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Background: Radiotherapy (RT) is an effective treatment for hepatocellular carcinoma (HCC) patients 
with lymph node metastasis (LNM), which is a rare clinical situation with a poor prognosis. We evaluated the 
responses and toxicities in HCC patients with abdominal LNM treated with either image-guided intensity-
modulated radiotherapy (IG-IMRT) or non-IG-IMRT. 
Methods: Retrospective review of the records of HCC patients with regional LNM treated with IG-IMRT 
(n=43) or non-IG-IMRT (n=42). The tumor responses, local control rates (LCRs), overall survival (OS) 
rates, and toxicities were evaluated. 
Results: The mean biological effective dose with α/β =10 Gy (BED10) delivered to IG-IMRT group was 
67.23±8.48 vs. 63.43±5.01 Gy delivered to non-IG-IMRT group (P=0.008). OS in IG-IMRT group vs. non-
IG-IMRT group was 15.3 vs. 9.7 months (P=0.098). The one-year survival of IG-IMRT group was superior 
(69% vs. 38.1% for non-IG-IMRT, P=0.006). Whereas two-year survival was not significantly different. 
Negative independent prognostic factors included ≥2 positive lymph nodes and previous treatment without 
surgery, while BED10 ≥65 Gy was a protective factor. Toxicities were mild for both groups, while IG-IMRT 
group showed less late hepatotoxicity. 
Conclusions: The therapeutic dose delivered by IG-IMRT is slightly higher than non-IG-IMRT which 
was more effective and showed superior short-term survival and local control in HCC patients with LNM.
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Introduction

Lymph node metastasis (LNM) from hepatocellular 
carcinoma (HCC) is a rare clinical situation, with an 
incidence of 5.1–7.5% reported in several large surgical 
series (1,2) and possibly as high as 26–37% on the basis 

of an autopsy series (3-6). HCC with LNM has been 
classified as an advanced stage, together with portal vein 
invasion and distant metastasis [according to the Barcelona 
Clinic of Liver Cancer (BCLC) guidelines], and these 
factors are related to a dismal prognosis. However, there 
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is no consensus on the best choice for HCC patients 
with regional LNM. Surgical resection, including 
lymphadenectomy, can be performed in select patients, 
but few patients are suitable candidates for surgery at  
diagnosis (7). Sorafenib, recommended by BCLC guideline, 
in its milestone clinical trial, showed insignificant survival 
benefit in the subgroup of LNM (8). Nowadays, external 
beam radiation therapy (EBRT) as a palliative treatment 
strategy is recommended for stage III HCC in the 2011 
Chinese Guidelines for diagnosis and treatment of HCC (9) 
and the 2009 Korean Liver Cancer Study Group practice 
guidelines (10), which based on a series of studies on 
radiotherapy (RT) for HCC. RT is an effective treatment 
with excellent RT response rates for HCC patients with 
LNM, which have been reported in many studies (11-13).

A retrospective study in 2005 was performed to evaluate 
the role of 2D RT for HCC patients with LNM for the 
previous 7 years at our institution (12). The median survival 
of EBRT group was 9.4 months, while it was 3.3 months 
for non-EBRT group. As RT technology has advanced, 
our institution has treated HCC patients with LNM using 
either non-image-guided intensity-modulated radiotherapy 
(non-IG-IMRT) or IG-IMRT techniques. Therefore, we 
evaluated RT responses, overall survival (OS) and toxicities 
in the groups treated by image-guided versus non-image-
guided techniques to compare the safety and outcomes of 
these techniques.

Methods 

Patients and diagnosis

We performed a retrospective review of records and 
outcomes of 85 HCC patients with LNM treated at 
Zhongshan Hospital from July 2011 to December 2016. 
All patients consecutively entered into our study. Patients 
were diagnosed as having HCC following either pathologic 
validation or clinical criterion (9).

Of these 85 HCC patients with LNM, six patients’ 
metastatic lymph nodes were recognized to be synchronous 
with the diagnostic interval of HCC and LNM less than  
1 month. The patterns of abdominal LNM from HCC were 
evaluated using the criteria of Zeng's report (12), and were 
generally classified into three groups as follows: hepatic 
portal, peripancreatic, and paraaortic lymph nodes. The 
clinical diagnosis of LNM from computed tomography (CT) 
or magnetic resonance imaging (MRI) was made based on 
the following criteria: (I) the shortest diameter of the lymph 

node exceeded 1 cm and (II) the lymph node was contrast-
enhanced in three phases. A positron emission tomography 
and computed tomography (PET-CT) scan was optional in 
these patients. 

All patients underwent pretreatment baseline evaluation, 
such as physical examination, chest radiography, complete 
blood cell count (CBC), liver function testing, serum 
chemistry, serum alpha-fetoprotein (AFP) for patients who 
were HCC positive, and contrast-enhanced abdominal CT 
scan and/or MRI. 

Treatment

Patients selected treatment by IG-IMRT or non-IG-IMRT 
according to doctors’ recommendations and the patients’ 
intentions and provided written informed consent. Patients 
in non-IG-IMRT group treated by either 3D conformal RT 
(CRT) (n=30) or IMRT (n=12). Of the 85 HCC patients, 
74 patients with hepatitis B virus received antiviral therapy 
before and during radiotherapy. A 4D-CT simulator with 
contrast was performed to access respiratory liver motion 
with abdominal compression and to determine the internal 
target volume (ITV) (14). The radiation dose was limited 
by organ at risk (OARs), primarily the gastrointestinal (GI) 
tract. The target volume included involved lymph nodes, 
with or without intrahepatic lesions, and their abdominal 
lymph drainage regions. Gross target volume (GTV) was 
defined as enlarged lymph nodes and intrahepatic tumor. 
The ITV for intrahepatic lesions was determined by the 
summation of GTVs on inspiration and expiration. The 
clinical target volume (CTV) of lymph nodes was defined 
as ITV with a 3–5 mm margin (15) plus the surrounding 
lymph drainage regions. The planning target volume (PTV) 
was defined as CTV plus a margin of 5 mm in non-IG-
IMRT group, and plus 3 mm in the IG-IMRT group. 

IG-IMRT was delivered by helical tomotherapy 
(Hi-ART), and non-IG-IMRT was delivered by linear 
accelerator (Siemens ONCOR). The treatment plans 
were produced by physicists based on the dose parameters 
required by oncologists. The total radiation doses were 
translated to biological effective doses (BED10) according 
to a linear quadratic model with α/β =10 Gy, which allowed 
comparability among the two groups. The median BED10 of 
PTV was 65 Gy in this study. The mean BED10 of IG-IMRT 
and non-IG-IMRT were 67.23±8.48 vs. 63.43±5.01 Gy,  
respectively. Each patient was treated with five fractions 
per week. The prescribed dose was to cover 95% of an 
isodose curve. Patients in the IG-IMRT group underwent 
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megavoltage computed tomography (MVCT) before each 
treatment to correct the displacement of all the target 
volumes from the original positions on previous simulation 
CT. Electronic portal imaging device measurements were 
performed in the non-IG-IMRT group once per week. 

Follow up

Patients underwent blood monitoring for parameters such 
as CBC, liver function, serum chemistry values, and AFP for 
patients who were positive at diagnosis as well as physical 
examinations once a week during radiotherapy. The tumor 
responses to EBRT were evaluated 1.5–2 months later with 
follow-up CT or MRI after completion of RT, and then 
evaluated every 3 months. The OS was calculated from the 
first day of RT treatment to either the last visit (September 
15, 2018) or the date of death. The data from last follow up 
for living patients, death for patients who died, or the last data 
prior to loss of follow up were considered as end point data.

Response and toxicity evaluation

Tumor response evaluation was performed following 
Response Evaluation Criteria in Solid Tumors (RECIST), 
Version1.1 (16), and done by two investigators and reviewed 
by an independent radiologist. Complete response (CR) was 
defined as complete radiologic disappearance of intrahepatic 
tumors in-field of radiation. However, CR for all the 
metastatic lymph nodes was defined as total vanishment 
or less than 1cm remaining for each, based on clinical or 
radiographic evidence. If the decrease in the sum of the 
longest cross-sectional area of the target lesion reached 
≥30% reduction, it was defined as partial response (PR). 
When the target lesions increased more than 20% in the 
sum of diameters, it was defined as progressive disease (PD). 
Stable disease (SD) was defined as a response between PR 
and PD.

Toxicity evaluation was based on Radiation Therapy 
Oncology Group (RTOG) criteria (17) and the criteria of 
radiation-induced liver disease (RILD). Acute toxicity was 
evaluated weekly during RT and within 3 months after 
RT while late toxicity was accessed 3 months later and 
within 1 year after EBRT. Hepatotoxicity induced by RT 
was defined as classic RILD and non-classic RILD. Classic 
RILDs are characterized by anicteric hepatomegaly 
and ascites 1–3 months after RT. Non-classic RILD is 
characterized by 5-fold of the alanine aminotransferase 
(ALT) elevation (18,19).

Statistical analysis

Data were expressed as the mean ± standard deviation or 
median. The Kaplan-Meier method and log-rank test were 
applied to analyze OS. The χ2-test and Mann-Whitney U 
test were performed to compare the two groups with respect 
to baseline characteristics, response and toxicity evaluations. 
The Cox’s regression model was used for multivariate analysis 
of survival. For multivariate analysis, variables in univariate 
analysis with a P value ≤0.1 were entered in a single step, 
applying backward stepwise regression (likelihood ratio). 
A P value <0.05 was considered statistically significant. All 
statistical analyses were performed using SPSS 24.0 software 
(IBM Corp, Armonk, USA) for windows.

Results

Patient characteristics

The baseline summary of HCC patients with LNM 
included in this study is shown in Table 1. There were  
77 men and 8 women, and the median age was 52 years 
(range, 31–76 years). Six patients (7.1%) were diagnosed 
with HCC and LNM synchronously. Of the 85 patients, 
18 (21.2%) had tumor thrombosis, and 62 (72.9%) had 
intrahepatic tumor together with LNM at the time of RT. 
Of those 62 patients, 44 (71.0%) were treated for both 
intrahepatic tumor and metastatic lymph nodes. There 
were 48 patients (56.5%) who presented with ≥2 metastatic 
lymph nodes. Patients in the IG-IMRT group (n=42) and 
the non-IG-IMRT group (n=43) had similar characteristics. 

Dosage comparison and tumor response

The radiation dose delivered to PTV by IG-IMRT 
was significantly higher than that delivered by non-IG-
IMRT. The mean dose of IG-IMRT vs. non-IG-IMRT 
was 56.02±7.06 (1.8–5.2 Gy/fraction) vs. 52.86±4.17 Gy 
(1.8–2.4 Gy/fraction), respectively (P=0.009). The 1- and 
2-year local control rates (LCRs) for the two groups were 
significantly different (P=0.019), indicating an obvious 
advantage for the IG-IMRT group (Figure 1).

Prior to radiotherapy, three patients in the non-IG-
IMRT group and one in the IG-IMRT group complained 
of upper abdominal pain, and one patient per group suffered 
from jaundice before radiotherapy. After the completion 
of radiotherapy, pain was relieved in all and jaundice was 
completely cleared.

Figure 2 shows a representative case. The target volumes 
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Table 1 Baseline characteristics in 85 hepatocellular carcinoma 
patients with lymph node metastasis

Variables
IG-IMRT 
(n=43)

Non-IG-IMRT 
(n=42)

P values

Age (years)

Median ± SD 51.7±9.9 52.6±10.6 0.689

Range 35–76 31–74

Gender, n (%) 0.684

Female 3 (7.0) 5 (11.9)

Male 40 (93.0) 37 (88.1)

HBsAg, n (%) 0.967

Negative 5 (11.6) 6 (14.3)

Positive 38 (88.4) 36 (85.7)

KPS, n (%) 0.084

80 6 (14.0) 8 (19.0)

90 37 (86.0) 31 (73.8)

100 0 (0.0) 3 (7.1)

Child-Pugh classification, n (%) 0.485

A 41 (95.3) 42 (100.0)

B 2 (4.7) 0 (0.0)

AFP status (μg/L), n (%) 0.363

≤20 20 (46.5) 12 (28.6)

20–400 7 (16.3) 10 (23.8)

≥400 13 (30.2) 15 (35.7)

Unknown 3 (7.0) 5 (11.9)

Tumor thrombosis, n (%) 0.955

Negative 34 (79.1) 33 (78.6)

Positive 9 (20.9) 9 (21.4)

Intrahepatic tumor, n (%) 0.859

Presence 31 (72.1) 31 (73.8)

Absence 12 (27.9) 11 (26.2)

Symptom, n (%) 0.563

Pain 1 (2.3) 3 (7.1)

Jaundice 1 (2.3) 1 (2.4)

No 41 (95.3) 38 (90.5)

Synchronous LNM, n (%) 0.650

Presence 2 (4.7) 4 (9.5)

Absence 41 (95.3) 38 (90.5)

Site of LN , n (%) 0.798

Portal 5 (11.6) 7 (16.7)

Peripancreatic 21 (48.8) 19 (45.2)

Paraaortic 17 (39.5) 16 (38.1)

Table 1 (continued)

Table 1 (continued)

Variables
IG-IMRT 

(n=43) (%)
Non-IG-IMRT 

(n=42) (%)
P values

LN number, n (%) 0.754

Solitary 18 (41.9) 19 (45.2)

Multiple 25 (58.1) 23 (54.8)

LN size (cm)†, n (%) 0.154

<5 23 (53.5) 16 (38.1)

≥5 20 (46.5) 26 (61.9)

Before treatment of intrahepatic tumor, n (%) 0.595

Surgery 27 (62.8) 23 (54.8)

Non surgery 16 (37.2) 19 (45.2)

Radiation fraction, n (%)

Mean 21.63±4.33 26.05±1.97 <0.001

Dose (Gy)

Mean ± SD 56.02±7.06 52.86±4.17 0.009

BED10 (Gy)

Mean ± SD 67.23±8.48 63.43±5.01 0.008

<65, n (%) 19 (44.2) 32 (76.2)

≥65, n (%) 24 (55.8) 10 (23.8) 0.003
†, sum of the longest diameters of multiple lymph nodes. IG-
IMRT, image-guided intensity-modulated radiotherapy; HBsAg, 
hepatitis B surface antigen; KPS, Karnofsky Performance 
Status; AFP, α-fetoprotein; TACE, transcatheter arterial 
chemoembolization; LNM, lymph node metastasis; LN, lymph 
node.
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Figure 1 Local control of LNM in the IG-IMRT and non-IG-
IMRT group of HCC patients. IG-IMRT, image-guided intensity-
modulated radiotherapy; LNM, lymph node metastasis; HCC, 
hepatocellular carcinoma.
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Figure 2 CT scan (arterial phase) for a 46-year-old man with right lobe HCC and paraaortic LNM. Two treatment plans based on the 
same target delineation were produced for IG-IMRT and 3D-CRT to compare dose distribution by physicist. (A,D) Dose distribution of 
intrahepatic tumor for IG-IMRT and 3D-CRT, respectively; (B,E) dose distribution of LNM for IG-IMRT and 3D-CRT, respectively; 
(C,F) dose distribution of all the lesions for IG-IMRT and 3D-CRT (shown in the coronal view); (G,H) DVH of IG-IMRT and 3D-CRT, 
respectively. CT, computed tomography; HCC, hepatocellular carcinoma; LNM, lymph node metastasis; IG-IMRT, image-guided intensity-
modulated radiotherapy; 3D-CRT, conformal radiotherapy; DVH, dose-volume histogram.

of the GTV, PTV, and OARs were based on the same target 
delineation for both the IG-IMRT and 3D-CRT treatment 
plans. The dose data of the above target volumes, according 
to dose constrains are listed in Table 2, and indicate that 
IG-IMRT had an obvious advantage in protecting OARs, 
such as the normal liver (whole liver, excluding GTV), 
intestines, and kidneys (especially the left kidney for this 
patients). However, the maximal dose for the spinal cord 
for this patients’ IG-IMRT plan was greater than that for 
the 3D-CRT plan with the permission of dose constrain of 
spinal cord. The conformal degree of IG-IMRT treatment 
was superior with PTV45, PTV55, and PTV57.5, compared 

to 3D-CRT.

Survival analyses and prognostic factors

At the end point, three patients in the IG-IMRT group 
(n=43) and four patients in the non-IG-IMRT group (n=42) 
were alive, and the others had died. The median OS of the 
IG-IMRT vs. non-IG-IMRT group was 15.3 vs. 9.7 months, 
respectively (P=0.098), the relative risk (RR) value was 0.67, 
and 95% CI was 0.42–1.08. However, the 1-year survival of 
the IG-IMRT group vs. non-IG-IMRT group was 69.1% 
vs. 38.1%, respectively (P=0.006), which demonstrated a 
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survival advantage of IG-IMRT irradiation. The survival 
of the IG-IMRT vs. non-IG-IMRT group was 19.3% vs. 
14.5%, respectively, at 2 years (P=0.066) (Figure 3). 

Univariate and multivariate survival analyses (Table 3) 
showed that ≥2 lymph nodes (RR, 2.00, 95% CI, 1.22–3.29, 
P=0.006) and previous treatment without surgery (RR, 1.71, 
95% CI, 1.02–2.88, P=0.043) are unfavorable prognostic 
factors associated with worse survival rates. The radiation 

dose BED10 ≥65 Gy was a protective factor (P<0.001, RR, 
0.32, 95% CI, 0.19–0.54. A higher radiation dose, within 
the dose limits of OARs, indicated better survival rates. 
Table 3 provides detailed data of survival analyses and Cox 
regression analyses.

Toxicity

Treatment-related toxicities, such as acute and late GI 
toxicities, hematological toxicity, and acute hepatic 
toxicity, were observed at similar rates in both groups 
(Table 4). Acute toxicity and hematological toxicity were 
mild, with no acute toxicity greater than grade 4 toxicity 
observed in either group. Five total patients with elevated 
liver enzymes within 3 months after RT were considered 
to have acute liver reactions. Late hepatic toxicity was 
found to be similar between the two groups (P=0.366). 
Massive ascites (grade 3) were found within 6 months in 5 
patients (11.9%) in the non-IG-IMRT group vs. 2 patients 
(4.7%) in the IG-IMRT group. Three patients (7%) in 
the IG-IMRT group and 1 patient (2.4%) in the non-IG-
IMRT group were observed for hepatic encephalopathy 
(grade 4) and late hepatic toxicity, and suffered liver failure 
within 1 year after completion of radiotherapy. However, 
three patients died of grade 5 late hepatic toxicity in the 
non-IG-IMRT group, while only one patient did so in the 
IG-IMRT group.

Cause of death

Of the 78 patients who had died, 33 (42.3%) died of liver 

Table 2 Comparison of dose distribution of OARs for IG-IMRT 
and 3D-CRT treatment plan

OAR Dose type IG-IMRT 3D-CRT

Liver (normal) V30 (%) 23.8 25.6

V20 (%) 41.2 58.7

V10 (%) 55.8 69.7

V5 (%) 75.7 78.2

D max (Gy) 62.4 57.7

D mean (Gy) 18.5 21.9

Spinal cord D max (Gy) 36.8 30.3

Intestine V50 (%) 0.79 4.29

D max (Gy) 56.6 55.4

D mean (Gy) 20.3 28.7

Stomach V50 (%) 0 0.02

D max (Gy) 48.4 52

D mean (Gy) 20.6 17.9

Right kidney V22.5 (%) 16.9 30.7

D max (Gy) 56.3 54.8

D mean (Gy) 13.2 14.6

Left kidney V15 (%) 22.9 41.1

D max (Gy) 51.02 53.71

D mean (Gy) 9.97 14.1

PTV45 CI 0.65 0.20

HI 0.31 0.03

PTV55 CI 0.46 0.18

HI 0.07 0.07

PTV57.5 CI 0.52 0.18

HI 0.08 0.07

OAR, organ at risk; IG-IMRT, image-guided intensity-modulated 
radiotherapy; 3D-CRT, conformal radiotherapy; CI, conformal 
index; HI, homogeneity index.
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Figure 3 OS curve of the IG-IMRT and non-IG-IMRT group 
of HCC patients with LNM. IG-IMRT, image-guided intensity-
modulated radiotherapy; OS, overall survival; HCC, hepatocellular 
carcinoma; LNM, lymph node metastasis.
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Table 3 Univariate and multivariate analyses for overall survival

Variables
Patients 
(n=85)

Kaplan-Meier survival Univariate analysis Multivariate analysis

1-year (%) 2-year (%) Median (mon) P value RR, 95% CI P value RR, 95% CI P value

Gender 0.293

Female 8 87.5 30.0 14.7 1

Male 77 49.7 16.1 11.9 0.62 (0.25–1.53) 0.298

Child-Pugh 
classification

0.350

A 83 53.4 17.3 12.3 1

B 2 50.0 0 7.5 1.94 (0.47–8.02) 0.360

Tumor thrombosis 0.073

Negative 67 57.4 20.3 12.8 1

Positive 18 38.1 6.3 6.4 1.67 (0.95–2.93) 0.077

Intrahepatic tumor 0.004

Presence 62 52.5 45.3 12.2 1

Absence 23 55.7 8.8 17.7 2.45 (1.31–4.60) 0.005

Site of LN involvement 0.124 0.130

Portal 12 41.7 25.0 9.7 1

Peripancreatic 40 64.8 21.6 15.4 0.77 (0.38–1.53) 0.451

Paraaortic 33 43.4 8.3 11.6 1.32 (0.65–2.70) 0.441

LN number 0.087

Solitary 37 60.8 24.3 15.4 1 1

Multiple 48 47.6 9.9 11.5 1.52 (0.94–2.47) 0.089 2.00 (1.22–3.29) 0.006

LN size (cm) 0.017

<5 39 62.6 27.9 16.0 1

≥5 46 45.7 8.4 11.5 1.79 (1.10–2.91) 0.019

Previous treatment 0.001

Surgery 46 61.0 22.8 14.7 1 1

Non surgery 39 36.7 3.3 10.1 2.18 (1.34–3.53) 0.002 1.71 (1.02–2.88) 0.043

EBRT P=0.006 P=0.066 0.098

IG-IMRT 42 69.1 19.3 15.3 1

Non-IG-IMRT 43 38.1 14.5 9.7 0.67 (0.42–1.08) 0.101

BED10 <0.001

<65 51 37.3 5.7 9.7 1 1

≥65 34 78.5 33.9 18.2 0.34 (0.20–0.58) <0.001 0.32 (0.19–0.54) <0.001

RR, relative risk; EBRT, external beam radiotherapy.
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failure, of which 29 patients [14 patients in non-IG-IMRT 
group vs. 15 patients in image guided radiotherapy (IGRT) 
group] were caused by progression of intrahepatic tumors, 
while others were caused by RILD. The incidence of 
extrahepatic metastasis of non-IG-IMRT group vs. IG-
IMRT group was 7 (18.4%) vs. 9 (22.5%). There were 
three patients died of GI bleeding, one patient in IG-IMRT 
group vs. two in non-IG-IMRT group. Only one patient in 

this study died of pulmonary infarction.

Discussion

With the improvement of RT technologies, the radiation 
dose can be delivered much more precisely, without 
substantially increasing the dose to OARs. EBRT is a 
treatment option for all tumors irrespective of the location 
recommended by American 2017 NCCN guidelines of 
hepatobiliary cancers (20). In our previous studies, one 
study in 2005 collected HCC patients with LNM, patients 
in EBRT group achieved 9.4 months of OS compared with 
3.3 month of non-EBRT group (12). Another study in 2013 
analyzed 191 patients with LNM from HCC treated by 
EBRT provided a survival of 8.0 months (21). A report from 
Korea showed similar survival of 10.0 months (22). A series 
of studies shows EBRT is an effective treatment option 
for HCC patients with LNM and provides a noninvasive 
methodology. 

In this study, we performed a retrospective analysis to 
evaluate responses and toxicities of IG-IMRT and non-IG-
IMRT for HCC patients with LNM. The median survival 
of patients in non-IG-IMRT group treated by 3D-CRT 
or IMRT techniques was 9.7 months, which is consistent 
with our former studies. Interestingly, patients in IG-IMRT 
group achieved a longer median survival of 15.3 months 
(P=0.098). A further analysis on 1-year survival of the two 
groups showed 31.0% of improvement in IG-IMRT group 
with P=0.006. IG-IMRT showed a short-term survival 
benefit at 1 year. Therefore, a large scale further research is 
definitely in need. 

IG-IMRT is well known for its maximal accuracy and 
precision throughout the whole RT period by applying 
imaging guidance, which makes it possible to deliver 
higher radiation doses with less fractions. A dose-response 
relationship of RT in HCC patients has been reported from 
several studies (23-25). We summarized a list of clinical 
outcomes of EBRT for HCC patients with LNM in the past 
two decades, which is shown in Table 5. We can conclude 
that the median OS of patients in non-IG-IMRT group 
was within the range of 5.0–13.0 months and the range 
of median BED10 was from 39.0 to 75.0 Gy. The median 
BED10 for IG-IMRT in this study was 67.2 Gy and for 
IMRT in Jang’s study was 75 Gy (29). However, the median 
OS and 1, 2-year survival rate of patients in IMRT were still 
not as good as patients in IG-IMRT group compared with 
this study. In this study, there was no significant difference 
at 2-year survival, IG-IMRT vs. Non-IG-IMRT was 19.3% 

Table 4 Toxicity of radiotherapy delivered by IG-IMRT or non-
IG-IMRT

Side effect, RTOG grade
IG-IMRT 

(n=43), (%)
Non-IG-IMRT 

(n=42), (%)
P value

Acute gastrointestinal toxicity 0.432

0 7 (16.3) 4 (9.5)

1 28 (65.1) 26 (61.9)

2 8 (18.6) 12 (28.6)

Late gastrointestinal toxicity 0.652

0 37 (86.0) 37 (88.1)

2 2 (4.7) 3 (7.1)

3 4 (9.3) 2 (4.8)

Hematological toxicity 1

0 20 (46.5) 19 (45.2)

1 15 (34.9) 15 (35.7)

2 7 (16.3) 7 (16.7)

3 1 (2.3) 1 (2.4)

Acute hepatic toxicity 1

0 40 (93.0) 40 (95.2)

1 3 (7.0) 2 (4.8)

Late hepatic toxicity

0 29 (67.4) 33 (78.6) 0.011

1 5 (11.6) 0 (0.0)

2 3 (7.0) 0 (0.0)

3 2 (4.7) 5 (11.9)

4 3 (7.0) 1 (2.4)

5 1 (2.3) 3 (7.1)

0–2 37 (86.0) 33 (78.6) 0.366

3–5 6 (14.0) 9 (21.4)

IG-IMRT, image-guided intensity-modulated radiotherapy; 
RTOG, Radiation Therapy Oncology Group.
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Table 5 Clinical outcomes of previous studies of EBRT for hepatocellular carcinoma patients with lymph node metastasis

Study Year Country Modality Group
Median dose 
(BED10, Gy)

Fraction 
size (Gy)

Overall survival MOS 
(months)

1-year OS (%) 2-year OS (%)

Yoon (26) 2004 Korea 3D (n=51) 39–66.3 2.0–3.0 7.0 31.3 15.7

Zeng (12) 2005 China 2D EBRT (n=62) 60 2.0 9.4 42.1 19.9

Non-EBRT 
(n=63)

3.3 3.4 0

Park (27) 2006 Korea 2D/3D (n=45) 50 1.8–3.0 7.0 35.2 21.7

Yamashita (28) 2007 Japan 3D (n=28) 60 2.0 13.0 53.0 33.0

Jang (29) 2009 Korea IMRT (n=42) 75 5.0 12.3 50.1 14.9

Chen (21) 2013 China 2D/3D (n=191) 60 2.0 8.0 39.3 18.9

Lee (30) 2015 Korea 3D (n=43) 50 1.8–3.0 8.1 for both groups 19.6

IMRT (n=22) 54.6

Wee (31) 2016 Korea 3D/IMRT (n=105) 58.5 1.8–3.0 5.8

This study 2019 China IGRT (n=43) 67.2 1.8–5.2 15.3 69.1 19.3

3D/IMRT (n=42) 63.4 1.8–2.4 9.7 38.1 14.5

EBRT, external beam radiotherapy; IGRT, image guided radiotherapy; OS, overall survival.

vs. 14.5%, P=0.066. Seemingly, advanced techniques with 
improved radiation doses was not necessarily benefited 
long-term survival, and deserve further observation to draw 
definitive conclusions. 

Tumor responses and the objective response rate (ORR) 
of the two groups analyzed in the present study showed no 
significance. Furthermore, we performed subgroup analyses 
to explore what kind of patients in the two groups benefited 
more from IG-IMRT based on ORR. We found that HCC 
patients with multiple LNMs achieved 100% ORR with 
IG-IMRT, while only 73.9% in the non-IG-IMRT group, 
(P=0.007). In this subgroup analysis, six patients (26.1%) in 
the non-IG-IMRT group had SD, which indicated that IG-
IMRT had an advantage in patients with multiple targets. 
Although a less than 10% higher therapeutic dose was 
delivered to the IG-IMRT group [which made the group 
had a better 1-, and 2-year LCR compared to the non-IG-
IMRT group; 1-year LCR was 74% vs. 52.3% and 2-year 
LCR was 69% vs. 47%, respectively (P=0.019)], it provided 
a potential survival benefit. However, as a result of palliative 
radiation dose limitations by OARs, the dose was not high 
enough to improve long-term OS. Meanwhile, two patients 
(5%) in the IG-IMRT group vs. four (10.5%) in the non-
IG-IMRT group died of lymph node-related complications 
induced by enlarged lymph nodes, such as obstructive 
jaundice, pyloric obstruction, intestinal paralysis, and 

inferior vena cava. The percentage of patients who died 
of lymph node-related complications in our study was 
consistent with 8% of patients reported by our previous 
studies. 

As described above, patients in the IG-IMRT group 
received slightly higher radiation doses. However, the 
results of toxicity evaluations of acute and late GI toxicities, 
hematological toxicity, and acute hepatic toxicity were 
similar to those for the non-IG-IMRT group, which was 
delivered at relative low doses and no grade 4 or grade  
5 toxicities were observed. Abdominal LNMs were usually 
surrounded by intestinal tract, which limited the dose 
escalation up to radical doses. To some extent, IG-IMRT 
relieved this limitation and improved short-term OS. 
This is consistent with Jiang’s report about unresectable 
intrahepatic tumors in HCC patients (32) and Hou’s report 
on HCC patients with portal vein and/or inferior vena 
cava tumor thrombi (33). Nevertheless, the reason why 
less than 10% dose escalation of BED can significantly 
improve short-term OS remains unclear, and further study 
is necessary to achieve definitive conclusions. 

One patient (2.3%) in the IG-IMRT group and three 
patients (7.1%) in the non-IG-IMRT group died of liver 
failure is the main cause of death for HCC patients with 
LNM in this study. Liver failure caused by hepatotoxicity 
is definitely different from tumor progression which can be 
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differentiated by RILD mentioned above. It showed similar 
dose distribution between the two groups except for the 
percentage of whole liver covered by at least 5 Gy (V5) (33).  
Furthermore, we compared the treatment plan of one 
patient treated by IG-IMRT or non-IG-IMRT from the 
respect of a RT oncologist. The dose distribution from V5–
V30 and mean dose of normal liver in IG-IMRT treatment 
plan are less than CRT. The protection of OARs including 
stomach, intestine and kidneys in IG-IMRT treatment plan 
is better than CRT. Furthermore, the conformal index and 
homogeneity index are both better in IG-IMRT treatment 
plan than CRT. With the dose permissible by OARs and 
normal liver, the IG-IMRT group yielded a successful dose 
escalation. In addition, patients in the IG-IMRT group 
had at least a 1-week shorter course of treatment than did 
patients in the non-IG-IMRT group.

In this study, the following limitations should be 
considered. First, the survival analysis is limited by 
retrospective nature and small number of patients. Second, 
treatment selection depends on patients’ economics greatly. 
IG-IMRT has not included in medical insurance in China 
during the period of our study. Third, it is very uncommon 
for patients with LNM from HCC, it is difficult to reach 
large scale of patients. Therefore, a further multi-center 
and random clinical trial on the effect of IG-IMRT and 
non-IG-IMRT is definitely necessary to get a confident 
conclusion. 

Conclusions

The therapeutic dose delivered by IG-IMRT is slightly 
higher than non-IG-IMRT which was more effective and 
showed superior short-term survival and local control in 
HCC patients with LNM.
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