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Introduction

Lung cancer is the leading cause of cancer mortality

Background: According to the eighth TNM (tumor-node-metastasis) staging system, the
presence of separate tumor nodules in the same lobe is designated as a T3 descriptor.
However, it remains unclear whether adjuvant chemotherapy confers survival advantages
in this setting.

Methods: We retrospectively identified 142 pathologic T3NOMO patients with additional
pulmonary nodules in the same lobe from a single-institutional database from 2004 to
2019. The main outcomes were overall survival and recurrence-free survival. Multivariable
Cox regression was used to identify the benefit of adjuvant chemotherapy while adjusting
for other variables.

Results: Sixty-one patients received adjuvant chemotherapy (adjuvant group) and 81 pa-
tients did not receive adjuvant therapy after surgery (surgery-only group). There were no
demonstrable differences between the 2 groups regarding hospital mortality and postop-
erative complications, indicating that treatment selection had not significantly occurred.
However, the use of adjuvant chemotherapy was associated with improved 5-year overall
survival (70% vs. 59%, p=0.006) and disease-free survival (60% vs. 46%, p=0.040). A mul-
tivariable Cox model demonstrated that adjuvant chemotherapy was associated with a
survival advantage (adjusted hazard ratio, 0.54; p<0.001). In exploratory analyses of sub-
groups, the effect of adjuvant chemotherapy seemed to be insufficient in those with small
main tumors (<4 cm).

Conclusion: Adjuvant chemotherapy was associated with better survival in T3 cancers
with an additional tumor nodule in the same lobe. However, the role of adjuvant chemo-
therapy in patient subgroups with small tumors or those without risk factors should be
determined via large studies.

Keywords: Adjuvant chemotherapy, Satellite pulmonary nodule, Lung neoplasms, Sur-
vival

rence within 5 years of surgery [1]. The Lung Adjuvant
Cisplatin Evaluation meta-analysis [2] based on 5 large cis-
platin-based adjuvant trials [3-7] suggested that adjuvant

worldwide. Despite its poor prognosis, surgery remains the
best opportunity to cure localized non-small-cell lung can-
cer (NSCLC). However, even after cancer has been com-
pletely resected, the risk of recurrence remains substantial.
In fact, 36% of patients with stage I-II NSCLC have recur-

cisplatin-based chemotherapy could yield an overall sur-
vival advantage of 5.4% at 5 years. This survival benefit
was evident for node-positive NSCLC and for patients with
node-negative tumors that were 4 cm or larger. As a result,
international guidelines from Europe and the United States
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recommend adjuvant chemotherapy for resected stage I1-
III NSCLC [8-10].

However, these adjuvant studies did not adequately re-
flect the variety of oncologic scenarios in node-negative
cases despite staging beyond T2 due to the locally ad-
vanced tumor status. Although only 1 unplanned subgroup
analysis of an adjuvant trial demonstrated a survival bene-
fit of adjuvant therapy in node-negative NSCLC sized 4 cm
or greater [11], evidence supporting the use of adjuvant
chemotherapy in other settings is still lacking. One exam-
ple is the presence of the additional nodules in the same
lobe of a small node-negative tumor, which makes cancer
greater than stage I, but the optimal management of this
subset of NSCLC remains unclear.

In 2016, a retrospective study of 1,013 patients in the
United States using the National Cancer Database (NCDB)
demonstrated the association of favorable survival out-
comes with the use of adjuvant therapy in patients with T3
NSCLC who had separate pulmonary nodules in the same
lobe [12]. Their results were maintained in a subcohort of
528 patients with node-negative NSCLC and a satellite pul-
monary nodule in the same lobe without locally invasive
features. However, since the NCDB is hospital-based rather
than population-based, and is therefore not designed to be
representative of the US population overall, the generaliz-
ability of its data is limited [13]. Furthermore, that study
was limited in terms of detailed information on tumor
characteristics, treatment, and surveillance, such as the di-
agnosis of satellite pulmonary nodules, the intent of post-
operative chemotherapy and agents used therein, and surveil-
lance. These limitations require further studies characterizing
the role of adjuvant therapy in this setting with detailed
information. Therefore, we aimed to evaluate the effect of
adjuvant chemotherapy on survival in patients with node-
negative NSCLC with a satellite pulmonary nodule in the
same lobe using a large single-institutional registry with
detailed information on the diagnosis and therapeutic
variables.

Methods
Study population

With the approval of the Institutional Review Board of
Samsung Medical Center (no., 2021-08-091), patients with
NSCLC with pathologic T3 separate pulmonary nodule in
the same lobe who underwent curative-intent upfront sur-
gery between 2004 and 2019 (N=269) were selected from
the Registry for Thoracic Cancer Surgery (RTCS) at a sin-

gle tertiary-referral academic center. The requirement for
informed consent from individual patients was omitted
because of the retrospective design of this study. The RTCS
includes all patients who have undergone surgery for NS-
CLC since 1995. The clinical information for these patients
is regularly updated by a trained data manager using elec-
tronic medical records. Survival information was updated
through August 2021 for all patients.

We excluded patients who had direct tumor extension to
surrounding structures such as the chest wall, parietal
pleura, phrenic nerve, and parietal pericardium (n=17). In
addition, we also excluded patients with pathologic nodal
disease (n=105). The final cohort included 142 patients (Fig.
1). We thoroughly reviewed the radiographic appearance
along with histological and immunohistochemistry find-
ings within the pathological data to differentiate between
double primary lung cancer and a satellite pulmonary nod-
ule. An additional pulmonary nodule is considered to be
double primary lung cancer if it differs clearly from the
primary tumor in histological type, radiological appear-
ance, or tumor growth rate.

Staging workup and treatment strategy

The routine preoperative examination included a com-
plete history and physical examination, complete blood
counts, chemistry profiles, pulmonary function testing,
simple chest radiography, computed tomography (CT) of
the chest and upper abdomen, bronchoscopy with washing
cytology and/or biopsy, integrated whole-body 18F-fluoro-
deoxyglucose positron emission tomography and CT (PET/
CT) scans, and brain magnetic resonance imaging. For pa-
tients with suspicious nodal involvement, a histopathologic
examination through endobronchial ultrasound-guided
transbronchial needle aspiration was conducted to rule out
nodal metastasis. The surgical procedures included pulmo-
nary resection and systematic lymph node dissection of the
ipsilateral hilum and mediastinum.

After surgery, adjuvant chemotherapy was administered
at the surgeon’s discretion for patients with satellite pulmo-
nary nodules, unless there was an indication for adjuvant
therapy, such as pathologic nodal disease or tumor size 4
cm or greater. Adjuvant chemotherapy was delivered with-
in 2 months of surgical resection, and the chemotherapy
regimens comprised 4 cycles of platinum-based doublet
agents at 3-week intervals.

Patients were regularly evaluated by CT every 3 to 4
months for the first 2 years following surgery, and then ev-
ery 6 months thereafter. Patients were evaluated by PET/
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nodule in the same lobe

(n=269)

pT3 NSCLC

Exclusion (n=127)

- T3 invading chest wall, parietal pleura,
phrenic nerve, for pericardium (n=17)

- Pathologic N1 or N2 (n=105)

with satellite tumor nodule
in the same lobe
(n=142)

|

v

Surgery alone
(n=81)

y

Adjuvant CTx group
(n=61)

| Subgroup analysis |
I

v y

Tumor size Tumor size
>4 cm <4 cm

¢—k—¢¢—k—¢

Surgery alone Adjuvant Surgery alone Adjuvant
(n=27) (n=17) (n=54) (n=44)

Fig. 1. Flow chart of study popula-
tion. NSCLC, non-small-cell lung

CT scans when recurrence was suspected. Locoregional re-
currence was defined as that occurring within the ipsilat-
eral hemithorax, including the pleura and mediastinal
lymph nodes. Distant recurrence was defined as develop-
ing within the contralateral hemithorax or in a distant sol-
id organ. Whenever recurrence was suspected, we tried to
obtain histological or unequivocal radiological proof. For
patients lost to follow-up, a telephone interview was con-
ducted to determine late outcomes.

Treatment groups and outcome measurements

The adjuvant chemotherapy group included patients who
completed 4 cycles of adjuvant chemotherapy within 2
months of surgical resection, but no radiotherapy. The sur-
gery-only group included patients who underwent curative
resection but did not receive adjuvant chemotherapy or did
not complete 4 cycles of adjuvant chemotherapy.

The primary outcome was overall survival, where pa-
tients were followed from the date of surgery to the date of

12 http://www.jchestsurg.org

cancer; CTx, chemotherapy.

death from any cause or the last surveillance visit. The sec-
ondary outcome was disease-free survival, and recurrence
or death prior to evidence of recurrence was considered as
an event. The patients were followed from the date of sur-
gery to the date of recurrence, death, or the last surveil-
lance without evidence of recurrence, whichever came first.

Statistical analysis

Descriptive statistics were used to assess demographic
characteristics and patient outcomes. Continuous data
were expressed as median (interquartile range) and com-
pared using the Mann-Whitney U test. Categorical data
were expressed as counts and proportions and compared
using the Fisher exact test. Hazard ratios (HRs) for death
and recurrence were estimated using a Cox proportional
hazards model. For both outcomes, multivariable HRs
were adjusted for age at the time of surgery, sex, smoking
status, histology, visceral pleural invasion, and tumor size.
Additionally, subgroup analyses were performed according
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to tumor size: <4 cm or 24 cm. All analyses were per-
formed using R Studio ver. 1.2.5 (RStudio, Boston, MA,
USA) with R statistical language ver. 3.6.2 (The R Founda-

Table 1. Characteristics of the study population

tion for Statistical Computing, Vienna, Austria). A p-value
<0.05 was considered to indicate statistical significance.

Characteristic Total (n=142) Surgery-only group (n=81)  Adjuvant group (n=61) p-value
Age (yr) 66.00 (58.00-70.00) 69.00 (63.00-73.00) 63.00 (54.00-67.00) <0.001
Sex 0.772
Female 66 (46.5) 39 (48.1) 27 (44.3)
Male 76 (53.5) 42 (51.9) 34 (55.7)
Charlson comorbidity index 0.945
0 83 (59.3) 46 (58.2) 37 (60.7)
1 34 (24.3) 20 (25.3) 14 (23.0)
2 or more 23 (16.4) 13 (16.5) 10 (16.4)
Forced expiratory volume at 1 second (%) ~ 94.00 (82.00-105.50) 91.00 (81.00-103.50) 96.00 (85.75-107.00) 0.296
Diffusing capacity of carbon monoxide (%)  87.00 (75.00-97.00) 87.00 (72.00-96.00) 86.50 (76.25-97.75) 0.756
Smoking 0.540
Never-smoker 62 (47.0 37 (50.0) 25 (43.1)
Ever-smoker 70 (53.0 37 (50.0) 33 (56.9)
Tumor laterality 0.919
Left 61 (43.0 34 (42.0) 27 (44.3)
Right 81 (57.0 47 (58.0) 34 (55.7)
Primary site 0.914
Lower 57 (41.3) 32 (41.6) 25 (41.0)
Middle 12 (8.7) 6 (7.8) 6 (9.8)
Upper 69 (50.0) 39 (50.6) 30 (49.2)
Clinical T category 0.251
T1a 8 (5.6) 5(6.2) 3 (4.9
T1b 23 (16.2) 16 (19.8) 7 (11.5)
Tlc 33(23.2) 15 (18.5) 18 (29.5)
T2a 25(17.6) 17 (21.0) 8 (13.1)
T2b 13 (9.2) 9 (11.1) 4 (6.6)
13 39 (27.5) 19 (23.5) 20 (32.8)
T4 1(0.7) 0 1(1.6)
Clinical N category 0.125
NO 130 (91.5) 71 (87.7) 59 (96.7)
N1 9 (6.3) 7 (8.6) 2(3.3)
N2 3(2.1) 33.7) 0
Clinical stage group 0.500
IAT 8 (5.6) 5(6.2) 3 (4.9)
1A2 21 (14.8) 14 (17.3) 7 (11.5)
IA3 31(21.8) 14 (17.3) 17 (27.9)
1B 24 (16.9) 16 (19.8) 8 (13.1)
A 10 (7.0) 6 (7.4) 4 (6.6)
1B 41 (28.9) 21 (25.9) 20 (32.8)
A 5(3.5) 4(4.9) 1(1.6)
1B 1(0.7) 1(1.2) 0
\Y 1(0.7) 0 1(1.6)
Histologic subtype 0.518
Adenocarcinoma 94 (66.2) 52 (64.2) 42 (68.9)
Squamous cell carcinoma 34 (23.9) 19 (23.5) 15 (24.6)
Others 14(9.9) 10(12.3) 4 (6.6)

(Continued on next page)
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Table 1. Continued

Characteristic Total (n=142) Surgery-only group (n=81)  Adjuvant group (n=61)  p-value

Adenocarcinoma subtype 94 52 42

Acinar pattern 38 (40.4) 20 (38.5) 18 (42.9)

Papillary pattern 26 (27.7) 15 (28.8) 11 (26.2)

Mucinous 9 (9.6) 5(9.6) 4(9.5)

Lepidic pattern 7(7.4) 5(9.6) 2 (4.8)

Pleomorphic 2 (2.1) 0 2 (4.8)

Unknown 12 (12.8) 7 (13.5) 5(11.9)
Tumor size (mm) 28.00 (20.25-43.00) 28.00 (19.00-45.00) 28.00 (22.00-40.00) 0.628
Extent of resection 0.049

Sublobar resection 9 (6.3) 8(9.9) 1(1.6)

Lobectomy 127 (89.4) 68 (84.0) 59 (96.7)

Sleeve resection 6(4.2) 5(6.2) 1(1.6)
Total no. of removed lymph node 17.00 (11.27-24.00) 17.00 (9.01-23.00) 17.00 (14.00-24.00) 0.316
Tumor differentiation 0.934

G1 6(11.3) 8(9.9) 8 (13.1)

G2 6 (60.6) 50 (61.7) 36 (59.0)

G3 5(17.6) 14 (17.3) 11 (18.0)

Gx 5(10.6) 9(11.1) 6(9.8)
Resection margin >0.999

RO 140 (98.6) 80 (98.8) 60 (98.4)

R1 2 (1.4) 1(1.2) 1(1.6)
Lymphovascular invasion 38(29.2) 23 (38.3) 15 (21.4) 0.055
Pleural invasion 0.987

PLO 119 (89.5) 68 (89.5) 51 (89.5)

PL1 9 (6.8) 5 (6.6) 4 (7.0)

PL2 5(3.8) 3.9 2 (3.5)
Hospital stay (day) 6 (5-9) 7 (5-10) 6 (5-8) 0.250
Clavien-Dindo classification, Ill or greater 43 (30.3) 29 (35.8) 14 (23.0) 0.143
Adjuvant chemotherapy <0.001

Complete adjuvant therapy 61 (43.0) 0 61 (100.0)

Incomplete adjuvant therapy 13 (9.2) 13 (16.0) 0

No adjuvant therapy 68 (47.9) 68 (84.0) 0

Values are presented as median (interquartile range) or number (%).

Results
Patient characteristics

The median age of the 142 patients was 66 years (inter-
quartile range [IQR], 58-70 years), and 53.2% (n=74) were
men. Adjuvant chemotherapy was completed in 61 patients
(43.9%, adjuvant group). Patients who did not complete ad-
juvant chemotherapy (n=13, 9.7%) and did not undergo ad-
juvant therapy (n=68, 47.9%) were classified as belonging
to the surgery-only group (n=81) (Table 1). The reasons for
not completing adjuvant therapy in 13 patients were as fol-
lows: toxicity during chemotherapy (n=>5); poor perfor-
mance status after surgery (n=3); postoperative complica-
tions such as pulmonary embolism, pneumonia, and pleural

14 http://www.jchestsurg.org

effusion (n=3); and unknown reasons (n=2) (Table 2).

The adjuvant group was associated with a younger age.
However, there were no significant differences in baseline
characteristics, including smoking history, Charlson co-
morbidity index, preoperative forced expiratory volume at
1 second, and diffusing capacity of carbon monoxide across
between the 2 groups. The surgical and tumor characteris-
tics were also similar between the 2 groups. In both groups,
most tumors were clinical T1 or T2 and adenocarcinoma,
and most patients underwent lobectomy. The median tu-
mor size was 28 mm (IQR, 22-40 mm) in the adjuvant
group and 28 mm (IQR, 19-45 mm) in the surgery-only
group (p=0.628). The median hospital stay for patients in
the adjuvant group and surgery-only group was 6 days
(IQR, 5-8 days) and 7 days (IQR, 5-10 days) (p=0.250), re-



Jiyoun Park, et al. Adjuvant Therapy in pNO-T3 Satellite Pulmonary Nodule

JCS

spectively. The incidence of major postoperative complica-
tions (Clavien-Dindo classification III or greater) was ob-
served in 43 out of 142 patients (30.3%), with no significant
difference between the 2 groups (surgery-only group 35.8%
versus adjuvant group 23.0%, p=0.143).

Survival outcomes

During a median follow-up of 48.8 months (IQR, 28.8-
85.7 months), the adjuvant group and surgery-only group
had 12 and 29 deaths, and 14 and 26 recurrences, respec-
tively. The overall 5-year survival for patients in the adju-
vant group and the surgery-only group was 80.8% and
64.6% (p=0.024), and the 5-year disease-free survival rate
was 76.4% and 54.2% (p=0.018), respectively (Fig. 2). In the
multivariable Cox proportional analysis, the use of adju-
vant chemotherapy was associated with better overall sur-
vival than resection alone (adjusted hazard ratio, 0.47; 95%
confidence interval, 0.23-0.95; p=0.035) (Fig. 3).

Table 2. Reason for incomplete chemotherapy

Reason for incomplete chemotherapy No.

Total 1
Poor performance status
Chemotherapy toxicity
Acute pulmonary embolism
Pneumonia
Pleural effusion
Unknown reasons

N = = = 1 W W

0.8
0.6
0.4
Log-rank p=0.024

0.2 1

Survival probability rate

—— Adjuvant CTx
—— Surgery alone

0 12 24 36 48 60
Time since surgery (mo)

No. at risk

— 61 60 53 38 32 27
— 81 74 65 50 40 30

Subgroup analysis by tumor size

In the adjuvant and surgery-only groups, there were 17
and 27 patients with tumors 4 cm or greater in size, and 44
and 54 patients with tumors smaller than 4 cm, respective-
ly. Among the patients with a tumor size of 4 cm or great-
er, the 5-year overall survival rate for patients in the adju-
vant group and surgery-only group was 91.7% and 37.5%
(p=0.003), and the 5-year disease-free survival rate was
88.2% and 23.3% (p<0.001), respectively (Fig. 4A, B). How-
ever, in patients with tumors smaller than 4 cm, there were
no significant differences in overall survival (p=0.430) and
disease-free survival (p=0.610) between the adjuvant group
and surgery-only group (Fig. 4C, D).

Recurrence patterns

During a median surveillance follow-up of 18.1 months
(IQR, 8.7-39.4 months), there were 40 recurrences: 23% in
the adjuvant group and 32.1% in the surgery-only group
(p=0.312). Distant failure was the most common pattern of
recurrence in both groups.

Discussion

In this study, we demonstrated a survival benefit associ-
ated with adjuvant chemotherapy for patients with patho-
logic NO disease with a satellite pulmonary nodule in the
same lobe. Our study showed a 16.2% improvement in
overall survival at 5 years after receiving adjuvant chemo-
therapy, which is consistent with a randomized controlled
trial in Canada (JBR. 10 trial) [6]. This survival advantage

B 107
i)
© 0.8 1
2
S 06
Ke)
o
S 04
c;s Log-rank p=0.018
e
3 0.2 .
0 —— Adjuvant CTx
—— Surgery alone
0 12 24 36 48 60
Time since surgery (mo)
No. at risk
— 61 57 48 31 27 23
— 81 71 55 38 29 23

Fig. 2. Kaplan-Meier estimates of overall (A) and disease-free survival (B) comparing the adjuvant group with the surgery-only group.

CTx, chemotherapy.
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Adjusted HR (95% CI) p-value
_ 1.02
Age (n=142) (0.98-1.06) 0.328
Sex Female
(n=66) Reference
Male 1873
(n=76) (0.49-6.15) L 0.395
Smoking status Never smoker
(n=62) Reference
Smoker 0.90 :
(n=80) (0.26-3.15) = 0.87
Histologic subtype A(c:gg;c)arcmoma Reference
Others 1.73
(n=7) (0.47-6.32) L 0.405
Squamous 2.00 é
= — .
(n=36) (0.86-4.63) : 0.106
Visceral pleural Negative :
invasion (n=128) Reference
Positive 273 5
~ i ————— 0.018*
(n=14) (1.18-6.29) : 0.018
Tumor size <4 cm :
(n=102) Reference :
>4 cm 1.86
_ —— .
(n=40) (0.98-3.54) : 0.057
Adjuvant Ctx No adjuvant Reference Fig. 3. Multivariable Cox propor-
(n=81) : tional hazard model for overall
Adjuvant CTx 0.47 : survival. HR, hazard ratio; Cl, con-
- —— .035* . .
(n=61) (0.23-0.95) : 0.035 fidence interval; CTx, chemo-
Event=43: global p-value (log-rank)=0.0015667 therapy; AIC, Akaike information
AIC=364.47; concordance index=0.73 criterion. *p<0.05 (statistically sig-
0.1 0.2 0.5 2 5 nificant).

of adjuvant chemotherapy use was significant in the subset
of node-negative patients with a tumor size of 4 cm or
greater. However, there were no significant differences be-
tween the adjuvant group and the surgery-only group in
the subpopulation of patients with node-negative disease
and tumors smaller than 4 cm. In the multivariable analy-
sis, adjuvant chemotherapy was not an independent factor
for overall survival and disease-free survival.

In a previous study, the reported 5-year overall survival
rate averaged 40% (range, 20%-64%) [14] after surgical re-
section of a satellite nodule in the same lobe, which falls
within the range of 5-year overall survival of the T3 subset
(41%-49%) [15]. As a result, this staging parameter was
moved from T4 to T3 in the seventh edition of the Ameri-
can Joint Committee on Cancer staging manual [15]. How-
ever, it remains unclear whether adjuvant therapy is neces-
sary for this cohort. Given that platinum-based adjuvant
chemotherapy has shown a survival benefit of 5.4% in
node-positive stage II and III NSCLCs in multiple clinical
trials [2], the use of adjuvant chemotherapy should be con-
sidered for node-positive cases with a satellite pulmonary

16  http://www.jchestsurg.org

nodule. However, there is limited evidence supporting the
use of adjuvant chemotherapy in node-negative NSCLC
with satellite pulmonary nodule in the same lobe. Since
this subgroup represents a small fraction of the NSCLC
population, these patients have not been extensively stud-
ied.

In our cohort, the incidence of node-negative satellite
pulmonary nodule without other invasive T3 characteris-
tics was 21%. Most of them (72%, n=102) were associated
with tumors smaller than 4 cm. Satellite pulmonary nod-
ules were found only after resection in a considerable pro-
portion of patients: 72% of the patients were clinically clas-
sified as T1 or T2, although they were pathological stage
T3, which is consistent with other reports [16,17]. In an in-
tention-to-treat analysis, patients who did not complete ad-
juvant therapy also must be included in the treatment arm.
However, in the literature, these patients showed worse
survival than patients who completed adjuvant therapy.
We also observed in our preliminary analysis that the sur-
vival of these patients was similar to that of patients who
did not receive adjuvant therapy (Supplementary Figs. 1, 2).
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Fig. 4. Kaplan-Meier estimates of overall and disease-free survival comparing the adjuvant group with the surgery-only group for the
subgroups of tumors 4 cm or greater in size (A, B) and tumors smaller than 4 cm (C, D).

These observations also drove us to design a per-protocol
analysis and include patients who did not complete adju-
vant therapy in the surgery-only group. We believe that the
interpretation of the study is not biased by the treatment
grouping, since only patients who completed the planned
cycle benefited from adjuvant therapy. Furthermore, there
were no demonstrable differences in clinicopathological
characteristics between the 2 groups regarding hospital
mortality and postoperative complications. This indicates
that the 2 groups constituted a well-defined counterfactual
model and the use of adjuvant therapy was solely at the
discretion of the physician.

In the present study, we demonstrated the survival bene-
fit associated with the use of adjuvant therapy in patients
with node-negative NSCLC with satellite pulmonary nod-
ules in the same lobe. This finding is in line with the latest
retrospective study in the United States using the NCDB

[12]. In that study, the authors found an absolute improve-
ment of 11% in 3-year overall survival associated with the
use of adjuvant therapy in patients with T3 NSCLC and an
additional nodule in the same lobe. Furthermore, the au-
thors showed a survival benefit of adjuvant therapy in
node-negative patients with tumors smaller than 4 cm.
Consistent with these results, in our study, these survival
benefits of adjuvant chemotherapy were evident in a subset
of node-negative patients with a tumor size of 4 cm or
greater. However, we did not find a statistically significant
difference between the adjuvant group and surgery-only
group in the subgroup of patients with node-negative dis-
ease and tumors smaller than 4 cm.

The failure of adjuvant therapy to improve survival in
our study for tumors smaller than 4 cm can be explained
for several reasons. First, our study was limited by the rela-
tively small number of patients, which may have limited its
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ability to detect small differences in survival (i.e., type II
error). However, the retrospective US study using the
NCDB may have been confounded by potential unmea-
sured differences in characteristics, as the data collected
from the NCDB did not include important variables such
as pulmonary function testing [12]. In contrast, in our
study, we sufficiently reviewed the variables influencing
treatment and survival outcomes. Therefore, our findings
may reflect real-world results. More studies are needed to
explore whether the use of adjuvant therapy improves sur-
vival outcomes. The use of adjuvant therapy should be sup-
ported by the underlying mechanism, but the mechanisms
responsible for these satellite pulmonary nodules are un-
clear. In the past, satellite nodules were explained by the
result of peripheral embolization through the pulmonary
or lymphatic vessels [18], as well as the manifestation of
“field cancerization”—that is, a field effect in which most
of the respiratory epithelium mutated due to exposure to
carcinogens [19]. Interestingly, 29.2% of the patients in our
study had lymphovascular invasion. This finding implies
that microscopic metastasis may persist even after curative
resection. With the current result that metastasis account-
ed for the majority of cases of recurrence, these findings
may collectively support the use of adjuvant chemotherapy.
Further investigations are needed to investigate the under-
lying mechanism of development of satellite pulmonary
nodules.

Our study has several limitations. Due to the observa-
tional nature of this study, there may have been residual
confounding. However, we included various sociodemo-
graphic and clinical characteristics that are potential con-
founders. Additionally, it is possible that our satellite pul-
monary nodule cohort may have included patients with
synchronous multiple primary lung cancer. This category
is increasing in frequency, but is less likely to be associated
with nodal metastasis or systemic metastases. To reduce
misclassification as much as possible, we thoroughly re-
viewed the histology and immunochemistry results within
pathologic data in patients with multiple primary lung
cancer and satellite pulmonary nodules. Then, the pres-
ence of a satellite pulmonary nodule was determined based
on preoperative imaging and the surgeon’s decision. None-
theless, certain characteristics of satellite nodules, such as
number and size, might contribute to the patient’s survival
outcome and the effect of adjuvant therapy. However, this
information was not evaluated in the pathologic report,
and we could not include these factors in the analysis. Fi-
nally, since our data were obtained from a single tertia-
ry-referral academic center, it may be difficult to generalize
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our findings. Further validation studies with multiple in-
stitutions are required.

In conclusion, adjuvant chemotherapy was associated
with increased overall and disease-free survival in T3 can-
cers with additional nodules in the same lobe. This surviv-
al benefit was significant in node-negative tumors 4 cm or
greater in size, but not in tumors smaller than 4 cm. The
current study supports the use of adjuvant chemotherapy
in this patient subpopulation, especially in the presence of
a tumor 4 cm or greater in size. Additional studies are re-
quired to refine the role of adjuvant chemotherapy for tu-
mors smaller than 4 cm with satellite pulmonary nodules.
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