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For neoadjuvant therapy in patients with non-small cell lung cancer, the major pathologic response of primary tumors may be an
assessable and reliable surrogate measure of survival. Few studies have examined the pathologic evaluation of metastatic lymph
node responses and their prognostic significance. This retrospective study enrolled 336 patients with non-small cell lung cancer
(squamous cell carcinoma, n= 216; adenocarcinoma, n= 120) treated with neoadjuvant therapy including chemotherapy (n= 316)
and targeted therapy (adenocarcinoma, n= 20). The treatment response of the primary tumor and lymph node metastases (LNM)
were pathologically assessed according to the multidisciplinary recommendations of the International Association for the Study of
Lung Cancer. The relationship of overall survival (OS) and disease-free survival (DFS) with the responses of the primary tumor or
LNM was analyzed. The optimal cutoff value of the residual viable tumor (%RVT) of the primary tumor was 12% for both OS (P <
0.001) and DFS (P < 0.001). The pathologic assessment identified LNM in 208 patients. The optimal %RVT cutoff value in LNM was
8% for both OS (P= 0.003) and DFS (P < 0.001). The Spearman’s rank correlation coefficient between primary tumors and
corresponding LNM was 0.487 for %RVT (P < 0.001), which indicated a positive correlation. On multivariable analysis, an RVT of the
primary tumor ≤12% was an independent prognostic factor for improved OS (P= 0.024), whereas an RVT of LNM ≤ 8% was an
independent prognostic factor for increased DFS (P= 0.018). Furthermore, in the neoadjuvant chemotherapy group, the optimal %
RVT cutoff values for OS in patients with squamous cell carcinoma and adenocarcinoma in the primary tumor were 12% and 58%,
respectively. Considering its convenience and operability in clinical application, a 10% threshold RVT value can be used for
prognostic evaluation of LNM and primary tumors of squamous cell carcinoma histology; further studies are needed to confirm the
optimal cutoff value for primary tumors of adenocarcinoma.

Modern Pathology (2021) 34:1990–1998; https://doi.org/10.1038/s41379-021-00871-1

INTRODUCTION
After studies showed that neoadjuvant therapy can benefit overall
survival (OS), the pathologic assessment after neoadjuvant therapy
came into focus [1]. Numerous studies have shown that in patients
with locally advanced non-small cell lung cancer, a 10% residual
viable tumor (RVT) indicates major pathologic response (MPR) and is
ideal for predicting the improvement of long-term prognosis [2–9].
The recent multidisciplinary recommendations for the pathologic

assessment of lung cancer resection specimens after neoadjuvant
therapy proposed by the International Association for the Study of
Lung Cancer include the pathologic evaluation of the treatment
response of tumors in lymph nodes or other metastatic sites;
however, few studies have conducted the pathologic assessment of
metastatic lymph nodes, and its clinical significance remains unclear
[10]. In cases with metastasis and primary tumor, which may
additionally have intratumoral heterogeneity, variations in the
response to neoadjuvant therapy may be observed. The MPR of

the primary tumor, called primary tumor-MPR (P-MPR), may not be
the same as that of lymph node metastases (LNM), called lymph
node metastases-MPR (L-MPR). Furthermore, the responses of LNM
to neoadjuvant therapy and their clinical significance remain to be
studied.
In this study, we mainly explored the clinical significance of

the percentage of RVT in LNM and its relationship with the
primary tumor.

MATERIALS AND METHODS
Patients
We retrospectively reviewed the pathology database of patients with stage
II-III non-small cell lung cancer, squamous cell carcinoma (SCC), and
adenocarcinoma (ADC), treated at the Peking University Cancer Hospital
between January 2009 and March 2019. We included patients who
underwent neoadjuvant therapy, including neoadjuvant chemotherapy and
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neoadjuvant targeted therapy, followed by surgical tumor resection, i.e.,
lobectomy or pneumonectomy. Chest computed tomography (CT) examina-
tion was performed using a helical CT scanner (Lightspeed VCT, GE
Healthcare, Milwaukee, WI). The CT response was assessed using Response
Evaluation Criteria in Solid Tumors version 1.1 by an experienced radiologist
(M.L.C). The follow-up started from the day of surgery (median follow-up
time: 29.0 months, average follow-up time: 34.5 months). Patients with short-
term mortality (i.e., 30 days) that could be assigned to postsurgical
complications were excluded from the study. From the patient medical
records, we obtained detailed clinical data for all patients in the study group,
including demographic data, clinical and pathological tumor-node-metastasis
staging, OS, disease-free survival (DFS), and other meaningful information.

Histopathologic assessments
Specimens from the surgically resected tumor were routinely fixed in 10%
neutral buffered formalin, embedded in paraffin, and stained with
hematoxylin and eosin. Tumors with a maximum diameter of <3 cm, or
cases suspected of no remaining tumors were entirely sampled. All lymph
nodes were completely embedded; lymph nodes with a diameter of >5mm
were bisected and those with a diameter of ≤5mm were sampled directly.
Two experienced senior pathologists (X.Y.L. and W.S.) reviewed all the
pathological sections and independently determined the percentage of RVT
without being informed of the patients’ survival prognosis. An Olympus BX41
microscope with a standard 22-mm diameter eyepiece was used to review
the pathological slides. For cases with diverging evaluations, a multi-head
microscope was used to obtain the final results by consensus. The surgical
specimens of primary lung tumors and lymph nodes were staged according
to the criteria of the American Joint Committee on Cancer (8th edition) to
evaluate tumor size, affected lymph nodes, and metastases. Tumors were
classified according to the 2015 WHO classification [11, 12].
According to the International Association for the Study of Lung Cancer

multidisciplinary recommendations, the tumor bed was defined as the area
where the original tumor (before neoadjuvant therapy) was considered to
be located, comprising three major components: necrosis, stromal fibrosis,
and viable tumor. Reactive changes in the surrounding non-neoplastic
lung were not considered as parts of the tumor bed [10]. For lymph nodes
without viable tumor cells, histological characteristics such as mucus pools
without tumor cells, foam cell infiltration, formation of cholesterol fissure
crystals, and a combination of radiologic changes and preoperative
biopsies were used to help identify the tumor bed. The percentages of
necrosis, stromal fibrosis, and viable tumor were estimated based on the
review of the microscopic sections on each slide, and the total percentage
of viable tumor was estimated. The three components were estimated in
5% increments and totaled 100% of the tumor bed.

Statistical analysis
The associations between clinical and pathological features and histologic
types were analyzed using the chi-square test or Fisher’s exact test (for
categorical variables) and the Wilcoxon rank-sum test (for continuous
variables). Correlations were evaluated using Spearman’s rank correlation
coefficient. Consistency between observers was evaluated by randomly
sampling 10% of all cases, and the results were analyzed using intraclass
correlation coefficients and Bland–Altman plots. OS was calculated as the
time from surgery to death owing to any cause, and DFS was calculated as
the time from the surgery to recurrence, metastasis, or last follow-up. The
optimal cutoff percentages of histologic components for predicting OS and
DFS were estimated using the maximally selected log-rank statistic with
the R package maxstat [9]. Survival probability as a function of time was
computed using the Kaplan–Meier method. The log-rank test was used to
compare OS and DFS between groups. Univariable Cox proportional
hazards regression analysis was used to examine the association between
various prognostic factors and OS or DFS. Variables with p-values of <0.05
in the univariable analysis were then evaluated by multivariable analysis
using the Cox proportional hazards regression model. All analyses were
performed using IBM SPSS Statistics 26.0 (IBM Corp., Armonk, NY, USA) and
R version 4.0.3 (The R Project for Statistical Computing, Vienna, Austria).
Two-sided p-values of <0.05 were considered statistically significant.

RESULTS
Clinical and histopathological features
A total of 336 patients were enrolled in this study. In this
study population, 266 and 70 patients were men and women,

respectively, with a median age of 59 years (interquartile range:
54–64 years). SCC was diagnosed in 216 cases, and all of these
patients received neoadjuvant chemotherapy. Among the 120
patients with ADC, 100 received neoadjuvant chemotherapy, and
20 received neoadjuvant targeted therapy. The number of slides
submitted per cm of tumor is shown in Supplementary Fig. S1. The
median number of dissected lymph nodes was 22 (range, 3–84)
(Supplementary Fig. S2). The general clinicopathological charac-
teristics of all patients are shown in Table 1. The histopathological
features of the treatment for metastatic lymph nodes and primary
tumors are presented in Fig. 1.

Interobserver reproducibility of %RVT scoring
The assessments by the pathologists had a high degree of
interobserver reliability for both the primary tumor (Intraclass
correlation=0.994; 95% confidence interval [CI]: 0.989–0.997) and
LNM (Intraclass correlation=0.998; 95% CI: 0.996–0.999). Based on
the Bland–Altman plot, the differences were all close to 0,
indicating the absence of systematic bias (Supplementary Fig. S3).

Clinical significance of the 10% and 65% cutoff values
The traditional MPR (≤10% RVT) in the overall primary tumor
cohort was associated with better OS (P < 0.001) and DFS (P=
0.001); that of LNM was also associated with better OS (P= 0.003)
and DFS (P < 0.001) (Supplementary Fig. S4).
In the chemotherapy group, for patients with SCC, an RVT of

≤10% in the primary tumor was associated with better OS (P=
0.001) and DFS (P= 0.006); for LNM, it was associated with better
DFS (P= 0.002). As for patients with ADC, for both the primary
tumor and LNM, there was no statistically significant difference
between ≤65% RVT and OS (primary tumor: P= 0.087; LNM: P=
0.071) or DFS (primary tumor: P= 0.125; LNM: P= 0.360)
(Supplementary Fig. S5).

Optimal %RVT cutoff value for OS and DFS in primary tumors
The optimal cutoff percentages of RVT for predicting OS and DFS
were determined separately using maximally selected log-rank
statistics. The best %RVT cutoff values for OS and DFS were both
12% (Supplementary Fig. S6A and S6B). Figure 2A shows the
3-year and 5-year OS for patients by RVT percentage of the
primary tumor.
A total of 87 cases (25.9%) had no more than 10% RVT and

achieved traditional MPR, whereas 93 cases (27.7%) had an RVT ≤
12% and achieved P-MPR. For RVT values of ≤12%, the number of
patients with squamous cell carcinoma and adenocarcinoma were
36.6% (79/216) and 11.7% (14/120), respectively. Thus, only six
cases (1.8%) had an RVT between 10 and 12%. The OS and DFS
curves for patients with and without P-MPR in the overall cohort
are shown in Fig. 2. P-MPR was associated with significantly better
OS and DFS (P-MPR versus no P-MPR: 5-year OS, 91.3% versus
54.4%, P < 0.001; 3-year DFS, 74.7% versus 48.1%, P < 0.001; Fig. 2B
and C). The cumulative hazard values for death and recurrence for
patients with low (≤12%) and high (>12%) RVT in primary tumor
are shown in Supplementary Fig. S7A and S7B.
In the neoadjuvant chemotherapy group, the optimal %RVT

cutoff values for OS in patients with SCC was 12%, whereas in
patients with ADC the cutoff value for OS was 58%. Supplemen-
tary Fig. S8 shows OS curves comparing patients with low RVT
(>optimal cutoff) with patients with high RVT (≤optimal cutoff) in
the SCC and ADC cohorts.

Optimal %RVT cutoff value for OS and DFS in LNM
In this study, 208 cases were positive for lymph node metastasis or
had pathological changes related to treatment with no tumor cells
remaining. The optimal RVT percentage cutoff values for predicting
OS and DFS in patients with LNM were analyzed using maximally
selected log-rank statistics. The results showed that the best cutoff
values for OS and DFS were both 8% (Supplementary Fig. S6C and
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Table 1. Clinical and histologic characteristics of the overall patients.

Characteristic SCC (N= 216) ADC (N= 120) Total (N= 336) P

Gender <0.001

Male 203 (94.0%) 63 (52.5%) 266 (79.2%)

Female 13 (6.0%) 57 (47.5%) 70 (20.8%)

Age 0.580

<60 113 (52.3%) 59 (49.2%) 172 (51.2%)

≥60 103 (47.7%) 61 (50.8%) 164 (48.8%)

Smoking <0.001

Yes/Ever 201 (93.1%) 67 (55.8%) 254 (75.6%)

Never 15 (6.9%) 53 (44.2%) 82 (24.4%)

Therapy <0.001

Chemotherapy 216 (100.0%) 100 (83.3%) 316 (94.0%)

Targeted therapy 0 (0.0%) 20 (16.7%) 20 (6.0%)

Adjuvant therapy <0.001

Yes 125 (57.9%) 95 (79.2%) 220 (65.5%)

No 91 (42.1%) 25 (20.8%) 116 (34.5%)

cT <0.001

1 14 (6.5%) 21 (17.5%) 35 (10.4%)

2 94 (43.5%) 67 (55.8%) 161 (47.9%)

3/4 108 (50.0%) 32 (26.7%) 140 (41.7%)

cN 0.070

0 56 (25.9%) 27 (22.5%) 83 (24.7%)

1 57 (26.4%) 20 (16.7%) 77 (22.9%)

2 100 (46.3%) 69 (57.5%) 169 (50.3%)

3 3 (1.4%) 4 (3.3%) 7 (2.1%)

ypT <0.001

0 21 (9.7%) 5 (4.2%) 26 (7.7%)

1 116 (53.7%) 41 (34.2%) 157 (46.7%)

2 60 (27.8%) 60 (50.0%) 120 (35.7%)

3/4 19 (8.8%) 14 (11.7%) 33 (9.8%)

ypN <0.001

0 131 (60.6%) 58 (48.3%) 189 (56.3%)

1 57 (26.4%) 14 (11.7%) 71 (21.1%)

2 28 (13.0%) 48 (40.0%) 76 (22.6%)

RECIST 1.1 (N= 316) <0.001

CR/PR 151 (74.8%) 58 (50.9%) 209 (66.1%)

SD/PD 51 (25.2%) 56 (49.1%) 107 (33.9%)

Pleural invasion <0.001

Yes 19 (8.8%) 49 (40.8%) 68 (20.2%)

No 197 (91.2%) 71 (59.25) 268 (79.8%)

Lymphovascular invasion <0.001

Yes 28 (13.0%) 35 (29.2%) 63 (18.8%)

No 188 (87.0%) 85 (70.8%) 273 (81.3%)

Gene alteration <0.001

Wild-type 211 (97.7%) 34 (28.3%) 245 (72.9%)

EGFR 2 (0.9%) 49 (40.8%) 51 (15.2%)

ALK 2 (0.9%) 10 (8.3%) 12 (3.6%)

KRAS 1 (0.5%) 9 (7.5%) 10 (3.0%)

Unknown 0 (0.0%) 18 (15.0%) 18 (5.4%)

PT MPR <0.001

Yes(≤10%) 73 (33.8%) 14 (11.7%) 87 (25.9%)

No (>10%) 143 (66.2%) 106 (88.3%) 249 (74.1%)

ADC adenocarcinoma, c clinical, CR complete response, MPR major pathologic response, ORR objective response rate, PD progressive disease, PR partial
response, PT primary tumor, RECIST Response Evaluation Criteria in Solid Tumors, SCC squamous cell carcinoma, SD stable disease, yp pathological staging after
neoadjuvant therapy.
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S6D). For patients with LNM, the 2-year and 3-year DFS values by %
RVT of metastatic lymph nodes are shown in Fig. 2D.
There were 73 cases (35.1%) achieving L-MPR. The L-MPR values

in SCC and ADC were 41.2% (54/131) and 24.7% (19/77),
respectively. In the pathologic assessment, 29.8% cases (62/208)
had a complete lymph node response. Patients with low (≤8%)
RVT had significantly better OS and DFS than those with high RVT
(low versus high RVT: 5-year OS, 85.1% versus 51.8%, P= 0.003;
3-year DFS, 65.8% versus 36.7%, P < 0.001; Fig. 2E and F).
Cumulative hazard values for death and recurrence for patients
with low (≤8%) and high (>8%) RVT in LNM are shown in
Supplementary Fig. S7C and S7D.

Univariable and multivariable analyses of OS and DFS in
primary tumors and LNM
Table 2 shows the results of the univariable Cox proportional
hazards regression analyses for OS and DFS based on %RVT of the
primary tumor and LNM. In the univariable analysis, pathologic
nodal status, lymphovascular invasion, RVT of primary tumors
≤12%, and RVT of LNM ≤ 8% were significantly associated with
both OS and DFS. Moreover, the primary tumor stage and pleural
invasion were also associated with DFS. In the multivariable
model, an %RVT of primary tumors of >12% was associated with
lower OS (hazard ratio [HR]: 3.382; 95% CI: 1.175–9.732; P= 0.024),
independent of lymphovascular invasion and %RVT of LNM.
However, an LNM %RVT of >8% was associated with lower DFS
(HR: 1.956; 95% CI: 1.124–3.406; P= 0.018), independent of the
primary tumor stage, pleural invasion, lymphovascular invasion
and %RVT of primary tumors (Table 3). Due to the strong

association of RVT with LNM, the pathologic nodal status was not
included in the multivariable regression model.

RVT relationship between primary tumor and corresponding
LNM
In LNM-positive cases, the pathologic evaluation of LNM was also
compared with that of the corresponding primary tumor lesion.
The differences in %RVT value represented a normal distribution.
Most cases were in the range of 0% to ±10% (n= 68, 32.7%;
Fig. 3A and B). The Spearman’s rank correlation coefficient
between primary tumors and corresponding LNM was 0.487 for
the percentage of RVT (P < 0.001; Fig. 3C).
Comparison between P-MPR and L-MPR are shown in Table 4.

The preoperative and postoperative N-staging in 128 cases was
N0; pathological evaluation of the lymph node response was
therefore not performed in these cases. Among the 93 cases that
achieved P-MPR (≤12% RVT), 52 cases had LNM, and in 36 cases
(69.2%), the RVT of LNM was ≤8%. Among the 73 cases that
achieved L-MPR, 36 achieved P-MPR (49.3%). Among the 23 cases
(11.1%) with LNM and nearly 100% of residual tumor indicating
almost no response to neoadjuvant therapy, in one case RVT of
the primary tumor was <1%; in another, it was 17%, and the
remaining 21 cases had an RVT of >40%. According to the follow-
up information for the case with a primary tumor RVT of <1%, this
patient is alive but experienced new lymph node metastases.

Comparison between radiologic and pathologic LNM evaluations
Before the neoadjuvant treatment, 253 cases with a clinical
N1–N3 stage were detected by CT. Among them, 182 cases

Fig. 1 Histopathological changes related to neoadjuvant therapy treatment response. A Necrosis and foam cell infiltration in a metastatic
lymph node achieving pathologic complete response without residual tumor cells. B Fibrosis and foam cell infiltration in a metastatic lymph
node achieving pathologic complete response without residual tumor cells and necrosis. C Focal squamous cell carcinoma (arrow) remains in
a metastatic lymph node achieving lymph node metastases-major pathologic response. D Calcification and cholesterol cleft in a metastatic
lymph node with numerous residual viable cells. E A large number of squamous cell carcinoma remains in a metastatic lymph node with
almost no therapy treatment response. F Tumor bed including residual viable tumor and large necrosis is surrounded by organizing
pneumonia.
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(71.9%) presented with metastases or treatment response-related
pathological changes in lymph node specimens after surgery.
Among the remaining 71 patients without tumor metastasis or
significant changes in response to treatment, a large number
presented signs of carbon dust (90.1%, 64/71), slight fibrosis
(36.6%, 26/71), and mild vasodilation with or without congestion
(12.7%, 9/71). The sensitivity and specificity of the diagnosis of
LNM by radiologic modalities were 87.5% (182/208) and 44.5%
(57/128), respectively.

DISCUSSION
Junker et al. first proposed the grading of regression in non-small
cell lung cancer after neoadjuvant therapy in 2001, and found that
a therapy-induced tumor regression of <10% of the vital tumor
tissue is pivotal for superior long-term outcomes [3]. In 2014, a
metric of ≤10% residual tumor tissue, called “major pathologic
response, MPR,” which could be used as a surrogate endpoint for
neoadjuvant therapy, was termed by Hellmann et al [7]. Based on
the 10% cutoff value determined in previous studies, many
retrospective studies have verified the predictive significance of
MPR and showed that the percentage of cases achieving MPR
ranged from 16% to 37% in neoadjuvant chemotherapy
[4, 5, 9, 13–19]. Our data were statistically significant for a cutoff

value of 12%, which almost matches the definition of MPR
previously established in the literature, and the percentage of
cases that achieved P-MPR was 27.7%. The data from this group
showed that the optimal cutoff values for SCC and ADC were 12%
and 58%, respectively, which were very close to the values of 10%
and 65% reported in previous studies [9, 20]. Although the results
were not consistent, the overall trend was consistent, indicating
that the best cutoff values of %RVT for which SCC and ADC could
predict survival were not the same: they were much higher for
ADC than for SCC. Further studies are required to confirm the
optimal cutoff value for primary tumors of ADC. There were 6
cases with %RVT values greater than 10% and less than or equal to
12% for primary tumor. The difference in the number of cases was
not significant for either primary tumors or metastases, and
therefore, had no effect on the results. Accordingly, we
recommend the use of 10% values for primary tumors of SCC in
clinical practice. Using univariable Cox proportional hazards
regression analysis for OS and DFS, pathologic nodal status,
lymphovascular invasion, and an RVT of ≤12% in primary tumors
were significantly associated with both OS and DFS, whereas the
primary tumor stage and pleural invasion were additionally
associated with DFS. However, the multivariable analysis revealed
that a primary tumor RVT of no more than 12% was an
independent prognostic factor for improved OS.

Fig. 2 Association between percentage of residual viable tumor (%RVT) of primary tumor (PT) and lymph node metastases (LNM) and
prognosis for patients. A Overall cumulative mortality by %RVT of primary tumor is shown. The blue and red curves represent 3-year and 5-
year overall cumulative mortality respectively. B Kaplan–Meier estimates of overall survival (OS) based on %RVT of PT is shown. Patients with
high RVT had significantly worse OS than those with low RVT. C Kaplan–Meier estimates of disease-free survival (DFS) based on %RVT of PT is
shown. Patients with high RVT had significantly worse DFS than those with low RVT. D Overall cumulative recurrence rate by %RVT of LNM is
shown. The blue and red curves represent 2-year and 3-year overall cumulative mortality, respectively. E Kaplan–Meier estimates of OS based
on %RVT of LNM is shown. Patients with high RVT had significantly worse OS than those with low RVT. F Kaplan–Meier estimates of DFS based
on %RVT of LNM is shown. Patients with high RVT had significantly worse DFS than those with low RVT.
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Currently, MPR is mainly aimed at the RVT assessment of primary
tumors and does not include the LNM assessment. Studies have
shown that downstaging of mediastinal lymph nodes metastases
after neoadjuvant therapy is related to prognosis [21]. Patients with
post-therapeutic N0 or N1 lymph node status were found to have a
higher survival benefit than patients with N2 lymph node
involvement [22]. Although lymph node involvement is generally
one of the most important prognostic factors in lung cancer, there
are few relevant studies on the assessment of LNM after
neoadjuvant therapy. It is necessary to explore the pathologic
evaluation of LNM to better understand its clinical significance. One
study suggested that after neoadjuvant therapy, the percentages of
therapy-induced necrosis and still vital tumor tissue in dissected
lymph nodes should be microscopically determined. Their regres-
sion grading system included therapy-induced effects on the
primary tumor, as well as on regional lymph nodes [23]. However,

they did not separately assess the responses of the primary tumor
and lymph nodes, and the evaluation method was not standardized,
providing only a rough estimation rather than a precise calculation.
Since this recommendation, there have been few studies evaluating
the efficacy of lymph node response assessments, and there are
currently no complete data reports showing their significance. The
LNM assessment after neoadjuvant therapy stagnated for a long
time with no substantial progress. Recently, the International
Association for the Study of Lung Cancer proposed multidisciplinary
recommendations for the pathologic assessment of lung cancer
resection specimens after neoadjuvant therapy, which included the
assessment of LNM [10]. With reference to these recommendations,
our study tried to accurately assess the treatment effects on LNM
and intended to determine the %RVT cutoff that has a prognostic
value. Our statistical analyses revealed an optimal %RVT cutoff value
of 8% in LNM specimens that was related to the patients’ prognosis,

Table 2. Univariable Cox proportional hazard analysis for overall survival (OS) and disease-free survival (DFS) in patients with non-small cell lung
cancer.

Risk factor Univariable OS Univariable DFS

HR (95%CI) P HR (95%CI) P

Gender

Male Reference Reference

Female 1.210 (0.678–2.161) 0.519 1.025 (0.682–1.543) 0.904

Smoking

Never Reference Reference

Yes/Ever 0.929 (0.520–1.660) 0.805 0.837 (0.573–1.223) 0.359

Age

<60 Reference Reference

≥60 1.402 (0.859–2.287) 0.177 0.985 (0.708–1.369) 0.928

Adjuvant therapy

No Reference Reference

Yes 0.876 (0.523–1.467) 0.614 1.251 (0.870–1.799) 0.227

ypT 0.119 0.001

T0 Reference Reference

T1 19930.468 (0.001–9.212E+ 59) 0.880 2.408 (0.966–5.998) 0.059

T2 33672.656 (0.001–1.556E+ 60) 0.873 3.749 (1.504–9.344) 0.005

T3/4 45900.914 (0.001–2.124E+ 60) 0.870 5.369 (1.958–14.722) 0.001

ypN <0.001a <0.001a

N0 Reference Reference

N1 3.397 (1.835–6.289) <0.001a 1.778 (1.147–2.756) 0.010a

N2 3.311 (1.810–6.057) <0.001a 3.191 (2.194–4.642) <0.001a

Pleural invasion

No Reference Reference

Yes 1.566 (0.897–2.734) 0.114 2.301 (1.599–3.312) <0.001

Lymphovascular invasion

No Reference Reference

Yes 2.230 (1.312–3.790) 0.003 2.100 (1.454–3.033) <0.001

Primary tumor %RVTb

≤12% Reference Reference

>12% 6.335 (2.532–15.851) <0.001 2.449 (1.593–3.764) <0.001

LNM %RVTb

≤8% Reference Reference

>8% 3.415 (1.451–8.038) 0.005 2.653 (1.612–4.367) <0.001

CI confidence interval, HR hazard ratio, LNM lymph node metastases, RVT residual viable tumor, yp pathological staging after neoadjuvant therapy.
aNot included in multivariable model because of the association with percentage of residual viable tumor in lymph node metastases.
bCutoff values were determined using maximally selected rank statistics.
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especially to DFS, in the multivariable analysis. This indicates that the
pathologic evaluation of lymph nodes is necessary and is as
important as that of the primary tumor. There were only 3 cases with
%RVT values greater than 8% and less than or equal to 10% for LNM.
Considering the practical aspects of a routine clinical workup, we
recommend the use of a RVT value of 10% for the evaluation
of LNM.
Although there may be some differences in terms of treatment

responses between primary tumors and LNM, the results were
fairly consistent. Our study showed that the absolute value of the
difference in %RVT was within 10% in nearly one-third of cases
(33%, 68/208). To our knowledge, this is the first study to report
the relationship between RVTs of primary tumors and their
corresponding LNM specifically. Among the 23 cases with LNM
RVT values close to 100%, one had an RVT of less than 1% in the
primary tumor. According to the follow-up of this patient, his
overall survival had reached 46.5 months, but hilar lymph node
metastases were detected at 26 months. This result further
demonstrated that the RVT of the primary tumor was closely
related to the long-term prognosis, whereas the RVT of LNM was
related to short-term recurrence and metastasis. Based on the rare
but non-negligible inconsistencies in the responses of the primary
tumors and their metastatic lesions to neoadjuvant therapy, a
comprehensive pathologic evaluation of both should be required
for a precise prognostic assessment. Although the assessment of
the primary tumor is prognostically meaningful, the assessment of
the lymph nodes is equally important and significant.
In clinical practice, some patients with non-small cell lung

cancer might undergo excessive staging because of enlarged

Fig. 3 Relationship of percentage of residual viable tumor (%RVT) between primary tumor (PT) and corresponding lymph node
metastases (cLNM). A The difference value of %RVT between PT and cLNM in all LNM cases is shown. The x axis represents case number. B
The difference value of %RVT between PT and cLNM in all LNM cases is shown. The y axis represents the number of cases. C Spearman’s rank
correlation between PT and cLNM is shown.

Table 3. Multivariable Cox proportional hazard analysis for overall
survival (OS) and disease-free survival (DFS) in patients with non-small
cell lung cancer.

Risk factor Multivariable OS Multivariable DFS

HR (95%CI) P HR (95%CI) P

ypT 0.176

T0 − Reference

T1 − − 0.658 (0.206–2.099) 0.479

T2 − − 0.702 (0.206–2.385) 0.570

T3/4 − − 1.369 (0.357–5.254) 0.647

Pleural invasion

No − − Reference

Yes − − 2.024 (1.188–3.448) 0.009

Lymphovascular invasion

No Reference Reference

Yes 1.248 (0.694–2.244) 0.458 1.310 (0.860–1.997) 0.209

Primary tumor %RVTa

≤12% Reference Reference

>12% 3.382 (1.175–9.732) 0.024 1.610 (0.851–3.046) 0.143

Lymph node metastases %RVTa

≤8% Reference Reference

>8% 2.293 (0.941–5.588) 0.068 1.956 (1.124–3.406) 0.018

CI confidence interval, HR hazard ratio, RVT residual viable tumor.
aCutoff values were determined using maximally selected rank statistics.
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lymph nodes detected on CT, particularly when combined with
PET, leading to the initiation neoadjuvant therapy [14, 24, 25], but
after the treatment, the pathologic evaluation of the lymph nodes
might reveal neither residual tumors nor evidence of treatment
responses. In our data, 71 cases were considered to be positive for
LNM in the preoperative evaluation, but microscopically with no
residual tumors or clear evidence of treatment response.
According to Wilkinson and Hause, the failure to identify a tumor
within a lymph node is related to the size of the lymph node, among
other factors [26]. Although lymph nodes larger than 1 cm in
diameter were considered abnormal on CT, studies have shown that
size is not a reliable predictor of tumor involvement [27]. In 48 cases
(67.6%, 48/71), the maximum diameter of the lymph node exceeded
1 cm, which might be considered as a metastatic lymph node in
clinical and radiologic assessments. More than 70% of carbon dust
depositions could be observed in more than 90% of the enlarged
lymph nodes. Almost 40% of cases with slight fibrosis showed no
treatment-associated response, which may mislead the physician
into doubt the radiologic-based diagnosis of a metastatic process.
Our results may help clinicians and radiologists improve the
accuracy of the radiologic diagnosis of LNM. Reliable results can
be obtained by combining clinical information, radiologic manifesta-
tions, and pathological biopsy findings.
The following limitations should be considered: first, this was a

retrospective study, so some constraints were inevitable. The
targeted therapy group was small and the ADC group was relatively
small. Another constraint was that we could only review the slides
that had already been taken. The second limitation is with regards to
the endpoint of the study. Since some cases underwent neoadju-
vant therapy within the past three years, the follow-up times of
these cases were not long enough, and more accurate OS results
need further follow-up data for confirmation. Third, it was difficult to
identify the lymph node tumor bed, especially in cases with fibrosis.
These limitations suggest that further research is necessary to
improve the existing methodology.
In summary, the percentages of RVT are correlated between the

primary tumor and LNM, although there are inconsistencies in a
few cases. Clinically, the %RVT cutoff value of 8% for lymph nodes
has prognostic significance, especially regarding DFS. In primary
tumors, an %RVT of ≤12% was mainly related to OS. It is
recommended that an %RVT value of 10% is used in clinical
practice for LNM and primary tumors of SCC; further studies are
required to confirm the optimal cutoff value for primary tumors
of ADC.
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