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Abstract

on behalf of the Surgical

Background: Non-small-cell lung cancer (NSCLC] with additional nodule(s]) located in the
same lobe oripsilateral different lobe were designated as T3 and T4, respectively, which was
merely defined by anatomical location of additional nodule(s), regardless of other prognostic

factors.

Methods: A total of 4711 patients with T1-4, NO-2, MO NSCLC undergoing complete resection
were identified between 2009 and 2014, including 145 patients with additional nodule(s) in the
same lobe (T3-Add] and 174 patients with additional tumor nodule(s) in ipsilateral different

lobe (T4-Add). Overall survival (0S) was compared using multivariable Cox regression models

and propensity score matching analysis (PSM].

Results: T3-Add patients [T3-Add versus T3, hazard ratio (HR], 0.695; 95% confidence interval
(Cl), 0.528-0.915; p=0.009] and comparable OS with T2b patients through multivariable Cox
analysis, and further validated by PSM. T4-Add patients carried a wide spectrum of prognosis,
and the largest diameter of single tumor was screened out as the most effective indicator

for distinguishing prognosis. T4-Add (<3 cm)] patients had better OS than T4 patients [T4-

Add (<3 cm) versus T4, HR, 0.629; 95% Cl, 0.455-0.869; p=0.005] and comparable 0S with T3
patients. And T4-Add (>3 cm] patients had comparable OS with T4 patients.

Conclusion: NSCLC patients with additional nodule(s) in the same lobe and ipsilateral different
lobe (maximum tumor diameter <3cm) should be further validated and considered restaging
as T2b and T3 in the forthcoming 9th tumor, node, and metastasis staging system.

Keywords: additional nodule(s), non-small-cell lung cancer, restaging, T3, T4

Received: 23 March 2022; revised manuscript accepted: 12 September 2022.

Introduction

Precise staging is crucial for predicting prognosis
and guiding treatment strategies. In 2016, the
American Joint Committee on Cancer (AJCC)
and International Association for the Study of Lung
Cancer (IASLC) published the 8th edition tumor,
node, and metastasis (TNM) staging system.!>
According to 8th staging system, additional tumor
nodules (referred to as intrapulmonary metastasis
[IPM] in the pathology community), which was
defined as having a classic lung cancer and at least
one solid separate lung nodules, located in the

same lobe and ipsilateral different lobe were clas-
sified as T3 and T4 categories, respectively.?*
However, the 8th edition classification of T3/T4
non-small-cell lung cancer INSCLC) with addi-
tional nodule (s) remains the same as the 7th edi-
tion without any modifications although the
classification of other T descriptors has been
modified considerably.?> The latest classification
change of NSCLC with additional nodule(s) was
in the 7th edition staging system: tumors with
additional nodule(s) in the same or the ipsilateral
different lobe were reclassified as T3 and T4 from
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T4 and M1, respectively.>® It was worth noting
that the classification of additional nodule(s) was
merely based on anatomical location of additional
nodule (s) regardless of other factors.%> For this
potential vulnerability, previous studies had man-
ifested that tumor size and histologic type, which
were not proposed as factors in the 8th classifica-
tion, were associated with prognosis of patients
with T4 NSCLC with additional nodule(s) in
ipsilateral different lobe.”® Indeed, the survival
curves also suggested that patients with additional
nodule(s) in the same lobe seemed to have a rela-
tively favorable prognosis than other T3 patients
in the 8th IASLC staging project.® A recent study
using National Cancer Data Base (NCDB) also
proposed that patients with additional nodule(s)
in the same lobe with the primary tumor, which
was staged as T3 according to 8th staging system,
should be down-staged as T2b.!° Hence, it is nec-
essary to develop a more precise T classification
to describe the tumor burden of T3/T4 NSCLC
with additional nodule(s).

In TASLC database, 1122 patients had additional
nodule(s) with complete pathologic information
between 1999 and 2010, which was used for formu-
lating the classification of additional nodule(s) in
8th TINM staging system, were of high heterogene-
ity in prognosis over time (5-year overall survival
(OS) rates: patients during 1999-2003, 19%;
patients during 2004—2006, 43%; and patients dur-
ing 2007-2010, 71%).° The increase in OS over
time may result from improvement of adjuvant
treatment strategies recent years. Moreover, patients
derived from Japan (accounting for 93% Asian
patients) were observed to have relatively better
prognosis than patients contributed from other
regions.® Notably, the 2015 IASLC study specifi-
cally mentioned the lack of analysis with respect to
extra nodules due to a lack of cases and there were
few studies concentrating on these patients since the
publication of 8t TNM classification.®

Therefore, we conducted this study to evaluate
the accuracy of the current staging and propose a
modified classification for additional nodule(s) in
the same and ipsilateral different lobe using a large
independent NSCLC cohort from East Asia.

Methods and materials
Patients and methods

The Institutional Review Boards of the two hospi-
tals approved this study IRB NO. K22-263) on

behalf of the Surgical Thoracic Alliance of Rising
Star group. Between January 2009 and December
2014, we retrospectively evaluated 6955 patients
with completely resected NSCLC in our center.
Complete resection was defined as combination of
negative surgical margin and systematic lymphad-
enectomy. In all, 653 patients with multiple primary
lung cancers (MPLCs), 366 patients with metasta-
sis in contralateral lung or extra-thoracic metastasis,
206 patients receiving neoadjuvant treatment, 387
patients with history of other tumors, and 632
patients with unknown characteristics were excluded
(Supplemental Figure 1). Finally, 4711 patients
who were pathologically diagnosed with T1-4,
NO0-2, M0 NSCLC and received complete resec-
tion were analyzed in this study, including 319
patients with metastasis in the same lobe (T3-Add,
145 patients) or ipsilateral different lobe (T4-Add,
174 patients). An independent cohort, including 55
T3-Add patients and 83 T4-Add patents, from
Chinese Academy of Sciences Ningbo No. 2
Hospital, was used for external validation.

Histological evaluation

All resected specimens were fixed in formalin, and
sliced at 5-10 mm intervals for sampling. Multiple
lung cancers were evaluated microscopically by
conventional hematoxylin and eosin staining.
Discrimination of additional nodule(s) from
MPLCs was generally based on the Martini—
Melamed standard and IASLC criteria.%%!!
Additional nodule(s) was defined as an independ-
ent mass isolated from a primary malignant tumor
which histopathological characteristics are the
same as those of the primary tumor and lack
microscopic features that indicate the primary
tumor as previous study.!? First, multiple foci of
lepidic-predominant adenocarcinoma, minimally
invasive adenocarcinoma, and adenocarcinoma
situ were not diagnosed with additional nodule(s).
Then, histologic type of resected tumors was com-
pared. Tumors with different histologic types, for
example a tumor was adenocarcinoma and the
other was squamous cell carcinoma (SCC), were
evaluated as MPLCs and tumors with similar his-
tologic type were further evaluated.* For adeno-
carcinomas, tumors were evaluated as additional
nodule(s) when the major and other histologic
subtypes were similar between tumors. Molecular
status was also used to distinguish IPM from mul-
tiple primary lung adenocarcinomas. LLung adeno-
carcinomas with at least two same mutations in
common and lung adenocarcinomas with one
same rare mutation were evaluated as IPM.!? For
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multiple SCCs and those adenocarcinomas with
similar major histologic subtype but different
other histologic subtypes, multiple tumors were
evaluated as additional nodule(s) when the cyto-
logic, stromal features, and expression level of
tumor transcription factor-1 were similar,%14

Two experienced pathologists (L.H. and X.X.)
distinguished additional nodule(s) and MPLC
independently. When the result from one pathol-
ogist was not consistent with the other result, a
third pathologist (C.W.) would evaluate the slides
again and proposed a result agreed by all three
pathologists.

Follow-up

OS was defined as the time between date of sur-
gery and the date of death or the last follow-up.
Follow-up was conducted through outpatient
examinations or telephone calls. Chest computed
tomography (CT) scans and abdominal ultra-
sound/CT were performed on follow-up visits
every 6 months within 2years after operation and
annually thereafter. Magnetic resonance imaging
and bone scan were annually performed for
5years or when the patient had signs or symp-
toms of recurrence.

Statistical analysis

Pearson’s y2 test and Fisher’s exact test were
applied to analyze categorical data, while
Student’s t-test and the Mann—Whitney U-test
were applied to analyze numerical data.
Univariable and multivariable Cox proportional
hazards models were used to identify independ-
ent prognostic factors for OS.15 Characteristics
with p values less than 0.05 in univariable analy-
ses were selected and then included into multi-
variable analyses. Besides, propensity score
matching (PSM) analyses were conducted to bal-
ance patients’ baseline characteristics between
different groups. Kaplan—-Meier and log-rank
tests were conducted to evaluate OS rates. The
impact of the largest tumor size was evaluated in
binary fashion as follows. For each specific whole
centimeter of largest tumor size, survival was
incrementally compared between T4-Add
patients with greater than that tumor size, to
those T4-Add with less than or equal to that
tumor size using a cox proportional hazards
regression model that adjusted for gender, histol-
ogy type, and adjuvant therapy. In the derivation
of tumor size cutpoint, the curve of hazard ratios

(HRs) of each specific whole centimeter of largest
tumor size was fitted by locally estimated scatter-
plot smoothing (LOESS) method, and the tumor
size that coincided with the highest HR was cho-
sen as the optimal cutpoint. Statistical analyses
were accomplished via R software, version 3.5.3
(http://www.R-project.org) and SPSS, version
23.0 (IBM, Armonk, NY, USA). All analyses
were double-tailed. A p value <0.05 was consid-
ered statistically significant.

Results

Study cohort

Between January 2009 and December 2014,
4711 patients underwent complete resection and
were diagnosed with T1-4, NO-2, M0 NSCLC
were selected into study. In all, 1674 (35.5%),
1956 (41.5%), 681 (14.5%), and 400 (8.5%)
patients were diagnosed with T1, T2, T3, and
T4NO0-2MO0 NSCLC, respectively. Based on the
8th AJCC TNM staging system?, 145 and 174
patients were diagnosed with T3-Add (additional
nodule[s] in the same lobe) and T4-Add (addi-
tional nodule[s] in the ipsilateral different lobe).
The average primary tumor size of T3-Add and
T4-Add tumors was 3.19 cm and 3.84 cm, respec-
tively. Among 414 T2b patients, 138 and 276
patients were T2b NSCLC with and without vis-
ceral pleural invasion, which tumor size greater
than 4 cm but less than or equal to 5cm, respec-
tively. Among 536 T3 patients, 356, 91, and 89
patients were T3 NSCLC with tumor size greater
than 5 cm but less than or equal to 7 cm, invading
T3 structures (parietal pleura, chest wall, pericar-
dium, or phrenic nerve) or combination of tumor
size and T3 structures, respectively. Among 226
T4 patients, 191, 29, and 6 patients were T4
NSCLC with tumor size greater than 7 cm, invad-
ing T4 structures (mediastinal fat, great vessels,
trachea, or esophagus), or combination of tumor
size and T4 structures, respectively. Median fol-
low-up time was 80.4months for the entire
cohort. Figure 1 shows the OS of patients strati-
fied by T stage regardless of N stage, which results
demonstrated that T3-Add patients had a compa-
rable prognosis with T2b patients (T3-Add versus
T2b, p=0.70), and T4-Add patients had an
intermediate prognosis between T3 and T4
patients (T4-Add wversus T3, p=0.91; T4-Add
versus T4, p=0.069). Baseline characteristics of
T2b-4, NO-2, MO patients are shown in Table 1.
And details of involved sites are shown in
Supplemental Table 1.
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—_— 174 164 135 111 92 75 63 41 27

Figure 1. OS of patients with T1-4, NO-2, MO NSCLC stratified by T stage in the entire cohort.

NSCLC, non-small-cell lung cancer; OS, overall survival.

Comparison with IASLC staging project

To strengthen the reliability of the results, the
numeric results between our study and the
IASLC staging project study were compared.2?-°
In the current study, the 5-year OS of T2bNOMUO,
T3NOMO, and T4NOMO patients were 66.1%,
54.8%, and 45.2%, respectively, which was
consistent with results of the 2015 IASLC study
of lung cancer staging project (T2bNOMO,
65.0%; T3NOMO, 57.0%; and T4NOMO,
47.0%). The 5-year OS of 56.1% for T3-Add
patients in the current study seems to be a little
higher than approximately 47% in the IASLC
study,® but the survival was comparable with
52.9-55.0% in previous studies.”!%17 The
5-year OS for T4-Add patients was 43.4% in
our study, which was comparable to nearly 40%
in the IASLC study and 37.2% of Ucvet and his
colleagues’ study®18

Comparison of T3-Add versus T3 and T3-Add
versus T2b tumors

Using univariable Cox analysis, T stage of T3,
higher age, marriage status of single/divorced/
widowed, histology type of others, positive patho-
logic N status, and adjuvant therapy of none or
not available (NA) were found to be associated
with poor OS (Table 2). In further multivariable
Cox analysis, T stage [T3-Add versus T3, HR,
0.695; 95% confidence interval (CI), 0.528-
0.915; p=0.009] was identified as an independ-
ent prognostic factor when T3 as reference.
Besides, marriage status (single/divorced/wid-
owed versus married, HR, 1.418; 95% CI, 1.098—
1.830, p=0.007), pathologic N status (positive
versus negative, HR, 1.684;95% CI, 1.361-2.084,
$»<<0.001), and adjuvant therapy (yes versus none/
NA, HR, 0.705; 95% CI, 0.569-0.875, p=0.001)
were also identified as independent prognostic
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Table 1. Baseline characteristics of T2b-4, NO-2, M0 patients included in the study.

Characteristics T2b T3 T3-Add P1 T4 T4-Add P,

Total (n, %) 414(100.0) 536 (100.0) 145 (100.0) 226 (100.0) 174 (100.0)

Age at diagnosis (mean = SD) (years)  61.0+8.6 60.1+9.5 59.2+10.0 0.316 60.7+8.3 59.2+9.4 0.085

Gender (n, %) <0.001 <0.001
Male 333 (80.4) 444, (82.8) 94 (64.8) 191 (84.5) 87 (50.0)

Female 81(19.6) 92(17.2) 51(35.2) 35(15.5) 87 (50.0)

Smoking history (n, %) 0.002 <0.001
None 169 (40.8) 190 (35.4) 72 (49.7) 88 (38.9) 118 (67.8)

Yes 245 (59.2) 346 (64.6) 73 (50.3) 138 (61.1) 56 (32.2)

Marriage status (n, %) 0.436 0.844
Married 350 (84.5) 432 (80.6) 121(83.4) 184 (81.4) 143 (82.2)
Single/divorced/widowed 64 (15.5) 104 (19.4) 24(16.6) 42(18.6) 31(17.8)

Education level (n, %) 0.359 0.496
Secondary and above 150 (36.2) 192 (35.8) 46 (31.7) 77 (34.1) 65 (37.4)

Primary and others 264 (63.8) 344 (64.2) 99 (68.3) 149 (65.9) 109 (62.7)

Histology type (n, %) <0.001 <0.001
Adenocarcinoma 152 (36.8) 134 (25.0) 91 (62.8) 59 (26.1) 132 (75.9)

SCC 191 (46.1) 265 (49.4) 28(19.3) 106 (46.9) 10 (5.7)
Others 71 (17.1) 137 (25.6) 26 (17.9) 61(27.0) 32(18.4)

Surgical resection (n, %) <0.001 <0.001
Lobectomy 343 (82.9) 420 (78.4) 135 (95.9) 176 (77.9) 0(0.0)

Bilobectomy 32(7.7) 50 (9.3) 0(0.0) 19 (8.4) 19 (10.9)
Pneumonectomy 39 (9.4) 66(12.3) 6 (4.1) 31(13.7) 13 (7.5)
Lobectomy + SLR 0(0.0) 0(0.0) 0(0.0) 0(0.0) 142 (81.6)

Tumor location (n, %) 0.094 0.174
Right side of the lung 234 (56.5) 291 (54.3) 90 (62.1) 129 (57.1) 111 (63.8)

Left side of the lung 180 (43.5) 245 (45.7) 55 (37.9) 97 (42.9) 63 (36.2)

Pathologic N status (n, %) 0.243 0.078
0 243 (58.7) 318(59.3) 86 (59.3) 120 (53.1) 73 (42.0)

1 44.(10.6) 77 (14.4) 14.(9.7) 27 (11.9) 23(13.2)
2 127 (30.7) 141 (26.3) 45(31.0) 79 (35.0) 78 (44.8)

Adjuvant therapy (n, %) 0.558 0.311
Yes 289 (69.8) 360 (67.2) 101 (69.7) 153 (67.7) 124 (71.3)

None 23 (5.6) 19 (3.5) 7 (4.8) 6(2.7) 8 (4.6)
NA 102 (24.6) 157 (29.3) 37 (25.5) 67 (29.6) 42 (24.1)

NA, not available; SCC, squamous cell carcinoma; SLR, sublobar resection; SD, standard deviation; p, indicates difference between T3 and T3-Add patients; p, indicates
difference between T4 and T4-Add patients. Significant p values are in bold form.
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Table 2. Univariable and multivariable Cox regression analyses of OS for patients with T2-3, NO-2, MO NSCLC satisfying the criteria
for T3-Add versusT3 and T3-Add versus T2b.

Characteristics

T3-Add and T3 patients

T3-Add and T2b patients

Univariable  Multivariable Univariable Muttivariable
p HR (95% CI) p p HR (95% CI) p
T (T3/T2b as reference) 0.006 0.695(0.528-0.915]  0.009 0.703
Age at diagnosis (years) 0.144 0.620
Gender (Female as 0.312 0.985
reference)
Smoking history (Yes as 0.614 0.696
reference)
Marriage status (Married as  0.045 1.418(1.098-1.830)  0.007 0.010 1.405 (1.040-1.899) 0.027
reference)
Education level (Secondary  0.109 0.228
and above as reference])
Histology type
Adenocarcinoma Reference Reference Reference  Reference
SCC 0.859 0.918(0.709-1.189]  0.516 0.054
Others 0.005 1.279 (0.973-1.682)  0.078 0.844
Surgical resection
Pneumonectomy Reference Reference
Other surgical procedures 0.531 0.144
Tumor location
Right side of the lung Reference Reference Reference Reference
Left side of the lung 0.169 0.013 0.737 (0.579-0.939] 0.013
Pathologic N status
Negative Reference Reference Reference  Reference Reference Reference
Positive <0.001 1.684(1.361-2.084)  <0.001 <0.001 2.096 (1.642-2.675) <0.001
Adjuvant therapy (n, %)
None/NA Reference Reference Reference  Reference
Yes 0.001 0.705 (0.569-0.875)  0.001 0.316

Cl, confidence interval; HR, hazard ratio; NA, not available; OS, overall survival; SCC, squamous cell carcinoma. Significant p values are in bold form.

factors for OS. Figure 2(a) demonstrated that
patients in T3-Add group had a significantly bet-
ter prognosis than patients in T3 group
(»=0.006). Clinicopathological characteristics
were well balanced through PSM analysis, and
the results are manifested in Supplemental Table

2. After PSM, Figure 2(b) shows that patients in
T3-Add group still had a significantly better prog-
nosis than patients in T3 group (»p=0.003).

Then, the prognoses of T2b and T3-Add patients
were compared. No significant differences of
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Figure 2. OS of patients with T2b-3, N0-2 M0 NSCLC for T3-Add versus T3 (a and b] and T3-Add versus T2b (c

and d] before PSM (a and c) after PSM (b and dJ.
0S, overall survival; PSM, propensity score matching.

prognoses between patients in these two groups
were identified in survival curves (p=0.70, Figure
2(c)). Similarly, clinicopathologic characteristics
were balanced and shown in the Supplemental
Table 2. After PSM, patients in T3-Add and T2b
groups still had comparable prognoses (p=0.75,
Figure 2(d)).

Comparison of T4-Add versus T4 and T4-Add
versus T3 tumors

In Supplemental Table 3, T stage (T4 wversus
T4-Add, p=0.070; T3 wversus T4-Add, p=0.911)
was not significantly associated with prognosis in
univariable analysis. Also, survival curves showed
that T4-Add patients had an intermediate

prognosis between T4 and T3 patients (T4-Add
versus T4, p=0.069; T4-Add versus T3, p=0.91)
in Figure 3(a) and (b). Nevertheless, as shown in
Figure 1, T3 patients had a significantly favorable
prognosis than T4 patients. Therefore, a hypoth-
esis was proposed that some patients of T4-Add
may have a comparable prognosis with T3
patients and the other patients may have a com-
parable prognosis with T4 patients.

Identification of independent prognostic

factors for OS of T4-Add patients

T4-Add patients were reported to have high het-
erogeneity in prognosis, even though in node neg-
ative T4-Add patients, with 5-year survival ranges
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Figure 3. OS of patients with T3-4, N0-2 M0 NSCLC for T4-Add versus T4 (a), T4-Add versus T3 (b), T4-Add (<3 cm) versus T4 (c and
d), T4-Add (<3cm)] versus T3 (e and f), and T4-Add (>3 cm)] versus T4 (g and h) before PSM (a, b, c, e, and g] after propensity score

matching (d, f, and h).

NSCLC, non-small-cell lung cancer; 0S, overall survival; PSM, propensity score matching.

from 0% to 43%.7:8:19-21 Therefore, to identify the
most prognostic factor which can be used to dis-
tinguish T4-Add patients with different progno-
ses, univariable and multivariable Cox analyses
was conducted for T4-Add patients and results
are shown in Supplemental Table 4. Gender
(male versus female, p=0.029), largest tumor size
(as a continuous variable, p=0.033), and histol-
ogy type (others wersus adenocarcinoma,
p=0.003) were associated with prognosis of
T4-Add patients. As illustrated in Supplemental
Figure 2, using LOESS method, the highest HR
statistic coincided with a pathologic largest tumor
size of 3.0 cm in T4-Add patients. Then, T4-Add
patients with largest tumor size of a single tumor
less than and equal to 3cm (7=94) were selected
and grouped as T4-Add (=3cm). T4-Add
patients with largest tumor size of a single tumor
larger than 3cm (n=80) were selected and
grouped as T4-Add (>3 cm). Univariable analy-
sis manifested that largest tumor size was signifi-
cantly associated with OS of T4-Add patients
(>3 cm wversus<3cm, p=0.004), which was con-
sistent with a previous study.”

Furthermore, multivariable Cox analysis con-
firmed largest tumor size of a single tumor (>3 cm
versus<3cm, HR, 1.701; 95% CI, 1.166-2.482,
p»=0.006), gender (male versus female, HR,

1.483; 95% CI, 1.007-2.184, p=0.046), and
adjuvant therapy (yes versus none/NA, HR, 0.661;
95% CI, 0.444-0.986, p=0.042) were independ-
ent prognostic factors for OS. Notably, compared
with patients with adenocarcinoma, patients with
SCC had a comparable prognosis (SCC versus
adenocarcinoma, HR, 1.012; 95% CI, 0.456—
2.248, p=0.976) and patients with other histo-
logic types had a significantly worse prognosis
(others versus adenocarcinoma, HR, 1.691; 95%
CI, 1.074-2.661, p=0.023).

Comparison of T4-Add (<3cm] versus T4 and
T4-Add (<3cm] versus T3 tumors
Clinicopathological characteristics of T3, T4, and
T4-Add (=3cm) patients were compared and
shown in Supplemental Table 5. In comparison
with T4 patients, T4-Add (<3 cm) patients were
more likely to be female (51.1% wversus 15.5%,
$<<0.001), adenocarcinoma (79.8% versus 26.1%,
$<<0.001), lack of smoking history (63.8% versus
38.9%, p<<0.001), and not receive pneumonec-
tomy (3.2% wversus 13.7%, p=0.005). Figure 3(c)
demonstrated that T4-Add (<3 cm) patients had a
significantly better prognosis than T4 patients
(p=0.004). Univariable analyses revealed that T
stage [T4-Add (=<3cm) wersus T4, p=0.004],
pathologic N status (positive wversus negative,
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p»=0.022), and adjuvant therapy (yes versus none,
$<0.001) were associated with prognosis. Further-
more, T stage [T4-Add (=<3 cm) versus T4, HR,
0.629; 95% CI, 0.455-0.869; p=0.005] and adju-
vant therapy (yes versus none/NA, HR, 0.628; 95%
CI, 0.464-0.850; p=0.003) were identified as
independent prognostic factors for prognosis
through multivariable analysis in Table 3. Then,
clinicopathological characteristics were balanced
via PSM analysis and shown in Supplemental
Table 6. As shown in Figure 3(d), T4-Add (<3 cm)
patients still had a significantly better prognosis
than T4 patients after PSM (p=0.008).

For T3 and T4-Add (=<3cm) patients,
Supplemental Table 5 demonstrated that T4-Add
patients were more likely to be female (51.1%
versus 17.2%, p<<0.001), adenocarcinoma
(79.8% wersus 25.0%, p<<0.001), be located in
right lung (66.0% wversus 54.3%, p=0.036), lack
of smoking history (63.8% wersus 35.4%,
p»<0.001), and not receive pneumonectomy
(3.2% wversus 12.3%, p=0.009). Figure 3(e) shows
that T3 and T4-Add (=<3 cm) patients had a com-
parable prognosis (p=0.12). Also, Table 3 dem-
onstrated T stage [T4-Add (=<3 cm) versus T3]
was not significantly associated with prognosis of
patients with T3 and T4-Add (=3 cm) patients in
univariable analysis (p=0.119). Moreover,
T4-Add (=<3cm) patients had a comparable
prognosis with T3 patients after balancing base-
line characteristics well (Figure 3(f), p=0.56).

Besides, prognoses of T4-Add (>3 cm) and T4
patients were evaluated and shown in Figure 3(g)
and (h). No significant differences were observed
between prognoses of T4-Add (>3cm) and T4
patients regardless of PSM (before PSM, p=0.78;
after PSM, p=0.74).

Validation of restaging by subgroups analyses

Several additional subgroup analyses were con-
ducted to further validate the reliability of our
results. First, pathologic N stat'us was an impor-
tant independent prognostic factor identified by
multivariable analysis in the present study and
previous studies.”® Therefore, we conducted
PSM analyses for T2b versus T3-Add and T3 ver-
sus T4-Add (=3 cm) patients stratified by patho-
logic N status. The proportion of NO patients
were 59.3% (86/145) and 42.0% (73/174) in
T3-Add and T4-Add patients, respectively. In
T4-add (=<3 cm) patients, the proportion of NO
patients was 46.8% (44/94) while the proportion

of NO patients was merely 36.3% (29/80) in
T4-add (>3 cm) patients. Supplemental Figure 3
demonstrated that patients had a comparable
prognosis no matter pathologic N status was neg-
ative [T2b versus T3-Add, p=1.00; T3 versus T4
(<3cm), p=0.79] or positive [T2b wersus
T3-Add, p=0.96; T3 versus T4 (<3 cm), p=0.15]
after baseline characteristics were balanced well.
Then, subgroup analyses stratified by histology
type were also conducted. Supplemental Figure 4
demonstrated that T2b and T3-Add patients had
a comparable prognosis with the histology type of
adenocarcinoma (Supplemental Figure 4A,
p»=0.40), SCC (Supplemental Figure 4B,
p»=0.68), and others (Supplemental Figure 4C,
p»=0.94) after PSM. Also, T3 and T4-Add
(=<3cm) patients had a comparable prognosis
with the histology type of adenocarcinoma
(Supplemental Figure 4D, p=0.28) and others
(Supplemental Figure 4E, p=0.40) after PSM
[subgroup analysis of SCC was not conducted
because there were only 2 T4-Add (<3cm)
patients with SCC]. Besides, to exclude influence
of T3/T4 descriptors (multiple descriptors or
possible diagnostic mistake), T3 and T4 patients
diagnosed only by tumor size other than T3/T4
descriptors were selected and grouped as T3-Size
and T4-Size, respectively. As shown in
Supplemental Figure 5, patients also had a com-
parable prognosis before and after PSM [before
PSM: T2b-Size versus T3-Add, p=0.80; T3-Size
versus T4-Add (=3cm), p=0.21; after PSM:
T2b-Size versus T3-Add, p=0.96; T3-Size versus
T4-Add (<3 cm), p=0.44].

External validation

To strengthen the results, an independent cohort
from Chinese Academy of Sciences Ningbo No. 2
Hospital was collected and shown in Supplemental
Table 6. In the independent cohort, T3-Add
patients had a comparable prognosis with T2b
patients (p=0.703) and a better prognosis than
T3 patients (p=0.053), although the difference
failed to reach significance due to relatively small
sample size (Supplemental Figure 6). Similarly,
T4-Add (=3cm) patients had a comparable
prognosis with T3 patients (p=0.948) and a bet-
ter prognosis than other T4 patients while the dif-
ference also failed to reach significance (p=0.256).

Discussion
In this study, patients with additional nodule(s)
in the same lobe (T3-Add) were found to have a
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Table 3. Univariable and multivariable Cox regression analyses of OS for patients with T4-Add (<3) versus T4 and T4-Add (<3] versus

T3 tumors.

Characteristics

T4-Add (<3) and T4 patients

T4-Add (<3) and T3 patients

Univariable Multivariable Univariable Multivariable
p HR (95% Cl) p p HR (95% CI) p
T (T4/T3 as reference) 0.004 0.629 (0.455-0.869) 0.005 0.119
Age at diagnosis (years) 0.094 0.124
Gender (Female as 0.205 0.154
reference)
Smoking history (Yes as 0.407 0.710
reference)
Marriage status (Married as  0.057 0.187
reference)
Education level (Secondary 0.764 0.936
and above as reference])
Histology type
Adenocarcinoma Reference Reference Reference Reference
SCC 0.438 0.323 0.976 (0.753-1.265)  0.855
Others 0.051 <0.001 1.562 (1.192-2.046]  0.001
Surgical resection
Pneumonectomy Reference Reference
Other surgical procedures  0.687 0.603
Tumor location
Right side of the lung Reference Reference Reference Reference
Left side of the lung 0.930 0.024 0.752 (0.602-0.938] 0.012
Pathologic N status
Negative Reference  Reference Reference  Reference Reference Reference
Positive 0.022 1.278 (0.953-1.713) 0.101 <0.001 1.521(1.219-1.898]  <0.001
Adjuvant therapy (n, %)
None/NA Reference  Reference Reference  Reference
Yes <0.001 0.628 (0.464-0.850) 0.003 0.001 0.723 (0.580-0.902)  0.004

Cl, confidence interval; HR, hazard ratio; OS, overall survival; SCC, squamous cell carcinoma. Significant p values are in bold form.

significantly better prognosis than other T3
patients and a comparable prognosis with T2b
patients. Also, patients with additional nodule(s)
in ipsilateral different lobe (T4-Add) with largest
tumor size less than or equal to 3 cm were found
to have a significantly favorable prognosis than

other T4 patients and a comparable prognosis
with T3 patients. The above results were vali-
dated to be reliable through subgroup analyses
stratified by pathologic N status and histology
type. Given the results of this study, we proposed
that additional nodule(s) in the same and
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ipsilateral different lobe, which are currently clas-
sified as T3 and T4, should be considered for
restaging as T2b and T3 in the upcoming 9th edi-
tion of the AJCC Staging Manual for NSCLC,
respectively.

It was reported that patients with IPM had a sig-
nificantly unfavorable prognosis than patients
with MPLC.14222¢ Tn 1975, Martini and
Melamed proposed the most practical criteria
(MM criteria) used to distinguish additional
nodule(s) from MPLC.!! In 2009, Girard and his
colleagues proposed a comprehensive histologic
assessment used to distinguish IPM and MPLC,
which was concordant with a five-gene mutation
panel molecular assessment and reported to pre-
dict prognosis better than molecular or MM cri-
teria.l* In 2016, based on histologic type, major
and other histologic subtypes, and clinical status,
IASLC proposed a criteria to distinguish MPLC
and additional nodule(s).%2> Usually, additional
nodule(s) were defined as an independent mass
isolated from a primary malignant tumor which
histopathological characteristics are the same as
those of the primary tumor and lack microscopic
features that indicate the primary tumor. In 2020,
based on clinical data and imaging variables, a
novel algorithm differentiating between MPLC
and additional nodule(s) was proposed by Suh
and his colleagues and overall accuracy was
approximately 88.9%.26

In the current study, the 5-year OS for T3-Add
patients of 56.1% was similar to previous studies
and much better than 42.5% of NCDB database,
which may result from that merely 55.8% T3-Add
patients in NCDB database received sur-
gery.”-%10:16,17 Tt was reported in IASLC database
that pathologically confirmed T3-Add patients
had a relatively better prognosis than other T3
patients no matter pathologic N status is negative
(5-year OS status: T3-Add, 58%; T3 diagnosed
with single other T3 descriptor, 53%; T3 diag-
nosed with multiple other T3 descriptors, 44%)
or positive (deaths /number of patients: T3-Add,
409/832, 49.2%; T3 diagnosed with single other
T3 descriptor, 1001/1944, 51.5%; T3 diagnosed
with multiple other T3 descriptors, 199/351,
56.7%) although the differences did not reach
significance.® Also, Kumar and his colleagues
proved that T3-Add patients had significantly
favorable OS rates than T3-size patients who
were diagnosed only by tumor size larger than
5cm but less than or equal to 7cm (T3-Add,
5-year OS, 37.8%; T3-Size, 5-year OS, 36.3%;

$<<0.001) and a comparable prognosis with T2b-
size patients (T3-Add, 5-year OS, 53.4%; T2b-
Size, 5-year OS, 52.3%; p<<0.30).1° However,
recurrence-free survival was not evaluated and
pathological N stage was not used to conduct
PSM analysis. In addition, patients with addi-
tional nodule(s) in ipsilateral different lobe were
not included in this study.

The 5-year OS for T4-Add patients of 43.4% in
the present study was comparable to approxi-
mately 40.0% of T4-Add patients in several pre-
vious studies.®!827 Similar to the results of the
current study, in IASLC database, T4-Add
patients were also reported to have a similar prog-
nosis with all T3 patients, T3 patients diagnosed
by descriptors other than additional nodule(s),
and T4 patients diagnosed by descriptors other
than additional nodule(s) (deaths/number of
patients: T4-Add, 51/102, 50%; T3, 1693/3263,
51.8%; T3-other descriptors, 52.3%; and
T4-other  descriptors, 113/206, 54.8%).°
However, no further validation of these patients
with metastases in ipsilateral different lobe strati-
fied by tumor size or histology type was con-
ducted in IASLC database. In our study, tumor
size of 3cm was identified as an independent
prognostic factor for OS and used as a cutoff
value for selecting T4-Add patients who should
be considered restaging as T3. Also, Okamoto
and his colleagues’ found that tumor size less
than and equal to 3 cm was associated with better
prognosis of patients with metastases in ipsilateral
different lobe but differences failed to reach sig-
nificance due to relatively small sample size
(n=21; >3 cm versus<3cm, HR, 1.64; 95% CI,
0.94-9.17, p=0.064).

There were two reasons that may explain why
patients with IPM (T3-Add and T4-Add) had
significantly better prognosis than other T3 or T4
patients. First, histologic types may result in the
difference of survival. The proportions of SCC
and other of NSCLC in other T3 and T4 patients
(SCC, 49.4% and 46.9%; other histologic types,
25.6% and 27.0%) were significantly higher than
that in T3-Add and T4-Add patients (SCC,
19.3% and 5.7%; other histologic types, 17.9%
and 18.4%). Patients with SCC and other histo-
logic types of NSCLC were reported to have
worse survival than patients with adenocarcino-
mas.28-3% Second, primary tumor size of T3-Add
and T4-Add (T3-Add, 3.19cm; T4-Add,
3.84 cm) was smaller than other T3 or T4 patients
(T3, 5.57cm; T4, 7.87cm) and tumor size may
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determine prognosis more than other variables.
Similar result that T3-Add patients had better
prognosis than other T3 patients was also
observed in Kumar and his colleagues’ research.!?

In addition, in the 2015 IASLC study, the com-
parison of one wersus two or more nodules was
limited due to a paucity of patients with two or
more nodules.® In several previous studies, the
number of additional nodules did not show a sig-
nificant effect on prognosis of patients.816:31 Only
in Ucvet and his colleagues’ study, T4-add
patients with two or more nodules were reported
to have a significantly worse prognosis (p=0.01)
but the sample size of this study was relatively low
(N=27).18 In the current study, there were 25.5%
(37/145) and 16.7% (29/174) patients with two
or more additional nodules in the T3-Add and
T4-Add patients, respectively. And the number
of additional nodules did not show a significant
effect on prognosis of T3-Add patients (two or
more nodules versus one nodule, HR, 1.153, 95%
CI, 0.694-1.918, p=0.582) and T4-Add patients
(two or more nodules wersus one nodule, HR,
1.230, 95% CI, 0.758-1.997, p=0.402). Future
study containing more patients may provide
stronger evidence.

According to the latest National Comprehensive
Cancer Network guidelines for NSCLC, surgery
was the first choice for additional nodule(s) in the
same and ipsilateral different lobe.32 After sur-
gery, adjuvant chemotherapy or chemoradiother-
apy should be offered to these patients based on
the pathologic N status and residual tumor clas-
sification.33:3% Nevertheless, in clinical practice,
we found that patients who were suspected to be
additional nodule(s) were less likely to receive
surgery as previous studies proposed (resected
T3-Add: 55.8-86.6%; resected T4-Add: approxi-
mately 54.3%).10-25 These patients were not usu-
ally treated as candidates for surgery by doctors
even though metastasis was limited in the lung,
especially for patients with metastases in ipsilat-
eral different lobe. Indeed, patients with addi-
tional nodule(s) did benefit from surgery followed
by systemic therapy.32-35:36 Based on these find-
ings, we believed that down-staging patients with
additional nodule(s) would be more likely to
change the doctors’ consideration, get these
patients treated with surgery, and improve prog-
nosis of these patients.

There are several limitations existing in the pre-
sent study. First, selection bias was inevitable due

to nature of retrospective study. Confounding
variables, including gender, histology, gene muta-
tion, and so on, may affect survival of patients
although multivariable Cox analyses, PSM, and
subgroup analyses were conducted to decrease
the influence of these confounding variables as
much as possible. Second, 4711 patients, only
including 319 patients with additional nodule(s),
were included in this study although our hospital
was a high-volume institution in the world. Third,
EGFR-mutated, stage IB to IIIA patients were
found to benefit from adjuvant targeted therapy
significantly3” but few patients in our study cohort
received adjuvant targeted therapy.

Conclusions

In this large-cohort study, NSCLC patients with
additional nodule(s) in the same lobe and ipsilat-
eral different lobe (tumor size<3cm), which
were staged as T3 and T4 according to AJCC 8th
TNM staging system, were analyzed to have a
significantly favorable prognosis than other T3
and T4 patients and comparable survival with
T2b and T3 patients, respectively. Based on
these results, we proposed that NSCLC patients
with additional nodule(s) in the same lobe and
ipsilateral  different lobe (largest tumor
size <3 cm) should be further validated and con-
sidered restaging as T2b and T3 in the forthcom-
ing 9th TNM classification, respectively.
(Supplemental Figure 7)
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