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Table 1. Pharmacokinetic advantage of intraperitoneal de-
livery of selected antineoplastic drugs

Ratio of peritoneal cavity
to systemic compartment

Agent
Peak concentration Total concentration*

Cisplatin 21 12
Carboplatin 17
Paclitaxel 1,000 1,000
Doxorubicin 470

Mitoxantrone 1,400
Melphalan 93 65
Methotrexate R

5-fluorouracil 300 360

*Area under the curve for a concentration versus time plot
(Markman Lancet Oncol 2003; 4: 227-83)

IP Cisplatin 90 mg/m2

Fig. 1. Intravenous versus intra-
peritoneal administration of cis-
platin; pharmacokinetics (Adapt-
. ed from Howell SB et al. Ann

Plasma Peritoneal fluid

Plasma

Peritoneal fluid Intern Med 1982; 97: 845-51).
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Table 2. Randomized trials comparing IV versus IP or IP/IV first-line treatment of ovarian cancer
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231 carboplatin®] 7%= 178N, paclitaxel ] 7
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A% Z7}8tHTable 1, Fig. 1),
Cisplating 574 W2 T8 4 B4 W T4 &
HO ZHE oF 4 mm7}A]
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Study identifier/

Median duration
of survival (months)

) ) . Eligible Number
authorsfyear Control regimen Experimental regimen catients of patients
published Control  Experimental
regimen regimen
Kirmani et al,  Cisplatin 100 mg/m? IV;  Cisplatin 200 mg/m® Stage lIC-IV 62
1994% Cyclophosphamide 600 IP; etoposide 350 mg/m?
mg/m® Q 3 weeks x6 IP Q 4 weeks x6
SWOG 8501/ Cisplatin 100 mg/m2 Vs Cisplatin 100 mg/m2 IP; Stage Il 546 41 49
GOG 104 Cyclophosphamide Cyclophosphamide IV <2 cm
Aberts et al, 600 mg/m® IV 600 mg/m? residual
1996" Q 3 weeks 6 Q 3 weeks 6
Polyzos et al.,  Carboplatin 350 mg/m2 IV;  Carboplatin 350 mg/m2 IP; Stage I 0 52 63
1999% Cyclophosphamide Cyclophosphamide
600 mg/m” IV 600 mg/m” IV
Q 3 weeks x6 Q 3 weeks x6
Gadducai et al, Cisplatin 50 mg/m? IV; Cisplatin 50 mg/m? IP; Stage IV, 13 25 2
2000” Cyclophosphamide Cyclophosphamide <2 cm
600 mg/m? IV; 600 mg/m? IV; residual
Epidoxorubicin Epidoxorubicin
60 mg/m’ IV 60 mg/m® IV
Q 4 weeks x6 Q 4 weeks x6
GOG 114/ Cisplatin 75 mg/m? IV Carboplatin (AUC9) IV Stage Il 462 51 67
SWOG 9227 Paclitaxel 135 mg/m2 g 28 days x2; Cisplatin <1 cm
Markman et al., (24 hr) IV 100 mg/m® IP; residual
2001" Q 3 weeks x6 Paclitaxel 135 mg/m?
24 hr) IV g 3 weeks x6
Yen et al., Cisplatin 50 mg/m? IV; ~ Cisplatin 100 mg/m® IP Stage Il 118 48 43
2001® Cyclophosphamide Cyclophosphamide <1cm
500 mg/m’ IV; 500 mg/m’ IV; residual
Epidoroxorubin/ Epidoxorubicin/
Doxorubicin Doxorubicin 50 mg/m? IV
50 mg/m’ IV Q 3 weeks 6
Q 3 weeks x6
GOG 172 Cisplatin 75 mg/n? IV; Paclitaxel 135 mg/m? Stage I, 415 50 66
Armstrong et al, paclitaxel 135 mg/m? (24 hr) IV; Cisplatin <1ocm
2006" 24 1) IV 100 mg/m? IP; Paclitaxel  residual

Q 3 weeks x6

60 mg/m’ IP on day 8
Q 3 weeks x6
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AZFZE] 159702 EAT T B 5ATFig 3)
B4 W oA Tl 205W8 F % 6319 B3 W) st
HE 7K o Al < UAE SRk 8678 (42%)
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Elzi (In\(/ﬁ%)) IP regimen better IV regimen better

SWOG/GOG—104 (1996) 0.760 0.013 e |
GONO (2000) 0670 0.077 Fig. 2. Treatmer]t hazard I'al.IOS
for overall survival; Intraperito-
GOG—114/SWOG (2001) 0.810 0.012 et neal vs. Intravenous therapy. W’
The diamond shows the pooled
EORTC—-55875 (2003) 0.820 0.054 s m estimate of the treatment hazard
GOG—172 (2006) 0.750 0.017 ratio for survival: 079, 95%
confidence interval (0.70, 0.89).
<> Hazard ratio was not reported for

T T
0.33 0.5 0.67

T T
1.0 1.5 2.0 3.
Relative hazard

1 the study of Gadducci et al. but
it is calculated from the available
data reported.
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20 i Intraperitoneal
= g 0.4 therapy
9% 0.3
S i
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& 0.14 P=0.05 therapy
00 T T T T T T T T T 1
0 6 12 18 24 30 36 42 48 54 60
No. at risk Months of study
Intravenous
therapy 210 142 86 57 48 33
irapertioneal 505 154 100 74 57 40
B 1.0 7
0.9+
(o)) 08'
§ 0.7 Intraperitoneal
S therapy
S 06-
w
c 0.51
o
o] 0.47 Intravenous
S 0.3 therapy
o 0.2
0.14 P=0.03
00 T T T T T T T T T 1
0 6 12 18 24 30 36 42 48 54 60
No. at risk Months of study
I?grea;\;%r;ous 210 183 157 123 106 63 Fig. 3. Progression-free and O-
Intraperitoneal verall Survival (Armstrong et al.
therapy 205 183 165 142 114 7T N Engl J Med 2006; 354: 34-43).
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Table 3. Intraperitoneal chemotherapy experience in YUMC since January 2006

Residual
Patient no  Stage tumor
size

IP catheter

ECOG
performance
status

Regimen Cycle No Toxicity

1 B <05 cm

2 1][e; <20 cm

3 e <05 cm

4 e <10 c¢m

5 e <10 cm

6 Recurrent
peritoneal
cancer

Tenckhoff
catheter

Tenckhoff
catheter

Tenckhoff
catheter

R

BardPort®

BardPort®

IV catheter
18 G

Anemia 1
(grade 2)
Thrombocytopenia
(grade 3)

Paclitaxel 135 mg/m? 2
24 hn) Iv;

Carboplatin (AUC 6) IP;

Paclitaxel 60 mg/m?

IP on day 8

Q 3 weeks x6

Carboplatin (AUC 5) IP; 2
Paclitaxel 175 mg/m2

(3 hr) IV; Paclitaxel 60 mg/m’

IP on day 8

Q 3 weeks x6

Carboplatin (AUC 5) IP; 2 None 1
Paclitaxel 175 mg/m?

(3 hn) IV; Paclitaxel 60 mg/m?

IP on day 8

Q 3 weeks x6

Carboplatin (AUC 5) IP; 1 None 1
Paclitaxel 175 mg/m® (3 hr)

IV; Paclitaxel 60 mg/m?

IP on day 8

Q 3 weeks x6

Carboplatin (AUC 5) IP; 1 None 1
Paclitaxel 175 mg/n? (3 hr)

IV; Paclitaxel 60 mg/m?

IP on day 8

Q 3 weeks x6

Carboplatin (AUC 5) IP; 2 None 2
Taxotere 75 mg/m® (3 hr)
IV Q 3 weeks x6

Abdominal pain 1
(grade 2)

Fig. 4. BardPort® (9.6 Fr open-ended catheter attached

Titanium port) insertion.

Iz
o

W Fststam s Al on catheters &
T ol AYstATKTable 3). ©] F 3952 Aol A
Tenckhoff catheterS AFE-3}93L 289 A} M=
.6 Fr open-ended catheter attached Titanium port (BardPort®)
£ AHE-3IAtH(Fig. 4). AT carboplatin (AUC 5-6) IP
(day 1), paclitaxel 175 mg/m2 IV (day 2), paclitaxel 60
mg/m’ P (day 8) 35-Pith Fofaigirt. 39 9] SAle
Tenckhoff catheterE ©]-8-3t] @A 23744 E4 ] &
datetadlS st oy el BF o)<l cathe-
terot WA S FAHE-E Itk 2] 27 e &
Aol A1 BardPort " AHS-ste] @A) 18] B ) F

e 4t o
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Table 4. Randomized trials comparing surveillance to IP consolidation treatment

Clinical outcomes

Study identfier/ Control Experimental L ) Number (months)
authors/ year reqimen reqimen Eligible patients of patients
published g ¢ P Control Experimental
regimen regimen
Barakat et al.,  Surveillance Cisplatin 100 mg/m2 Stage lIC-IV in pathologic 82 Median Median
1998% + VP-16 200 mg/m®  complete response DFS DFS
IP Q 4 weeks x3 following platinum-based 285 Not reached
primary treatment
FORTC-55875, Surveilance  Cisplatin 100 mg/m®  Stage lIB-Il in pathologic 153 Median Median
Piccart et al. IP Q 3 weeks x4 complete response duration duration
2003" following platinum-based of survival  of survival
primary treatment 78 91

DFS; disease-free survival

sHta RS Algstglon SHd &
g 32} AR Tkl ot ‘?7} A 7=
A 2K recurrent peritoneal cancer) $HA} 1”301]/\1
18-gauge IV catheter2 E-FHAE Alfste] B4 &
5 AAG T 1V catheterS 314 7 ﬂolﬂﬂo H
(carboplatin AUC 5 IP/docetaxel 75 mg/m IV q 3 weeks)S
23071 AR $AEE A5 thgka s
72819921 performance statusT 3. 4Q“ s B
At 23|14 Fof Alelle B0l ot ey e #
g2 gl

& gt &

(consolidation therapy)2-
of2} =N HaE Qe Topuz 52 o3} F

Al 7% (second-look laparotomy)oll 4] W2|shd ¢+
8ll(pathological complete remission)E %91 32} 308-&
gz 32k 57 o g8kt QH(IP cisplatin 100
mg/m’)& A3 A 5070289 median discase-free
survival S B Qo B 1381901 Menczer 5 319
9] stage I-IV A% A4S oz 321 77 W)
stk a S AAe 23 604%] 513 YL 35
7029 median progression-free intervalS X 13}FT,
Tournigand 5 He|3H8 b4 TS HQl 68H ) ¢
2% A5 o R 3k B4 W Fdusistad

(mitoxantrone, cisplatin, etoposide)= Al3§ e A7} 58%2]
59 AAEET 737012 B A E(median overall survival)
S Bustgln) oj2jg A9t o] F8H O A
Agtof| tet F2H9] vHlu WA 1998 Barakat 5
3} 20033 Piccart 0] B35 Piccart S0l 28}
WA TS A9 W FUssta o s e
&2 b #alE Hel A} 153% S TR ol
424 Bk ) 3obal st (1P cisplatin 90 mg/m’)S- Al
Y3t Sxfe} AleYalA] g2 ALZ o] Hlugh A
Bt A7) median duration of survival)©] A3y St ol
A 9Rg, AdetA e Tolde 1871Eolgl
(Table 4), progression-free survival®} overall survival2] 9|
% (hazard ratio)7} 0.89 (95% CI 0.59-133)%} 0.82 (95%
CI=0.52-129)2 57 W} I3stanls Adg oA
U Y2 4%s Bof 3oz E ou] A A2
T 9\ = 0 HaEy F7HAQI tiatk, FAS, A

o) /\o}ﬂ?i Esl.oq E.7]- LH 6]—OLQ.6}JQ_%_4 17_%
A8 oZAe &S £ v 43 7T vt
= Zlojth

M 25
H|EJ(IP catheter: BardPort ", Tenckhoff catheter
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Table 5. Reported toxicities of intraperitoneal chemotherapy
Category Symptom Study IV (%) IPIV (%) p-value
Auditory Hearing loss (>Grade 2) Alberts et al.”® 15 5 p<0.001
Tinnitus (>Grade 2) Alberts et al. 14 7 p=0.01
Blood/bone marrow Anemia (>Grade 3) Alberts et al. 25 26 ns
Gadducc et al”’ 8 6 nr
Kirmani et al® 3 7 nr
Yen et al® 12 7 ns
Granulocytopenia (>Grade 3) Alberts et al. 69 56 p=0.002
Leukopenia (>Grade 3) Alberts et al. 50 40 p=0.04
Armstrong et al.”® 64 76 p<0.001
Gadducci et al. 19 24 nr
Kirmani et al. 21 19 nr
Markman et al." 62 77 nr
Polyzos et al.¥ 18 5 p<0.01
Yen et al. 21 10 p=0.033
Thrombocytopenia (>Grade 3) Alberts et al. 9 8 ns
Armstrong et al. 4 12 p<0.001
Gadducci et al. 2 0 nr
Kirmani et al. 0 5 nr
Markman et al. 3 49
Polyzos et al. 10 3 p<0.09
Yen et al. 10 7 ns
Constitutional symptoms ~ Fatigue (>Grade 3) Armstrong et al. 4 18 p<0.001
Markman et al. 1 3
Fever (>Grade 20 Alberts et al. 5 6 ns
Gadducci et al 9 4
Fever (>Grade 3) Armstrong et al. 4 9 p=0.02
Gastrointestinal >Grade 3 Armstrong et al. 24 46 p<0.001
Markman et al. 17 37
Gadducci et al. 26 37
Nausea/ vomiting (Grade 2) Piccart et al® NA 82
Infection Grade 1 Piccart et al. NA 26
>Grade 3 Armstrong et al. 6 16 p=0.001
Markman et al. 1 4
Metabolic >Grade 3 Markman et al. 1 10
Hepatic Armstrong et al. <1 3 p=0.05
Renal Armstrong et al. 2 7 p=0.03
Creatinine clearance (>Grade 3) Markman et al. 1 5
Creatinine clearance (Grade 2) Piccart et al. NA 45
Neurology Neuromuscular effects at
end of treatment (>Grade 2) Alberts et al. 2 1 p=0.02
Neurotoxicity (Grade 2 or 3) piccart et al. NA 15
Neurotoxicity (>Grades 3) Armstrong et al. 9 19 p<0.001
Markman et al. 9 12
Pain Abdominal pain (Grade 1 or 2) piccart et al. NA 38
Abdominal pain (<Grade 2) Alberts et al. 2 18 p<0.001
Abdominal pain (>Grade 3) Armstrong et al. 1 " p<0.001

ns; not significant, nr; not reported, NA; not applicable
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Time (hr)
Fig. 5. Cases of intravenous ad-

ministration (upper panel) and of
intraperitoneal administration (lower
panel) of carboplatin. The con-
centration of the filtrated plat-
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el) is shown. The sampling data
shown in closed circles are fit
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stants of the differential equa-
tions (Miyagi et al. Gyneco Oncol

Time (hr) 2005; 99: 591-6).
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Fig. 6. Mean plasma concentration of paclitaxel with
different carrier solutions. Plasma paclitaxel concen-
trations were significantly lower when the drug was
administered with hetastarch at 3, 12 and 18 h (p=
0.0079, p=0.0079 and p=0.0317)(Mohamed et al. Cancer
Chemother Pharmacol 2003; 52: 405-10).
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Fig. 7. Mean concentrations of paclitaxel in peritoneal
fluid and plasma with different carrier solutions. The
peritoneal fluid to plasma AUC ratio with hetastarch
was 391, and with peritoneal dialysis solution was 191
(Mohamed et al. Cancer Chemother Pharmacol 2003;
52: 405-10).
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Table 6. Discontinuation of IP chemotherapy (n=119)

Reason Primary  Contributing
Catheter-related 40 10
IP catheter infection 21 4
IP catheter blocked 10 0
IP catheter leak 3 2
Access problems 5 3
Fluid leak out vagina 1 1
Not IP catheter-related 34 28
Nausea/vomiting/dehydration 16 16
Renal/metabolic 15 12
Disease progression 3 0
Possibly IP treatment-related 45 42
Other infection (not catheter) 7 5
Abdominal pain 4 16
Patient refusal 19 8
Bowel complication 4 4
Other 11 9

Walker et al. Gyneol Oncol 2006; 100: 27-32
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Table 7. Extent of surgical resection prior to study treatment

Failed to complete IP therapy

Extent of surgical resection (= 119 (n = 8)

Yes (%) No (%)
Hysterectomy % 79 71 83
Appendectomy 40 34 2 37
Rt colon/cecum 9 8 7 8
Lt colon/rectosigmoid 33 28 7 2
Small bowel resection 11 9 6 7
Colostomy 7 6 2 2

Walker et al. Gyneol Oncol 2006; 100: 27-32

Table 8. Complications of IP access devices
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Fig. 8. Implanted peritoneal access catheter (Clinical
Gynecologic Oncology 6th edition).

Muscle

Rib

Piccart Davidson"’ Makhija® GOG 172°
fenestrated (n=143) Port-A-Cath (n=227) venous device (n=301) (n=205)
No. % No. % No. % No. %
Port complications 6 1.1 40 176 30 10 40 195
Inflow obstruction 3 2 20 8.8 19 6.3 18 8.8
Infection 12 8 12 53 11 3.7 21 10.2
Bowel injury 2 14 8 35 0 0 4 2

Walker et al. Gyneol Oncol 2006; 100: 27-32
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New paradigm of intraperitoneal chemotherapy in ovarian carcinoma

Sang Wun Kim, Young Tae Kim, Jae Wook Kim
Department of Obstetrics and Gynecology, Women's Cancer Clinic, Institute of Women's Life Science,
Yonsei University College of Medicine, Seoul, Korea

Three large randomized trials (GOG-104, GOG-114, GOG-172) have shown the advantage of a combination of intravenous
(IV) and intraperitoneal (IP) administration of chemotherapy over IV administration alone in optimally-debulked ovarian cancer. A
significant advantage of IP chemotherapy is that high concentrations of drugs can be maintained within the peritoneal cavity with
less systemic toxicity than IV chemotherapy of similar doses. Two pharmacokinetic problems appear to limit the effectiveness of
IP chemotherapy: poor tumor penetration by the drug and incomplete irrigation of serosal surfaces by the drug-containing solution.
Combined IP/IV administration of chemotherapy may be associated with a significantly increased short-term risk of toxicity compared
with IV chemotherapy. However, the toxicity is usually short-term and manageable. Substitution of carboplatin for cisplatin may
reduce the toxicity of IP platinum, but the optimal IP regimen for women with optimally-debulked ovarian cancer should be
determined. In conclusion, patients with optimally—debulked FIGO stage Ill ovarian cancer should be counseled about the clinical

benefit associated with combined IV and IP administration of chemotherapy.
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