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[ Abstract | Background and purpose: More and more patients with multiple primary early-stage lung cancer are choosing
to receive stereotactic body radiation therapy (SBRT), and this study aimed to retrospectively analyze the efficacy and prognostic
factors of SBRT. Methods: In this study, patients who underwent SBRT at Shanghai Chest Hospital, Shanghai Jiao Tong University
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School of Medicine from August 2014 to December 2020 and who met the inclusion criteria were included. Patients with multiple
primary early-stage lung cancer were examined for efficacy and prognostic factors. After using propensity score matching (PSM),
the difference in efficacy of SBRT between single and multiple primary early-stage lung cancer was observed. Results: This study
included 241 early-stage lung cancer patients with SBRT, including 94 patients with multiple primary early-stage lung cancer. The
3- and S5-year local control rate (LC), progression-free survival (PFS) and overall survival (OS) were 87.1% and 71.3%, 84.0% and
66.9%, 93.3% and 79.3% in multiple primary early-stage lung cancer, respectively. Patients with multiple primary early-stage lung
cancer did not experience any grade 3 or higher pulmonary toxicity with an overall toxicity incidence of 54.3%, and grade 2 toxicity
occurred in 24 patients (25.5%). There was a total of 18 (19.1%) recurrences, and there were 3 (3.2%), 1 (1.1%), 12 (12.7%) and
2 (2.1%) patients with multiple primary early-stage lung cancers who experienced local recurrence, regional recurrence, distant
metastasis and uncertain death, respectively. Patients with multiple primary early-stage lung cancer and those with single primary
early-stage lung cancer had significant differences in clinical features prior to PSM. After PSM, there were 56 patients with multiple
primary early-stage lung cancer and 56 patients with single primary early-stage lung cancer, and there was no statistically significant
difference in LC (P=0.291), PFS (P=0.954) and OS (P=0.880). Age=70 years was an independent risk factor for OS of multiple
primary early-stage lung cancer, according to an analysis of the prognostic variables of SBRT in 94 patients with multiple primary
early-stage lung cancer. Regarding synchronous (<180 d) and metachronous (>180 d) multiple primary early-stage lung cancer,
there was no discernible difference between the two groups (P=0.440). There was no significant difference in the total number of
treatments for multiple primary early-stage lung cancer (P=0.232) and no significant difference in the type of treatment for multiple
primary early-stage lung cancer (P=0.225) among 59 patients with synchronous multiple primary early-stage lung cancer within
5 years of the first-to-last treatment interval. Conclusion: SBRT has a strong and comparable efficacy for multiple primary early-
stage lung cancer compared with single primary early-stage lung cancer, making it a viable treatment choice. Based on age and tumor
biological behavior of the lesion, future strategies and procedures for local intervention of multiple primary early-stage lung cancer
need to be investigated.
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Patients attending Shanghai Chest Hospital, Shanghai Jiao Tong
University School of Medicine for SBRT from August 2014 to
December 2020 (N=1 638)

Total excluded cases (N=1 392)

1.Clinical non-cT;, T,;N,M, (N=1 147)

2. Non-pulmonary primary (N=192)

3. History of other malignant tumors (N=27)

| 4. Previous non-surgical or SBRT and
adjuvant treatment to the lungs (N=6)

5. Previous surgical staging is unclear (N=12)

6. Recurrent lesions from surgery or other
treatments for early-stage lung cancer
(N=8)

\ 4

Meet the inclusion
criteria (N=246)

CT and
telephone missed
visits (N=5)

\ 4

Y

Cohort studies
(N=241)

Bl BEGEREE
Fig. 1 Patient screening flow chart
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Tab. 1 Analysis of clinical characteristics of patients before and after PSM

[n(%)]
Before PSM After PSM
Clinical characteristic Single primary ~ Multiple primary Single primary ~ Multiple primary
early-stage lung  early-stage lung P value early-stage lung  early-stage lung P value
cancer (n=147) cancer (n=94) cancer (n=56) cancer (n=56)
Median follow-up (range)/month 33 (1-83) 44 (1-95) 32.5(2-81) 37 (1-93)
Gender 0.001 0.686
Male 109 (74.1) 50 (53.2) 37 (66.1) 39 (69.6)
Female 38(25.9) 44 (46.8) 19 (33.9) 17 (30.4)
Agelyear <<0.001 0.344
<74 53 (36.1) 64 (68.1) 27 (48.2) 32(57.1)
=74 94 (63.9) 30(31.9) 29 (51.8) 24 (42.9)
Tumor Location 0.048 0.303
Upper left 43 (29.3) 20(21.3) 17 (30.4) 17 (30.4)
Lower left 12 (8.2) 17 (18.1) 3(54) 8(14.3)
Upper right 51(34.7) 23 (24.5) 21(37.5) 13 (23.2)
Middle right 11 (7.5) 11 (11.7) 5(8.9) 8(14.3)
Lower right 30(20.4) 23 (24.5) 10 (17.9) 10 (17.9)
Radiotherapy dose/Gy 0.016 0.451
48 0(0.0) 1 (1.1 0(0.0) 0(0.0)
50 85 (57.8) 68 (72.3) 41(73.2) 37 (66.1)
55 0(0.0) 2(2.1) 0(0.0) 1(1.8)
60 41 (27.9) 11 (11.7) 11 (19.6) 9(16.1)
64 3(2.0) 1(1.1) 1(1.8) 1(1.8)
70 18 (12.2) 11 (11.7) 3(5.4) 8(14.3)
Radiotherapy dose fraction 0.028 0.381
4 32 (21.8) 23 (24.5) 10 (17.9) 12 (21.4)
5 53 (36.1) 43 (45.7) 30(53.6) 24 (42.9)
8 39 (26.5) 10 (10.6) 10 (17.9) 8(14.3)
10 23 (15.6) 18 (19.1) 6(10.7) 12 (21.4)
BED/Gy 0.042 0.256
<105 57 (38.8) 49 (52.1) 33(58.9) 27 (48.2)
=105 90 (61.2) 45 (47.9) 23 (41.1) 29 (51.8)
Pathology 0.001 0.693
No 78 (53.1) 70 (74.5) 37 (66.1) 35(62.5)
Yes 69 (46.9) 24 (25.5) 19 (33.9) 21(37.5)
T stage 0.001 0.457
cTy 7(4.8) 13 (13.8) 3(5.4) 4(7.1)
cT i 1(0.7) 4(4.3) 0(0.0) 0(0.0)
T, 9(6.1) 12 (12.8) 7(12.5) 4(7.1)
Ty, 53 (36.1) 38 (40.4) 24 (42.9) 25 (44.6)

T. 41 (27.9) 20 (21.3) 15 (26.8) 17 (30.4)
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Before PSM After PSM
Clinical characteristic Single primary ~ Multiple primary Single primary ~ Multiple primary
early-stage lung  early-stage lung P value early-stage lung  early-stage lung P value
cancer (n=147) cancer (1=94) cancer (n=56) cancer (n=56)
T, 28 (19.0) 3(3.2) 7(12.5) 3(5.4)
T, 5.4 3(3.2) 0(0.0) 2(3.6)
T, 3(2.0) 1(1.1) 0(0.0) 1(1.8)
Tumor density <<0.001 1.000
Subsolid 48 (32.7) 56 (59.6) 27 (48.2) 27 (48.2)
Solid 99 (67.3) 38 (40.4) 29 (51.8) 29 (51.8)
PET/CT 0.012 0.841
No 51(34.7) 48 (51.1) 18 (32.1) 19 (33.9)
Yes 96 (65.3) 46 (48.9) 38 (67.9) 37 (66.1)
Underlying disease 0.394 0.850
No 56 (38.1) 41 (43.6) 26 (46.4) 27 (48.2)
Yes 91 (61.9) 53 (56.4) 30(53.6) 29 (51.8)
Smoking status 0.071 0.847
No 88 (59.9) 67 (71.3) 34 (60.7) 33 (58.9)
Yes 59 (40.1) 27 (28.7) 22(39.3) 23 (41.1)
Family history of tumors 0.010 0.219
No 130 (88.4) 75 (79.8) 49 (87.5) 44 (78.6)
Family history of lung cancer 8(5.4) 16 (17.0) 4(7.1) 10 (17.9)
Family history of other tumors 9(6.1) 333.2) 3(5.4) 2(3.6)
Occupational exposure 0.146 0.568
No 134 (91.2) 80 (85.1) 50 (89.3) 48 (85.7)
Yes 13 (8.8) 14 (14.9) 6(10.7) 8(14.3)
ECOG performance status 0.212 0.590
0 45 (30.6) 24 (25.5) 20 (35.7) 15 (26.8)
1 91 (61.9) 67 (71.3) 34 (60.7) 39 (69.6)
2 11 (7.5) 3(3.2) 2 (3.6) 2(3.6)
Indications for surgery 0.001 0.333
No 46 (31.3) 11 (11.7) 9(16.1) 11 (19.6)
Yes 3(2.0) 0(0.0) 2 (3.6) 0(0.0)
Uncertain 98 (66.7) 83 (88.3) 45 (80.4) 45 (80.4)
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giitEE L (F2) .
2.3 PSMAISEAZMHRHMEBENARREREE
1=K

X PSM I 22 J5 - il 10 AN B R I B
2R B IEATIHG, #:3Z2 SBRTH £ 5 &k K
IR R TE3 L R, Atk
FHR54.3%, Hrh276] (28.7% ) BH T 1



850 =

i3, § SRAUFEMEIHFEORSSESESMREETEON

WCEHER R, 2401 (25.5% ) M 29
PRl 5%

Ak, FEARMGE AT ARG R . 24547
T B8 1451 22 Ji Mk U it £ 3 b ke i F S 2
ATl 2= AR IHAEAEAR RN, 15 6 s B R
YR, 1BIBERS ST =Z 1, 26 E MR
LU, 200 BT R IR AE Z A

PSMHij 944 i35 rh e B 1841 (19.1% )
Bk, 2R k%R B S E B IR E k.
XA K A FERS A e PESE T 40 351 A 36
(32%) . 101 (1.1%) . 1261 (12.7% ) K24
(21%) »
2.4 PSMEZSEAMREAMMENER % R
A9 B I7 305 47

#FTPSMJG, Kaplan-Meierik 4 4743 ¥ 2
B, 22Dk M s AR i e e S M

BHTELC (P=0.291) . PFS (P=0.954) F10S
(P=0.880) FmizESgit#E X (KE3) .
22 i kB M g R A R B i R L i o R 1
34FLC. PFS. OS/ri 4183.6%H187.8% . 78.5%
H77.4% . 88.7%F183.8%, S4ELC. PFSHIOSS:
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PEIR X E A R i R R A TCOXZ N &R 40 #T
FEHE 32 SBRTIW 2 5 & 1 A Al i 5 v, AR
=708 JEOSH MG (£3) , Kaplan-
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Tab.2 Summary and comparison of long-term follow-up results of patients with single primary early-stage lung cancer and multiple

primary early-stage lung cancer before and after PSM

(%)
Follow-up/ Before PSM After PSM
Number of lesions P
yeat LC PFS 0s LC PFS 0s
Single primary carly-stage 1 91.4 88.8 95.1 96.3 92.7 94.5
lung cancer
3 80.3 71.6 83.0 87.8 77.4 83.8
5 70.9 51.8 59.6 87.8 63.5 65.2
Multiple primary carly-stage 1 93.5 91.4 96.8 90.8 87.3 94.6
lung cancer
3 87.1 84.0 933 83.6 78.5 88.7
5 71.3 66.9 79.3 70.1 62.5 72.7
100 100} %, 100}
- [
mﬁ. ‘\\“_-:.{"’H iy
80 e 80 L 80
1
60 w60 \Lt_h 60f
Q < 7]
— i o i o i
40[ p=0.490 40[ P=0.035 400" P=0.009
20 —Single primary early-stage lung cancer 20 —~Single primary early-stage lung cancer 20 —mSingle primary early-stage lung cancer
| ~"Multiple primary early-stage lung cancer |_~""Multiple primary early-stage lung cancer | ~""Multiple primary early-stage lung cancer
b 0 . b

0 20 40 60 80
t/month

100

0

20 40 60 80
t/month

100

B2 PSMEILC. PFSFNOSHIKaplan-Meiersk & 77 # £
Fig.2 Kaplan-Meier method survival curve of LC, PFS and OS before PSM

0 20 40 60 80
t/month

100



(FBRER L) 202345335591 851

IOO-WIL IOO_H 100f
80 =t - 80f 80
o 601 QI——» o 601 o " 601 o
= 4oL P=0291 & 4oL P=0954 © 4ol P=0880
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Tab.3 Univariate and multifactorial analysis of prognosis of 94 cases of multiple primary early-stage lung cancer
Clinical characteristic Multiple primary early- Univariate analysis Multivariable analysis
stage lung cancer (%) R 9504 C1  Pvalue(0S) HR  95%CI P value (OS)
Median follow-up (range)/month 63.5 (19-170)
Gender 0.186 0.041-0.842 0.015 0.356 0.063-2.003 0.241
Male 50 (53.2)
Female 44 (46.8)
Agelyear 6.142 1.359-27.761 0.007 6.180 1.263-30.249 0.025
<70 46 (48.9)
=70 48 (51.1)
Tumor location 2.686 0.589-12.257 0.185
Ipsilateral 27 (28.7)
Bilateral 67 (71.3)
Average BED/Gy 0.918 0.304-2.777 0.880
<105 46 (48.9)
=105 438 (51.1)
Highest T stage 1.532 0.906-2.592 0.003 1.515 0.876-2.618 0.137
cT 1(1.1)
T, 8(8.5)
Ty 36 (38.3)
T, 25 (26.6)
Ta, 19 (20.2)
T, 3(3.2)
T, 2(2.1)
Underlying disease 0.884 0.295-2.655 0.827
No 41 (43.6)

Yes 53 (56.4)
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Multiple primary early- Univariate analysis Multivariable analysis

stage lung cancer (%) R 9504C1  Pvalue(0S) HR  95%CI P value (OS)

Clinical characteristic

Smoking status 3.504 1.068-11.499 0.027 2263 0.590-8.679 0.234
No 67 (71.3)
Yes 27 (28.7)
Family history of tumors 0.412  0.066-2.550 0.581
No 75 (79.8)
Family history of lung cancer 16 (17.0)
Family history of other tumors 3(3.2)
Occupational exposure 0.039 0.000-35.941 0.145
No 80 (85.1)
Yes 14 (14.9)
ECOG performance status 1.551 0.509-4.722 0.743
0 24 (25.5)
1 67 (71.3)
2 3(3.2)
Clinical diagnosis before the first treatment 0.619 0.181-2.110 0.440
Synchronous (<180 d) 65(69.1)
Metachronous (> 180 d) 29 (30.9)
Total number of treatments in multiple 0237 0.065-0.862  0.019 0393 0.104-1492  0.170
primary early-stage lung cancer
1 24 (25.5)
=2 70 (74.5)

Type of treatment - -

Single SBRT in Single primary early-

stage lung cancer 24255)
Treatment in multiple primary early-stage
lung cancer
SBRT only 15(16.0)
Surgery+SBRT 55(58.5)
First-last treatment interval - -
No other local treatment after SBRT 24 (25.5)
<1 year 17 (18.1)
>1 year, <3 years 16 (17.0)
>3 years, <35 years 17 (18.1)

>5 years 20 (21.3)
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Tab. 4 Analysis of treatment methods of 59 cases of synchronous multiple primary early-stage lung cancer

Multiple primary early-stage

Treatment method Jung cancer 1 (%) HR 95% C1 P value (OS)
T;)::lllgn;:;l::: of treatments in multiple primary early-stage 0.402 0.086-1 874 0232
1 21(35.5)
=2 38 (64.5)
Type of treatment 0.582 0.256-1.324 0.409
Single SBRT in Single primary early-stage lung cancer 21 (35.5)
Treatment in multiple primary early-stage lung cancer 0.211 0.013-3.378 0.225

SBRT only

Surgery+SBRT

11 (18.6)

27 (45.9)
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Fig. 6 Kaplan-Meier method survival curve for OS comparison

between groups with different numbers of treated lesions
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Fig.7 Kaplan-Meier method survival curve for comparison of LC, PFS, and OS among different treatment methods in 38 patients with a

total of 2 or more treatments
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