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[ Abstract ] Background and purpose: Despite Radiation-induced lymphopenia has been associated with poor survival outcomes
in certain solid tumors, there is limited evidence for small cell lung cancer (SCLC). The purpose of this study was to investigate
whether the absolute lymphocyte count before and after radiotherapy could predict the clinical outcomes for limited-stage SCLC
(LS-SCLC) patients. Methods: This was a single-center, retrospective cohort study. A retrospective analysis of patients evaluated at
Fudan University Shanghai Cancer Center from January 2007 to December 2017 was conducted. Inclusion criteria: (1) pathologically
confirmed small-cell lung cancer; (2) limited-stage disease defined by positron emission tomography and computed tomography (PET/
CT) and contrast-enhanced brain magnetic resonance imaging (MRI) [ American Joint Committee on Cancer (AJCC) 8th edition
TNM stage MO ] ; (3) receipt of definitive chemoradiotherapy; (4) availability of complete blood counts before, during and within
1 month after radiotherapy; (5) complete survival, relapse, and last-follow-up information retrievable. Exclusion criteria: (1) distant
metastasis at baseline (AJCC 8th edition TNM stage M1, including any distant nodal, visceral, or bone-marrow involvement); (2) total
radiotherapy dose<<50 Gy [ calculated as an equivalent biological dose at 2 Gy/fraction, i.e., a biological effective dose (BED)<<40
Gy] ; (3 incomplete laboratory data at any scheduled time point; (4) inability to ascertain survival or relapse status or insufficient
follow-up records. The study protocol was approved by the ethics committee of Fudan University Shanghai Cancer Center (approval
number: 2303271-15), and the requirement for informed consent was waived. Clinical data extracted comprised age, sex, Eastern
Cooperative Oncology Group performance status (ECOG PS) score, smoking history, TNM stage, chemotherapy regimen and number
of cycles, radiotherapy dose and fractionation schedule, use of concurrent chemoradiotherapy and administration of prophylactic
cranial irradiation (PCI). Laboratory data comprised serial absolute lymphocyte counts obtained within 1 month before, during and
after radiotherapy; lymphopenia was graded according to the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0.
Progression-free survival (PFS) and overall survival (OS) were estimated using the Kaplan-Meier method and compared with the log-
rank test. Results: A total of 170 patients were included. The median age of the patients was 57 years, with 77.6% being male. The
median radiation therapy dose was 60 Gy (range: 45-66 Gy). For the entire cohort, the median PFS was 22.0 months, the 5-year PFS
rate was 31.3%, and the 10-year PFS rate was 19.8%. The median OS was 38.0 months, the 5-year OS rate was 37.5%, and the 10-
year OS rate was 24.2%. Before radiation therapy, 14 patients (8.2%) had grade 1-2 lymphocytopenia. During radiation therapy, the
number of patients with grade 1, 2, 3 and 4 lymphocytopenia was 7 (4.1%), 22 (12.9%), 111 (65.3%), and 24 (14.1%), respectively.
One month after radiation therapy, the number of patients with grade 1, 2, 3 and 4 lymphocytopenia was 36 (21.2%), 36 (21.2%),
11 (6.5%) and 1 (0.6%), respectively. There were no significant differences in PFS and OS among patients with different grades of
lymphocytopenia before, during, or after radiation therapy. Conclusion: Before immunotherapy, radiotherapy-induced lymphopenia
did not appear to affect the prognosis of patients with LS-SCLC.

[ Key words | Limited-stage small cell lung cancer; Lymphopenia; Radiotherapy; Prognosis; Survival analysis; Cohort study
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tomography and computed tomography, PET/
CT) . M¥§ssmE R % ( magnetic resonance
imaging, MRI) Z2WirhJmBRY] [ £EFEAERR G 25
( American Joint Committee on Cancer, AJCC )
F8MTNMZMMO | 5 (3) #5321 AL
57 (@) BABYTHT . WE L BOT RIS A B
MBHE; (5) AR e RS . Bk MORIRKE
ViR B o HEBRARIUE: (1) JELIEabFs (AICCH
SRTNMZ3 M1, FLAEAT Ml ieabibk L 45 | B 5L
HHEERS ) 5 (2) HUTHE/NTS50 Gy [ ISR
Yyl ie2 Gy/Uat s, BAEMARGN R (biological
effective dose, BED ) <40 Gy ] ; (3) BUJTHT .
e EEIEA TR () BRI A B AR
BEARRBEVTIC A SR . ARG E B R
FhF T it Jeg 5 B A8 B S DY 3 AL (fE B -
2303271-15) , FF#Roe T RBERRIREIFE .
1.2 HiElE

AR REC R A% B AR . M, 36
IR IR UMEAL IR REIRA ( Eastern Cooperative
Oncology Group performance status, ECOG PS)
TRy MRS R TNMAM ] A7 R 5
LU Cr il R N S TP 2 € f i g
JE A 1 A WU P MU B SS ( prophylactic cranial
irradiation, PCI) ; SCHG %A A B IELS-
SCLCEFETEHUTHT . BT AR &y e 11 A
R IR L 20 P T o 0 S T 9 2 00 i BRI A
LI g e/ IMEL s O I 2~6 i A A 1 9 2 40 i
B HABOTEINA, BURKRE. BEARS
438 FH AR 1EF5RfE ( Common Terminology Criteria
for Adverse Events, CTCAE ) 4.0/, 1. 2. 3.
42k L 20 B 2D 73l 7 M0.8~0.9 0.5~0.7
0.3~0.4, 0.0~0.2. FHVITORRIRTE B R m
g B BEl 12 Dy . ARl . FRIERED; & i
ML RS, MEE A G—B0E WEEEIK
ez pihginyy (AT ) 2 1, VIR
20254F6 130 H , HALEETII A28 9501 (3
Fil: 4.1~207.310H) o B3~6DHAEARS . K
Mk A . MR sk LR Z S (computed
tomography, CT) +/E#BCT/MRILKJHMRI
(FTEERE RIT) , HEIRT AT . SAEAFD
(overall survival, OS) % XA IEHL 5 2 AT
JREZET BB E] ;. o A AE I (progression-
free survival, PFS) & XCMMESE & 2 5218271k
o BRAF R AT RS I | AT S R AR T BOR IR B 1

(], DUE &R i . R S AR IR
DIk R 5 3% 22 1240 7 T AR ] A i sl i Ik e
SR MRS e A A A B TR R R N AENE H
WAL 2Kk ZiE 7E K aplan-Meier i £k hARiC
7, A COXKRILTTA .
1.3 SitEsE

RS B 17 BF ] 5% FH S ) Kaplan-Meier s it
B, Rk HKaplan-Meieri: dE 17 B K R A A7 45
Mr, KHlog-rank ks Jo i 4720 0] 22 A 4, R H
COX LL il WU A B A7 22 I 2R 40T . K 37K i
40.05, XUANKEE: . i HISPSS 26.0%K % £ d 1t
8T . P<0.05N2ERA G L.
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BEAER31~76% (TAIAEIRSTS ), 73.5%11)
BHECOG PSTEA M08 14y, 77.6% M B4 R A
PE, 62.0% 55 HATE 20 HH, 96.5%) B3
2 T3 DL LAY, 90.6%I1 #1557
TRZEASY . ARl s R A BN 60 Gy (1
Fil: 45~66 Gy ) . 80.0%[1 #4557 TPCI, I
1,
22 EEWBERE

BE20254E6 1, POikE95.01H , 65%[H)
BETERIT R IR BT G s e 2 Dt . BN
HERHAIPFSH22.00H, 2. SFIT04EPFS343 5]
H}48.0% . 31.3%F119.8%; H{70S438.01H,
2. SHIOFOSHSMNHR69.0% . 37.5%H124.2%.

Limited stage SCLC (n=293)

(1) Pathologically confirmed SCLC;

2) AJCC 8th edtion MO on PET/CT+brain MRI;

) Definitive chemoradiotherapy (=50 Gy);
) Complete blood count before, during and <1 month after RT;
) Full survival and follow-up data

(
(3
(4
(5

Exclude:

(1) Radiation dose <50 Gy (n=35);

(2) Incomplete data before, during
and after RT (n=58);

(3) Losing to follow-up (n=25)

Y

Y

Patients included in analysis
(n=170)

E1 BEMNRERREREE

Fig. 1 Patient inclusion and exclusion criteria flowchart
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Tab.1 Baseline clinical characteristics of 170 LS-SCLC patients

receiving definitive chemoradiotherapy

[n(%)]

Characteristic Number

Median age (range)/year 57 (31-76)
Age/year

=60 70 (41.2)

<60 100 (58.8)
ECOG PS score

0-1 125 (73.5)

2 45 (26.5)
Gender

Male 132 (77.6)

Female 38 (22.4)
TNM stage

1} 69 (40.6)

I 101 (59.4)
Smoking

Yes 105 (62.0)

No 65 (38.0)
Chemotherapy cycle

<4 164 (96.5)

>4 6(3.54)
Radiation dose/Gy

=60 103 (60.6)

<60 67 (39.4)
Concurrent chemoradiotherapy

Yes 154 (90.6)

No 16 (9.4)
PCI

No 34 (20.0)

Yes 136 (80.0)

23 HEHEpEE
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1. 2. 3. 4900 0 40 i /b 19 2 3 o3 il AT 7451
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2401 (14.1% ) 5 FERUTIEINH, 1. 20 3, 4%
Ik U A4t ek 2 1) B8 A A 3645 (21.2% ) L 36
1 (21.2%) . 116 (6.5% ) . 141 (0.6%) .
PR B3 . A9k AN s i R, TR
SPLER I A, £33.3% 0] MK FE 8 K,
14.8%0] MK FNFAKT-, 17.8% 0] LK R £24%
Ko
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TERCT ], IR L 20 Al 2 45 21 [R] () PFS FTOS 22
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WINHAJE, A0k E 408 > [ i PFS 2 0S 22
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09 7 5 2% 21 1) O S Je PFS 2% St ¥ e 4 12 75 X
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WA T Z IR o, SR BN, BT
HI L BT WI1R] BT I 45 9k L 48 At vsl /b 24k
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S5PFSE I HAHSE [ KBS (hazard rato, HR)
=2.57, 95% CI: 1.30~5.09, P=0.007, %3] .
KAMALNREF PR . 40 Wse . 25
[k 5 PFS B OSH A

3 i 1

TEARWFIEH, 79.4% 1 H 3 A8 7 ) 18] 2=
HEL3 . 4Gk Al R, (H BT A5 AR 1A H
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KIUBOTET T 08 RO e vk O 20 it 45 i
L BEBURAAEASEHE, XS5RATAENSCLCH R
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48 72
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4 24 15 11 6 5
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20T pgiss
0 . g . . .
0 24 48 72 96 120
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Number at risk Number at risk Number at risk
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Fig. 2 Lymphopenia before, during and 1 month after radiotherapy and survival
A, B: Lymphopenia before radiotherapy; C, D: Lymphopenia before radiotherapy; E, F: Lymphopenia 1 month after radiotherapy.
2 OSHFIPFSHIREEZES
Tab. 2 Univariate analyses for OS and PFS
(N PES
Factor

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

Age (<60 years vs =60 years) 1.306 0.816-2.089 0.266 1.302 0.847-1.999 0.229

Gender (female vs male) 1.554 0.796-3.035 0.197 1.612 0.874-2.971 0.126

TNM stage (Il vs 1) 2.188 0.966-4.960 0.061 1.446 0.762-2.745 0.259

Concurrent chemoradiotherapy (yes vs no) 1.087 0.336-3.512 0.890 0.872 0.349-2.184 0.771

Smoker (yes vs no) 1.209 0.643-2.275 0.555 1.126 0.656-1.933 0.667

PCI (no vs yes) 0.801 0.357-1.797 0.590 1.630 0.905-2.938 0.104

Lymphopenia before radiotherapy (yes vs no) 1.115 0.599-2.075 0.731 1.025 0.578-1.818 0.654

Lymphopenia during radiotherapy (G3-4 vs G0-2) 0.931 0.572-1.514 0.772 1.084 0.638-1.843 0.720

Lymphopenia after radiotherapy (G3-4 vs G0-2) 1.117 0.587-2.125 0.736 1.109 0.624-1.970 0.663

(WEAYIBN YIS

S AT A R IS CLCHCIT 1 18] fry bk 2 240
NI b 5 F A TUS BOAHSENE, (ORI R A
e S F AR AR D i T o S L,
T PR S — 500 A AR e H B IR
% BB, AR R RE S TN S R G
S 5. 5 TR FII T X S e BE AR, AR
BAOIARME, ASTRGEIZH H ARk A7 50 R AR A Qe
T RGWA . SERIBFSE 0 R, 40

B 4u i/ 2 (interleukin, IL) -7HIIL-15
AT DAGE SE UK 20 L 3 S 20 i R ) I PR iz
A M e — 2L B

ARG BRI 9T, A7 A 7 2 S8 1) Ml
f8F o BT BTE) BT e A I RS 2 o) ) S AN
Gi—, WHRESEMRIIIRES R . AW B E
RILZ W RPERIT, TEREERITIR, BT W
) P L A4 sk 20 BT J 1) 9 E 240 R A 1 0 2
o s B PRI ROR . A REiE— 220
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Tab.3 Multivariate analyses for OS and PFS

(N PFS
Factor
HR 95% CI P value HR 95% CI P value
Lymphopenia before radiotherapy (yes vs no) 1.356 0.552-3.329 0.507 1.226 0.569-2.643 0.603
Lymphopenia during radiotherapy (G3-4 vs G0-2) 1.327 0.598-2.945 0.486 1.257 0.638-2.477 0.509
Lymphopenia after radiotherapy (G3-4 vs G0-2) 0.702 0.197-2.504 0.585 0.758 0.299-1.925 0.560
Age (<60 years vs =60 years) 1.417 0.741-2.708 0.292 1.472 0.843-2.569 0.174
Gender (female vs male) 0.637 0.215-1.883 0.414 0.434 0.175-1.075 0.071
TNM stage (Il vs 1) 2.307 0.989-5.382 0.053 1.260 0.639-2.489 0.505
Concurrent chemoradiotherapy (yes vs no) 0.797 0.237-2.683 0.714 0.780 0.299-2.031 0.780
Smoker (yes vs no) 1.185 0.536-2.619 0.676 0.989 0.515-1.900 0.974
PCI (no vs yes) 1.038 0.431-2.499 0.934 2.574 1.301-5.092 0.007

Lymphopenia at three time points was separately entered into the model, with other factors adjusted as confounding variables.
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