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RARELY REPORTED LIVER TOXICITY IN PATIENTS WHO
WERE HEPATITIS B CARRIER AND UNDERWENT
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Purpose : This study is to report the clinical and dosimetric parameters of six patients
who were carriers of type B chronic hepatitis and developed grade 3 or 4 hepatic toxicity
after adjuvant or definitive concurrent chemoirradiation for gastric cancer.

Materials and Methods : From December 1993 through July 2001, 82 patients with gas-
tric adenocarcinoma underwent radiotherapy as adjuvant or definitive treatment. Ten
patients were carriers of type B chronic hepatitis on serology test. Six of 10 patients who
developed grade 3 or 4 hepatic toxicity within 4 months after radiotherapy, formed the
basis of this study. Five patients underwent external-beam radiotherapy with 45 Gy/1.8
Gy/25 fractions and 18 MV photons delivered to the tumor bed and regional lymphatics
over 5 weeks. One patient had the radiotherapy with 50.4 Gy/28 fractions. Concurrent
chemotherapy consisted of 3-6 (median: 5) weekly cycles of intravenous infusion with 5-
fluorouracil 2 gm/m? and leucovorin 300mg/m? for 24 hours. Dose-volume histograms of
the critical organs were used for the dosimetric factors in these patients.

Resuits : Six patients developed grade 3 or 4 hepatic toxicity, with a median interval of
38 days from completion of radiotherapy. One patient died of this complication and five
patients recovered. All but one patient had either serologic or histological evidence of
reactivation of chronic viral hepatitis. Mean dose of liver of the 6 patients ranged from
10.4 Gy to 22.9 Gy (mean: 17.2 Gy), while the percent volume receiving more than 30
Gy of radiation (Vg o) ranged from 7% to 37% (mean: 24%). Mean normal tissue com-
plication probability (NTCP) was 3.3%, ranging from 0.03% to 6.8%. Mean hepatic dose,
V3o 6y, and NTCP were all significantly lower than those of the 12 patients with hepatocel-
lular carcinoma and radiation-induced liver disease after three-dimensional conformal

radiotherapy.
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Conclusion : Hepatic toxicity after concurrent chemoirradiation, in patients who were

carriers of type B chronic hepatitis and underwent treatment for gastric cancer, deserves

special attention and was rarely reported in the literature. The tolerance of liver to radia-

tion was even lower than expected in the presence of concurrent chemotherapy.

[ Therapeut Radiol Oncol 2002; 9(1): 31-39 ]
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INTRODUCTION

Gastric cancer continues to be one of the
most important gastrointestinal cancers [19].
Surgical resection remains the main curative
treatment and plays the most important role in
approximately 50% of patients [5].
Radiotherapy has been gradually integrated into
the multi-modality treatment for patients with
gastric cancer in the past dacades [14]. Recent
randomized trial has proved the survival benefit
with the addition of post-gastrectomy adjuvant
concurrent chemoirradiation (CCRT) for
patients with adenocarcinoma of the stomach or
gastroesophageal junction [13]. Radiation-
induced liver disease (RILD) has been reported
to be one of the most important treatment-relat-
ed complications in patients with hepatic irradi-
ation [10]. Dosimetric factors were found to be
associated with the occurrence of RILD [11]. In
addition, hepatic toxicity with the presentation
of reactivation of type B viral hepatitis was sel-
dom reported for patients undergoing
chemotherapy for the hematologic malignancies
[22]. Among the few series of patients with
hepatitis reactivation after chemotherapy for
solid tumors, Yeo et al. described 15 of 78 cases
with reactivation of hepatitis B during
chemotherapy and emphasized the important
risk factors such as male sex, younger age,
seropositive status, and the underlying lym-
phoma [23]. Although there has not been any
report indicating the significant risk of RILD for
patients undergoing combined chemotherapy
and radiotherapy, a certain portion of liver is

undoubtedly included in the radiation portals for
patients with gastric cancer undergoing radio-
therapy [14]. In this study we described the
rarely reported hepatic toxicity and the dosimet-
ric analysis for 6 patients with definitive or
adjuvant chemoradiotherapy for gastric cancer.

MATERIALS AND METHODS

From December 1993 through July 2001,
eighty-two patients with biopsy-proven primary
gastric adenocarcinoma underwent radiotherapy
at Koo Foundation Sun Yat-Sen Cancer Center,
Taipei, Taiwan. The inclusion criteria of this
study were the completion of the planned radio-
therapy and the adequate follow-up interval of
at least 4 months from the last day of radiation
treatment. Three patients had definitive radio-
therapy for their unresectable gastric cancer,
while 79 patients had post-gastrectomy adjuvant
radiotherapy. Among them, ten patients were
found to be carrier of type B chronic viral
hepatitis by the serology test. Six of these 10
patients were diagnosed with grade 3 or 4
hepatic toxicity according to Common Toxicity
Criteria Version 2.0 by National Cancer Institute
[20]. In brief, it is defined as either anicteric ele-
vation of alkaline phosphatase level of at least
twofold and non-malignant ascites, or elevated
transaminases of at least fivefold the upper limit
of normal or of pre-treatment level, within 4
months after completion of radiotherapy. At the
time of diagnosing grade 3 or 4 hepatic toxicity,
abdominal sonography or computed tomogra-
phy, and abdominal paracentesis if ascites is
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present, need to be done for confirmation of no
disease recurrence.

Radiatibn portals were designed to cover
the tumor bed, the regional lymph nodes, and
1.5-2 c¢cm beyond the proximal and distal mar-
gins of resection. The tumor bed was defined by
pre-operative imaging studies. Perigastric, celi-
ac, paraaortic, hepatoduodenal, hepatoportal,
and pancreaticoduodenal lymph nodes were
included in the radiation fields. The dose to the
isocenter was 50.4 Gy in the treatment for one
patient and 45 Gy for the other 5 patients, with
1.8 Gy per fraction and 5 fractions a week.
Anterior-posterior and posterior-anterior
(AP/PA) portals were used in one patient, while
4-field box technique was used in the other 5
patients. Radiation was delivered with 18-MV
photons. The dose constraints for the critical
structures were less than half of the hepatic vol-
ume exposed to more than 30 Gy, the equivalent
of at least one kidney spared from more than 20
Gy, and no portion of the spinal cord with more
than 50 Gy of radiation.

Dose-volume histogram (DVH) was gener-
ated from the computerized treatment plan of
three-dimensional conformal radiotherapy for
each patient. Several dosimetric parameters of
the critical organs were calculated from the
DVHs. V35, was the percent volume of liver
with radiation dose more than 30 Gy. RKyg,
was the percent volume of right kidney with
radiation dose more than 20 Gy. LK, was the
percent volume of left kidney with radiation
dose more than 20 Gy. SPyg, and SPysg, were
the percent volumes of spinal cord with radia-
tion dose more than 40 Gy and 45 Gy, respec-
tively. The normal tissue complication probabil-
ity (NTCP) model of Lyman was also used [12].
In NTCP model:

NTCP = (1/2m) f', exp (-t%/2) dt

t = (D-TDsp(v))/(m x TDsp(v))

v =V/V,

TDs,(v) was the 50% tolerance dose for
uniform irradiation of the partial volume v. The

partial and whole liver radiation tolerance doses
were related by a power law relationship:

TD(1) =TD(v) x V"

Vref was the volume of normal liver. The
parameter “n” was the volume effect parameter
and the value of 0.32 from the literature was
applied [2]. The parameter “m” was the steep-
ness of the dose-complication curve for a fixed
partial volume, and the estimate of 0.15 was
used [2]. TDsy(1) of 40 Gy was applied in the
calculation [2]. The effective volume method of
Kutcher and Burman was used to provide esti-
mates of equivalent dose and volume pairs for
uniform partial organ irradiation from the
DVH’s summarizing the non-uniform irradia-
tion [9].

Patients were followed regularly after com-
pletion of radiotherapy. Follow-up office visits
were arranged on a monthly basis for 4 months.
Physical examination, complete blood counts,
and blood chemistries were obtained on every
visit. Imaging studies were obtained as needed
if any evidence of RILD is suspected.

RESULTS

Six of the ten patients, who had type B
chronic viral hepatitis before the treatment of
gastric cancer, were diagnosed with equal to or
more than grade 3 hepatic toxicity after CCRT.
Five patients were male and 1 female. Among
these 6 patients, one patient underwent defini-
tive radiotherapy and 5 patients had post-opera-
tive adjuvant radiotherapy. All 6 patients
received concurrent chemotherapy during radio-
therapy. The regimens of chemotherapy includ-
ed intravenous infusion with high-dose 5-fluo-
rouracil 2000-2600 mg/m? and leucovorin 300
mg/m? for 24 hours, given once a week. The
cycles of concurrent chemotherapy ranged from
3 to 6, with a median of 5 cycles. Three patients
received one cycle of chemotherapy with etopo-
side, leucovorin, and 5-fluorouracil, 3 weeks
before the initiation of radiotherapy. Patient
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characteristics were shown in Table 1. As com- The maximal hematological toxicity during
pared to the other 72 patients who were not type radiotherapy was grade 1 in 1 patient, grade 2 in
B hepatitis carriers, only one patient developed 4 patients, and grade 3 in 1 patient. All 6
equal to or more than grade 3 hepatic toxicity patients were treated with supportive care, and
after CCRT. four of them were also given anti-viral agent
All 6 patients presented with malaise, (Lamivudine). Five patients recovered com-
hyperbilirubinemia, and elevated levels of pletely after the treatment, but the remaining
serum transaminases. One of the 6 patients also one patient who had no anti-viral medication
had anicteric elevation of alkaline phosphatase died of hepatic failure. The 4 patients treated
level of at least twofold and massive non-malig- with Lamivudine had their transaminases
nant ascites. The interval between completion of returned to normal range within a median inter-
radiotherapy and the diagnosis of grade 3 or 4 val of 51 days (range: 43-100 days), as com-
liver toxicity ranged from 26 to 74 days, with a pared to 194 days in the fifth patient with no
median of 38 days. All but one patient had Lamivudine.
either serum type B viral hepatitis DNA titer of In dosimetric analysis, the average mean
more than 5pg/ml, or histological finding of dose of liver was 17.2 + 4.7 Gy, ranging from
chronic hepatitis reactivation on liver biopsy. 10.4 Gy to 22.9 Gy. V3 g, ranged from 7% to

Table 1. Patient characteristics for 6 patients with severe hepatic toxicity after chemoirradiation for gastric

cancer

Patient No. 1 2 3 4 5 6
Sex male male female male male male
Age 57 50 40 71 40 51
Stage T3N3MO T4N2MO T3NOMO TINIMO T3NIMO T3N3MO
Type of RT* adjuvant adjuvant adjuvant adjuvant adjuvant definitive
RT dose 45Gy 50.4Gy 45Gy 45Gy 45Gy 45Gy
Pre-RT chemo** ELFAx 1 none ELFx1 None ELFx1 HDFLx2
Interval from RT 29 days 26 days 63 days 74 days 26 days 47 days
Max hematological Grade 2 Grade 1 Grade 2 Grade 3 Grade 2 Grade 2

toxicity during RT

HBV DNA 3326mEq/ml  3.3pg/ml 64pg/ml 33pg/ml 1485pg/ml  >200pg/ml
Outcome of toxicity mortality recovery recovery Tecovery recovery recovery

*RT: radiotherapy
** chemo: chemotherapy
AELF: etoposide, leucovorin, S-fluoroiracil

Table 2. Dosimetric parameters for 6 patients with severe hepatic toxicity after chemoirradiation for gastric

cancer

Patient No. 1 2 3 4 5 6
Dose (Gy) 45 50.4 45 45 45 45
Mean dose of liver (Gy) 13.1 104 229 18.5 20.7 17.6
V30 Gy (%) 7 8 37 24 35 33
NTCP* (%) 0.16 0.03 6.78 223 3.98 6.66
RK20 Gy (%) 53 35 28 28 58 20
LK20 Gy (%) 35 19 13 4 8 55
SP40 Gy (%) 0 0 0 0 0 76
SP45 Gy (%) 0 0 0 0 0 73

*NTCP: normal tissue complication probability
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37%, with a mean of 24%. The average NTCP
was as low as 3.3%, ranging from 0.03% to
6.8%. The details of the dosimetric parameter of
the 6 patients were shown in Table 2. As com-
pared to the 12 patients with RILD after three-
dimensional conformal radiotherapy for hepato-
cellular carcinoma [3], the 6 patients in this
study had significantly lower mean dose of liver
(17.2 Gy vs. 24.9 Gy, p = 0.02), V36, (24% vs.
42%, p = 0.02), and NTCP (3.3% vs. 36.0%, p
=0.004).

DISCUSSION

Radiation therapy has been used in a vari-
ety of setting for the treatment of gastric cancer.
MacDonald et al. recently reported the results of
the Intergroup Trial which randomized stage IB-
IV patients with or without post-gastrectomy
adjuvant chemoradiotherapy [13]. They found
the addition of adjuvant chemoirradiation to be
associated with benefits in local/regional control
and survival. Walsh et al. demonstrated the pre-
liminary analysis which randomized patients
with or without pre-operative CCRT [21]. The
arm with chemotherapy and radiotherapy had
less regional/distant metastasis and longer sur-
vival. The study from China similarly random-
ized patients with adenocarcinoma of gastric
cardia into two arms, pre-operative radiotherapy
plus surgery or surgery alone [24]. Benefits in
survival and local/regional nodal disease control
were shown with pre-operative radiotherapy.

In this study we reported 6 patients with
grade 3 or 4 hepatic toxicity after adjuvant or
definitive CCRT for gastric adenocarcinoma.
Hepatic toxicity was rarely reported in previous
series, probably due to the relatively low dose
(45-50 Gy) of radiation in the treatment.
MacDonald et al. used 45 Gy and reported 17%
of patients with grade 3 or higher CCRT-related
toxic effects but no patient with hepatic toxicity
[13]. Walsh et al. used 40 Gy and neither had
any patient with hepatic toxicity in their trial

[21]. Regine WF and Mohiuddin M retrospec-
tively reviewed their patients with adjuvant
radiotherapy or CCRT in addition to surgery
[15]. Three patients had grade 3 or higher gas-
trointestinal toxicity and interrupted treatment.
There was no hepatic toxicity. The study in
China did mention the serology test of chronic
viral hepatitis before preoperative CCRT [24].
However, they did not the detailed treatment-
related toxicity after moderate dose (40 Gy) of
radiation. Schnirer II et al. designed the pilot
study using concurrent 5-fluorouracil/paclitaxol
plus local radiotherapy with 45-50.4 Gy for
patients with locally advanced carcinoma of the
esophagus and gastroesophageal junction [18].
They did not find any treatment-related liver
toxicity. The other reason for the rare hepatic
toxicity, except the moderate prescribed dose,
may be attributed to the location of liver being
outside the target area of adjuvant or definitive
treatment. Similar situation was encountered for
patients with pancreatic cancer. Abrams RA et
al. reported a possible case of late radiation
hepatitis in the trial of adjuvant CCRT for pan-
creatic and periampullary adenocarcinoma [1].
It deserves attention that they used prophylactic
whole liver irradiation with 23.4-27 Gy in this
study.

The regimens of chemotherapy in our con-
current treatment were high-dose intravenous 5-
fluorouracil and leucovorin. High-dose 5-fluo-
rouracil of equal to or more than 2000 mg/m?
have been used in the definitive treatment of
locally advanced gastric cancer [7,8]. However,
most of the trials with high-dose 5-fluorouracil
did not include patients with concomitant radio-
therapy. In contrast, the most extensive experi-
ence in hepatic irradiation at Michigan
University Medical Center [16,17] used region-
al chemotherapy, intra-hepatic arterial infusion
of FudR, did not show the similar hepatic toxic-
ity to those in our patients with systemic
chemotherapy. The impact of chemotherapy on
the occurrence of RILD in patients with HCC
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undergoing radiotherapy was considered less
significant for its regional injection from tran-
scatheter arterial chemoembolization (TACE)
and the required interval of one month between
TACE and radiotherapy.

RILD, defined as equal to or more than
grade 3 liver toxicity within 4 months after
completion of radiotherapy, has been described
as one of the most important complications after
hepatic irradiation [10]. Dosimetric parameters,
such as mean dose of liver and NTCP, were
found to be correlated with the occurrence of
RILD [11]. Dawson et al. further optimized the
parameters in Lyman model and damage-injury
model with the DVH data of their patients [4].
They concluded the liver to be compatible with
parallel organ by the similar trend between the
significance of mean hepatic dose and the opti-
mized large volume effect parameter. In con-
trast, our own series with exclusively hepatocel-
lular carcinoma revealed the poorer tolerance of
liver with the obtained parameters close to those
from the literature [3]. The differences between
the two series were from the unique features of
a large proportion of chronic viral hepatitis and
pre-existing cirrhosis of liver in our patients. In
the current series our 6 patients with grade 3 or
4 liver toxicity were all type B hepatitis carriers.
The high incidence (6/10) of severe liver toxici-
ty deserves special attention when giving CCRT
to patients with chronic viral hepatitis. All our
patients except with liver toxicity had either
serologic or histological evidence of reactiva-
tion of chronic hepatitis. Four of the six patients
had full recovery from the liver toxicity after
anti-viral medication, within a wide range of
43-100 days. The fifth patient with no
Lamivudine required even longer period (194
days) for the full recovery. The only patient who
died of this complication did not receive the
anti-viral medication. All these evidence sup-
ported the liver toxicity from reactivation of
chronic viral hepatitis, which was different from
the toxicity from the damage of hepatobiliary

system in the reports from the western coun-
tries. It is possible that Lamivudine successfully
suppressed the reactivation of chronic viral
hepatitis. Whether the routine use of
Lamivudine for all carrier patients or for
patients with any evidence of hepatic toxicity
still deserves further observation and investiga-
tion for the limited number in this report.

The dosimetric comparison between the 6
patients in this study and the 12 patients with
hepatocellular carcinoma and RILD, showed
even lower tolerance of liver to radiation with
CCRT. All the 12 patients except one with hepa-
tocellular carcinoma and RILD were hepatitis B
carrier. The characteristics of liver of these 12
patients were similar to that of the 6 patients in
this study. The main difference was the use of
concurrent systemic chemotherapy for patients
with gastric cancer. In the presence of systemic
chemotherapy with 5-fluorouracil, the threshold
of liver damage may be further reduced. Five of
the six patients presented with only grade 1 or 2
hematological toxicity, which indicated the less
likely mechanism of liver toxicity from the sup-
pressed immune system by chemotherapy. 5-
Fluorouracil has been employed to enhance the
therapeutic activity of other antineoplastic
agents or modalities such as cisplatin and ioniz-
ing radiation with which it can synergize [6].
Whether high-dose 5-fluorouracil plays the role
in increasing the hepatic damage by irradiation,
needs to be confirmed in future studies.
However, the insufficient data collection of
comprehensive viral serology items, such as
HbeAg and pre-CCRT HBV DNA, limits the
interpretation of the etiology of this complica-
tion.

In conclusion, a significant proportion of
patients who were carriers of type B chronic
viral hepatitis had grade 3 or 4 hepatic toxicity
after adjuvant or definitive CCRT for gastric
cancer. The tolerance of liver to irradiation of
this subgroup of patients may be even lower in
the presence of systemic chemotherapy. Close
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follow-up and early detection of this complica-
tion is demanded for the recovery. Further study
of the underlying mechanism of liver damage in
this situation is urgently needed.
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