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Purpose: This study aimed to identify the clinical parameters having the beneficial effect of postop-
erative radiotherapy (PORT) in pathologic N2 (pN2) non-small cell lung cancer (NSCLC) using the
Surveillance, Epidemiology, and End Results (SEER) data.

Materials and Methods: Among non-metastatic NSCLC patients in the SEER data, we included pa-
tients who diagnosed after 2002, who confirmed as pN2 after lobectomy or pneumonectomy, and
who coded as underwent PORT or observation. Patients who survived less than 4 months of diagnosis
were excluded in consideration of the perioperative mortality. After performing propensity score
matching (PSM) on the selected patients, we compared PORT group with surgery alone group. We
also performed exploratory subgroup analysis to find patients who could benefit from PORT.

Results: Among the selected 4,456 patients, 1,729 patients received PORT, and 2,727 patients did
not. There was no survival benefit of PORT in all patients with pN2 disease (hazard ratio [HR] = 1.03,
p = 0.5). In subgroup analyses, the patients with a positive lymph node (LN) ratio of 60%-80%
showed the significant benefit of PORT (HR = 0.71, p = 0.002).

Conclusion: PORT did not show the significant survival benefit in patients with pN2 disease after
correcting the confoundedness in the SEER data. However, a specific range of LN ratios can be a po-
tential indicator maximizing the survival benefit of PORT.
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Introduction

The use of postoperative radiotherapy (PORT) in patients with
pathologic N2 (pN2) non-small cell lung cancer (NSCLC) is contro-
versial. A retrospective study published in 2006 by analyzing the
Surveillance, Epidemiology, and End Results (SEER) data found that
PORT improved survival in pN2 NSCLC patients [1]. However, a sim-
ilar recent study, updated in 2019, found that PORT did not play a
significant role in improving survival [2]. Evidence-based clinical

practice guidelines published in 2015 suggest that the use of PORT
in pN2 NSCLC patients does not improve survival, but it recom-
mends PORT in terms of enhancing local control [3]. The PORT me-
ta-analysis published in 2016 found no clear evidence of a worse
outcome with PORT in pN2 patients [4]. The results of a 3-year
analysis published in 2020 by the European multicenter random-
ized phase 3 study conducted in pN2 NSCLC patients (LungART)
showed that disease-free survival was high but not significant in
the PORT group compared with the no-PORT group [5]. The phase
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3 randomized clinical trial results published in 2021 in China also
showed that PORT did not improve DFS [6].

As described above, the effectiveness of PORT has not currently
been validated in pN2 patients. However, we hypothesized that
there is a more specific subgroup maximizing the benefit of PORT.
This study aimed to identify the potential clinical factors showing
the survival benefit of PORT using the SEER data with the method
of propensity score matching (PSM).

Materials and Methods

Within the SEER data, we selected NSCLC patients with pN2 dis-
ease over 21 years of age diagnosed between 2003-2014. We ex-
cluded patients who underwent anything other than lobectomy or
pneumonectomy. We also excluded patients with M1 stage or re-
ceiving RT other than PORT or having incomplete tumors informa-
tion (primary tumor size, tumor location and laterality, number of
lymph nodes involved, and number of lymph nodes sampled). In
addition, to reduce the effect on perioperative mortality, we ex-
cluded patients who died within three months of diagnosis. A total
of 4,456 patients were selected for analysis by inclusion and exclu-
sion criteria (Fig. 1).

Adult (=21 years) diagnosed with pN2 NSCLC after 2002
n=94412

|

No other previous cancer, non-metastatic disease
n = 35,594

4

Either lobectomy or pneumonectomy
n = 6991

|

Either never received radiotherapy or received only PORT
n=5934

|

Complete information about primary tumor, lymph node,
cause of death
n = 4,804

|

Survival of at least 4 months
n = 4,456

Fig. 1. Selection of patients in the Surveillance, Epidemiology, and
End Results (SEER). NSCLC, non-small cell lung cancer; PORT, postop-
erative radiation therapy.
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Continuous variables were converted to categoric variables and
analyzed: Age at diagnosis (<50, 50-69, or >70 years), primary
tumor size (<3.0, 3.1-5.0, or >5.0 cm), the number of lymph
nodes involved (1, 2, 3, 4, 5, 6, 7-9, or >10), the number of lymph
nodes sampled (1-5, 6-10, or >10), the ratio of lymph nodes (LN
ratio) involved to lymph nodes sampled (0%-20%, 20%-40%,
40%-60%, 60%-80%, 80%-100%). We could not analyze surgical
margin status, performance status, timing and regimen of chemo-
therapy, and radiation therapy techniques (dose, fraction, beam en-
ergy, etc.), which are missing in the SEER data.

Overall survival was the primary study endpoint. We implement-
ed the method of PSM to correct the bias of clinical characteristics
between the groups with and without PORT. Baseline patient char-
acteristics were evaluated before and after PSM and compared. The
Pearson chi-squared test was used to determine unadjusted associ-
ations between PORT use and categoric variables of interest. The
effect of specific variables on overall survival was analyzed using
the Kaplan-Meier method, and significance was evaluated using
the log-rank test. Multivariable analysis was performed using Cox
proportional hazards models. All data were analyzed using the R
version 4.1.1 (https://cran.r-project.org/). Results were assessed as
statistically significant when p < 0.05.

Results

Of the 4,456 pN2 NSCLC patients, 2,727 (61%) did not receive
PORT, and 1,729 (39%) received PORT. When the entire patient
group was grouped by PORT use, there was an imbalance in patient
baseline characteristics (Table 1). The PORT group tended to be
younger (p < 0.001), and a higher proportion of marriages (p =
0.001). The PORT group tended to be a higher proportion of primary
lesions on the right side (p = 0.002) and a higher proportion of tu-
mors other than the lower lobe (p = 0.010). In the PORT group, the
number of affected nodes was high (p < 0.001), the LN ratio was
high (p < 0.001), the ratio of lobectomy was high (p = 0.028), and
the ratio of chemotherapy was high (p < 0.001). However, after
PSM, all baseline characteristics except the LN ratio were well-bal-
anced.

The 5-year overall survival rate for all pN2 NSCLC patients was
36.6%. Prior to PSM, there was no significant difference in overall
survival when stratified with PORT use (hazard ratio [HR] = 0.96;
95% confidence interval [CI], 0.89-1.04; p = 0.281) (Fig. 2A). After
PSM, there was no significant difference in overall survival when
stratified with PORT use (HR = 1.03; 95% Cl, 0.95-1.13; p =
0.459) (Fig. 2B).

Univariable and multivariable analyzes were performed on vari-
ables considered clinically effective (Table 2). Older age, male gen-
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Table 1. Baseline patient characteristics

Before PSM After PSM
BEYI ety paue (VIS g palue

Age at diagnosis (yr) <0.001 0.147
<50 154 (5.6) 130 (7.5) 122 (7.1) 130 (7.5)

50-69 1,458 (53.5) 1,093 (63.2) 1,048 (60.6) 1,093 (63.2)
>70 1,115 (40.9) 506 (29.3) 559 (32.3) 506 (29.3)

Sex 0.360 0.563
Female 1,437 (52.7) 886 (51.2) 904 (52.3) 886 (51.2)

Male 1,290 (47.3) 843 (48.8) 825 (47.7) 843 (48.8)

Race 0.718 0.850
White 2,231 (81.8) 1,404 (81.2) 1,416 (81.9) 1,404 (81.2)

Black 262 (9.6) 160 (9.3) 163 (9.4) 160 (9.3)
Other 234 (8.6) 165 (9.5) 150 (8.7) 165 (9.5)

Marital status 0.001 0.753
Married 1,593 (58.4) 1,103 (63.8) 1,082 (62.6) 1,103 (63.8)

Unmarried 1,064 (39.0) 593 (34.3) 614 (35.5) 593 (34.3)
Unknown 70 (2.6) 33(1.9) 33(1.9) 33(1.9)

Primary tumor size (cm) 0.264 0.948
<3.0 1,235 (45.3) 766 (44.3) 768 (44.4) 766 (44.3)
3.1-5.0 897 (32.9) 608 (35.2) 600 (34.7) 608 (35.2)
>5.0 595 (21.8) 355 (20.5) 361 (20.9) 355 (20.5)

Laterality 0.002 0.132
Right 1,418 (52.0) 983 (56.9) 938 (54.3) 983 (56.9)

Left 1,309 (48.0) 746 (43.1) 791 (45.7) 746 (43.1)

Location 0.010 0.430

Main bronchus 29 (1.1) 23(1.3) 21(1.2) 23 (1.3)
Upper lobe 1,583 (58.0) 1,039 (60.1) 1,044 (60.4) 1 039 (60.1)
Middle lobe 105 (3.9) 93 (5.4) 73 (4.2) 93 (5.4)

Lower lobe 1,010 (37.0) 574 (33.2) 591 (34.2) 574 (33.2)

Histology 0.150 0.989
Adenocarcinoma 1,479 (54.2) 997 (57.7) 993 (57.4) 997 (57.7)
Adenocarcinoma with mixed subtype 408 (15.0) 258 (14.9) 269 (15.6) 258 (14.9)

Squamous cell carcinoma 636 (23.3) 365 (21.1) 361 (20.9) 365 (21.1)
Bronchoalveolar carcinoma 11 (4.1) 57 (3.3) 55(3.2) 57 (3.3)
Large cell carcinoma 93 (3.4) 52 (3.0 51(2.9) 52 (3.0)

Stage 0.215 0.758
A 2,415 (88.6) 1,509 (87.3) 1,516 (87.7) 1,509 (87.3)
1B 312 (11.4) 220 (12.7) 213 (12.3) 220 (12.7)

Tumor stage 0.104 0.604
1 741 (27.2) 436 (25.2) 457 (26.4) 436 (25.2)

2 1,534 (56.3) 962 (55.6) 964 (55.8) 962 (55.6)
3 140 (5.1) 111 (6.4) 95 (5.5) 111 (6.4)
4 312 (11.4) 220 (12.7) 213 (12.3) 220 (12.7)

Number of nodes involved <0.001 0.435

1 820 (30.1) 401 (23.2) 449 (26.0) 401 (23.2)
2 554 (20.3) 327 (18.9) 339(19.6) 327 (18.9)
3 408 (15.0) 272 (15.7) 257 (14.9) 272 (15.7)
4 259 (9.5) 190 (11.0) 179 (10.4) 190 (11.0)
5 195 (7.2) 150 (8.7) 133 (7.7) 150 (8.7)
6 133 (4.9) 91 (5.3) 101 (5.8) 91 (5.3)
7-9 207 (7.6) 171 (9.9) 148 (8.6) 171 (9.9)

>10 151 (5.5) 127 (7.3) 123 (7.1) 127 (7.3)

(Continued to the next page)
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Table 1. Continued

Before PSM After PSM
ey POy pee e PO ke

Number of nodes sampled 0.238 0.172
1-7 861 (31.6) 588 (34.0) 539 (31.2) 588 (34.0)

8-14 1,008 (37.0) 614 (35.5) 655 (37.9) 614 (35.5)
>15 858 (31.5) 527 (30.5) 535 (30.9) 527 (30.5)

% of positive nodes to sampled nodes <0.001 0.002
<20 977 (35.8) 438 (25.3) 523 (30.2) 438 (25.3)
>20and <40 836 (30.7) 551 (31.9) 560 (32.4) 551 (31.9)
>40and <60 439 (16.1) 319 (18.4) 308 (17.8) 319 (18.4)
>60 and <80 234 (8.6) 223 (12.9) 175 (10.1) 223 (12.9)
>80 241 (8.8) 198 (11.5) 163 (9.4) 198 (11.5)

Type of surgery 0.028 0.522
Lobectomy 2,422 (88.8) 1,572 (90.9) 1,560 (90.2) 1,572 (90.9)
Pneumonectomy 305 (11.2) 157 (9.1) 169 (9.8) 157 (9.1)

Chemotherapy <0.001 1
No/unknown 1,088 (39.9) 219 (12.7) 220 (12.7) 219 (12.7)

Yes 1,639 (60.1) 1,510 (87.3) 1,509 (87.3) 1,510 (87.3)

Values are presented as number (%)

PSM, propensity score matching; PORT, postoperative radiation therapy.

@) sefore Psm @ Afterpsm

1.0 104 — — NoPORT
tL‘tL“ -~~~ PORT
0.8 0.8 - ‘

E 0.6 E 0.6

< e

S >

D 0.4+ D 0.4

0.2 - 0.2
0.0 0.0
T T T T T T T T T T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Number at risk Time (mo) Number at risk Time (mo)
—1[2,727 2320 1,737 1,309 1,029 777 611 —[1,729 1,490 1,123 854 668 501 394
---|11,729 1,479 1,088 808 603 467 349 ---11,729 1,479 1,088 808 603 467 349
0 0 20 30 40 50 60 0 0 20 30 40 50 60
Time (mo) Time (mo)

Fig. 2. Overall survival for pN2 NSCLC patients stratified by PORT use (A) before PSM and (B) after PSM. NSCLC, non-small cell lung cancer;

PORT, postoperative radiation therapy; PSM, propensity score matching.

der, larger primary tumor size, higher LN ratio, and use of pneumo-
nectomy, and no use of chemotherapy were significantly associated
with worse prognosis.

The exploratory subgroup analyses were performed after PSM
(Fig. 3). Survival improvement after PORT was found in the patient
group with the LN ratio of 60%-80% (HR = 0.71; 95% Cl, 0.56-

40

0.91; p=0.006). There were 234 no-PORT patients and 223 PORT
patients in this subgroup. Additional survival analyses were per-
formed for this group and the results confirmed that PORT has a
survival benefit for this group, both before (HR = 0.70; 95% Cl,
0.56-0.87; p=0.001) (Fig. 4A) and after PSM (HR = 0.71; 95% Cl,
0.56-0.88; p=0.002) (Fig. 4B).

https://doi.org/10.3857/r0j.2021.00969
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Table 2. Univariable and multivariable analyses

Univariate Multivariate
HR p-value HR p-value

Age at diagnosis (yr)

<50 - -

50-69 1.23 (1.03-1.47) 0.025 1.22 (1.01-1.46) 0.036

>70 1.84 (1.53-2.22) <0.001 1.79 (1.48-2.17) <0.001
Sex

Female - -

Male 1.26 (1.16-1.38) <0.001 1.23(1.12-1.35) <0.001
Race

White - -

Black 0.93 (0.80-1.09) 0.378 0.95 (0.81-1.11) 0.490

Other 0.74 (0.63-0.87) <0.001 0.78 (0.66-0.92) 0.003
Marital status

Married - -

Unmarried 1.07 (0.98-1.17) 0.144 1.09 (0.99-1.20) 0.077
Primary tumor size (cm)

<30 - -

3.1-5.0 1.18 (1.07-1.30) 0.001 1.13 (1.02-1.25) 0.024

>50 1.60 (1.43-1.79) <0.001 1.52 (1.35-1.71) <0.001
Laterality

Right - -

Left 0.98 (0.90-1.07) 0.710 0.97 (0.88-1.06) 0.454
Location

Lower lobe - -

Middle lobe 0.97 (0.78-1.20) 0.785 1.13 (0.91-1.41) 0.260

Upper lobe 0.89 (0.81-0.97) 0.013 0.97 (0.88-1.07) 0.556

Main bronchus 0.97 (0.66-1.43) 0.884 0.90 (0.60-1.36) 0.627
Histology

Adenocarcinoma - -

Adenocarcinoma with mixed subtype 1.05 (0.92-1.19) 0.468 1.04 (0.91-1.18) 0.600

Squamous cell carcinoma 1.21 (1.08-1.35) 0.001 1.08 (0.96-1.21) 0.203

Bronchoalveolar carcinoma 1.06 (0.85-1.33) 0.607 1.05 (0.84-1.32) 0.668

Large cell carcinoma 1.08 (0.84-1.38) 0.569 1.05 (0.81-1.35) 0.710
Number of nodes sampled

1-7 - -

8-14 0.95 (0.86-1.05) 0.330 1.07 (0.96-1.19) 0.226

>15 0.92 (0.83-1.03) 0.146 1.11 (0.98-1.25) 0.101
% of positive nodes to sampled nodes

<20 - -

>20and <40 1.23 (1.09-1.38) 0.001 1.23 (1.09-1.39) 0.001

>40and <60 1.39 (1.22-1.59) <0.001 1.42 (1.24-1.63) <0.001

>60 and <80 1.76 (1.52-2.04) <0.001 1.77 (1.52-2.06) <0.001

>80 1.90 (1.63-2.21) <0.001 1.92 (1.65-2.24) <0.001
Type of surgery

Lobectomy - -

Pneumonectomy 1.26 (1.10-1.45) 0.001 1.23 (1.05-1.43) 0.009
Chemotherapy

No/unknown - -

Yes 0.67 (0.60-0.76) <0.001 0.74 (0.66-0.84) <0.001
PORT

No - -

Yes 1.03 (0.95-1.13) 0.458 1.01 (0.92-1.10) 0.869

HR, hazard ratio; PORT, postoperative radiation therapy.
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Subgroup analyzed

Age at diagnosis (yr)
<50
50-69
>70
Sex
Female
Male
Race
White
Black
Other
Marital status
Married
Unmarried
Primary tumor size (cm)
<30
3.1-5.0
>50
Laterality
Right
Left
Location
Lower lobe
Middle lobe
Upper lobe
Main bronchus
Histology
Adenocarcinoma
Adenocarcinoma with mixed subtype
Squamous cell carcinoma
Bronchoalveolar carcinoma
Large cell carcinoma
Number of nodes sampled
1-7
8-14
>15
of positive nodes to sampled nodes
<20
>20and <40
>40 and <60
>60 and <80
>80
Type of surgery
Lobectomy

0

ISy

Pneumonectomy

Chemotherapy
No/unknown
Yes

Hazard ratio (95% Cl, p value)

o

L)

IEFEEEEEEHEE

05 1.0 15 20
PORT No PORT

1.29 (0.91-0.82, p = 0.154)
1.08 (0.97-1.21,p = 0.176)
0.94 (0.81-1.09, p = 0.386)

1.11 (0.98-1.26, p = 0.104)
1.95 (0.84-1.08, p = 0.443)

1.02 (0.93-1.13,p = 0.614)
1.12 (0.83-1.50, p = 0.459)
1.08 (0.79-1.48, p = 0.626)

1.03 (0.93-1.15, p = 0.561)
1.03 (0.89-1.20, p = 0.654)

1.01(0.88-1.16, p = 0.877)
1.03 (0.89-1.19, p = 0.724)
1.07 (0.90-1.29, p = 0.435)

1.00 (0.89-1.12, p = 0.966)
1.08 (0.95-1.23, p = 0.250)

1.37 (0.64-2.93, p = 0.414)
1.10 (0.99-1.24, p = 0.089)
1.10 (0.74-1.66, p = 0.631)
1.90 (0.77-1.04, p = 0.144)

1.02 (091-1.14, p = 0.769)
1.06 (0.84-1.34, p = 0.603)
1.10 (0.96-1.38, p = 0.140)
1.94 (0.61-1.44, p = 0.761)
1.65 (0.39-1.06, p = 0.084)

1.07 (0.92-1.24, p = 0.357)
1.03 (0.89-1.19, p = 0.720)
1.99 (0.85-1.17, p = 0.950)

1.06 (0.88-1.27, p = 0.550)
1.05 (0.90-1.23, p = 0.533)
1.09 (0.89-1.32, p = 0.423)
0.71 (0.56-0.91, p = 0.006)
0.98 (0.77-1.25, p = 0.876)

1.01(092-1.11, p = 0.839)
129 (0.99-1.68, p = 0.057)

1.16 (0.93-1.45,p = 0.174)
1.01 (0.92-1.11, p = 0.816)

Fig. 3. Exploratory subgroup analysis of patient-, tumor-, and treatment-related characteristics after propensity score matching. PORT, postop-
erative radiation therapy; Cl, confidence interval.
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Q Before PSM

1.0

0.8

0.6

Survival

0.4+

0.2+

0.0

0 10 20 30 40 50 60

Number at risk Time (mo)

—| 234 183 n7z 77 54 39 29
===1223 195 146 108 75 54 37

0 10 20 30 40 50 60
Time (mo)

Survival

0.0 : : : : : : :
0 10 20 30 40 50 60
Number at risk Time (mo)
—1 223 177 113 74 52 37 28
===1223 195 146 108 75 54 37
0 0 20 30 40 50 60
Time (mo)

Fig. 4. Overall survival for LN ratio 60%-80% pN2 NSCLC patients stratified by PORT use (A) before PSM and (B) after PSM. LN, lymph node;
NSCLC, non-small cell lung cancer; PORT, postoperative radiation therapy; PSM, propensity score matching.

Discussion and Conclusion

In this SEER analysis, we found that the use of PORT did not affect
survival in patients with pN2 disease. However, through exploratory
subgroup analysis, the results showed that PORT could improve the
survival rate in patients with an LN ratio of 609%-800%.

Previous SEER analysis studies have investigated the relationship
between the LN ratio and the PORT effect in pN2 NSCLC patients.
One study found that PORT improved survival in patients with LN
ratio of 0.5 or higher (HR = 0.91; 95% Cl, 0.84-0.97; p = 0.01) [7].
Another study divided the LN ratio into four groups (< 12.5%,
12.5%-24.9%, 25%-49.9%), >50%) and found that PORT im-
proved survival in patients with an LN ratio greater than 50% (HR
= 0.78; 95% Cl, 0.67-0.90; p = 0.001) [8]. In this study, we also
performed an analysis of the effects of PORT in patients with an LN
ratio >50% (Supplementary Fig. S1). PORT has a survival benefit
for this group, both before (HR = 0.83; 95% Cl, 0.72-0.94; p =
0.004) (Supplementary Fig. STA) and after PSM (HR = 0.86; 95%
Cl, 0.75-0.98; p = 0.030) (Supplementary Fig. S1B). However, by
analyzing the LN ratio by dividing it into 20% units without fol-
lowing the previous studies, more useful information about the re-
lationship between the LN ratio and PORT effect was provided
compared to previous studies. We also performed survival analysis
on patients with an LN ratio of 0%-60% and LN ratio >800%
(Supplementary Figs. S2, S3), and found that only patients with an

https://doi.org/10.3857/r0].2021.00969

LN ratio of 60%-80% had a survival benefit of PORT.

As confirmed by the multivariable analysis of this study, the
higher the LN ratio, the lower the survival rate. However, in this
study, the effect of PORT did not increase as the LN ratio increased.
In 0%-600%, PORT had no survival benefit, whereas PORT had a
survival benefit in 60%-800%. But at 80%-1000%, the survival ben-
efit of PORT disappeared again. We can explain these results in
terms of the risk and benefit of PORT. A previous meta-analysis
study showed that PORT enhances local control in NSCLC [9,10],
but cardiopulmonary toxicity of PORT is also evident [11,12]. The
LN ratio correlates with locoregional tumor burden. Therefore, the
local control effect can increase as the LN ratio increases. At low
LN ratios, the local control effect of PORT is not more significant
than cardiopulmonary toxicity due to PORT, and it can lead to no
survival benefit of PORT. However, at a moderately high LN ratio,
the local control effect of PORT is much higher than toxicity, and it
can lead to an increase in the survival rate. At very high LN ratios,
local control effects beyond toxicity may occur due to PORT but do
not lead to survival benefits. These findings implied that local PORT
was not helpful when the disease had already entered the systemic
stage. A prospective study is warranted to prove the relationship
between the LN ratio and the benefit of PORT.

Limitations of this study are retrospective characteristics and
lack of information. SEER data does not provide patient character-
istics such as surgical margin status, performance status, and de-
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tailed information of dissected lymph nodes (location, size, and
characteristics), radiation therapy (dose and technique), chemo-
therapy (regimen, treatment implementation method [neoadjuvant,
adjuvant] and sequence information with RT [sequential, concur-
rent]). The difference from several previous SEER studies on pN2
NSCLC [1,2,13,14] is that this study selected only more recent pa-
tients to reflect the results of developed diagnosis and treatment
techniques and applied the PSM to complement the limitations of
retrospective studies.

In conclusion, our study found PORT had no significant effect on
survival in all pN2 NSCLC patients. However, PORT improves surviv-
al in patients with a positive to sampled lymph node ratio of 60%-
80%. A prospective study that can prove the relationship between
the LN ratio and the PORT effect is warranted.
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