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  Background : Hepatocellular carcinoma (HCC) is the fourth leading cause 
of cancer death worldwide. No more than 30% of HCC patients receive 
curative treatment. Factors limiting curative therapy include tumor size and 
degree of liver impairment.  Objective : To develop a cure for medium 
(3.1 – 5.0 cm) and large ( > 5 cm) tumors in seriously impaired livers. 
 Method : Combine radiofrequency ablation (RFA) with lyso-thermosensitive 
liposomal doxorubicin (LTLD).  Results/conclusions : RFA is used safely in 
patients with medium/large tumors and severe liver impairment; unclear 
tumor margins limit its curative efficacy. LTLD concentrates in the liver, 
where the anti-HCC chemotherapeutic, doxorubicin, is released into tumor 
margins by hyperthermia. RFA/LTLD can treat Child-Pugh class A-B patients 
with tumors up to 7 cm, a substantial increase in curable patients.  

  Keywords:   hepatocellular carcinoma  ,   lyso-thermosensitive liposomal doxorubicin  ,  
 radiofrequency ablation  
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  1.   Introduction 

 Lyso-thermosensitive liposomal doxorubicin (LTLD, ThermoDox ® , Celsion 
Corporation, Columbia, Maryland, USA) is the first heat-activated formulation of 
liposomal doxorubicin. Its unique property of heat-activated release of doxorubicin 
implies its potential use in enhancing cancer cell killing in thermal ablation 
of solid tumors. This review describes the development of LTLD and explains 
its use with radiofrequency ablation (RFA) to bring curative therapy to more 
hepatocellular carcinoma (HCC) patients.  

  2.   Hepatocellular carcinoma 

 The estimated 2002 worldwide incidence of HCC was 641,000, making it the 
fifth most common solid tumor. The estimated 2002 global deaths from HCC 
were almost the same: 618,000. HCC is the fourth leading cause of death from 
cancer and the third most common in males   [1] . One remarkable fact profoundly 
affects the incidence, geographic distribution, staging and treatment of HCC: 
about three-quarters of HCC cases occur in patients who already have chronic 
liver disease, such as hepatitis B or hepatitis C, often with a substantial degree 
of liver impairment   [2] . In addition to viral hepatitis, the underlying chronic 
liver disease may be due to contaminated food (e.g., corn or peanuts with 
aflatoxin B 1 ), contaminated water (e.g., pond-ditch water with microcystin), or 
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alcohol abuse   [3] . HCC incidence is high in areas where 
hepatitis B is endemic, especially the Western Pacific region. 
Liver function is a crucial factor in HCC staging   [4-6]  and in 
HCC treatment decisions   [5-7] . 

 According to the Barcelona Clinic Liver Cancer 
(BCLC)   [5,6] , curative treatments for HCC include liver 
transplantation   [8] , surgical resection   [9] , percutaneous 
ethanol injection (PEI) and RFA. However, no more than 
30% of HCC patients are considered suitable for these 
curative strategies because of tumor size (> 3 cm maximum 
diameter), multifocal tumors, vascular invasion, presence of 
extrahepatic metastases, and/or extensive liver impairment   [10] . 
The incidence of extrahepatic tumors in patients with 
HCC is generally about 15%, including both metastases 
present at initial diagnosis of HCC and metastases found 
during follow-up   [11,12] .  

  3.   Radiofrequency ablation 

 RFA has emerged as a successful therapy for small HCC 
lesions. In RFA, the tumor as well as a ‘normal’ zone of 
approximately 1 cm around it are ablated by hyperthermia   [13] . 
Only about 2% of RFA patients with liver tumors experience 
major complications, such as intraperitoneal hemorrhage, 
intrahepatic abscesses, gastrointestinal wall perforations or 
hemothorax   [14] . Minor complications, typically reported in 
 ≤  10% of patients, can include altered liver function tests, 
self-limited bleeding, effusions, pain, fever, infection and 
skin burn   [15] . In a review of 3670 RFA cases, the overall 
complication rate was 8.9% and the overall mortality 
rate was 0.5%. RFA complication rates were 7.2% for 
percutaneous, 9.5% for laparoscopic, 9.9% for simple open 
and 31.8% for open combined with cryotherapy, hepatic or 
extrahepatic resection. Mortality rates were 0.5%, 0%, 0% 
and 4.5%, respectively   [16] . 

 Several literature reviews identified RFA as a promising 
therapy for small HCC tumors   [17-19] . Randomized trials 
have now confirmed the effectiveness of RFA against HCC 
tumors  ≤  3 cm   [20-22] ,  ≤  4 cm   [23]  and  ≤  5 cm   [24,25] . 
RFA has been used safely in tumors up to 7 cm   [26-30]  or 
8 cm   [31] . For tumors > 3 cm, there is a greater propensity 
to leave viable tumor cells in the margins or clefts of 
overlapping ablation zones. This increases the possibility 
of incomplete ablation or a more rapid recurrence at the 
site of the original lesion as well as elsewhere within the 
liver at a site remote to the treatment area (due to vascular 
spread). Local recurrence rates after RFA for tumors  ≤  3 cm 
are reported to be  ≤  20%   [20,21,32-34] ; however, for tumors 
> 3 cm, local recurrence rates  ≥  40% are observed   [35,36] . 
The BCLC criteria recommend RFA to cure patients with 
WHO performance status 0 and with portal hypertension 
and/or elevated bilirubin who have either i) a solitary 
tumor < 2 cm and no more than Child-Pugh class A liver 
dysfunction or ii) up to three tumors, each  ≤  3 cm, and no 
more than Child-Pugh class B liver dysfunction   [5-6] . 

 Randomized trials have compared percutaneous RFA 
with alternative treatments, namely percutaneous acetic acid 
injection (PAI)   [20] , surgical resection   [24] , PEI   [20-23,25]  and 
the combination of RFA and PEI   [36-37]  ( Table 1 ). In overall 
survival among patients with tumors < 5.0 cm, RFA was 
found equivalent to surgery   [24] , to PEI alone   [22,25] , and to 
the RFA/PEI combination   [36] , and was found superior to 
PAI   [20]  and to PEI alone   [20,21,23] . Combining all tumor 
sizes, RFA had overall survival inferior to RFA/PEI   [37] . 
However, subgroup analyses show that PEI provides no 
additional benefit to RFA alone in small tumors ( <  3.0 cm)   [36,37]  
or in large tumors (> 5.0 cm)   [37] ; the RFA/PEI combination 
is superior specifically among patients with medium tumors 
(3.1 – 5.0 cm)   [36,37] . 

 In summary, RFA is safe among Child-Pugh class A or 
B patients. If the efficacy of RFA for HCC tumors > 3.0 cm 
could be increased, as by an adjuvant, it would be a 
formidable curative modality.  

  4.   Doxorubicin 

 Doxorubicin hydrochloride is a cytotoxic anthracycline anti-
biotic. The recommended single-agent dose of doxorubicin 
HCl for injection (doxorubicin, Adriamycin ® , Bedford 
Laboratories, Bedford, Ohio, USA) is 60 – 75 mg/m 2  intra-
venously (IV) in 3-week cycles. Myelosuppression and 
cardiotoxicity (congestive heart failure) are dose-limiting. 
Since the metabolism and excretion of doxorubicin occur 
predominantly by the hepatobiliary route, its toxicity can 
be enhanced by hepatic impairment, and dose reduction is 
recommended when hyperbilirubinemia is present   [38,39] . 

 A 1988 review of 13 published trials of single-agent 
doxorubicin among 644 HCC patients found an objective 
response rate of 19% and median overall survival of 
4 months   [40] . In subsequent randomized trials comparing 
overall survival, single-agent doxorubicin has been found 
superior to no anticancer treatment   [41] , equivalent to 
combination chemotherapy (cisplatin, interferon  α -2b, 
doxorubicin, and fluorouracil)   [42] , and superior to single-
agent nolatrexed   [43] . As a single agent, doxorubicin is 
active in Child-Pugh class A or B patients, but its 
lack of specificity to HCC lesions can lead to sub-
stantial systemic toxicity at therapeutic doses   [41-43] . The 
relatively high incidence of severe toxicity of systemically 
administered doxorubicin in cirrhotic patients counter-
acts its benefit in tumor control, and overall systemic 
doxorubicin is not considered a beneficial treatment for 
HCC patients. 

 Intra-arterial (IA) administration of doxorubicin has been 
studied as a way to make the agent more liver-specific 
and less toxic overall. Clinical studies confirm that IA 
doxorubicin is active in HCC   [44-47] . However, when 
doxorubicin is given intra-arterially in the presence of 
cirrhosis, both reduced efficacy against HCC   [45]  and 
increased hepatic toxicity have been reported   [45,47] . 



Poon & Borys

 Expert Opin. Pharmacother. (2009) 10(2) 335

  Ta
b

le
 1

     . R
an

d
o

m
iz

ed
 t

ri
al

s 
o

f 
ra

d
io

fr
eq

u
en

cy
 a

b
la

ti
o

n
 a

n
d

 a
lt

er
n

at
iv

e 
tr

ea
tm

en
ts

 f
o

r 
h

ep
at

o
ce

llu
la

r 
ca

rc
in

o
m

a.
   

 C
it

at
io

n
 

 Tu
m

o
r(

s)
/m

ax
im

u
m

 d
ia

m
et

er
 

 Tr
ea

tm
en

ts
/p

at
ie

n
ts

 
 Lo

ca
l r

ec
u

rr
en

ce
 r

at
e 

 O
ve

ra
ll 

su
rv

iv
al

 r
at

e 

Li
n 

20
05

  [2
0]

 
1 

– 
3 

tu
m

or
s,

 e
ac

h 
 ≤  

3.
0 

cm
RF

A
: 6

2  
PE

I: 
62

  
PA

I: 
63

A
t 

3 
yr

s,
 R

FA
 1

4%
, P

EI
 3

4%
, P

A
I 3

1%
  

RF
A

 <
 P

EI
, p

  =
  0

.0
12

  
RF

 <
 P

A
I, 

p 
 =  

0.
01

7

A
t 

3 
yr

s,
 R

FA
 7

4%
, P

EI
 5

1%
, P

A
I 5

3%
  

RF
A

 >
 P

EI
, p

  =
  0

.0
31

  
RF

A
 >

 P
A

I, 
p 

 =  
0.

03
8

Sh
iin

a 
20

05
  [2

1]
 

1 
– 

3 
tu

m
or

s,
 e

ac
h 

 ≤  
3.

0 
cm

RF
A

: 1
18

  
PE

I: 
11

4
RF

A
 2

%
, P

EI
 1

1%
  

RF
A

 <
 P

EI
, p

  =
  0

.0
03

A
t 

4 
yr

s,
 R

FA
 7

4%
, P

EI
 5

7%
  

RF
A

 >
 P

EI
, p

  =
  0

.0
1

Br
un

el
lo

 2
00

8 
 [2

2]
 

1 
– 

3 
tu

m
or

s,
 e

ac
h 

 ≤  
3.

0 
cm

RF
A

: 7
0  

PE
I: 

69
N

R*
A

t 
3 

yr
s,

 R
FA

 6
3%

, P
EI

 5
9%

  
RF

A
  ≈

  P
EI

, p
  =

  0
.4

75
4

Li
n 

20
04

  [2
3]

 
1 

– 
3 

tu
m

or
s,

 e
ac

h 
 ≤  

4.
0 

cm
RF

A
: 5

2  
PE

I: 
52

  
PE

I H
D

: 5
3

A
t 

3 
yr

s,
 R

FA
 1

8%
, P

EI
 4

5%
, P

EI
 H

D
 3

3%
  

RF
A

 <
 P

EI
, p

  =
  0

.0
12

  
RF

A
 <

 P
EI

 H
D

, p
  =

  0
.0

37

A
t 

3 
yr

s,
 R

FA
 7

4%
, P

EI
 5

0%
, P

EI
 H

D
 5

5%
  

RF
A

 >
 P

EI
, p

  =
  0

.0
14

  
RF

A
 >

 P
EI

 H
D

, p
  =

  0
.0

23

C
he

n 
20

05
  [3

6]
 

So
lit

ar
y 

tu
m

or
  ≤

  5
.0

 c
m

RF
A

 a
lo

ne
: 4

1  
RF

A
/P

EI
: 4

5
A

t 
2 

yr
s,

 R
FA

 4
3%

, R
FA

/P
EI

 2
6%

  
RF

A
 >

 R
FA

/P
EI

, p
  =

  0
.0

39
3  

Su
bg

ro
up

 a
na

ly
si

s 
by

 t
um

or
 s

iz
e 

 ≤  
3.

0 
cm

:  
RF

A
 3

4%
, R

FA
/P

EI
 2

1%
 R

FA
  ≈

  R
FA

/P
EI

, 
p 

 =  
0.

36
79

, 3
.1

 –
 5

.0
 c

m
: R

FA
 5

5%
, 

RF
A

/P
EI

 2
7%

 R
FA

 >
 R

FA
/P

EI
, p

  =
  0

.0
44

0

A
t 

2 
yr

s,
 R

FA
 6

1%
, R

FA
/P

EI
 7

4%
  

RF
A

  ≈
  R

FA
/P

EI
, p

  =
  0

.6
18

1

C
he

n 
20

06
  [2

4]
 

So
lit

ar
y 

tu
m

or
  ≤

  5
.0

 c
m

RF
A

: 7
1  

SR
S:

 9
0

N
R

A
t 

4 
yr

s,
 R

FA
 6

8%
, S

RS
 6

4%
  

RF
A

  ≈
  S

RS
, N

S

Le
nc

io
ni

 2
00

3 
 [2

5]
 

So
lit

ar
y 

tu
m

or
  ≤

  5
.0

 c
m

 o
r 

1 
– 

3 
tu

m
or

s,
 e

ac
h 

 ≤  
3.

0 
cm

RF
A

: 5
2  

PE
I: 

50
A

t 
2 

yr
s,

 R
FA

 4
%

, P
EI

 3
8%

  
RF

A
 <

 P
EI

, p
  =

  0
.0

02
A

t 
2 

yr
s,

 R
FA

 9
8%

, P
EI

 8
8%

  
RF

A
  ≈

  P
EI

, p
  =

  0
.1

38

Zh
an

g 
20

07
  [3

7]
 

So
lit

ar
y 

tu
m

or
  ≤

  7
.0

 c
m

 o
r 

1 
– 

3 
tu

m
or

s,
 e

ac
h 

 ≤  
3.

0 
cm

RF
A

 a
lo

ne
: 6

7  
RF

A
/P

EI
: 6

6
RF

A
 2

1%
, R

FA
/P

EI
 6

%
  

RF
A

 >
 R

FA
/P

EI
, p

  =
  0

.0
1

A
t 

3 
yr

s,
 R

FA
 5

8%
, R

FA
/P

EI
 7

6%
  

RF
A

 <
 R

FA
/P

EI
, p

  =
  0

.0
1  

Su
bg

ro
up

 a
na

ly
si

s 
by

 t
um

or
 s

iz
e 

 ≤  
3.

0 
cm

: 
RF

A
 7

7%
, R

FA
/P

EI
 8

4%
  

RF
A

  ≈
  R

FA
/P

EI
, p

  =
  0

.2
0,

 3
.1

 –
 5

.0
 c

m
:  

RF
A

 4
8%

, R
FA

/P
EI

 7
8%

 R
FA

 <
 R

FA
/P

EI
, 

p 
 =  

0.
04

, 5
.1

 –
 7

.0
 c

m
: R

FA
 3

5%
, R

FA
/P

EI
 5

3%
  

RF
A

  ≈
  R

FA
/P

EI
, p

  =
  0

.4
2

   A
ll 

RF
A

 p
ro

ce
du

re
s 

w
er

e 
pe

rc
ut

an
eo

us
. 

 St
ud

ie
s 

ar
e 

ar
ra

ye
d 

in
 o

rd
er

 o
f 

tu
m

or
 s

iz
e.

 
 *R

at
es

 o
f 

su
st

ai
ne

d 
co

m
pl

et
e 

re
sp

on
se

 a
t 

1 
ye

ar
 w

er
e 

66
%

 f
or

 R
FA

 a
nd

 3
6%

 f
or

 P
EI

 (p
  =

  0
.0

00
5)

.   
H

C
C

: H
ep

at
oc

el
lu

la
r 

ca
rc

in
om

a;
 H

D
: H

ig
h 

do
se

; N
R:

 N
ot

 r
ep

or
te

d;
 N

S:
 N

ot
 s

ta
tis

tic
al

ly
 s

ig
ni

fi c
an

t;
 P

A
I: 

Pe
rc

ut
an

eo
us

 a
ce

tic
 a

ci
d 

in
je

ct
io

n;
 P

EI
: P

er
cu

ta
ne

ou
s 

et
ha

no
l i

nj
ec

tio
n;

 R
FA

: R
ad

io
fr

eq
ue

nc
y 

ab
la

tio
n;

 
 SR

S:
 S

ur
gi

ca
l r

es
ec

tio
n.

 



Lyso-thermosensitive liposomal doxorubicin

336 Expert Opin. Pharmacother. (2009) 10(2)

  4.1   Liposomal doxorubicin 
 An alternative strategy to make doxorubicin more liver-
specific is to encapsulate it in liposomes. A large fraction 
of the human cardiac output circulates through the liver 
and spleen, and liposomes are rapidly concentrated and 
cleared by these organs   [48] . (The exception is pegylated 
liposomal doxorubicin, which has a prolonged plasma 
half-life of 55 h   [49] ). 

 It has been shown in a series of experiments that high 
local concentrations of liposomal doxorubicin will provide 
for an enhanced volume of coagulation necrosis and a larger 
ablation zone in both animals and humans by sensitizing 
peripheral tissue to irreversible thermal injury and effectively 
lowering the temperature threshold for thermally mediated 
tissue necrosis   [50-57] . This suggests that a heat-sensitive 
formulation of liposomal doxorubicin would be optimal for 
use with hyperthermia.  

  4.2   Lyso-thermosensitive liposomal doxorubicin 
 LTLD selectively releases its doxorubicin contents when 
exposed to temperatures  ≥  39.5 ° C, which creates a large 
concentration gradient of doxorubicin around the zone of 
RFA-induced tumor cell necrosis   [58] . The doxorubicin then 
kills tumor cells in the ablation margin, providing more 
successful treatment of HCC lesions > 3 cm in diameter 
than thermal ablation alone. 

 The active drug in LTLD is doxorubicin hydrochloride. 
Doxorubicin consists of a naphthacenequinone nucleus linked 
through a glycosidic bond at ring atom 7 to an amino sugar, 
daunosamine. The chemical formula is C 27 H 29 NO 11  HCl 
and the molecular weight is 579.99 Daltons   [58] . 

 LTLD combines doxorubicin with lyso-thermosensitive 
lipo somes that are made from three synthetic phospholipids: 
DPPC (1,2-Dipalmitoyl-sn-glycero-3-phosphocholine), 
MSPC (1-Stearoyl-2-hydroxy-sn-glycero-3-phosphocholine), 
and DSPE-MPEG-2000 (1,2-Distearoyl-sn-glycero-3-
phosphoethanolamine- N -methoxypolyethyleneglycol-2000). 
LTLD is manufactured as stable doxorubicin-loaded liposomes, 
which are stored as a frozen solution   [58] .   

  5.   RFA/LTLD mechanism of action 

 In RFA, imaging techniques such as ultrasound, computed 
tomography or magnetic resonance are used to help guide a 
needle electrode into a tumor. By exerting radio-energy with 
frequency of approximately 460 – 480 kHz, ionic agitation 
and frictional heat in the surrounding tissue occur, which 
leads to cell death and coagulation necrosis   [59] . 

 Doxorubicin’s cytotoxic mechanism of action is thought 
to be related to its ability to bind to DNA and inhibit 
nucleic acid synthesis   [39] . Doxorubicin binds to nucleic 
acids, presumably by specific intercalation of the planar 
anthracycline nucleus with the DNA double helix. The 
interaction of doxorubicin with topoisomerase II to form DNA 
cleavable complexes seems to be an important mechanism of 

doxorubicin cytocidal activity. Doxorubicin binds to cell 
membranes as well as plasma proteins   [58] . 

 LTLD is administered intravenously and, because it is a 
liposome, rapidly concentrates in the liver. Since liposomal 
doxorubicin is a larger particle than free doxorubicin, it 
is more than 1000 times less permeable across normal 
blood vessels than free doxorubicin, offering less potential 
for systemic toxicity   [48] . During RFA/LTLD therapy, 
cytocidal heat is directed to a tumor. When heat-sensitive 
liposomes encounter a temperature of 39.5 ° C or above, 
their doxorubicin is released into the heated area   [58] . The 
released doxorubicin remains stable up to 73 ° C.  In vitro  
studies have repeatedly shown enhancement of cell killing 
when doxorubicin is combined with hyperthermia compared 
with doxorubicin without hyperthermia   [60-71] . This enhance-
ment has been attributed to the ability of hyperthermia to 
increase intracellular retention of chemotherapeutic agents 
by upregulating their influx   [62,63] .  

  6.   RFA/LTLD preclinical studies 

 Twenty-one dogs (18 with sarcoma, 3 with carcinoma) 
were treated with LTLD and microwave hyperthermia in 
a Phase I dose-escalation study. The LTLD was given 
(0.7 – 1.0 mg/kg  =  14 – 20 mg/m 2 ) IV over 30 min. Three 
treatments, given 3 weeks apart, were scheduled. Grade 4 
neutropenia and acute death secondary to liver failure, 
possibly drug-related, were the dose-limiting toxicities. The 
maximum tolerated dose was 0.93 mg/kg. Other toxicities, 
with the possible exception of renal damage, were consistent 
with those observed following free doxorubicin admini-
stration. Of the 20 dogs that received  ≥  2 doses of LTLD, 
6 (30.0%) had a partial response and 12 (60.0%) had stable 
disease. Tumor drug concentrations at a dose of 1.0 mg/kg 
averaged 9.12 – 6.17 ng/mg tissue   [72] .  

  7.   RFA/LTLD pharmacokinetics 

  Figure 1  shows pharmacokinetic data for six liver cancer 
patients treated with RFA/LTLD in a Phase I study. The 
major portion of exposure to LTLD (about 95% of the 
liposomal doxorubicin plasma AUC 0 –  ∞  ) occurred during 
the first 6 h after the infusion, establishing this time 
period as optimal for application of RFA. Most of the free 
doxorubicin exposure also occurred during the first 6 h 
(87.9% of the free doxorubicin AUC 0 –  ∞  ). Free doxorubicin 
represented 43.6% of the total doxorubicin AUC 0 –  ∞ .  
For both liposomal and free doxorubicin, maximum 
plasma concentration occurred just before the end of the 
30-min infusion   [58,73] .  

  8.   RFA/LTLD clinical safety 

 In a Phase I trial among 24 subjects who received 
RFA/LTLD for HCC or metastatic liver cancer, the maximum 
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tolerated dose (MTD) of LTLD was determined to be 
50 mg/m 2 , based on two dose-limiting toxicities (grade 3 
alanine aminotransferase increase, grade 4 neutropenia) at a 
dose of 60 mg/m 2    [73] . 

 So far, 55 patients with HCC or prostate or breast cancer 
have been treated with LTLD and hyperthermia ( Table 2 ). 
The most common adverse events (affecting  ≥  10% of patients) 
were AST/SGOT abnormalities (50.9%), ALT/SGPT abnor-
malities (50.9%), alopecia (38.2%), neutropenia (32.7%), 
fatigue (25.5%), hemoglobin decreased (23.6%), nausea 
(21.8%), leukopenia (20.0%), hypoalbuminemia (18.2%), 
abdominal pain (18.2%), thrombocytopenia (16.4%), 
hyperbilirubinemia (16.4%), anorexia (14.5%), hyper-
natremia (12.7%), vomiting (12.7%), weight loss (12.7%), 
dyspnea (12.7%), hyperkalemia (10.9%) and constipation 
(10.9%). The most common grade 3+ adverse events (affecting 
 ≥  5% of patients) were AST/SGOT abnormalities (40.0%), 
ALT/SGPT abnormalities (32.7%), neutropenia (29.1%), 
leukopenia (12.7%), and lymphopenia (9.1%). There were 
a total of 16 serious adverse events, each occurring 
only once   [58] . 

 Very few of the abnormalities in liver function were 
associated with LTLD. The most common drug-related 
adverse events (affecting  ≥  5% of patients) were alopecia 
(36.4%), neutropenia (32.7%), leukopenia (20.0%), hemo-
globin decreased (18.2%), fatigue (14.5%), nausea (10.9%), 
thrombo cytopenia (9.1%), decreased ejection fraction (9.1%), 
anorexia (7.3%), taste alteration (5.5%) and fever (5.5%)   [55] . 
These drug-related events are consistent with the 
adverse event profile of free doxorubicin   [38,39] . All of the 
ejection fraction decreases were drug-related but none 
was serious or grade 3+; all occurred in a closed prostate 
cancer study   [58] .  

  9.   RFA/LTLD clinical effi cacy 

 In a Phase I dose-finding study, 24 patients (9 with HCC 
and 15 with liver tumors metastatic from 9 other primary 
sites) were treated with a single 30-min IV infusion of 
LTLD at 20, 30, 40, 50 or 60 mg/m 2 , starting 15 min 
before RFA. RFA was performed percutaneously or surgically 
on a total of 28 tumors. Half of the treated tumors were 
3.8 – 6.5 cm in diameter   [73,74] . 

 Treatment failure was operationally defined as objective 
disease progression and/or initiation of an alternative anti-
cancer therapy. There was a statistically significant (p  =  0.0380) 
LTLD dose-response effect: median TTF for patients 
receiving at least the MTD of 50 mg/m 2  was 374 days 
while that for patients receiving less than 50 mg/m 2  was 
80 days ( Table 3 ). This is consistent with the hypothesis that 
LTLD significantly increases RFA efficacy.  

  10.   Conclusion 

 LTLD concentrates in the liver and releases doxorubicin 
wherever heated by RFA. Doxorubicin improves the efficacy 
of RFA by its tumoricidal effect in the heated ablation 
margins, while RFA improves the efficacy of doxorubicin, 
possibly by upregulating its influx into HCC cells. Phase I 
data show that, among Child-Pugh class A-B patients 
with medium or large tumors, RFA/LTLD is safe and 
demonstrates a statistically significant dose-response effect.  

  11.   Expert opinion 

 Percutaneous RFA is attractive in HCC because, compared 
with surgery, it is a less invasive treatment with maximal 
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  Figure 1     . LTLD 50 mg/m2: human plasma clearance (Mean  ±  SE) in fi rst 6 h  [58] .     



Lyso-thermosensitive liposomal doxorubicin

338 Expert Opin. Pharmacother. (2009) 10(2)

  Table 2     . Frequency listing of adverse events, ‘occurring in at least 5% of patients (liver, breast, or prostate cancer) 
treated with LTLD using targeted application of heat, either by RFA or microwave (as of April 2008)’  [58].    

 System organ class/adverse event  Lyso-thermosensitive liposomal doxorubicin (LTLD) (n  =  55) 

 Any AE 
n (%) 

 Grade 3 or 
more n (%) 

 Drug-related 
n (%) 

 Serious AE 
n (%) 

Metabolic/laboratory

AST, SGOT (serum glutamic oxaloacetic transaminase) 28 (50.9) 22 (40.0) 1 (1.8) 0 (0.0)

ALT, SGPT (serum glutamic pyruvic transaminase) 28 (50.9) 18 (32.7) 1 (1.8) 0 (0.0)

Albumin, serum – low (hypoalbuminemia) 10 (18.2) 0 (0.0) 0 (0.0) 0 (0.0)

Sodium, serum – high (hypernatremia) 7 (12.7) 1 (1.8) 0 (0.0) 0 (0.0)

Potassium, serum – high (hyperkalemia) 6 (10.9) 2 (3.6) 0 (0.0) 0 (0.0)

CPK (creatine phosphokinase) 5 (9.1) 1 (1.8) 0 (0.0) 0 (0.0)

Alkaline phosphatase 4 (7.3) 1 (1.8) 0 (0.0) 0 (0.0)

Glucose, serum – high (hyperglycemia) 3 (5.5) 1 (1.8) 0 (0.0) 0 (0.0)

Phosphate, serum – low (hypophosphatemia) 3 (5.5) 2 (3.6) 0 (0.0) 0 (0.0)

Potassium, serum – low (hypokalemia) 3 (5.5) 0 (0.0) 0 (0.0) 0 (0.0)

Blood and lymphatic system disorders

Neutropenia/granulocytopenia (ANC/AGC) 18 (32.7%) 16 (29.1%) 18 (32.7%) 0 (0.0%)

Hemoglobin decreased 13 (23.6%) 1 (1.8%) 10 (18.2) 0 (0.0%)

Leukocytes (decrease in total WBC) 11 (20.0%) 7 (12.7%) 11 (20.0%) 0 (0.0%)

Thrombocytopenia 9 (16.4%) 2 (3.6%) 5 (9.1%) 1 (1.8%)

Lymphopenia 5 (9.1%) 5 (9.1%) 1 (1.8%) 0 (0.0%)

Gastrointestinal disorders

Nausea 12 (21.8%) 0 (0.0%) 6 (10.9%) 0 (0.0%)

Anorexia 8 (14.5%) 0 (0.0%) 4 (7.3%) 0 (0.0%)

Vomiting 7 (12.7%) 0 (0.0%) 2 (3.6%) 0 (0.0%)

Constipation 6 (10.9%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Diarrhea 4 (7.3%) 1 (1.8%) 2 (3.6%) 0 (0.0%)

Mucositis/stomatitis oral cavity 3 (5.5%) 0 (0.0%) 2 (3.6%) 0 (0.0%)

Taste alteration (dysgeusia) 3 (5.5%) 0 (0.0%) 3 (5.5%) 0 (0.0%)

Constitutional symptoms

Fatigue (asthenia, lethargy, malaise) 14 (25.5%) 0 (0.0%) 8 (14.5%) 0 (0.0%)

Weight loss 7 (12.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Fever (without neutropenia: ANC  ≥  1 (1.8%)0 
(0.0%)  ×  1 (1.8%)0 (0.0%)9/L)

5 (9.1%) 0 (0.0%) 3 (5.5%) 1 (1.8%)

Insomnia 3 (5.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Skin and subcutaneous tissue disorders

Alopecia 21 (38.2%) 0 (0.0%) 20 (36.4%) 0 (0.0%)

Pain

Abdomen NOS 10 (18.2%) 2 (3.6%) 0 (0.0%) 0 (0.0%)

Joint 5 (9.1%) 2 (3.6%) 0 (0.0%) 0 (0.0%)

Back 3 (5.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Bone 3 (5.5%) 1 (1.8%) 0 (0.0%) 0 (0.0%)

Extremity – limb 3 (5.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
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 System organ class/adverse event  Lyso-thermosensitive liposomal doxorubicin (LTLD) (n  =  55) 

 Any AE 
n (%) 

 Grade 3 or 
more n (%) 

 Drug-related 
n (%) 

 Serious AE 
n (%) 

Muscle 3 (5.5%) 2 (3.6%) 0 (0.0%) 0 (0.0%)

Chest/thorax NOS 3 (5.5%) 1 (1.8%) 0 (0.0%) 0 (0.0%)

Throat/pharynx/larynx 3 (5.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Hepatobiliary disorders

Bilirubin (hyperbilirubinemia) 9 (16.4%) 1 (1.8%) 0 (0.0%) 0 (0.0%)

Pulmonary/upper respiratory

Dyspnea (shortness of breath) 7 (12.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Infections

Urinary tract NOS 5 (9.1%) 1 (1.8%) 1 (1.8%) 1 (1.8%)

Hepatobiliary infection 3 (5.5%) 2 (3.6%) 1 (1.8%) 0 (0.0%)

Renal/genitourinary disorders

Urinary retention 5 (9.1%) 0 (0.0%) 0 (0.0%) 1 (1.8%)

Bladder spasms 3 (5.5%) 0 (0.0%) 2 (3.6%) 0 (0.0%)

Incontinence, urinary 3 (5.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Hemorrhage

Urinary NOS 5 (9.1%) 0 (0.0%) 1 (1.8%) 0 (0.0%)

Cardiac general

Decreased ejection fraction 5 (9.1%) 0 (0.0%) 5 (9.1%) 0 (0.0%)

Hypertension 4 (7.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Hypotension 4 (7.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Musculoskeletal

Muscle weakness – generalized 3 (5.5%) 0 (0.0%) 1 (1.8%) 0 (0.0%)

Lymphatics

Edema – limb 4 (7.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Neurology

Mood alteration: depression 5 (9.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Dizziness 4 (7.3%) 0 (0.0%) 1 (1.8%) 0 (0.0%)

  Table 2     . Frequency listing of adverse events, ‘occurring in at least 5% of patients (liver, breast, or prostate cancer) 
treated with LTLD using targeted application of heat, either by RFA or microwave (as of April 2008)’  [58]  (continued).   

preservation of liver parenchyma, has fewer complications, 
causes less pain and requires fewer days in the hospital   [24] . 
The key challenge with RFA is that its efficacy decreases as 
tumor size increases   [36,37] , prompting the hypothesis that 
an adjuvant is needed for the complete eradication of 
medium/large tumors. The addition of PEI has been shown 
in randomized trials to be beneficial in medium (3.1 – 5.0 cm) 
tumors   [36-37]  but not in large (> 5.0 cm) tumors   [37] . 
Another approach in dealing with medium/large tumors 
is to use an open surgical RFA technique rather than a 
percutaneous RFA technique   [31,75] . Advantages with open 
RFA include better tumor resolution and satellite nodule 
detection with intraoperative ultrasonography, unrestricted 

ability to place a cluster electrode, and free insertion of 
the electrode at different angles (with mobilization of the 
liver or tumor palpation, if necessary)   [31] . As yet it is 
unclear whether these advantages result in improved patient 
outcomes. In a nonrandomized study, 35 RFA patients 
with tumors measuring 3.1 – 8.0 cm, 25 (71.4%) of whom 
were treated with the open technique, were compared with 
51 RFA patients with tumors of  <  3 cm. There was no 
difference in local recurrence rates or 1-year overall survival 
between the small and medium/large tumor groups   [31] . In 
the RFA/LTLD Phase I study, patients treated with an 
open RFA technique had better TTF (median 188 days) 
than those treated percutaneously (median 80 days), but the 
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difference was not statistically significant ( Table 3 ). The open 
surgical approach is a less attractive option for patients with 
higher morbidity, and there remains substantial room for 
improvement in efficacy by using an appropriate adjunct. 

 Adding LTLD to RFA is a rational approach to the problem 
of treating medium/large tumors. Other chemotherapeutics 
that have both some single-agent activity in HCC   [76]  and 
are more effective when used with hyperthermia, such as 
cisplatin   [60,61,65]  or fluorouracil   [77-79] , could be encapsulated 
in heat-activated liposomes. However, it is prudent to begin 
with doxorubicin for two reasons. First is the modest activity 
in HCC already shown by non-heat-activated liposomal doxo-
rubicin as a single agent (objective response rate: 7 – 10%)   [80,81] . 
Second is the increased efficacy of non-heat-activated lipo-
somal doxorubicin when combined with hyperthermia   [50-57] . 
An HCC case study reported substantial tumor regression with 
a combination of non-heat-activated liposomal doxorubicin 
and ultrasound hyperthermia   [82] . 

 Owing to its encouraging Phase I results, RFA/LTLD has 
been allowed to go directly into Phase III development. A 
randomized, double-blind, placebo-controlled multicenter 

  Table 3     . Phase I RFA/LTLD time to treatment failure 
(TTF) by primary site, tumor size, RFA type, and 
LTLD dose.   

 Factor  Failed  Censored  MedianTTF  p-Value 

 (days) 

Primary site

Liver 7 2 355 0.2227

Other* 13 2 64

Tumor size ‡ 

 ≤  3.0 cm 6 2 156 0.4135

> 3.0 cm 14 1 86

RFA type

Open surgical 6 1 188 0.4315

Percutaneous 14 3 80

LTLD dose

< 50 mg/m 2 15 0 80 0.0380

 ≥  50 mg/m 2 5 4 374

    * There were a total of nine other primary sites. 
   ‡  The maximum tumor diameter for one patient was not reported. 
 Notes: Source data are from the clinical study report  [74]  and were extracted 
as of 5 February 2008. Treatment failure is operationally defi ned as disease 
progression and/or initiation of an alternative anticancer therapy. This is a 
conservative way to assess effi cacy, since the 15 patients with other primary 
sites might progress and/or begin alternative treatment for that primary or 
for a baseline metastatic site other than liver. Patients not experiencing 
treatment failure are censored as of their last reported date on-study. For 
each factor, TTFs are computed by the product-limit method  [85]  and 
compared by the two-tailed log-rank test  [86] . No adjustments are made 
for multiple comparisons.   

trial has recently been initiated comparing RFA/LTLD 
with RFA alone among 600 patients with unresectable 
HCC. Child-Pugh class A or B patients are eligible, except 
that both ascites and encephalopathy are exclusionary. 
Eligible patients can have no more than four HCC 
lesions with at least one  ≥  3.0 cm and none > 7.0 cm in 
maximum diameter. However, if a patient has a large lesion 
(5.0 – 7.0 cm), any other lesions must be less than 5.0 cm. 
In both arms, RFA may be performed percutaneously, 
laparoscopicly or surgically, per investigators’ clinical judgment. 
Patients in the combination arm will receive a single 30-min 
IV infusion of LTLD at 50 mg/m 2 , starting 15 min before 
RFA; the RFA-only arm patients receive a dummy infusion. 
Progression-free survival is the primary endpoint. Secondary 
endpoints include overall survival, time to local recurrence 
and time to a clinically significant deterioration in patient 
self-reported symptoms. To avoid confounding the effect of 
RFA/LTLD with those of tumor size and RFA technique, 
both randomization and statistical analysis will be stratified 
by largest lesion size (3.0 – 5.0 cm vs 5.1 – 7.0 cm) and 
type of RFA approach (percutaneous, laparoscopic or open 
surgical)   [83,84] . RFA/LTLD treatment to cure medium/large 
HCC tumors is now being definitively tested by this 
randomized trial. 

 In addition to its role in HCC, LTLD may have potential 
clinical application in treatment of other malignancies such 
as breast cancer. A Phase I/II study has recently been 
initiated among patients with breast cancer recurrent at the 
chest wall. Six LTLD/microwave hyperthermia treatments 
will be administered at 21-day intervals. The Phase I 
portion will determine the maximum tolerated dose. The 
primary objective in the 100-patient Phase II portion is to 
determine the durable (lasting  ≥  3 months) complete local 
response rate. 

 In summary, LTLD is an innovative drug exploiting the 
heat sensitivity of liposomes in delivering a high dose 
of doxorubicin to the cancer site undergoing thermal 
ablation. Preliminary evidence shows that it is safe with 
better systemic toxicity profile than systemically admini-
stered free doxorubicin, and its efficacy is now being tested 
in clinical trials.        
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