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Abstract

Hepatocellular carcinoma (HCC), 2nd most lethal cancer globally, is the major type of primary liver
malignancies currently resulting in about 800,000 deaths globally per annum. Surgical resection
remains the only curative treatment to HCC, which does not fit for many patients diagnosed with
advanced HCC. Radiation therapy has been gradually concerned as an optional treatment for
patients with advanced unresectable HCC. This study aimed to compare external radiation (beam
radiation) and internal radiation as a single radiation therapy to advanced HCC patients (TNA stage
Il and IV according to the derived AJCC Stage, 6th edition) stratified by other risk factors, based on
the data collected from the Surveillance, Epidemiology and End Results (SEER) national database. In
this cohort study, we mainly clarified the following three points: 1. Choices of radiation therapy for
advanced HCC patients vary in demographic and clinical factors. Among these, TNM classification is
the key factor. 2. Internal radiation provides a better prognosis in both OS and CSS. 3. Patients in
stage IV could benefit from internal radiation preferentially, while for patients in stage Ill, internal

radiation therapy makes no difference compared with external radiation.
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Introduction

Primary Malignancy in liver has become one of
the most common and lethal malignant tumors
worldwide, presenting a severe threat to the life
quality of patients (1). Hepatocellular carcinoma
(HCC), the second most lethal cancer globally (2), is
the major type of primary liver malignancy (85-90%)
(3), currently resulting in about 800,000 deaths
globally per annum (4, 5), with even increasing
incidence and related-mortality in multiple regions
and nations especially like the USA and East Asia
countries (5).

Optimal treatment selections for HCC can be
varied based on a diverse spectrum of severity in
patients (6). Surgical treatments including surgical
hepatic resection and liver transplantation have been
regarded as potentially curative treatments for HCC,
providing a far better long-term relapse-free survival

rates (40%) and five-year survival rates (90%) than
other alternatives in carefully selected patients (7, 8).
Speaking of the surgical standard, the existing BCLC
(Barcelona Clinic Liver Cancer) staging system and
Milano criteria have been questioned in one way or
another (9, 10). In order to get a better prognosis for
the patients, sometimes can even be the majority,
failing to meet the indications of surgical treatments,
alternative options like radiations, ablation and
chemotherapy need considering.

Radjiation therapy has been gradually concerned
as an optional treatment for patients with advanced
unresectable HCC (11). Fortunately, HCC is a
radiosensitive tumor located in a radiosensitive
organ, suggesting the possible effectiveness of
radiotherapy (12). Yet solid clinical evidence has been
absent to justify the effectiveness and safety of
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radiotherapy. According to the data documented in
the SEER database, conventional radiotherapy of
HCC can be classified into basically two types, the
external and internal radiotherapy. The former mainly
refers to the beam radiation therapy, parallel radiation
beam from external origin directly kills the tumor
lesion. While the latter refers to implantation of
radioactive particles, like radioactive isotopes
adjacent to the primary malignancy, providing
continuous and accurate radiation (13, 14). Both of
them have been served in clinical practice for treating
advanced HCC, but with vague boundaries and
unspecific target populations. Missing data and
evidence fail to confirm a personalized radiotherapy
guideline and evaluation pattern for prognosis. The
SEER database only provides information on
radiation therapy methods, without mentioning data
relating to aims (palliative or curative), doses and

SEER registry patients diagnosed with
primary HCC (Site ICD-O code:220;
Histological ICD-O code:8170-8175 )
2004-2013
N=54094

schemes. Therefore we decided to focus on
comparison between internal and external radiation
therapies.

This study aimed to compare external radiation
(beam radiation) and internal radiation as a single
radiation therapy to advanced HCC patients (TNA
stage Il and IV according to the derived AJCC Stage,
oth edition) stratified by other risk factors. We
examined OS and CSS of these radiation therapies and
tried to come up with optimal radiation schemes for
HCC patients in multiple states.

Materials and methods

We applied data collected from the Surveillance,
Epidemiology and End Results (SEER) national
database to perform a retrospective cohort study.
Identification of patients with confirmed HCC

diagnosis was done by utilizing site
ICD-0-code 220 and  histological
ICD-0-code 8170-8175. Patients diagnosed
with solid histological evidence were
further selected. Moreover, we specially
enrolled patients with TNM stage III and

N=23665

Diagnosis without histological

» confirmation

IV (according to the derived AJCC Stage,
6 edition). Among these chosen patients,
we finally identified in total 641 patients
with a single and certain radiation therapy
(beam radiation or internal radiation)

Histological confirmed diagnosis
N=30429

meeting all the criteria above (Figure 1).
Approval was obtained from the Shanghai
Huashan hospital Review Board and a data
use agreement was completed for this
project. Data was abstracted using the
SEER Stat Software, version 8.4, National

N=19988

TNM stage | Il or unknown

Cancer Institute, Washington DC.
Characteristics analysis including

gender, marriage, age (stratified in

groups), race, tumor grade, size (stratified

Confirmed TNM stage Ill and IV.
N=10441

in groups), lymph invasion and TNM
classification. The reason why we did not
include metastasis is that whether the
tumor has distally metastasized or not
determines the TNM classification to be IV
or III. In these circumstances, metastasis

N=9800

No radiation therapy, unclear radiation
therapy or multiple combined radiation

therapies; previous chemotherapy

status would be one and the same thing as
TNM classification. Cohort stratification of
patients was based on the types of
radiation therapy: beam radiation and

Final cohort
N=641

Figure 1. Flowchart of patient inclusion in this cohort study.

internal radiation. Beam radiation is
labeled by radiation code in SEER database
as “beam radiation”, while the latter
includes both of the labels “radioisotope”
and “radioactive implants”. As mentioned
above, in order to get a better comparison,
we further stratified age and size into
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subgroups separately with the assistance of X-tile
software: <50, 50-69 and 270 years; <3.0, 3.0-5.0 and
>5.0cm.

Table 1. Characteristics of patients with advanced liver cancer in
SEER database.

Parameter Characteristic Number Beam Internal X2 P
of radiation radiation value
patients W
Gender 0.746  0.388
Male 542 416 (76.8) 126 (23.2)
Female 99 72(72.7) 27 (27.3)
Marriage 24531 <0.001
Married 348 242 (69.5) 106 (30.5)
Divorced 84 74 (88.1) 10 (11.9)
Seperated 7 6(857) 1(14.3)
Single (never 124 103 (83.1) 21 (16.9)
married)
Widowed 55 47 (85.5) 8 (14.5)
Unknown 22 16 (72.7) 6(27.3)
Age 2.095 0.351
<50 49 39 (79.6) 10 (20.4)
51-69 367 285 (77.7) 82(22.3)
=70 225 164 (72.9) 61 (27.1)
Race 0.345 0.841
White 454 344 (75.8) 110 (24.2)
Black 107 81 (75.7) 26(24.3)
*Others 80 63 (78.8) 17 (21.3)
Grade 58.232  <0.001
I-Well differentiated 82 44 (53.7) 38 (46.3)
II-Moderately 99 57 (57.6) 42 (42.4)
differentiated
III-Poorly 78 64 (82.1) 14 (17.9)
differentiated
IV-Undifferentiated 2 2 (100) 0 (0)
Unknown 380 321 (84.5) 59 (15.5)
Tumor 138.285 <0.001
stage
TO 9 9 (100) 0(0.0)
T1 125 115 (92.0) 10 (8.0)
T2 67 60 (89.6) 7 (10.4)
T3 259 136 (52.4) 123 (47.5)
T4 42 34 (96.4) 8(19.0)
TX 139 134 (96.4) 5 (3.6)
Size (cm) 59.184 <0.001
<3.0 60 55(91.7) 5(8.3)
3.0-5.0 70 59 (84.3) 11(15.7)
>5.0 317 200 (63.1) 117 (36.9)
Lymph 34.879 <0.001
node
invasion
NO 433 305 (70.4) 128 (29.6)
N1 83 63 (75.9) 20 (24.1)
NX 125 120 (96.0) 5 (4.0)
TNM stage 310.846 <0.001
I 184 54 (29.3) 130 (70.7)
v 457 434 (95.0) 23 (5.0)

*Others include American Indian/ AK Native, Asian/Pacific Islander.

Results

Patients characteristic

Among the total 641 patients selected based on
the criteria, comparisons in demographic and clinical
baseline data between the two different radiation
groups were done (Table 1). Demographically, we
found that married patients seemed more likely to
accept internal radiation than those who were

unmarried. This could be related to the higher cost of
the internal radiation, as marital status may indicate,
to a certain degree, the economic status. From the
clinical aspect, patients with better differentiated,
lager and restricted local invasion (T3) HCC are more
likely to receive internal radiation. Moreover, TNM
stage is another decisive factor. Most patients (70.7%)
with stage III accepted internal radiation therapy,
while 95% IV patients chose external radiation.

Survival analysis

As shown in Table 2, we primarily conducted
univariate analysis via Kaplan-Miere method to
explore the varied significance that each demographic
or clinical factor has on patients” overall survival (OS)
and cancer-specific survival (CSS). In univariate
analysis, to our surprise, age turned out to be one
influential factor to CSS and it demonstrated a trend
that elder patients got even longer lifespans.
Consistent with our conventional knowledge, almost
all the pathological factors (grade, T, N, M, tumor size
and tumor stage) were proved to influence OS and
CSS with statistical significance. However, as the
survival curves (Figure 2, Figure 3) indicated,
separated influence of some stratified factors was not
straightforward enough, like grade, T, tumor size and
N stage. But integrated TNM classification and
radiotherapy groups showed significant survival
difference. Clearly noted from the table and figures,
advanced stage suggested a worse prognosis in both
OS and CSS. Similarly, internal radiotherapy
provided a much better prognosis in OS and CSS than
external ones.

We further applied Cox survival analysis to
verify whether the potential risk factors can be viewed
as independent prognosis indicators (Table 2, Figure 4
and Figure 5). Among all the potential demographic
and clinical risk factors mentioned above, three
factors (T, TNM stage and radiation therapy) were
identified as independent prognosis indicators for OS
and four (age, T, TNM stage and radiation therapy)
for CSS. To be specific, except for T3 (HR:
0.935(0.696-1.256)) and T4 (HR: 1.093(0.849-1.409)), a
more advanced T stage suggested a worse prognosis
of patients. This is similar to TNM stage that IV may
indicate much worse overall survival than III. These
two factors behaved analogically in CSS. As for age,
patients older than 70 years old surprisingly owned
longer cancer-specific lifespans. This may be
contradicted to our previous recognition. The most
inspiring result was that for patients accepting
internal radiation therapy properly, both overall
survival and cancer-specific survival prognosis are
much better (for OS 1.488(1.159-1.912), for CSS
1.626(1.214-2.176)). Finally, Cox analysis revealed that
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patients of differed races had differed clinical
outcomes in CSS statistically.

Radiation therapy selection

Considering  there exists such diverse
distributions in the two radiation therapies for
patients of differed TNM classifications, we further
grouped the patients based on their TNM stages (III
and IV) to examine how differed choices of radiation
could influence the patients’ prognosis. Previous Cox
analysis revealed that internal radiation can provide a
better result in both overall survival and
cancer-specific survival. However, in patients of stage
111, external and internal radiation made no significant
differences in OS and CSS. On the contrary, even

though most stage IV patients chose external
radiation, internal radiation was actually beneficial to
patients in lifespan, both OS and CSS (Figure 6).

Discussion

Owing to its rapid exacerbation and surgical
unresectability, advanced HCC has always been a
severe challenge to the welfare of patients (15).
Nowadays, beyond surgical interventions, integrated
therapies provide a fresh perspective for advanced
malignancy treatment (16). Radiation therapy, which
used to be a palliative option for HCC treatment, now
was proved to be effective for the selected advanced
HCC patients (17, 18).

Table 2. Univariate and multivariate survival analyses for evaluating OS and CSS of advanced liver cancer patients in SEER database.

Parameter 6-month OS  Univariate analysis Multivariate analysis 6-month CSS  Univariate analysis ~ Multivariate analysis

Log rank x2 test P HR (95% CI) P Log rank x2 test P HR (95% CI) P
Sex <0.001 0.986 NI 0.429 0.513 NI
Male 39.1% 46.7%
Female 35.2% 47.3%
Age 3.080 0.214 NI 11.927 0.003 0.012
<=50 34.7% 39.6% Reference
51-69 36.0% 42.9% 1.372 (0.942-1.999)  0.099
>70 43.5% 54.9% 1.366 (1.108-1.684)  0.003
Race 2.087 0.352 NI 1.916 0.384 0.047
White 37.4% 45.0% Reference
Black 39.3% 48.7% 0.876 (0.678-1.131)
*Others 43.6% 54.4% 0.690 (.510-0.933)
Marital status 7.807 0.253 NI 14.114 0.028 NI
Married 40.8% 50.7%
Divorced 32.1% 34.4%
Separated 42.9% 42.9%
Single 33.1% 40.4%
Widowed 38.2% 48.1%
Unknown 50.0% 52.9%
Grade 10.685 0.030 NI 15.210 0.004 NI
1 47.6% 58.2%
I 51.5% 62,7%
111 33.3% 39.9%
v NI NI
Unknown 34.2% 41.3%
Tumor stage 45.614 <0.001 0.014 35.743 <0.001 0.040
TO 22.2% Reference 25.9% Reference
T1 36.8% 1.380 (0.702-2.712)  0.350  46.9% 1.107 (0.447-2.742)  0.826
T2 34.3% 0.735 (0.575-0.940)  0.014  40.4% 0.736 (0.557-0.973)  0.031
T3 49.0% 0.935 (0.696-1.256)  0.655  55.9% 1.025 (0.740-1.419)  0.883
T4 42.9% 1.093 (0.849-1.409) 0490 48.1% 1.133 (0.853-1.504)  0.389
Unknown 22.3% 0.717 (0.497-1.036)  0.077  31.6% 0.704 (0.456-1.086)  0.112
Size (cm) 20.731 <0.001 NI 15.990 0.001 NI
<3.0 40.0% 46.2%
3.1-4.9 41.4% 49.5%
>=5.0 44.8% 52.3%
Unknown 27.1% 36.5%
Lymph node invasion 16.475 <0.001 NI 15.330 <0.001 NI
Negative 43.2% 51.3%
Positive 37.3% 42.5%
TNM stage 94.664 <0.001 <0.001 79.049 <0.001 <0.001
11T 66.2% Reference 71.3% Reference
v 27.4% 0.429 (0.356-0.517)  <0.001 36.0% 0.450 (0.330-0.614)  <0.001
Radiation therapy 73.309 <0.001 0.001 64.526 <0.001 0.001
Beam radiation 29.1% Reference 37.4% Reference
Internal radiation 68.6% 1.488 (1.159-1.912)  0.001  74.5% 1.626 (1.214-2.176)

*Others include American Indian/AK Native, Asian/Pacific Islander.
NI not included in the multivariate survival analysis.
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Figure 2. Survival curves on CSS of influential factors via Kaplan-Miere univariate analysis.

In this cohort study, we mainly clarified the
following three points: Firstly, choices of radiation
therapy for advanced HCC patients vary in
demographic and clinical factors. Among these, TNM
classification is the key factor. Secondly, internal
radiation provides a better prognosis in both OS and
CSS. Moreover, patients in stage IV could benefit from
internal radiation preferentially, while for patients in
stage III, internal radiation therapy makes no
difference compared with external radiation.

The current guidelines have proposed the choice
of radiotherapy as a conversion or an adjuvant
therapy when primary HCC was diagnosed as
surgically unresectable (19). However, selection of a
single radiation protocol based on patients’
circumstances still remains empirical. Various
demographic and clinical factors can partially
influence patients” selection on radiation therapy. In
this study, we found that marital status can be one
influential factor. Specifically, married patients are

http://lwww.jcancer.org



Journal of Cancer 2019, Vol. 10

1176

more likely to accept internal radiation therapy than
those who live alone (divorced, separated and single
as well as widowed). This may be correlated to
social-economic influence because internal radiation
cost more than external one while married person
usually has a medical insurance.

From a pathological point of view, it is natural
that tumor characteristics determine the selection of
radiation. As concluded in this study, tumor stage,
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Figure 3. Survival curves on OS of influential factors via Kaplan-Miere univariate analysis

lymph node stage as well as tumor size are proved to
be influential elements in radiation therapy selection.
However, TNM stage would be the integration of the
factors above, thus it can be a guideline for protocol
choice of each patient. Although tumor differentiation
grade was also a significant factor for radiation
therapy according to our results. Nevertheless in
clinical practice, grade information gained from
non-surgical biopsy is not completely reliable.

100 g A
- 3.0-5.0cm
'>° 75
E >5.0cm
a == Unknown
= 50
S
>
O 25

D T T Ll 1
0 100 150
month
Size

1004 =
—_ — M
s 75
<
=]

7
= 504
e
@
>
O 254
0 = T = T 1
0 50 100 150
month
M stage

http://lwww.jcancer.org



Journal of Cancer 2019, Vol. 10

1177

100 1

- <69 years.
= §1-69 years

75 1

50

25

Cancer Specific Survival

month
Age

100 A
To

-T2
-—T3

75

== unknown

50

25 A

Cancer Specific Survival

100 1

-
=

75 -

50 .

25 -

Cancer Specific Survival

0 20 40 60
month

Stage

Figure 4. Survival curves on CSS of influential factors via Cox multivariate analysis

100 A

75 4

50

25

Cancer Specific Survival

month
Race

100

== internal radiation
== external radiation

75 1

50

25

Cancer Specific Survival

month
Radiation

In univariate and multivariate survival analysis,
we spotted that age was an independent indicator on
HCC patients” cancer-specific survival. Elder patients
(especially over 70s) seemed to have a longer
cancer-specific survival. This may be explained by
more frequent tumor screening for elder patients.
Further explorations can be done to clarify that how

age can influence the prognosis of advanced HCC
patients. Besides, race can be suspected as an
independent prognostic indicator for advanced
patients among demographical factors. This actually
is not the first time that studies revealed the impact of
potential racial diversity on malignancy outcomes
(20).
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The benefit of internal radiation varies in
patients with differed TNM classifications. For
patients with stage IV, internal radiation has a much
better prognosis in both OS and CSS than external
radiation. While for patients with stage III, there exists
no significant variance between internal and external
radiation. These discoveries endow this study with
clinical significance. Previously, according to some
empirical applications, patients with distal metastasis
(stage 1IV) are more likely to be recommended to
accept beam radiation. While for stage III patients,
internal radiation can be preferred for its high
efficiency (18, 21). These results we got could
challenge our conventional routine and stimulate
more innovations on current clinical practice.

As far as we are concerned, this SEER based
study is among the pioneering work to investigate
radiation protocol selection for advanced unresectable
HCC patients. Still, limitations remain as a retrograde
study. Initially, all the enrolled patients were
diagnosed with HCC between 2004 and 2013. During
more than one decade, radiation techniques keep
involving to provide better treatments. This possibly
resulted in bias while we calculate survival analysis

for those who were diagnosed lately may accept
improved radiation therapies for better prognosis.
Also, owing to the documents of SEER database, the
number of patients in different subgroup is not
strictly matched. Moreover, though we classified the
radiation therapies into mainly two types. It was
actually not a very detailed classification. Owing to
the missing information on aims (palliative or
curative), schemes and specific doses of the radiation
therapies from SEER database, our study was not able
to further explore prognostic value of these
detailed-classified radiation therapies. Last but not
least, though we excluded interference by
chemotherapy, it would be more convincing if we can
stratified radiation therapy based on the order with
surgery.

Conclusively, in this SEER based cohort study,
we described the diverse distributions on radiation
protocol selections for advanced unresectable HCC
patients. More importantly, we explored that patients
with TNM stage IV can benefit more from internal
radiation while for stage III patients internal or
external radiation makes no differences in long-term
prognosis. These findings can be contradicted to
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conventional thoughts. Hopefully, this study could
provide a challenging insight and a new guide for
future clinical practice.
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