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Abstract: Objective To evaluate the prognostic value of radiation-induced lymphocytopenia in the survival
of patients with primary hepatocellular carcinoma receiving radiation therapy. Methods The clinical data of
98 patients with unresectable primary hepatocellular carcinoma who received radiotherapy were retros-
pectively analyzed. The minimum absolute lymphocyte count (min ALC) was graded in accordance with
CTCAE V4.0. The optimal threshold of min ALC for prognosis was calculated by using the receiver
operating characteristic curve, and the correlation of min ALC with clinical characteristics and dosimetry
parameters was analyzed. The Kaplan-Meier method was employed to analyze the survival of patients with
different levels of min ALC. Univariate and multivariate Cox proportional regression models were applied to
analyze prognostic factors. Results The baseline and min ALC of 98 patients during radiotherapy were
1.52x10°/L and 0.45x10°/L, respectively(P<0.001). The optimal cut-off value of min ALC for the prediction
of the one-year survival rate was 0.38x10°/L. GTV, the mean dose of the liver and spleen, the V5 and V10 of
the liver and spleen, and the V15 of the spleen were correlated with min ALC, and the V5 of the liver was an
independent predictor of min ALC. The overall survival of patients with high min ALC was higher than that
of patients with low min ALC. Independent prognostic factors were min ALC<0.38x10%/L (HR=0.515,
P=0.024), min ALC=grade 3 (HR=0.576, P=0.032), tumor thrombus in the portal/vena cava, Child-Pugh
grade A, increase of =2 points in the Child-Pugh score after radiotherapy, and received more than two other
therapies. Conclusion Min ALC<0.38x10°/L and min ALC=grade 3 have independent prognostic value in
patients with unresectable hepatocellular carcinoma receiving radiotherapy.
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Table 1 Baseline characteristics of 98 patients with unre-
sectable primary hepatocellular carcinoma

Characteristics n (%)/(X£s)
Age (years)

265 54 (55.1)

<65 44 (44.9)
Gender

Male 68 (69.4)

Female 30 (30.6)
Etiology of chronic liver disease

HBV 66 (67.4)

HCV 12 (12.2)

Other 20 (20.4)
Maximum tumor diameter (cm) 7.843.5
GTV (cm’) 885.8+£168.5
Child-Pugh score

A 36 (36.7)

B 62 (63.3)
Tumor thrombus in the portal/vena cava 29 (29.6)
Barcelona Clinic Liver Cancer stage

A 67 (68.4)

B 31 (31.6)
Received more than two other therapies

22 76 (77.6)

23 35(35.7)
BED (Gy) 58.0+£19.8
Liver volume (cm’) 848.2+76.9
Spleen volume (cm’) 276+43.4
Extrahepatic spread 27 (27.6)
Number of intrahepatic tumors (=3) 32 (32.7)

Notes: HBV: hepatitis B virus; HCV: hepatitis C virus; BED:

biologically effective dose.
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Figure 1 Changes in lymphocyte counts before and after 1-Specificity

radiotherapy and at the first and second follow-up
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Figure 2 ROC curve of min ALC in predicting the

prognosis of patients with unresectable hepatocellular
carcinoma after radiotherapy
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Table 2
hepatocellular carcinoma receiving radiotherapy

Relationship between different levels of min ALC and clinical characteristics of patients with unresectable

< min ALC Group

>min ALC Group )

Characteristics (n=40) (=58) X/t P

Age (years) (medians) 60.5+17.5 45.9+20.1 0.476 0.459
Gender (male/female) 27/13 40/18 0.092 0.763
KPS score (=80/<80) 25/15 38/20 0.017 0.861
Maximum tumor diameter (cm) (X+5) 8.6£3.7 6.9£3.1 1.566 0.092
Child-Pugh (A/B) 15/25 21/37 7.856 0.026
Baseline ALC (x10°/L) 1.49+0.69 2.21£0.56 0.633 0.335
Intrahepatic tumor number (<3/=3) 28/12 38/20 1.866 0.063
Extrahepatic spread (yes/no) 29/11 42/16 2.349 0.053
AFP (ng/ml) (<400/>400) 9/31 20/38 1.309 0.134
BED (<58/>58 Gy o) 19/21 25/33 3.173 0.046
Segmentation (conventional/unconventional) 22/18 44/14 1.118 0.156

Notes: KPS: Karnofsky performance scale; AFP: a-fetoprotein.
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Figure 3 Correlation analysis of gross tumor volume, liver dose volume pa-
rameters, and min ALC in patients withunresectable hepatocellular carcinoma
undergoing radiotherapy
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VSO B B ST SR ] A1 ] i bk B 200 k25 e
FE RS R 2 (R A AR e, 455 B 7R min ALC5 8
JESEEI5 & VS, V25FIV30RIAHIE, £ongkdtm
ARV B, HEBR IR = 52, [UEAEVS S min
ALCHHK (P<0.05) , JAUMESF-X555) f >227.72 Gy
(OR=14.39; 95%CI: 12.18~16.60) V5 ( OR=
7.99; 95%CI: 6.91~9.07 ) B E Wiillmin ALC, %518
b7 T g A AT R SR 7)o 5 P T ,E;ﬁlEﬂix{E&mm
ALCHE A, WL VSR AL BT 52 B o LLBR 1 .
ZhangZ5F IR 1841514552 1507 1) JFHIEA KB ) bk 12
A4, Rt min ALCX T 5 0 A= fE 52
R BRGTVHIEIKE S min ALCEFAHIE (P<
0.001F1P=0.001 ) , ByunZ5:"“[nl i 57 275 & 43
M, BKRWPTV ( HR=1.02, 95%CI: 1.01~1.03,
P<0.001 ) AR A FLL ALC ( HR=0.86, 95%CI:
0.82~0.91, P<0.001) 5 2 %™ & RILSW 2 A1 ¢,
T KAy Eiks 7 ( HR=0.19, 95%CI: 0.07~0.49, P=
0.001 ) 5 2™ 8 RILIXURGS: A i E A ¢ .
AFFELER BN, >min ALCL B A 1A
T<min ALCH £, JiJ7 ] [H min ALC<0.38%
10°/L (HR=0.515, P=0.024 ) . min ALC>3% ( HR=
0.576, P=0.032) SR ANA] FARH 7 i b 57 1t
Je s R 2 o ZhaoS5 U E] B 3 AT 69191 JHT- 9 £8
T A Fmin ALC 5 IRZS R Z MIMCR, XT
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Table 3 Univariate and multivariate Cox regression analyses for prognosis of patients with unresectable hepatocellular

carcinoma receiving radiotherapy

Clinical features

Univariate analysis

Multivariate analysis

HR (95%CI)

KPS score (=80)

Tumor thrombus in the portal/vena cava

Intrahepatic tumor number (=3)

Extrahepatic spread
GTV=885.8 (cm’)
BED=58 Gy
Child-Pugh A vs. B

Child-Pugh increased by =2 after RT

1.321 (1.015-1.634)
0.682 (0.463-0.892)

0.843 (0.405-2.521)
0.704 (0.308-1.852)

0.835 (0.349-3.274)

1.937 (0.717-4.766)
1.686 (1.223-5.672)

0.757 (0.437-0.880)

Min ALC during RT=3 grade
Min ALC during RT<0.380x10°/L
Baseline ALC=1.74x10°/L

Received =2 other therapies

0.633 (0.355-0.843)
0.544 (0.321-0.848)
2.133 (0.423-4.541)
1.634 (1.216-1.775)

P HR (95%CI) P
0.031
0.035 0.677 (0.363-0.833) 0.041
0.347
0.038
0.043
0.455
0.039 1.784 (1.234-4.475) 0.027
0.040 0.582 (0.244-0.859) 0.037
0.030 0.576 (0.165-0.835) 0.032
0.028 0.515 (0.233-0.822) 0.024
0.325
0.035 1.331 (1.121-3.554) 0.048

Notes: GTV: gross tumor volume; RT: radiotherapy.

BEAETEW . 14EOSE AN 24E OSE 43 I 474 A vs.
157HA . 78%vs. 27% . 71%vs. 4% (P<0.001), £
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A7 (HR=0.32, 95%CI: 0.15~0.69, P=0.0042) ,
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4553 75, TNF-a<5.5 ng/ml FICIT 5 A 40 & ik
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rr A 1364 H 46,71~ A (P<0.001 ) ,
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I HE k1,40 (95%CI: 1.02~1.91, P=0.035)
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