Am J Transl Res 2015;7(2):375-384
www.ajtr.org /ISSN:1943-8141/AJTRO005391

Original Article
Pelvic irradiation modulates the pharmacokinetics of
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Abstract: Background: Cisplatin (CDDP) is employed to enhance radiotherapy’s (RT) effect for various cancers.
However, the effects of local RT on chemotherapeutics in the plasma and lymphatic system remain unclear. Here,
we evaluated the influence of pelvic irradiation on the pharmacokinetics (PK) of CDDP using rats as an experimental
model. Methods and Materials: RT with 2 Gy and 0.5 Gy were delivered to the whole pelvis of Sprague-Dawley rats.
CDDP at 5 mg/kg and 10 mg/kg was intravenously infused 24 hours after radiation for the plasma and lymphatic
system, respectively. The pharmacokinetics of CDDP in the plasma and lymphatic system were calculated. Results:
Compared with sham-irradiated controls, the whole pelvic irradiation increased the area under the concentration
versus time curve (AUC) of CDDP (5 mg/kg) in the plasma by 80% at 0.5 Gy and 87% at 2 Gy, respectively. In con-
trast, the AUC of CDDP decreased in bile by 13% at both dose levels. Intriguingly, RT could also increase the AUC
of CDDP (10 mg/kg) in the lymphatic fluid by 87% at 2 Gy. In addition, the AUC in CDDP without and with RT was
2.8-fold and 3.4-fold greater for the lymph system than for the plasma, respectively. Conclusions: A local pelvic RT
could modulate the systemic PK of CDDP in both the plasma and lymphatic fluids of the rats. The RT-PK phenomena
are worth further investigation.
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Introduction and contributed to a reduction in both local and
distant recurrence [11, 14, 15].

Cisplatin (CDDP) is broadly used concurrent
with or without radiotherapy (RT) for the treat-

ment of various malignant tumors and increase

RT is traditionally considered as a local treat-
ment [16]. However, our previous study showed

the relative radiosensitivity [1], inhibits subleth-
al damage repair [2], arrests the G2 phase of
the cell cycle thereby inducing cell death [3],
strengthen the killing effect of radiation [4, 5]
and suppresses tumor neovascularization [6].

Lymph nodes (LN) metastasis and the number
of LN metastases are associated with an incr-
eased risk of disease spread in gynecologic
malignancies [7, 8]. Concurrent chemoradia-
tion therapy (CCRT) improves the survival of
patients with locally advanced cervical cancer
better than chemotherapy or RT alone [9-13]

that local pelvic irradiation could significantly
modulate the systemic pharmacokinetics (PK)
of fluorouracil (5-FU) at both low dose and daily
treatment dose [17] through matrix metallopro-
teinase-8 [18]. RT-PK phenomena have also
been noted in head and neck irradiation with
5-FU and CDDP [19].

In the present study, we investigated the phar-
macokinetics of CDDP in the plasma and lym-
phatic systems of rats, using pelvic RT to deter-
mine whether pelvic RT plays an important role
in modulating the PK of the CDDP for the plas-
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ma and lymphatic system potentially contribut-
ing to local control and metastatic prevention.

Methods and materials
Materials and reagents

The CDDP and high-performance liquid chro-
matography (HPLC)-grade methanol were pur-
chased from Sigma Chemicals (St. Louis, MO,
USA) and Tedia Company, Inc. (Fairfield, OH,
USA), respectively. Milli-Q grade (Millipore, Bed-
ford, MA, USA) water was used for the prepara-
tion of the solutions and mobile phases.

Animals and sample preparation

Adult, male Sprague-Dawley rats (300 + 20 g
body weight) were provided by the Laboratory
Animal Center at National Yang-Ming University
(Taipei, Taiwan). The surgical and experimental
protocols involving animals were reviewed and
approved by the Institutional Animal Care and
Use Committee of National Yang-Ming Uni-
versity. They were housed in a specific patho-
gen-free environment and had free access to
food (Laboratory Rodent Diet 5001, PMI Nu-
trition International LLC, St. Louis, MO, USA)
and water.

Both the animals and samples were prepared
according to our previous reports [18, 19].
Briefly, the rats were anesthetized with ure-
thane 1 g¢/ml and a-chloralose 0.1 g/ml (1 ml/
kg, intraperitoneal injection), and were immobi-
lized on a board to undergo computed tomogra-
phy for simulation of the whole pelvic field [18].
The cranial margin was set at the top of bilat-
eral iliac crest for the whole pelvic field. Con-
ventional radiotherapy was used to deliver the
radiation dose with anterior-posterior (AP) - PA
portals. The experimental animals were ran-
domized into the control (O Gy), 0.5, and 2 Gy
groups. Each group’s data was collected from 6
rats.

We chose 0.5 and 2 Gy for the rats to simulate
the relevant safe and workable dose range for
daily treatment of the human torso as described
in our previous report [17]. The LD50 of CDDP
for rats with oral, intraperitoneal, subcutane-
ous, and intravenous is 25, 7, 8 and 11 mg/kg,
respectively [20]. Thus, we chose 50% of the
LD50 of intravenous CDDP, 5 mg/kg, as a fea-
sible dose in rats for examination of the plasma
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with CDDP initially. Thereafter, intravenous CD-
DP with 10 mg/kg was used for the lymphatic
examination.

For the collection of lymphatic fluid and blood,
the rats were given 2 mL of olive oil by oral
gavage 30 min before operation, and then
anaesthetized with urethane (1 g/kg) intraperi-
toneally. Surgical sites were shaved and disin-
fected with 70% ethanol solution, and polyeth-
ylene tubes (PE50) were then implanted into
the right jugular vein and left carotid artery for
intravenous infusion (normal saline, 2 mL/h)
and blood sampling, respectively.

The procedure of mesenteric lymph vessel can-
nulation was performed as previously reported
with some modifications [21]. Briefly, a midline
laparotomy was performed from the xiphoid,
the intestinal mass was displaced with gauze,
and the wound was retracted by a 3-0 suture.
Mesenteric lymph vessels were easily identi-
fied, since they contain white lymph. The mes-
enteric lymph duct was isolated by teasing
away the surrounding tissue with a cotton swab.
A small cut was made with a needle, and a sili-
cone tubing (10 cm in length) was inserted into
the mesenteric lymph duct. A drop of tissue
cement was applied to the hole in the lymph
duct to seal it and to fix the cannula in place.
The lymph was collected in heparinized Ep-
pendorf tubes at 30-minute intervals.

A 150-uL blood sample was withdrawn from
the jugular vein with a fraction collector accord-
ing to a programmed schedule at 5, 15, 30, 45,
and 60 min, and 1.5, 2, 2.5, and 3 h following
drug administration. The blood samples were
immediately centrifuged at 3300 x g for 10
min. The resulting plasma (50 pL) was added to
1 mL of ethyl acetate in a clean tube, vortexed
for 5 min, and centrifuged at 5900 x g for 10
min. After centrifugation, the upper organic
layer containing the ethyl acetate was trans-
ferred to a new tube and evaporated to dryness
under flowing nitrogen. The dried residue was
reconstituted with 50 pL of Milli-Q water (Mil-
lipore). A 20-pL aliquot of the solution was inje-
cted into the high performance liquid chroma-
tography-ultraviolet (HPLC-UV) detection sys-
tem.

Liquid chromatography

The HPLC system consisted of a chromato-
graphic pump (LC-20AT, Shimadzu, Kyoto,
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Figure 1. Representative chromatograms of cisplatin in rat plasma and lymphatic fluid. A. Blank rat plasma; B. A
blank rat plasma sample spiked with cisplatin (10 ug/mL); C. Real rat plasma sample containing cisplatin (11 ug/
mL) collected at 5 min after cisplatin administration (10 mg/kg, i.v.); D. Blank rat lymphatic fluid; E. A blank rat
lymphatic fluid sample spiked with cisplatin (10 ug/mL); F. Real rat lymphatic fluid sample containing cisplatin (9.87
ug/mL) collected from 60 to 90 min after cisplatin administration (10 mg/kg, i.v.). 1: cisplatin.

377 Am J Transl Res 2015;7(2):375-384



RT-PK of CDDP in rats

Table 1. Intra- and Inter-day precision (% RSD) and accuracy (% Bias) of the HPLC-UV method for deter-
mination of cisplatin in rat plasma and lymphatic fluid (5 days, 5 replicates per day)

Intraday Interday

Nominal concen- Observed concen- Precision Accuracy Observed concen Precision Accuracy

Matrices tration (ug/mL)  tration (ng/mL) (% RSD) (% Bias) tration (ng/mL) (% RSD) (% Bias)
Plasma 0.5 0.50 + 0.05 1033 068  0.53+0.05 857  6.47
1 0.94 + 0.05 567 592  0.97 +0.04 373 271
5.15 + 0.21 4.02 2.97 5.02 +0.21 427 037
10 9.87 + 0.09 095  -1.31  9.93+0.15 152  -0.67
25 25.0 + 0.03 0.11 0.10 25.0 + 0.03 012  0.10
Lymphatic fluid 0.5 0.56 + 0.07 1171 1161  054+007 1367 881
1 1.07 +0.11 1014  6.76 1.06+012 1099 557
5 5.04 + 0.20 4.06 0.71 5.01 + 0.20 398 0.6
10 9.60 + 0.40 420 402  9.66+0.36 3.68  -3.40
25 25.2 +0.13 051  0.59 251 +0.11 042 047

Data expressed as mean * SD.

A100 o Figure 2. The concentration vs. time curves of cis-
3 —e— CDDP only platin in rat (A) plasma and (B) bile with or without ir-
= ] —0— Whole pelvic RT 0.5 Gy/CDDP radiation therapy (RT) 0.5 Gy and 2 Gy after cisplatin
4 —¥— Whole pelvic RT 2 Gy/CDDP administration (5 mg/kg, i.v.). Data are expressed as

; mean + SEM (n = 6).

-
o

Japan), autosampler (SIL-20AT, Shimadzu), dio-
de array detector (SPD-M20A, Shimadzu), and
] degasser (DG-240). A reversed-phase C18 col-
| umn (4.6 x 250 mm, particle size 5 um, Eclipse
E ' XDB, Agilent Technologies, Santa Clara, CA,
] USA) was used for the HPLC separation. The
1 mobile phase was composed of acetonitrile -
10 mM monosodium phosphate (pH 3.0 adjust-
01 ' - o o s o ed by orthophosphoric acid) (70:30, v/v) at a
flow rate of 1.0 ml/min. The chromatographic

run time was 13 min and the detection wave-
e CDDP anly length was set at 254 nm. The mobile phase
—O— Whole pelvic RT 0.5 Gy/CDDP was filtered through a 0.45 ym Millipore mem-
—¥— Whole pelvic RT 2 Gy/CDDP brane filter and degassed by sonication 2510R-
DTH (Branson Ultrasonics, Danbury, CT, USA)
before use. The stock solution of CDDP in 50%
acetonitrile (500 pg/ml) was diluted with 50%
acetonitrile to make serial concentrations of
the working standard solutions (1, 5, 10, 50,
and 100 ug/ml). The plasma was separated by
centrifuging the blood sample at 6000 rpm for
10 min at 4°C. Calibration standards were pre-
pared using 5 ul of the working standard solu-
tion spik with 45 pl of blank plasma and bile,
0.001 . . - : ) and then adding 10 pl of freshly prepared 10%
0 60 120 180 240 500 diethyldithiocarbamate in a solution of 0.2 N
Time (minutes) sodium hydroxide into each sample. These
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Table 2. Estimated pharmacokinetic parameters of cispla-
tin in rat plasma after cisplatin administration (5 mg/kg,
i.v.) after pelvic irradiation with and without 0.5 and 2 Gy
irradiation

A. Pharmacokinetic parameters of cisplatin (CDDP) (5 mg/kg, i.v.)
in ratplasma after pelvic irradiation with and without 0.5 and 2
Gy irradiation

Control Whole pelvic RT Whole pelvic RT

Parameters

0 Gy 0.5 Gy 2 Gy
AUC (min pg/ml) 438 +275 789+ 31.3* 819 + 36.4*
t,,, (min) 103 +25.0 182+ 33.5* 173 £ 20.2*
C, .. (Mg/ml) 8.78+0.32 11.9+0.43* 11.6 £ 0.89*
CL (ml/kg/min) 11.6+0.68 6.39 +0.19* 6.19 £ 0.30*
MRT (min) 102 £ 16.5 205 +28.4* 193 + 11.0*

B. Pharmacokinetic parameters of cisplatin (CDDP) (5 mg/kg, i.v.)
in rat bile after pelvic irradiation with and without 0.5 and 2 Gy

Control Whole pelvic RT Whole pelvic RT

Parameters

0 Gy 0.5 Gy 2 Gy
AUC (min yg/ml) 141 +11.9 123 +12.5 122 +10.5
t,, (min) 42,7+ 4.7 33.6 +5.77 34.2 + 3.77
C, . (Mg/ml) 4.01+025 4.43+0.58 453 +0.77
CL (ml/kg/min) 36.2+4.67 41.0+ 4.16 41.4 + 3.17
MRT (min) 435+ 3.9 38.2+4.18 36.0 + 4.05

Data expressed as mean + standard error of the mean (n = 6).t, :
half-life; C__: the maximum plasma concentration; AUC: area under the

max”

(Kel) were calculated by the pharma-
cokinetics calculation software Win-
Nonlin Standard Edition, Version 1.1
(Scientific Consulting, Apex, NC, USA)
using a compartmental method.

Statistical methods

The results are presented as means +
standard deviations. Differences in
actuarial outcomes between the gr-
oups were calculated using one-way
analysis of variance (ANOVA), with
post hoc multiple comparisons. All
analyses were performed using SPSS,
version 20.0 (SPSS, IBM, Armonk, NY,
USA).

Results
HPLC method validation

There was no interference under the
present analytical conditions during
the retention time of the CDDP. The
peak of the CDDP was well separated

concentration-time curve; CL: total plasma clearance; MRT: mean resi-
dence time.*p < 0.05: significantly different from the control group.

samples were put into a water bath at 45°C for
30 min to form the derivatization of CDDP.

The calibration curves were represented by the
peak areas ratio of the CDDP to the internal
standard spiked in the blank samples vs. the
concentration of CDDP. The limits of detection
(LOD) and the limit of quantification (LOQ) were
defined as a signal-to-noise ratio of 3 and the
lowest concentration of the linear regression,
respectively. The 0.01-yg/mL limit of quantifi-
cation was defined as the lowest concentration
on the calibration curve that could be mea-
sured routinely with acceptable bias and rela-
tive SD.

Pharmacokinetics and data analysis

Pharmacokinetic parameters such as the area
under the concentration versus time curve
(AUC), terminal elimination phase half-life (tm),
maximum observed plasma concentration
(C,.), mean residence time (MRT), total plas-
ma clearance (CL), volume of distribution at
steady state (Vss), and the elimination constant
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and there was no endogenous inter-
ference in the rat plasma and lym-
phatic fluid samples (Figure 1). The
selectivity was tested by chromato-
grams of blank plasma and lymphatic fluid
spiked with CDDP standard. Good linearity was
achieved in the range of 0.1-10 yg/mL, with all
coefficients of correlation greater than 0.995.

Intraday and interday precision (% RSD) and
accuracy (% Bias) were determined by repeated
analysis of six lots of biological samples spiked
with different concentrations of CDDP on the
same day and six consecutive days, respective-
ly. Precision and accuracy are presented in
Table 1. The ranges of intraday precision and
accuracy in the rat plasma vs. the lymphatic
fluid were 0.11% to 10.33% and -5.92% to
2.97% vs. 0.51% to 11.71% and -4.02% to
11.61%, respectively. The interday precision
and accuracy ranged from 0.12% to 8.57% and
2.71% to 6.47% vs. 0.42% to 13.67% and
-3.40% to 8.81%, respectively.

Plasma pharmacokinetic parameters of CODP
with pelvic irradiation

Compared with the shame-irradiated controls,
the whole pelvic irradiation increased the AUC

Am J Transl Res 2015;7(2):375-384
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100 -

Cisplatin concentration (ug/mL) in rat plasma

0.1

—a&— Cisplatin (10 mg/kg, iv.)
—O— Cisplatin (10 mg/kg, iv.) + RT (2 Gy) 1/27

cally significant differences for
the AUC,C__, CL,T/ and MRT,
when the RT 0.5-Gy and 2-Gy
groups were compared to the
shame-irradiated controls (Table
2B).

Plasma and lymphatic fluid
pharmacokinetic parameters
of CDDP with pelvic irradiation

Intriguingly, RT could also in-
crease the AUC of the CDDP
(10 mg/kg) in the lymphatic
fluid by 87% at 2 Gy (Figure 3).

0 30 60 90 120 150

Time (min)

Cisplatin concentration (ng/mL)in ratlymph fluid

0.1 T T T T T

T

180

—a— Cisplatin (10 mgkg, iv.)
—O— Cisplatin (10 mgkg, i.v.) + RT (2 Gy)

The AUC in the CDDP (10 mg/
kg) without and with RT was
2.8-fold and 3.4-fold greater
for the lymph than for the plas-
ma, respectively. In addition,
pelvic irradiation significantly
increased the C__ by 67.7% in
the plasma and 77.8% in the
lymphatic fluid when compared
with the non-RT sham group.
RT decreased the CL of the
CDDP in the plasma by 32.0%
and lymphatic system by 46.8%
(Table 3).

210 240

Discussion

The HPLC-UV detection method

0 30 60 920 120 150

Time (min)

Figure 3. The concentration vs. time curves of cisplatin in rat (A) plasma
and (B) lymphatic fluid with or without irradiation therapy (RT) after cispla-
tin administration (10 mg/kg, i.v.). Data are expressed as mean + SEM (n

=06).

of CDDP (5 mg/kg) in the plasma by 80% at 0.5
Gy and 87% at 2 Gy, respectively (Figure 2A). As
shown in Table 2A, the pelvic irradiation signifi-
cantly increased the T  ,, MRT, and C,..,o and by
contrast, decreased the clearance value of the
CDDP by 44.9% in the 0.5-Gy group and 46.6%
in the 2-Gy group, respectively. There was no
significant difference within the RT groups.

Bile pharmacokinetic parameters of CDDP and
whole pelvic irradiation

Pelvic irradiation decreased the AUC of the
CDDP in the bile of the rats by 13% at both
dose levels (Figure 2B). There were no statisti-

380

180

210 240 with good linearity was achi-

eved and there was no interfer-
ence under the present analyti-
cal conditions of CDDP in the
plasma and lymphatic fluid
(Figure 1). The accuracy and
precision of the concentrations
in intra-day and inter-day were
all acceptable (Table 1). The results suggested
that the analytical method was repeatable and
reliable. Further, the original form of CDDP
could be detected in the mesenteric lymphatics
as in the plasma with or without RT suggesting
that intravenous injection of CDDP can pass
from the blood into the lymphatic system.

The benefits of concomitant platinum-based
regimen chemotherapy with RT have been
proved for cervical patients with stage IB to IVA
by a number of randomized prospective trials
such as the Gynecologic Oncology Group (GOG)-
85 [9], GOG-120 [10], GOG-123 [11], Radiation
Therapy Oncology Group (RTOG 90-01) [12],

Am J Transl Res 2015;7(2):375-384



Table 3. Estimated pharmacokinetic parameters of cisplatin in rat
plasma and lymphatic fluid after cisplatin administration (10 mg/

RT-PK of CDDP in rats

a high complete response
rate. However, a further ran-

kg, i.v.) domized trial of 5-FU concur-
Parameters Plasma Lymphatic fluid rent with RT for cervical C.an-
) ) - X cer found that overall survival
Without RT  With RT 2Gy  Without RT  With RT 2Gy .

- » . and pelvic control was not

AUC (min pug/mL) 621 +47.7 956+ 125 1718 + 201 3214 + 424 statistically improved [25].
T (min) 140+28.3 131+16.1 71.2+154 93.7+14.1 Recently, a randomized trial
C...(ug/mL) 15.3+0.62 22.3+0.84* 171+ 1.64 30.4 +4.05* compared protracted venous
CL (mL/min/kg) 13.7 +1.79 9.31+1.40 6.09+0.79 3.24 + 0.40* infusion (PVI) 5-FU with we-
MRT (min) 55.8+2.23 59.4+6.03 324+29 30.2+4.97 ekly cisplatin and found PVI
Vss (mL/kg) 1701+ 162 1113 + 126% 272 +56.4 138 +23.3 FU does not demonstrate

Data expressed as mean + SEM (n = 6). AUC, area under the concentration vs. time
the peak plasma concentration of a drug after
administration; CL, total body clearance; MRT, mean residence time; Vss, volume of

curve; t, _, elimination half-life; C

1/2? max’

statistical improvement over
weekly CDDP as a radiosensi-
tizer [14].

distribution. *significantly different from without RT group at p < 0.05.

and Southwest Oncology Group (SWOG) 8797
[13]. GOG-120 further demonstrated that
weekly intravenous cisplatin 40 mg/m2 for 6
weeks in combination with RT is more conve-
nient, equally efficacious, and less toxic than
other cisplatin regimens or combinations using
5-FU and/or hydroxyurea [10], and has been
established as a new standard for the treat-
ment of locally advanced cervical carcinoma
[22].

However, the designs of most clinical trials are
according to the hypothesis of the radiosensiti-
zation [1] and direct tumor cytotoxicity [5] of the
CDDP in the concurrent treatment. In our previ-
ous studies, the interactions between local irra-
diation and 5-FU were not about radiosensitiza-
tion of chemotherapy agents to RT, but about
the RT modulating the functionality of 5-FU [17-
19]. Intriguingly, the AUC of the CDDP were also
modulated by whole pelvic irradiation, increas-
ing 80% and 87% at 0.5 Gy and 2 Gy, respec-
tively (Figure 2). The modulating function of
pelvic RT in the RT-PK phenomena is not only
noted in 5-FU [17, 18], but also in CDDP. The
RT-PK phenomena of CDDP could provide some
clues to the better results of platinum-based
CCRT for cervical cancer treatment.

GO0G-120 showed that weekly CDDP or a combi-
nation of a platinum and 5-FU regimen with RT
is better than hydroxyurea [10]. However, the
possibility of a synergistic effect between cis-
platin and fluorouracil is not clear. It has been
hypothesized that, as an RT sensitizer, 5-FU
interferes with the repair of radiation-induced
lesions and potentially increases RT sensitivity
[23]. Thomas et al. [24] investigated the combi-
nation of radiation and 5-FU infusion and found

381

According to the RT-PK phe-

nomena, local pelvic irradia-
tion with 2 Gy reduces the AUC of 5-FU in rats
by 21.5% to 31.7% [17, 18] and increases the
AUC of CDDP by 87%, respectively. There are
drug-drug interactions for same drug to differ-
ent compounds with different results such as
Alisporivir, a potent anti-hepatitis C virus mole-
cule. The AUC of Alisporivir could be increased
by 9.4-fold and decreased by 86% when
Alisporivir is co-administered with ketoconazole
or rifampin, respectively [26]. Similarly, in the
current study, the interactions for pelvic irradia-
tion to the AUC of CDDP are the opposite of the
AUC of 5-FU [17, 18]. This may explain why
weekly cisplatin or platinum-based regimen
concurrent with RT is a better choice for cervi-
cal cancer [10] and why 5-FU concurrent with
RT for cervical cancer, with its lack of improved
overall survival or a better pelvic control rate
[25], and PVI FU do not show more benefits
than weekly CDDP [14].

The long-term results of RTOG 90-01 showed
adding platinum-based regimens to RT could
reduce the risk of locoregional failure and dis-
tant metastases from cervical carcinoma by
7% and 15%, respectively [15]. In the GOG-123
trial, the risk of recurrence and death was sig-
nificantly reduced by the lower rate of relapses
in the pelvic region in the weekly CDDP com-
bined-therapy group for bulky stage IB cervical
cancers in comparison to RT alone [11]. Ad-
ditionally, distant failure (including abdominal,
para-aortic region, bone, liver, and lung) was
higher in the PVI FU group (29% vs. 18%) than
the CDDP group in the GOG-165 trial [14].

Radiotherapy may cause endothelial cell loss
[27] and hypertrophy of the surviving endothe-
lial cells [28] that may impair the vascular and

Am J Transl Res 2015;7(2):375-384
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lymphatic systems and enhance vascular per-
meability. Nevertheless, little is understood
about the influence of a daily RT dose for anti-
neoplastic agents in the lymphatic system.
Interestingly, RT could also increase the AUC of
CDDP in the lymphatic fluid by 87% at 2 Gy
(Figure 3). Additionally, the AUC in CDDP was
3.4-fold greater for the lymphatic system than
for the plasma in the RT group but was 2.8-fold
in the non-RT group, offering evidence that the
distribution of CDDP in the lymphatic system
could be enhanced by RT (Table 3). This RT-PK
phenomena of CDDP in the lymphatic system
may have some impact on the clinical practice
of CCRT to decrease the regional and distant
failure and merits further scientific investi-
gation.

The percentage of adverse effects has been
higher in the combined therapy than in the
radiotherapy alone group. In GOG-123, the fre-
quencies of transient moderate to severe
hematologic and gastrointestinal adverse ef-
fects in the CCRT group vs. the RT group were
21% vs. 2% and 14% vs. 5%, respectively [11].
The moderate to severe hematologic and gas-
trointestinal adverse effects in the CCRT group
were 17% as compared to only 1 % in the RT
group in the phase lll study [29]. In the current
study, the AUC of CDDP after whole pelvic irra-
diation increased 80% and 87% at 0.5 Gy and 2
Gy, respectively. Both the daily practice dose
and the off-target dose could increase the AUC
of CDDP and provide the one of reasons to
explain why the adverse effects look higher in
the CCRT than the RT alone group.

There are some limitations in the current study.
First, the role of MMP-8 as observed in abdomi-
nal and pelvic RT in modulating 5-FU pharma-
cokinetics is not proved in the current study.
Whether this soluble factor has an impact on
pelvic RT-modulated pharmacokinetics of CD-
DP remains to be determined. Second, this
study is the effects of irradiation followed by
chemotherapy with one-shot design rather
than fractionation RT as daily practice. In clini-
cal use of fractionated RT and periodically con-
current chemotherapy, the previous daily frac-
tion of RT may modulate the PK of chemothera-
peutics administered in the consecutive day. In
the conducting clinical trial, we planned to vali-
date this RT-modulated PK phenomenon in
patients receiving CCRT with fractionated RT.
Third, this study is the effects of irradiation fol-

382

lowed by chemotherapy but concurrent chemo-
therapy with radiotherapy is the usual way that
applied in the clinical practice. However, fluoro-
uracil and cisplatin to radiotherapy within 16
hours after the first radiation fraction was
administered that significantly improved the
survival rate of women with locally advanced
cervical cancer [15]. These data explain the
importance of adding chemotherapy to RT but
rather than time sequence of drug delivering.
The findings for modulation of drug of PK by
local RT, as demonstrated in previous and this
study, may provide a clue and a research plat-
form to clarify this controversy. Finally, the data
of pharmacokinetics for cervical cancer pa-
tients during CCRT is not collected in the cur-
rent study. Thus, the further study for RT-PK
phenomena of the CDDP in cervical cancer
patients is warranted in the future.

Conclusions

To our best knowledge, this is the first study to
prove that pelvic irradiation can significantly
modulate the systemic and lymphatic fluid
pharmacokinetics of CDDP for both the target
(2 Gy) and off-target areas (0.5 Gy). Pelvic RT
also increases the distribution of CDDP in the
lymphatic system based on our animal model.
This study may provide a clue to understanding
the unexplained biological enhancement of
antineoplastic agents for improving locoregion-
al control of locally advanced gynecologic
cancetr.
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