage: 10.5% versus 21.5%). Therefore, lower 
metastasis burden and less tumour aggressiveness of ONM 
jointly supported our hypothesis that ONM may be associ-
ated with better prognosis than evident nodal metastasis in 
patients with NSCLC.

In early studies, favourable prognostic impacts have 
been initially observed in ONM based on chest x-ray and 
bronchoscopy [11]. Thereafter, Andre et al. [12] claimed 

Table 4   Baseline characteristics 
between patients with and 
without adjuvant therapy in 
patients with occult nodal 
metastasis

IQR, interquartile range

`Characteristics Without adjuvant 
therapy

Without adjuvant 
therapy

p value

n = 60 n = 292

Age (years) 0.135
   ≤ 65, n (%) 41 (68.30) 226 (77.40)
   > 65, n (%) 19 (31.70) 66 (22.60)
Sex, n (%) 0.329
  Male 37 (61.67) 160 (54.79)
  Female 23 (38.33) 132 (45.21)

Smoking, n (%) 0.284
  Never 20 (33.30) 119 (40.80)
  Ever 40 (66.70) 173 (59.20)

Surgery procedure, n (%) 0.501
  Lobectomy 53 (88.30) 247 (84.60)
  Bilobectomy 2 (3.30) 22 (7.50)
  Pneumonectomy 5 (8.30) 23 (7.90)

Location, n (%) 0.623
  Right 38 (63.33) 175 (59.93)
  Left 22 (36.67) 117 (40.07)

Resected lymph node numbers, median (IQR) 13 (10–16) 13 (10–17) 0.855
Resected lymph node Stations, median (IQR) 6 (5–6) 6 (5–7) 0.086
Pathological type, n (%) 0.847
  Adenocarcinoma 39 (65.00) 198 (67.80)
  Squamous cell carcinoma 12 (20.00) 45 (15.40)
  Adenosquamous carcinoma 4 (6.70) 21 (7.20)
  Others 5 (8.30) 28 (9.60)

Visceral pleural invasion, n (%) 0.306
  Absent 38 (63.30) 164 (56.20)
  Present 22 (36.70) 128 (43.80)

Pathological T stage, n (%)
  T1 22 (36.67) 92 (31.51) 0.826
  T2 31 (51.67) 170 (58.22)
  T3 4 (6.70) 18 (6.20)
  T4 3 (5.00) 12 (4.10)

Pathological N stage, n (%) 0.642
  N1 24 (40.00) 94 (32.19)
  N2 36 (60.00) 198 (67.81)

Pathological TNM stage, n (%) 0.395
  2 21 (35.00) 86 (29.45)
  3 39 (65.00) 206 (70.55)
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Fig. 4   Overall survival and recurrence-free survival curves of 
patients with and without adjuvant therapy for the ONM population 
(A & B), occult N1 population (C & D) and occult N2 population 

(E & F). ONM, occult lymph node metastasis; HR, hazard ratio; OS, 
overall survival; RFS, recurrence-free survival

European Journal of Nuclear Medicine and Molecular Imaging (2022) 49:2414–24242422

1 3



that occult N2 disease defined by CT and mediastinoscopy 
yielded better OS than evident N2 disease (evident N2 
disease versus occult N2 disease: HR = 1.8, p < 0.001). 
In the era of modern staging modality, Cerfolio RJ, et al. 
[17] reported the first large PET/CT cohort in 2008. This 
study, however, did not directly compare the prognosis 
of occult N2 and evident N2, they found the 5-year sur-
vival of patients with occult N2 was 35%, better than the 
5-year survival rate reported in previous publications. As 
such, they did not provide direct evidence regarding the 
difference between the prognosis of occult and evident N2 
disease. A recent study conducted in 2018 [13] revealed 
that N2 metastasis negative on PET/CT achieved excellent 
surgical prognosis with 5-year OS of 48%, but despite bet-
ter than N2 disease positive on PET/CT, the results did not 
differ significantly (p = 0.457). The current study included 
larger sample size of occult N2 disease and concurrently 
investigated the prognosis of occult N1 metastasis, reveal-
ing that ONM was associated with significantly better 
prognosis than evident lymph node metastasis whether for 
patients with N1 or N2 metastasis. These results proved 
that ONM and evident nodal metastasis were basically two 
distinct groups of NSCLC.

Answers of the second question would determine the opti-
mal therapeutic strategy of NSCLC with ONM. If ONM 
population could be considered as patients without histo-
logical nodal invasion, postoperative monitoring is suffi-
cient for those without high-risk components. According to 
our results, ONM was associated with significantly adverse 
prognosis compared to pathological N0 disease. Therefore, 

it would be more appropriate to classify ONM as genuine 
positive nodal invasion. In such instances, whether adjuvant 
therapy could confer additional survival benefits for ONM 
population becomes a crucial point. However, controversy 
continues on the role of postoperative adjuvant therapy in 
the ONM. In the study of Andre et al. [12] and Kim et al. 
[13], adjuvant therapy was not a significant prognostic pre-
dictor for the survival outcomes of occult N2 disease. In 
contrast, Kim et al. [15] analysed 115 pathological N2 dis-
ease negative on PET/CT, concluding that patients receiving 
adjuvant therapy were associated with better 5-year OS rate, 
but the difference did not reach statistical significance. Our 
results revealed that adjuvant chemotherapy did provide sig-
nificant survival improvements whether for the occult N1 or 
N2 population, we speculated that it was attributable to the 
large sample size of our study, which enhanced the statistical 
efficacy of the results. Therefore, adjuvant therapy should be 
administrated as a routine procedure for ONM population.

There are several limitations of our study. Firstly, due to 
the retrospective nature, this study suffered from its inher-
ent selection bias. Another limitation was represented by 
the heterogeneity in therapeutic regimens. The current study 
included the fact that not all patients received adjuvant ther-
apy, and different drugs protocols and irradiation courses 
were administrated. Thirdly, in handing the lymph nodes 
in the N1 region, station 12–14 nodes were not routinely 
dissected, which potentially resulted in the underestima-
tion of N1 metastasis. Finally, all included patients under-
went PET/CT scans in four hospitals, the discrepancies in 
nuclear medicine physicians reporting, patient management 
and scan protocols, such as different resolution the equip-
ment employed, different administration of a carbohydrate 
free diet before scanning and different time for uptake, were 
inevitable, which might result in heterogeneous results. In 
such instances, the generalization and robustness of our con-
clusion await validated by a randomized controlled trial.

In conclusion, our study demonstrated that ONM defined 
by PET/CT was a distinct group of NSCLC, which corre-
lated to significantly better prognosis than clinically evident 
nodal metastasis. In treatment, adjuvant therapy could sig-
nificantly improve the prognosis of ONM patients.
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HR, hazard ratio; CI, confidence interval

Variables Overall survival Recurrence-free survival

HR (95% CI) p value HR (95% CI) p value

Pathological T stage
  T1 Reference Reference
  T2 1.044 (0.760–

1.434)
0.792 0.535 (0.387–

0.740)
 < 0.001

  T3 1.793 (0.996–
3.228)

0.051 1.964 (1.132–
3.409)

0.016

  T4 1.979 (1.037–
3.776)

0.039 2.202 (1.187–
4.083)

0.012

N classification
  N1 Reference Reference
  N2 1.630 (1.181–

2.252)
0.003 1.605 (1.190–

2.163)
0.002

Adjuvant 
therapy 
(Yes)

0.587 (0.416–
0.827)

0.002 0.535 (0.387–
0.740)

 < 0.001
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