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Abstract

Objectives Appropriate selection for surgery is particularly important in T4 non-small cell lung cancer patients. In clinical
settings, patients those who are positive for T4 criteria occasionally are also positive for T3 factors which are independently
defined from original T4 or even have multiple T4 factors. Significance of these factors on prognosis is still unknown.
Methods We retrospectively reviewed clinicopathorogical data of 113 patients with T4 non-small cell lung cancer those who
underwent surgery between 1990 and 2015 in Tohoku University Hospital. Significance on prognosis of single or multiple
T4 factors and with or without independent T3 factors were statistically analyzed.

Results No significant difference was seen in the 5-year survival rate between patients with single (35.6%) and multiple
(31.4%) T4 factors (P =0.94), but the rate was significantly lower when patients also had independent T3 factors (19.6%)
compared with when they did not (42.5%) (P=0.011). The 5-year survival rate was particularly lower among patients with
invasion of the chest wall or parietal pleura (8.1%) than in those without (40.6%) (P =0.0052).

Conclusions Invasion of the chest wall or parietal pleura is poor prognostic factors in T4 non-small cell lung cancer patients.
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Introduction

T4 non-small cell lung cancer (NSCLC) is a locally
advanced disease with a poor prognosis. Recent studies
have reported the 5-year survival rate after surgery to be
19.1-38.4% [1-6], whereas overall morbidity and mortal-
ity are reported to be 35-52% and 4-19.1%, respectively
[2, 3, 6, 7]. Therefore, although surgery for T4 disease is
challenging, it is worthwhile and can effectively cure sub-
stantial numbers of patients. T4 NSCLCs are a heteroge-
neous group of locally advanced disease [6]. Knowing the
prognostic factors is critical to assessing surgical candidates.
Current evidence indicates that microscopic residue (R1)
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or macroscopic residue (R2) of tumor cells, pathological
nodal (pN) status (specifically, pN2), pneumonectomy, and
pericardial invasion are the poor prognostic factors [2, 3,
8, 9]. In clinical practice, it is also true that some patients
have multiple T4 factors or have T3 factors in addition to
T4 factors. Especially, chest wall or parietal pleural inva-
sion is sometimes existed in T4 NSCLC patients. However,
it is unknown whether these patient groups have the same
prognosis as those who have a single T4 factor. In this study,
we retrospectively investigated how these combinations of
factors affected outcomes after surgical resection in patients
with T4 NSCLC.

Subjects

We retrospectively included patients who underwent surgi-
cal resection for T4 NSCLC at Tohoku University Hospital
between 1990 and 2015. All included patients were re-staged
using the latest tumor, nodal, and metastasis (TNM) classi-
fication [10]. All data were obtained from medical records.
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The study was approved by the institutional review board of
our hospital (2018-1-124-1).

Methods

The 5-year survival rate was examined and compared based
on whether single or multiple T4 factors were present, and
the presence or absence of ‘independent T3 factors’ in the
presence of T4 factors. Univariate analysis was performed
on each independent T3 factor for detecting prognostic fac-
tors in independent T3 factors, and the 5-year survival rate
was examined and compared based on the significant factors
on the univariate analysis. To determine the prognostic fac-
tors, univariate analysis was performed on the following fac-
tors: age, sex, surgical procedures, tumor histological type,
smoking history, induction therapy, adjuvant therapy, patho-
logical N status, whether single or multiple T4 factors were
present, and the presence or absence of independent T3 fac-
tors in the presence of T4 factors. Using significant factors
in univariate analysis, multivariate analysis was performed.

T3 factors accompanied by T4 factors were not consid-
ered an “independent T3 factor”. For example, the invasion
of vertebral body inevitably has the invasion of the pari-
etal pleura; however, the invasion of vertebral body was
considered as a single T4 factor without independent T3
factor. Also, T4 factor of tumor size > 70 mm implements
tumor size > 50 mm, which includes in T3 factor, but tumor
size >70 mm was considered as a single T4 factor with-
out independent T3 factor. Instead, T3 factors that were not
accompanied by T4 factors were considered as independent
T3 factors. For example, in a case, where an 80-mm tumor
invaded the chest wall, it was considered as T4 NSCLC with
an independent T3 factor. Also, when a tumor invaded into
the diaphragm and the parietal pleura, it was considered as
T4 NSCLC with an independent T3 factor.

The survival rates were represented by overall 5-year
survival rates. Postoperative death included all-cause
deaths within 30 days of surgery and before discharge from
hospital.

Statistical analysis

The continuous variables were represented as aver-
age + standard error. The follow-up period was also repre-
sented by median (first quartile—third quartile). The 5-year
overall survival rate was calculated by the Kaplan—-Meier
method and statistically compared by the log-rank test.
When the follow-up period did not reach 5 years, the case
was dealt as a censoring. The Fisher exact test was used to
compare nominal variables, and Cox proportional hazards
regression analysis was used for univariate and multivari-
ate analysis. Statistical significance was set at P <0.05,

and the EZR software (Ver. 1.32, Saitama Medical Center,
Jichi Medical University, Saitama, Japan) was used for
statistical analysis [11].

Results

We included 113 patients (average age of
63.3+11.0 years), of which 94 were male. The average
follow-up period was 42.1 + 5.0 months, and the median
was 20.7 (8.1-55.1) months. The characteristics of all
patients are shown in Table 1. The most common T4 factor
was tumor size > 70 mm, and the overall 5-year survival
rate was 35.0%. The numbers of patients treated by induc-
tion therapy and adjuvant therapy were 17 and 20, respec-
tively. Overall, 4 patients died within 30 days after surgery,
giving a postoperative mortality of 3.5%. The cause of
death was pneumonia for 2 patients, brain infarction for 1
patient, and failure of a tracheal suture for 1 patient. Four
patients did not undergo mediastinal nodal dissections, and
the diameters of tumor were not measured in 2 patients.

Table 1 Characteristics of all patients

Factor Number of patients
Age (<70 years/> 70 years) 83/36
Sex (male/female) 94/19
Smoking (< 30-pack-year/> 30-pack-year) 36/66
Histological type (Ad/Sq/LCNEC/others) 36/52/13/12
T4 factor
Tumor size >70 mm 63
Visceral pericardium invasion 17
Great vessel invasion 16
Diaphragm invasion 10
Ipsilateral metastasis in non-primary lobe 10
Trachea or carina invasion 7
Mediastinum invasion 6
Esophagus invasion 3
Vertebral invasion 2
Brachial plexus invasion 2
Tumor size (<50 mm/50-70 mm/> 70 mm) 34/14/63
Induction therapy () 17/96
Adjuvant therapy () 20/93
Surgical procedure
Pneumonectomy/lobectomy/sub-lobar resec- 40/7172
tion
Pathological nodal status (NO/N1/N2) 44/23/42
Completeness of resection (RO/R1/R2) 89/5/19

Ad adenocarcinoma, Sg squamous cell carcinoma, LCNEC large cell
neuroendocrine carcinoma
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Analysis on multiple T4 factors and independent T3
factors

In the present study, we identified 20 patients (17.7%)
with multiple T4 factors, among whom the most common
combination was tumor size > 70 mm with visceral peri-
cardial invasion, as shown in Table 2. The 5-year survival
rates were not significantly different between patients with
multiple (31.4%) and single (35.6%) T4 factors (P =0.94,
Fig. 1). The ratios for those undergoing RO resection or
having pN2 status were comparable between patients
with single (77.8% and 36.7%, respectively) and those
with multiple (65.0% and 45.0%, respectively) T4 factors
(P=0.12 and P=0.44, respectively). Also, we identified
that 34 patients (30.1%) had independent T3 factors in
addition to at least one T4 factor, with the most common
T3 factors being invasion of the chest wall or parietal
pleura (19 patients; 16.8%) (Table 2). The 5-year survival
rates were significantly lower in patients with independ-
ent T3 factors (19.6%) than in those without independ-
ent T3 factors (42.5%; P=0.011; Fig. 2). The ratios for
those undergoing RO resection or having pN2 status were
comparable between patients with independent T3 fac-
tors (77.2% and 45.5%, respectively) and those without
(83.1% and 35.5%, respectively) (P=0.21 and P=0.39,
respectively).

Table 2 Number of patients with multiple T4 factors by combination
and independent T3 factors

Multiple T4 factors/independent T3 factors Number of
patients
Multiple T4 factors 20
Tumor size > 70 mm
+ Visceral pericardium invasion 5
+ Diaphragm invasion 3
+ Ipsilateral metastasis in non-primary lobe 2
+ Esophagus invasion 1
+ Great vessel invasion 1
+ Mediastinum invasion 1
+ Vertebral and diaphragm invasion 1
+ Visceral pericardium and diaphragm invasion 1
Great vessel invasion
+ Visceral pericardium invasion 3
+ Trachea/carina invasion
+ Esophagus invasion 1
Independent T3 factors 34
Chest wall/parietal pleura invasion 19
Tumor size: 51-70 mm 14
Pulmonary metastasis in primary lobe
Mediastinal pleura invasion 3

@ Springer
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Fig. 1 Kaplan—Meier curves for patients with single or multiple T4
factors. There was no significant difference in the 5-year survival rate
for single T4 factor (n=94; 35.6%) and multiple (n=19; 31.4%) T4
factors

Multivariate analysis on independent T3 factors

The result of multivariate analysis on each independent
T3 factor is shown in Table 3. Only chest wall or parietal
pleural invasion was significant among these 4 independ-
ent T3 factors, giving the significant difference in 5-year
survival rates between patients with invasions of the chest
wall or parietal pleura and patients without them (8.1% and
40.6%, respectively; P=0.0052; Fig. 3). Notably, the ratios
for those undergoing RO resection or having pN2 status were
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Fig.2 Kaplan—Meier curves for T4 NSCLC patients with and without
independent T3 factors. In patients with T4 factors, the 5-year sur-
vival rate when independent T3 factors were present (n=234; 19.6%)
was significantly lower than that when independent T3 factors were
absent (n=79; 42.5%, P=0.011). T3 factor (+): T4 NSCLS patients
with independent T3 factors. T3 factor (—): T4 NSCLC patients with-
out independent T3 factors
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Table 3 Multivariate analysis on survival among independent T3 fac-
tors

Factor HR 95% CI P value
Tumor size (51-70 mm) 089 045-1.75 0.73
Visceral pleural invasion 1.05 0.30-3.72 0.94
Metastasis in primary lobe 1.01  0.35-2.88 0.99

Chest wall/parietal pleural invasion ~ 2.13 ~ 1.14-3.72  0.018

HR hazard ratio, CI confidence interval
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Fig.3 Kaplan—-Meier curves for T4 NSCLC patients with and with-
out invasion of the chest wall or parietal pleura. In patients with T4
factors, the 5-year survival rate when patients had invasion of the
chest wall or parietal pleura (n=19; 8.1%) was significantly lower
than that when patients did not have invasion of the chest wall or
parietal pleura (n=94; 40.6%, P=0.0052). Chest wall/parietal pleura
invasion (+): T4 NSCLC patients with invasion of the chest wall or
parietal pleura. Chest wall/parietal pleura invasion (—): T4 NSCLC
patients without invasion of the chest wall or parietal pleura

not significantly different between patients with (68.4% and
50.0%, respectively) and without (81.9% and 63.7%, respec-
tively) invasion of the chest wall or parietal pleura (P=0.21
and P=0.30, respectively). In addition, the average tumor
sizes in patients with and without invasion of the chest wall
or parietal pleura were 72.1 +37.4 mm and 68.8 +29.4 mm,
respectively (P =0.68).

Univariate and multivariate analysis for detecting
prognostic factors on survival

As shown in Table 4, female sex, smoking history more than
30-pack-year, chest wall or parietal pleural invasion, patho-
logical N2, and R1/R2 resection were significant prognostic
factors on survival in the univariate analysis. In the multi-
variate analysis, pathological N2 and R1/R2 resection were
significant.

Discussion

We showed that the presence of independent T3 factors was
associated with a poor prognosis after surgical resection in
patients with T4 NSCLC. Of these, the invasion of the chest
wall or parietal pleura was associated with particularly poor
survival outcomes.

In the present study, the 5-year survival rate was sig-
nificantly lower in patients with independent T3 factors,
especially those with chest wall/parietal pleural invasion
although the significant difference was not observed between
patients with single T4 factor and those with multiple T4
factors. Notably, the ratios of patients who underwent RO
resection and have pN2 were not significantly different
between each comparison. There are two possible reasons to

Table 4 Univariate and

S Univariate analysis
multivariate analyses on

Multivariate analysis

survival Factor

HR 95% CI P value HR 95% CI P value

Age >70 years

Female
Pneumonectomy
Adenocarcinoma

Smoking > 30-pack-year
Induction therapy
Adjuvant therapy
Multiple T4 factors

Chest wall/parietal pleural invasion

Pathological N2

R1/2 resection

1.18 0.71-1.96 0.53

0.44 0.20-0.95 0.037 0.50
1.16 0.70-1.91 0.56

0.87 0.52-1.43 0.57

1.91 1.11-3.30 0.019 1.52
0.92 0.49-1.72 0.80

0.84 0.51-1.36 0.470

1.03 0.52-2.01 0.94

0.19-1.29 0.15

0.78-2.94 0.22

2.11 1.21-3.68 0.0083 1.85 0.98-3.49 0.059
2.08 1.28-3.39 0.0031 2.12 1.20-3.77 0.010
2.97 1.75-5.06 <0.001 2.01 1.03-3.92 0.040

HR hazard ratio, CI confidence interval
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explain the effect of independent chest wall/parietal pleural
invasion on the prognosis after the resection of T4 NSCLC
patients. First, the differences in lymph vessels and capil-
laries may affect the prognosis when the tumor invades the
parietal pleura. T4 factors other than tumor size > 70 mm
and metastasis in the non-primary lobe obviously indicate
invasion into mediastinal organs, and these can invade lymph
vessels and capillaries in the mediastinal pleura. Conversely,
T4 NSCLC with independent invasion of the chest wall or
parietal pleura can invade lymph vessels and capillaries not
only in mediastinal pleura but also in parietal pleura, which
may worsen the survival after resection. The survival rate of
patients with multiple T4 factors was comparable to that of
patients with a single T4 factor in the present study, which
may support this hypothesis. Second is the resulting of surgi-
cal stress. The resection of chest wall or parietal pleura could
imply additional stress on patients. A high degree of surgical
stress could affect long-term survival.

The TNM classification is an established staging sys-
tem, but it continues to be updated periodically by the
International Association for the Study of Lung Cancer
International Staging Project [10]. Although only the most
advanced T factor is adopted in the staging system, even
when two or more are present, it might be difficult to com-
bine multiple T factors, because it would make the stag-
ing system complicated. Despite this, it is undoubtable that
combining multiple T factors may be useful in determining
the appropriateness of surgery in patients at high risk of
poor morbidity and mortality rates, such as patients with
T4 NSCLC.

According to previous studies [2-5, 8, 9, 12-14], both RO
resection and the presence of confirmed pNO/N1 status were
significantly associated with a good prognosis in patients with
T4 NSCLC. Previous studies have indicated that the 5-year
survival rates for RO and R1/R2 resections in these patients
were 40.4-58.3% and 10.9-15.9%, respectively [2, 7]. Also,
the 5-year survival rates in T4 NSCLC patients and either pNO/
N1 or pN2 status were 37.5-44.9% and 0-17.5%, respectively
[2, 15]. Although chest wall/parietal pleural invasion could not
reach the significance in the multivariate analysis in the pre-
sent study (P=0.059), chest wall/parietal pleural invasion may
be an independent prognostic factor in T4 NSCLC patients,
considering the small number of patients (19 patients) and
the comparable ratios of patients who underwent RO resec-
tion and have pN2 in the comparison. General preoperative
decision according to probability of RO resection, exclusion
of pN2, and total surgical stress should be made. Although
preoperative prospect for RO resection for T4 disease is some-
times difficult, evaluation of T3 disease including chest wall
invasion is relatively easy by computed tomography. Fur-
thermore, according to the recent meta-analysis, the negative
predictive value for pN2 by endobronchial ultrasound-guided
transbronchial needle aspiration has been reported to be about
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90% [16], suggesting that the preoperative prediction of pN2
was difficult.

In the present study, the number of patients treated by
induction therapy was small, because the effect of induction
therapy on long-term survival was unclear and controversial in
patients with T4 NSCLC [17-19]. Yildizeli et al. [2] reported
that the 5-year survival rates in patients with T4 NSCLC were
37.0% with induction therapy and 38.8% without induction
therapy, concluding that it did not improve outcomes. Other
researchers have also showed that induction therapy was asso-
ciated with increased morbidity after surgical resection [20]. In
research conducted by Matsubara et al. [21], the morbidity and
mortality rates after extended surgery with induction therapy
were 55.4% and 5.4%, respectively; the corresponding rates
in the initial surgery group were 16.8% and 0%. Given that
induction therapy decreases the size of the primary tumor to
achieve complete resection, it might remain a viable option in
appropriately selected patients with T4 NSCLC [18].

The present study has several limitations. First, this is a
retrospective study with the inherent biases of such a design.
For example, patients with T4 NSCLC who underwent surgi-
cal resection were specially selected based on preoperative
morbidity and performance status. Second, the present data
were collected over a 25-year period, during which time chem-
otherapy regimens have changed and improved. The role of
chemotherapy in this study is probably limited by this, indicat-
ing that any associated data should be interpreted with care.
However, there is no patient who underwent therapies with
epidermal growth factor receptor tyrosine kinase inhibitor or
immune checkpoint inhibitor. Finally, the number of patients
who received adjuvant chemotherapy was small in this study
because of their poor performance status or general conditions
after the surgical resection.

Conclusion

In conclusion, the presence of independent T3 factors, specifi-
cally invasion of chest wall or parietal pleura invasion, may
predict poor survival. This should be carefully considered
when evaluating the suitability of patients as surgical candi-
dates in T4 NSCLC.
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