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Capitulo I. Introduccién y Objetivos

1. Introduccion.

Lacarcinomatosis peritoneal (CP) es una afectacion de la serosa peritoneal, tanto visceral como
parietal, por tumores mayoritariamente de origen gastrointestinal y ginecoldgicos aunque también
existen los primarios de peritoneo como son el mesoteliomay el seroso-papilar primario. Representa
unaformade progresién tumoral desalentadoray considerada como estadio IV sin diferenciarse de otras
localizaciones metastasicas (1).

La metéstasis peritonea es un proceso de multiples fases incluyendo e desprendimiento de
célulastumoraesdel tumor primario, laadhesion a peritoneo visceral o parietal, lainvasion del espacio
submesotelia, laangiogénesisy la proliferacién celular alli donde asienten.

La CP suele manifestarse de forma muy diversa, desde escasos implantes milimétricos
adyacentes a tumor primario, hasta la ocupacion de todo el abdomen y la pelvis por masas tumorales
voluminosas. El tamafio y la extension de la enfermedad peritoneal no influyen en la definicion del
término CP. La mayoria de los pacientes con CP evolucionan hacia la obstruccion intestina, la
formacion de ascitis, la caguexiatumoral o la combinacion de todas ellas. El término CP se asocia con
tumores muy avanzados y/o estadios tumoral es terminal es sin posibilidades terapéuticas curativas.

El tratamiento habitual de la CP es de indole paliativo mediante €l uso de quimioterapia
sistémica asociada o no ala cirugia. Estos tratamientos consiguen periodos de supervivencia limitados
gue varian segun e origen del tumor, la histologia y |a extension de la CP. Un estudio prospectivo y
multicéntrico que incluyé a pacientes con CP de origen géstrico, colorrectal y pancreatico demostro la
relacion de la mediana de supervivencia con € origen del tumor y € volumen de la enfermedad
peritoneal, siendo la supervivencia de tan solo 3,1, 5,2 y 2,1 meses, respectivamente (2). En otros
trabgj os publicados antes del afio 2002, y que incluyeron series extensas de pacientes con CP de origen
colorrectal, las supervivencias medias referidas fueron de 5 a9 meses (3). Protocolos més actuaes de
quimioterapia sistémica que contemplan nuevos farmacos como el oxaliplatino o €l irinotecan, solos o
en asociaci 6n con otros tratami entos bi ol gi cos, consiguen prolongar la supervivencia de estos pacientes
a21,5-24 meses (4, 5).

Laevolucién natural y la respuesta alos quimioterdpicos administrados por via sistémicaen la
enfermedad peritoneal son significativamente peores que en otras locali zaci ones metastasicas, como la
hepética o la pulmonar (4). Hasta la fecha, no se ha publicado ningin estudio que haya valorado la
respuesta de los pacientes con enfermedad metastasica exclusiva peritoneal a estas nuevas lineas de
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quimioterapicos. Es excepciona que un paciente diagnosticado de CP y sometido a cuaquier tipo de
tratamiento paliativo permanezcavivo alos 5 afos del tratamiento.

El peritoneo es la primera linea de defensa contra la diseminacion peritoneal de un cancer
abdominal. Es conocido que las células cancerigenas se implantan hasta 100 veces més €ficientemente
en €l peritoneo traumatizado que en el intacto. A su vez la formacion de fibrina inmediatamente tras e
trauma quirdrgico favorece el atrapamiento de células malignas convirtiéndose en zonas de santuario
terapéutico para el tratamiento sistémico.

En los tltimos afios, se haincrementado el interés por ladiseminacién peritoneal delostumores,
debido alos mejores resultados clinicos conseguidos con los tratamientos multimodales y alos recientes
conocimientos sobre € desarrollo y € crecimiento tumoral peritoneal, que han permitido considerar la
CP como una enfermedad locorregiona subsidiaria de beneficiarse de un tratamiento de intensificacion
terapéutica regional, tal y como actualmente se realiza con éxito en € tratamiento de la enfermedad
metastasicaa nivel hepético (6).

En 1989, Paul H. Sugarbaker establecio las bases de un tratamiento multidisciplinar en la CP
que asocia la cirugia citorreductora radical y la administracion inmediata de quimioterapicos a nivel
intraperitoneal, con o sin hipertermia, orientados a erradicar € tumor microscopico residual tras la
cirugia (7, 8).

El prondstico de | os pacientes con CP sometidos a tratamiento multidisciplinar estarelacionado
directamente con la extensién de la CP'y la consecucién de una cirugiaradical (9) siendo € objetivo la
extirpacion de todo e tumor de la cavidad abdominal sin dgjar ningin residuo tumoral macroscopico
visible mediante resecciones viscerales y técnicas de peritonectomia descritas por € mismo autor (7, 8).
Este tipo de cirugia suele denominarse “citorreduccion completa” (CRS). La extension y distribucion
de laenfermedad tumoral peritoneal debe ser establecida por completo antes deiniciar € proceso dela
cirugiaradical, y para€llo se han descrito varios sistemas de clasificacion siendo el més usado € indice
de carcinomatosis peritoneal (PCl en inglés) descrito en su dia por Sugarbaker (7).

El PCI combinaladistribucion delosimplantestumoralesy el tamafio delosmismos (L S: lesion
size en inglés) con € fin de determinar una puntuacion. LS-0 indica que no se evidencia tumor; LS-1
indicala existencia de implantes tumorales hasta 0,5 cm; LS-2 cuando |os implantes estén entre 0,5y 5
cm; y LS-3 cuando son mayores de 5 cm. La distribucion del tumor se determina segin 13 regiones
abdominopelvicas definidas, de manera que e PCl tiene un rango posible de 0 a 39.
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Tras finalizar la cirugia de citorreduccién (CRS) € cirujano debe indicar € grado conseguido.
Una puntuacion CC-0 indica que no quedatumor visible traslacitorreduccion; CC-1 cuando |os nédul os
restantes son < 2,5 mm; CC-2 cuando éstos son entre 2,5 mmy 2,5 cmy CC-3 cuando son > 2, 5¢cm o
confluencia de nédulos irresecables en cualquier localizacion. El principal factor que imposibilita la
CRS es la afectacion masiva del intestino delgado o su mesenterio, ya que supondria una extensa
reseccion intestinal (10). En la carcinomatosis de origen colorectal, la obstruccién biliar o la gran
afectacion del ligamento gastrohepético generalmente se asocia aimposibilidad de conseguir un CC-0
(11). De ahi laimportancia de la adecuada sel eccidn preoperatoria de |0s pacientes.

L a quimioterapia administrada de formaregional pretende alcanzar concentraciones altas de un
agente citotoxico en un punto determinado del organismo. Administrada por viaintraperitonea permite
realizar un tratamiento muy intensivo de los tumores localizados en la cavidad abdominal en relacion
con ladosis de fa&rmacos utilizada. El objetivo primario de la quimioterapiaintraperitoneal es conseguir
la maxima interaccién farmaco/tumor minimizando los efectos secundarios derivados de su paso a la
ciruculaciéon sistémica. Las concentraciones tisulares logradas con los quimioterapicos cuando se
administran en la cavidad peritoneal son del orden de 20 a 400 veces superiores a las conseguidas
mediante laadministraci én endovenosa, y | os gradi entes de concentracién peritoneo/plasméticos de 20:1
a1.400:165 (12). El maximo beneficio citotoxico se consigue cuando laadministracién de quimioterapia
sereadliza inmediatamente después de la cirugia, antes del “atrapamiento” celular tumoral por la fibrina
y de la compartimentacion de la cavidad abdominal por las adherencias posquirurgicas.

Laasociacion del calor alaquimioterapiaintraperitoneal potenciael efecto terapéutico regional
de algunos quimioterapicos y provoca un “shock tdxico” directo sobre las células tumorales. La
hipertermiain vitro provoca la destruccién de las células tumoral es cuando se al canzan temperaturas de
43°C. En cambio las células normales resisten temperaturas de hasta 45°C (13).

L a hipertermiaha demostrado su eficacia clinica antitumoral en diversos estudios al eatori zados,
ya sea como mecanismo directo por la mayor termosensibildad de las células tumorales o debido a
efecto potenciador que gerce sobre la radioterapia y la quimioterapia. A nivel clinico, los mayores
efectos tumoricidas de la hipertermia se consiguen entre 41 y 43°C. La pérdida de un grado de
temperatura significa dividir por 10 la eficacia y por encima de 43°C puede aparecer toxicidad,
expresada fundamentalmente por lesiones sobre la permeabilidad de la membrana peritonea y la
viabilidad del intestino delgado (14).

El grupo internacional de oncologia de la superficie peritoneal (PSOGI siglas en inglés) reunido
en Madrid en € afio 2004 y posteriormente en San Diego en € afio 2006, acordo referirse a este
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procedimiento como HIPEC (hyperthermic intraperitoneal chemotherapy) con la intencién de
consensuar diversos protocolos de tratamiento en la carcinomatosis peritoneal (15, 16).

Este abordgje comprende un cambio conceptual en cuanto a la administracion de la
quimioterapia, tanto por la ruta como por el momento en € que se propone respecto a acto quirdrgico.
El f&rmaco iddneo para su uso intraperitoneal perioperatorio con hipertermia debe cumplir una série de
caracteristicas como son la capacidad de penetrar en e tumor, tener una baja difusiéon hacia € espacio
subperitoneal del endotelio capilar paraevitar una excesiva exposicion sistémicaal farmaco, poseer una
actividad citotdxica sinérgica con latemperaturay no ser dependiente del ciclo cdular (16, 17). Asi, se
prefieren farmacos que se eliminen del cuerpo répidamentey, por tanto, |os compuestos hidrofilicos de
elevado peso molecular con limitada permeabilidad a través de la membrana peritoneal son preferibles
a compuestos lipofilicos de bajo peso molecular y elevada permeabilidad. En este sentido, la actividad
citotoxicade cisplatino, mitomicina C, carboplatino, paclitaxel, irinotecan y oxaliplatino se ve reforzada
con la hipertermiay justifica su evaluacion como agentes en HIPEC.

Uno de los farmacos més utilizados en el contexto de HIPEC es el oxaliplatino ya que cumple
los criterios anteriormente citados. Se trata de un f&rmaco activo frente una gran variedad de tipos de
tumores sdlidos y mas concretamente para el tratamiento del cancer colorrectal. ES un agente atractivo
para el uso en HIPEC ya que su citotoxicidad se ve aumentada significativamente por la hipertermiay
su penetracion intratumoral es éptima (18). Ademéas se ha evidenciado que la citorreduccion quirdrgica
seguida de HIPEC con oxaliplatino prolonga la supervivencia media de 23,9 a 62,7 mesesy aumentala
tasa de supervivenciaa5 afos de 13% a 51% con respecto alacirugia paliativaestandar y quimioterapia
sistémica (19). Sin embargo, después de su administracion intravenosa aumenta € riesgo de toxicidad
hematol6gica y neuropatia sensoria periférica de forma dosis-dependiente. Por tanto, es primordial
lograr la maxima exposicion de oxaliplatino en la cavidad peritoneal con un acceso minimo a la
circulacion sistémica con € fin de encontrar el equilibrio adecuado entre la actividad citotéxica loco-
regiona y € riesgo de toxicidad sistémica. En este sentido, diversos estudios Fase | evidencian que la
dosis maxima tolerada de oxaliplatino intraperitoneal en condiciones hipertérmicas (HIO) es de 200 a
460 mg/m? administrado durante 0,5 a 2 h (20).

En estos estudios, € oxaliplatino mostré un comportamiento farmacocinético lineal tiempo
independiente, tanto en plasma como en peritoneo. A nivel peritoneal experimentd una disminucion
exponencia de las concentraciones con una vida media de 30 a 40 minutos, y en plasma experimento
un aumento de | as concentraciones hasta a canzar la concentraci on maxima (Crmax) poco despuésdel final
delainfusion intraperitoneal. El valor medio de la constante aparente de absorcion (k) del oxaiplatino
de peritoneo a plasma es de 1,4 h? (21, 22, 23). Después del tratamiento con HIPEC, las
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concentraciones plasméticas de oxaliplatino descienden de manera bi-exponencial, similar a lo que
sucede tras una administracion intravenosa. A una dosis de 460 mg/m? de oxaliplatino se obtiene una
Crmax 25 veces mayor en peritoneo (330 pg/mL) que en plasma (13.2 mg/mL), que se traduce en una
mayor exposicion del tumor a oxaliplatino y, potencialmente, en un tratamiento més eficaz parala CP
que laadministracién intravenosa (24). Sin embargo, |os pardmetros farmacoci néticos obtenidos a partir
de las concentraciones plasméticas alcanzadas tras HIPEC varian considerablemente entre estudios
reflgando diferencias en relacion a € analito (ultrafiltrado frente a platino total), método de andlisis
para la deteccion de platino en plasma (espectroscopia de absorcién atémica, cromatografia liquida, o
de espectrometria de emision atémica acopladaaplasma), y lasolucion de soporte utilizada (sol uciones
isotonicas, hipoténicas o hipertonicas) (25). En este contexto, no es sorprendente que las estimaciones
en la semivida plasmatica de oxaiplatino oscilaran entre 12,9 horas a 37,5 horas y 40 horas, mientras
que el volumen de distribucion seestimé entre 15 L y 19 L (20).

En estos estudios, también se describen la neutropenia y trombaocitopenia como las reacciones
adversas més frecuentes relacionadas con €l oxaliplatino (17). Stewart y col. (21) comprobaron gque €
grado de toxicidad hematol 6gica esta rel acionada con la tasa de absorcion sistémica de oxaliplatino ala
dosis de 250 mg/m? administrados durante 2 h.

Si bien la primera fase del tratamiento multimodal, es decir la citorreduccion, queda bien
definida, existen multitud de incognitas en todo lo relativo a la perfusion intraperitoneal debido alas
diversas variables que interactian. La mayoria de los protocolos existentes administran € farmaco de
acuerdo con lasuperficie corporal, tal y como se suele realizar en el ambito de la oncologiamédica, sin
evaluar ladiversidad de fenotipos de los individuos. Debe tenerse en cuenta que, a una mismasuperficie
corporal, puede haber diferencias en la capacidad volumétrica abdominal traduciéndose en unadilucién
0 concentracion de una misma dosis de f&rmaco. Esta circunstancia claramente incide en la exposicion
de la cdlula tumoral a farmaco. Otra de las variables fundamentales que obviamente incide en la
exposicion loco-regional del f&rmaco es la duracion de la perfusion intraperitoneal, que a su vez
condicionara latoxicidad sistémica.

En los estudios de la adecuada exposicion del farmaco a tumor puede tener interés la solucion
dedilucién utilizada durante la perfusion. En el ambito quirdrgico se han realizado estudios con distintas
soluciones administradas a nivel de la cavidad abdominal con e objetivo de minimizar las inevitables
adherencias postquirurgicas causantes de morbilidad tardia en forma de oclusion intestinal o sindrome
adherencial. Su mecanismo de accion es mediante la separacion fisica por hidroflotacion de las
superficies peritoneal es dafiadas. Una de | as sol uciones més prometedoras es lade icodextrinaal 4% por
ser un coloide isotonico de ato peso molecular. Esta caracteristica la hace in6cua para la membrana

7



Capitulo I. Introduccién y Objetivos

peritoneal y permite que se mantenga el volumen instilado durante los primeros dias del postoperatorio,
momento en e que existe el maximo proceso inflamatorio y reparacion mesotelial que deriva en la
formacion de adherencias (26). Los estudios realizados han demostrado la accion osmatica de este
coloide que permite laretencion del fluido en la cavidad peritonea durante 4 dias (27). Estas bondades
delaicodextrinaal 4% puede ser interesante para ser considerada en el HIPEC, ya que podria mantener
el volumen intraperitoneal de forma mas estable durante la perfusién, y por tanto hipotéticamente
mantener una concentracion estable del farmaco minimizando la absorcion del mismo al torrente
circulatorio. De estaformatambién podriadisminuir latoxicidad sistémicaen el postoperatorio de estos
pacientes.

Por otro lado € uso de suero glucosado a 5% como solucién parala perfusion con oxaliplatino
plantea efectos colaterales indeseados como son la hiperglucemia, hiponatremia y acidosis lactica
durante el HIPEC y en el postoperatorio inmediato, requiriendo de vigilancia exhaustiva durante €l
procedimiento (28). Esto esasi por tratarse de una solucién i soténica de bajo peso molecular, y por ende
facil de atravesar la membrana peritoneo plasmética.

Este compl g o procedi miento multimodal se asociaaunarel ativamente elevada morbilidad (30-
60%), potencial mortalidad (1-10%) y a una prol ongada estancia hospitalaria (29-32). Todo ello requiere
de un esfuerzo por parte de los equipos multidisciplinares que conllevara una inevitable curva de
aprendizaje para optimizar los resultados tanto a corto plazo en el postoperatorio temprano, como en
términos de supervivencialibre de enfermedad y global. Para conseguir resultados adecuados es preciso
establecer grupos de trabajo que agrupe alos profesional es de las distintas disciplinas implicadas en €
manej o de | os pacientes con CP mediante un programa asistencia especifico que permitalainterrdacién
personal, ladifusion del conocimientoy el abordaje transversal del proceso terapéutico.

2. Objetivos.

Por todo lo expuesto en el epigrafe anterior |os objetivos de esta memoria de tesis doctoral han
sido los siguientes:

1.- Implementar € tratamiento multimodal radical de la CP en un centro hospitalario y analizar
el beneficio clinico delacirugia citorreductora seguida de HIPEC en pacientes diagnosticados de CP de
origen colorrectal.
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2.- Caracterizar la relacion entre la exposicion peritoneal-sistémica (farmacocinética) y la
toxicidad hematolégica (farmacodinamica) del oxaliplatino tras su administracion intraperitoneal
intraoperatoria con hipertermia.

3.- Evaluar € uso de dos vehiculos de perfusion (icodextrinaa 4% y dextrosa al 5%) desde el
punto de vista quirudrgico, clinico y econdémico.
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origin. Outcomes after 7 years’ experience of a new center for peritoneal surface malignancies.

1. Abstract.

Introduction: Peritoneal carcinomatosisis arelatively frequent situation in the natural history
of colorectal cancer and is associated with adismal prognosis. Promising results have been shown after
radical cytoreduction followed by intraperitoneal chemohyperthermic perfusion. The aim our study was
to assess the outcomes after treating patients with peritoneal carcinomatosis of colonic origin by means
of cytoreductive surgery and intraoperative hyperthermic intraperitoneal chemotherapy (HIPEC)
followed by early postoperative intraperitoneal chemotherapy (EPIC).

Methods. Tumour resection was performed in accordance with the guidelines for oncologic
surgery. Selective peritonectomies and remnant nodul e €l ectroevaporation were performed with theaim
of achieving a complete cytoreduction. Peritoneal perfusion was carried out according to the Coliseum
technique at 0.5-1 L/min, and chemotherapy was administered at 42°C for 40-90 min. Mitomycin C
10-12.5 mg/n? or oxdiplatin 360 mg/m? was used. Postoperative intraperitoneally administered
5-fluorouracil (5-FU) (650 mg/m? per day) was given for 5 consecutive days.

Results: Twenty patients were treated from 2001 to 2008. The mean peritoneal cancer index
was 11 (range 2-39). Fifteen patients had undergone complete cytoreductive surgery. The morbidity
was 40%. There was one case of death due to bone marrow aplasia. Ten patients had recurrence; five of
them underwent salvage surgery. Two patients were treated with a second HIPEC. Actuarial overall
survival and progression-free survival were 36% and 30% at 5 years, respectively, with amedian follow-
up of 18 (range 8-28) months.

Conclusions. Cytoreductive surgery combined with HIPEC is a feasible technique that might
increase patient survival. It represents a potential cure for selected patients who have no other
aternatives.

2. Introduction.

Despite curative surgery, between 20-30% of colorectal cancer patients develop local relapse.
Peritoneal carcinomatosisis afrequent sign of therapeutic failure in patients with colorectal cancer and
has been considered asign of widespread disease and atherapeutic challenge, asit istreated palliatively
and the outcome is inevitably fatal. Actualy, most patients with peritonea carcinomatosis die within
thefirst year. Patients often suffer from disabling symptoms due to local tumour progression that is
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much faster than in other oncol ogic patients. Therefore, treatment of this condition has focused more on
the location of the disease than onits histology. In recent years, newer chemotherapeutic regimens have
become available for patients with metastases from colorectal cancer. Although the response rates to
these treatments have improved, long-term survival remains limited. In fact, these trials included
patients with systemic metastases. However, thereis no current datain the literature to support systemic
chemotherapy as the standard of care of peritoneal carcinomatosis [1-3]. Despite the poor prognosis of
this condition, there has been an interest in treating it since the 1980s. Different therapies have been
examined, such as the use of intraperitoneal chemotherapy. This procedure appears to be the most
promising; consists of a combination of exeresis and the maximum possible dose of regiona
chemotherapy. Drug concentrations in the peritonea area are expected to be much higher than those
obtained after administering chemotherapy through the systemic pathway. The action of these drugsis
boosted by heat, which in itself has a cytotoxic effect [4-7]. Dr. Paul H. Sugarbaker is considered the
father of this technique. However, at a meeting of the international medical community held in Madrid
in 2004, it was agreed that this technigue should bereferred to asHIPEC [8]. The objective of this study
was to assess in our centre the viability of cytoreductive surgery plus HIPEC followed by early
postoperative intraperitoneal chemotherapy (EPIC) to treat peritoneal carcinomatosis of colonic origin.

3. Materials and Methods.

The study was carried out in the Hospital San Jaime between 2001 and 2008 as part of a
programme to study and treat malignant diseases of the peritoneum. The study was approved by the
Institute’s Ethics and Clinical Trials Committee, and all patients signed the specific informed consent
form for this procedure after being told about the associated benefi ts and risks. Inclusion criteria were
patients with colorectal carcinomatosis, synchronous or metachronous carcinomatosis, no extra-
abdominal metastasis, no evidence of bowel obstruction and a satisfactory cardiorespiratory and renal
status. Exclusion criteriawere unresectable primary tumours, renal or cardiac failureand aWorld Health
Organisation (WHO) performance scale >2. The workup included a complete colonoscopic evaluation
aswell as acomputed tomography (CT) scan of the chest, abdomen and pelvis to eval uate the extent of
peritoneal dissemination. A positron emission tomography (PET) scan was performed when there was
any question of extra-abdominal disease[9].
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Surgical procedure

Firstly, abalanced general anaesthetic was administered, and all hemodynamic parameterswere
carefully monitored. Subsequently, a media xiphopubic laparotomy was carried out and the entire
abdominal cavity examined. Tumour load was assessed and the peritoneal cancer index (PCI) obtained
[4]. The abdomen was divided into 13 areas numbered from zero to 12, as described by Sugarbaker [10].
Cytological samples and biopsies were taken from each area. Resection of the primary tumour when
present was carried out according to oncological criteria (lymphadenectomy with the correct margins).
In carcinomatosis with the primary tumour in situ and in metachronous cases, peritonectomies and
debulking was carried out as required. In other words, extensive systematic peritonectomies were not
performed. The mesenteric peritoneum was not extensively removed, but acceptable small-bowel
resections guided by maximal tumour volume locations were performed. Remaining malignant
granulations were destroyed using electrosurgical fulguration. The aim was to leave no macroscopic
tumours. Anastomoses were not carried out until perfusion of the abdominal cavity had been compl eted.
The cytoreduction obtained by surgery was considered complete (CCR-0) when no residual implants
remained. When residua implants persisted, they were classified as CCR-1 if they were <2.5 mm, CCR-
2 between 2.5 mmand 2.5 cm and CCR-3if >2.5 cm [11].

Peritoneal chemotherapy

In all cases, the open coliseum technique was used, following Sugarbaker’s description [4]. Four
36-Fr drains were connected to a continuous closed circuit, and two intraperitoneal thermal probeswere
placed to obtain a proper temperature feedback. The rollers of an extracorporeal circulation machine,
set at a speed of 500 mL/min, were used to deliver the perfusate. The circuit passed through a heat
exchanger, which raised the temperature to 48°C. Once the temperature was obtained, the drug was
diluted in 3-5 L of 5% dextrose peritoneal dialysis fluid. During perfusion, the surgeon distributed the
fluid in the cavity intermittently, and specia attention was paid to the hemodynamic parameters. The
temperature of the liquid on the abdominal cavity fluctuated between 42° and 43°C. The length of the
perfusion varied between 40 and 90 min, depending on which drug was administered. Afterwards, the
infusion liquid was evacuated. The first seven patients of our series were treated with mitomycin C
according to the protocol described by Sugarbaker elsewhere [12, 13]. Following the seminar
publication of Eliaset a. [14, 15], we initiated a phase | dose escal ation study with oxaliplatin followed
by 5-fluorouracil (5-FU) in peritoneal surface malignancy patients, including patients with primary
diagnosisof colorectal cancer, among other studies. However, we did not administered IV chemotherapy
1 h before the intraperitoneal perfusion, asin Elias protocol. Six patients with a diagnosis of colorectal
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cancer were also part of a phase | study in which theinitial oxaiplatin dose, 90 mg/m? , was escalated
up to 360 mg/ m? according to a modified Fibonacci scheme [6]. Twentyfour hours after completing
the surgical procedure, 650 mg/m? of 5-FU was administered intraperitoneally daily for 5 consecutive
days. Each dose was kept for 24 h in the peritoneum before its removal. After reaching oxaliplatin at a
dosage of 360 mg/m? in the absence of dose-limiting toxicities, 24 additional patients were recruited to
receive this dose level in order to expand our experience with this protocol, which has been proven to
be safe up to date. Actually, results of the phase 1 study are subject of a separate manuscript that is
currently under preparation. All patients in the study remained in the intensive care unit for the 5 days
of the EPIC. Once a patient had been discharged from the hospital, clinical, analytical and radiologica
follow-ups were carried out after a month and subsequently every 3 months.

Statistical analysis

Data were analysed using the S plus version 6.0 for Windows (Insightful, Seattle, WA, USA).
The Kaplan-Meier test was used to analyse progression-free (PFS) and overall (OS) survival, stratified
by PCI, CCR. Dueto the limited sample size of our series, ap value of 0.10 was selected as a cutoff for
statistical significance. However, the nature of the analysis was purely exploratory or hypothesis
generating, and no confirmatory claims can be derived from it. Thus, the point estimate of the hazard
ratio (HR), the associated 95% confidence intervals (Cls) and the p values were determined to assist in
evaluating the association between CCR or PCl and PFS or OS, and therefore should be cautioudy
interpreted.

4. Results.

Patient’s characteristics

During the study period, 75 procedures were performed in 69 patients with diverse agtiology
(ovary in 24, colon in 20, appendicular in eight, gastric in nine, endometrial in five, primary peritoneal
in two and mesotheliomain one). Twenty patients were diagnosed with peritoneal carcinomatosis after
colorectal cancer diagnosis. 12 women and eight men. The mean age was 55.5 (range 25-78) years.
Primary tumours were found in the following locations: right colon in six patients, transverse colon in
one, left coloninten and rectuminthree. In addition, 12 patients were diagnosed as being metachronous.
Therefore, they had aready undergone surgical interventions, mainly in other centres. All patients but
one had received prior systemic chemotherapy. Five patients presented liver metastases that were treated
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during the same surgical intervention either with metatarsectomies or radiofrequency ablation. HIPEC
was carried out immediately after resection of the primary tumour, if present, with peritonea disease
resection.

Surgical procedure

The mean PCl was 11 (range 2-39). By the end of surgery, 15 patients could be considered
CCR-0 resections, one CCR-1, and four CCR-2. There was no intraoperative mortality, and the
procedure was completed in all cases. The average length of the operation was 7 h (range 5-9 h). There
was one case of postoperative mortality due to grade IV aplasia. Overall, 40% of patients experienced
toxicity of severity grade II-1V. It was distributed as follows: two cases of hemoperitoneum, one of
anastomotic dehiscence, two of sepsis, one of biliary fistula, one intestinal fistula and one subphrenic
abscess. Reoperation had to be carried out on two patients due to a haemoperitoneum and biliary fistulae.
The average length of hospitalisation was 17.8 (range 10-48) days.

Chemotherapy

The average temperature measured with an oesophageal catheter was 38.5°C (range 37—-39.5°C).
The average temperature in the abdominal cavity was 42°C (range 39-43°C). No intolerance to
hyperthermia was observed. In 16 patients, EPIC was carried out during the 5 established days. In four
cases, treatment had to be suspended for sepsis in one patient, biliary fistulae in one and severe
abdominal painintwo.

Relapse and survival results

There were two deaths during the study period: one in the late postoperative period, as
mentioned above, and the other from a myocardial infarct 3 months after surgery. Disease progression
was observed in ten patients during the followup period: in the lungs in two, liver in three, peritoneum
in five, anastomosis in one and retroperitoneum in one. Salvage surgery was carried out in five cases.
Two patients underwent a second HIPEC. One of them was disease free at 19 months but the other died
at 18 months due to tumour progression. Six patients were aive and disease free as this was written.
Seven of them had survived for >2 years. Results of the overall Kaplan-Meier analysisfor OS and PFS,
stratified by PCl and CCR, are shownin Figs. 11-1-11-6. Actuarial OS and PFS according to the Kaplan-
Meier test was 36% (95% ClI: 18.1-72.7) (Fig. 11-1) and 30% (95% ClI: 12.5-72) (Fig. 11-4) at 5 years,
respectively, with amedian follow-up of 18 (range 8-28) months. When patients were divided according
to whether they had a PCI above or below 13 and the completeness of cytoreduction, statistically
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significant differencesin OS were seen (Figs. 11-2-11-3) but not in PFS (Figs. I1-5-11-6), probably dueto
the limited sample size.

Dwenall Burvival

it}

Fig I

Dweeall Gurshal

L5

0

3]

Licden Lisncer Cwutill Butewil by FC1
1
F_ [
T b
| M FLl=l]
-] |-| 912350 prO 0823
| " | | T Rl ]

=

I I_I 1

i B

- |

1 E |
B =
l T

-

[w)
A STt L A e oyt L el
H

a8 w "0 - [ £ a [~ =
Tirma, Woriss e, Wi

-1: Kaplan Meier curve for overall survival Figl1-3: Kaplan Meier curve for overal survival

stratified by peritoneal cancer index

Caqrdl Siirvra g LK

i ma ‘
T ]
1 _ u
| =
I 5
[ 1
1 7 =
"-'"-_ 3 5
B
i .
[=
g 3 =3
-]
_ﬁ n
o
a
a
™ 4% L g - -] m (=) L =)

Tirme, Moimrs T, WIS

Fig11-2: Kaplan Meier curvefor overall survival Figll11-4: Kaplan Meier curve for progression free

stratified by completeness of cytoreduction survival

20



Capitulo I1. Cytoreductive surgery and perioperative intraperitoneal chemotherapy in patients with peritoneal carcinomatosis of colonic
origin. Outcomes after 7 years’ experience of a new center for peritoneal surface malignancies.

5. Discussion.

The incidence of colorectal cancer is increasing in the Western world. In Spain aone, 20,000
new cases are diagnosed per year. Of these, 25% develop peritoneal carcinomatosis, the natural course
of which is associated with an average survival of 6 months [16]. Peritoneal carcinomatosis can occur
a the same time as the primary tumour or in relapse after surgical resection. In the fi rst case, cell
dissemination is spontaneous after the tumour has invaded the serosa or perforated the affected organ.
In the second case, carcinomatosis can even occur in the absence of lymphatic or hematogenous
metastases. Dissemination of tumour cellsin the peritoneum can be spontaneous or occur during surgery,
by mechanisms such as the formation of tumour emboli as aresult of pressure, escape of malignant cells
when cutting the lymphatic vessels or spread of such cells in the peritonea cavity during surgica
dissection. Subsequently, these cells usually invade or perforate the serosa. Once the primary tumour
has been ablated, cell-growth factors involved in cicatrization stimulate the growth of viable malignant
cells that are trapped or found in intraabdomina blood clots or in fi brin in traumatised peritonea
surfaces. Asthese cellsaretrapped, it is difficult to reach them with systemic chemotherapy. Thus, such
chemotherapy becomes | ess effective and may even have no effect [4, 13, 17]. Since 1980, new methods
for treating patients with tumour dissemination in the peritoneum have appeared in the literature. Such
patients are difficult to treat both therapeutically and emotionally; the initial therapy has failed and a
rapid and progressive loss in quality of life is experienced [18]. In 1982, Sugarbaker proposed that
peritoneal dissemination of certain cancers was a locoregional stage of the disease [11]. Therefore, he
developed a therapeutic alternative based on surgical treatment of the macroscopic peritoneal disease
by means of radical cytoreductive surgery, followed by HIPEC to treat the residual microscopic disease.

The surgery reduces the peritoneal disease to a minimum size and frees the patient of al
adherences. This creates optimal conditions in which to increase the efficacy of cytostatic drugs.
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Using thistherapeutic approach, 5-year survival rates of 30% and 50% were obtained in selected
groups of patients who had previously been considered terminal. Similar results were reported by other
groups after using this complex technique [12, 14, 18-23]. A multicentric study involving 506 patients
with peritoneal carcinomatosis of colonic origin demonstrated a better prognosis after complete
cytoreduction and HIPEC than after incomplete surgery alone (the average survival was 32.4 vs. 8.4
months). The 5-year survival rate was 31% [24]. Verwaal et al. carried out thefirst phase 111 study using
this procedure. They randomised 105 patients with peritoneal carcinomatosis due to colorectal cancer.

Half of the patients were given standard treatment, whereas the other group was treated with
surgery + HIPEC. After an average follow-up period of 21.6 months, survival of the first group was 12.6
months and that of the HIPEC group 22.4 months, p = 0.032. In the HIPEC group, only one patient died
out of the 18 who underwent compl ete cytoreduction (CCR-1). Fourteen patients died out of the 21 who
had aresidual tumour after surgery that was <2.5 mm (CCR-1a). Seven patients died in the follow-up
period out of the ten who had extensive residual disease after surgery [25]. The same group analysed
the results of 117 patients treated with cytoreduction + HIPEC. In this case, the 5-year survival rate was
43% [26]. Initially, our group administered the drugs following Sugarbaker’s protocols [12]. However,
data from papers by Elias et al., who administered oxaliplatin (460 mg/m?) and 5-FU (400 mg/m?) with
endovenous leucovorin (20 mg/m?) 1 h prior to the perfusion [27] showed the best results published to
date (a5-year survival rate of 48.5% with amedian of 60.1 months of follow-up). Therefore, we decided
to change our protocol while maintaining the EPIC. Two patients presented grade IV aplasia after
administration of oxaliplatin at the described dose (one case in the colon and one in the ovary).
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Therefore, we undertook a dose escalation study in groups of three patients, beginning with oxaiplatin
90 mg/m? and increasing 60 mg/m? until reaching dose-limiting toxicity at 360 mg/m? Therole of EPIC
isgtill not clearly defined. Some studies report that it has no benefits [28]. However, our group is of the
opinion that intraperitoneal and early postoperative chemotherapy should be used to achieve the
maximum effect. In early postoperative chemotherapy, specific cellcycle drugs maintained in the
peritoneal cavity for long periods before the inevitable process of adherence formation should have
added value[29, 30]. Clearly, a combination of two aggressive treatments entails greater morbidity and
mortality rates. However, these rates are similar to those found in the other complex surgical procedures
frequently used in oncologic surgery [31, 32]. Therefore, morbidity and mortality in our serieswasin
line with that described in the literature.

Some studies have shown that a carcinomatosisindex >13 according to Sugarbaker’s rating, and
an incompl ete cytoreduction have a poor prognosis. Our experience supports the result of these studies
with respect to OS. Although PFS was not statistically associated with PCl and CCR, the HR indicated
atrend to worse outcome in patients with PCl >13 and incomplete cytoreduction. Thus, it appears that
when surgery cannot be radical and there is not enough reduction in tumour volume, HIPEC is not
indicated, as the benefi tsin terms of survival are minimal [13, 24, 32-34]. Consequently, the results
presented suggest that the appropriate selection of the patients who can benefi t from this treatment is
critical. In our case, we followed the criteria adopted by the Peritoneal Surface Oncology Group in 2006
[9]. We can compare the situation of isolated peritoneal carcinomatosis to that of isolated liver
metastasis, in which good long-term survival rates can be obtained by performing surgical exeresis of
macroscopic disease and subsequently administration of systemic treatment for the residual microscopic
disease. The combination of cytoreductive surgery and perioperative intraperitoneal chemotherapy in
peritoneal carcinomatosis of colorecta origin leads to 5-year survival rates similar to those published
for resection of liver metastasis of the same origin [8, 35]. Further studies should assess the potential
benefi ts and risks associated with the optimisation of the different components of this treatment, such
as the drug and its dose, the length of HIPEC, the level of hyperthermia and the extent of debulking.
Standardisation of treatment protocols as well as conducting phase Il and 111 multi-institutional studies
have been suggested as the path towards better understanding the treatment of this disease and
optimising clinical outcomes [36]. The results described in this paper show the potentia treatment
modality. Selecting the patients appropriately, fine tuning the technical procedures and increasing the
availability of new chemotherapy drugs should lead to a substantial improvement in results. Combining
this therapy with other locoregional or systemic therapeutic methods will pave the way for new
promising lines of work for a group of patients who currently have no other option than palliative care.
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ufectl cances. Although the respasss siies ) these weal-
menes have Snpearad, long-tems survival remates linsaed.
In face, mese wiah lecioded patizals wim sysiemic metis-
tases, However, (heve |s a0 curmeat data ia the Hieruure 10
suppon sysismic chemothesspy as the stndand of cane of
pestoneal cunsrommnsts | -3

Duspite the poce prognesss of i coaditon, there has
been wn Loesest In wesing It since the 1930y, Dilferest
therapies have boen examined, sech as the we of latrap-
eneal chemaeherapy, This procadure sppearns 10 be ihe
most pmmising: comsiss of & combinatoa of exeresis and
the maximens possible dose of reglonal chemotherapy,
Drsg conceamracions In e penoonedl anss pe sxpecied 10
be much higher than those obined afizr pdounistering
chematherapy through ehe systenic padvway. The actios of
these drups & boosaed by hem, winch in ltself his 2 cyto-
toxle effecs |47},

Dv. Paul H. Sugarbeker Is considered the dather of this
technique. However, mt o meeting of the intematanal medi-
cal community held in Maddd in 2004, It was apreed th
this techsique should be referred w 25 HIPEC [8).The ob
Joctres of this shedy Wwis 10 fssess 0 oor ceatse the vishil-
ity of cysoreductive surgery plus HIPEC followed by carly
postoperative imngerioneal chemoterapy (EPEC) w ues
peritonzal carsnommiosis of codoale erlgin,

Materials snd methods

The study was camed vut in the Hospid San Jame he-
tween 2000 and 2008 as part of 2 programmse o study
wnd treat malignant decases of the peritoncum, The stwdy
was approvod by the Institste’s Ethies ard Clinical Trisks
Commatice, and all patients signed the specihc miormed
consent form for this procedwre after being told aboat
the 1ssociated beretits and risks. [zclusion ariteria wese
patients with colorectal carcimommatosts, synchroaous or
melachronous caronomilosis, no extra-abdominal metis-
tasls, mo ovidence of towel obswucion asd o saithsfscory
carchorospiratory and menal ssatus. Excluson aitena were
unresectzhle primary tumowes, resal or cardiae Eilure and
n World Health Orgamsation (WHO) performance scale
=2 The workup incleded a comphete colonascopi evalu-
wion us well w0 compuied 1omogrphy (CT) scan of the
chest, abdomen and pefvs 1o evabmale the exient of perito-
neal dissemenation. A positron cuiissaon omography (PET)
scan was pertoemed when there wits any qoestion of extra-
abdomingd desiase (9],

Sorpsl peocalue
Frsdy, o balaed gesenal ssacsibelic was administerod,
ond ol hemodynemic parameters were carefully moni-

tored. Sutsequently. o medal xiphopubic lapanceony wis

€ spedrger

cartsed 0at and the estire abdomingl caviry examiscd
Tumour boad was assessed and the peritoned cances ndex
(PC1) cbained H] The sbdomen was divided into 13 areas
numbered fram zero %0 12, is deseribed by Ssgartaker
[16]. Cyological samples sad blopsies were taken from
each aren Resection of the primury tumows when present
wars carried (u acconding 0 oacokogicnl coikerla (lymph
adenectoany with the comeet margins). 1o carciscengiosls
with the pramary tsmour 18 sits asd in metachronous
s, penitmecamies and debulking was canded ast as
required. In other words, extensive sysiematic peritnmec-
tomies were not performed, The mesentens pesiioncum
wiss mot exsensively removed, but accepiahle small-hosel
resections puikded by maximal lwmoear volumes locutions
were performeil. Remalning maliggam granslatioas were
dastroyed ing efectmsurgical fulgurion. The sm was to
lewve 10 MACTOSCOPIC TUMOLrs. ABasiomoses were not car-
ried out until perfuston of the abdomingd cavity had hees
complered.

The cyweredoction obeained by surgery was conslderad
complete (CCR.0) when oo residusl implants remained.
When residusl smplants persised, they were classified as
CCR:1 if they were <25 min. CCR-2 between 2.5 mm amd
28 cmand OCRA 1 =0C3 | 1)

Pertionzal chemotherapy

I ol cases, the epea coliscum lochnigue was used, follow
ing Sugartaker’s descrpaon ). Foar 3687 drins were
connected 10 3 cominvops Sosed cwreul, bod two ntr
peritones! thermal probes were placed o obtain a proper
tempenatare feediack. The roblers of an estracarporeal cir
culation machine, set 2 o speed of 500 mblmin, were used
to deliver the perfussse. The circuit passed through o beat
exchomgoer, which raised the Wwagenture 1o 45°C. Onge the
tempentune wis obtaised, the dreg was dilwed in 3.5 1
of 5% dexoose permcacal dialysis fluid. Dwing perfusion,
the surgeon distribesad the futd in the cavity Intermitrently.
and speciad attentom wis paid 10 the hemodyname parim-
ctery, The wemparassee of the hgoud oo the abdostimal cav-
ity fluctsaled betovcn 427 and 43°C. The kength of the per-
Tusion varied botwoen 40 jmd 90 man. dopendimg oo which
drug was sdministered. Aflerwards, the infosion bguad was
cvacuned.

The first seven petients of our seres wore tressed with
mitomycin C atooeding to the prosocal descrded by Sug-
wrtaker elsewhere [12, 13]. Following (he seminar padidi-
covon of Elas ot o |14, 15), we initiaeed a phire | dose-
escalaton saudy with oxaliplatss folkrewd by S-fleccourcil
{5 FLU7) in pecitoneal surface mulignancy psments, mclnd
ing paticnls with prasary Sagnosis of colorectl cancer,
anong ofer stodies. However, we dind so sdsminscrsd IV
chemotherapy | h tufore the istriperitonéal perfusion, s
in Bl protoood Sax patients with o disgnosis of codorecsal
cuscer were also part of 2 phase | sudy in which the mital
oxtliplatin dose, S0 mghn®, was escabited up 10 360 mg/
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m* acoceding 1 4 moditied Fihomacd scheme 0], Twenty-
fone hours afier completing e sudgical peocadore, 650
mghm® of §-FU was adminisicred imrapesisonenlly daily
foe § comsecutive days, Each dose was kept for 24 hio thae
periicosum before lis rmoval, Afler resching oxaliplagin
A dussge of 360 mg/m’ in e absence of doee-limiting
toaictes, 24 additionsd peticnis were recruied 10 fecsive
his dose leved I oeder o expand cur experiesce with thiy
protoood, wiich hus Been proves 10 be safe up o &ine. Ac-
Tuadly, resulis of the phiase | sty e sbvect of 3 sepanie
M that & cumrently under peeparntinn.

Al pazienis in the stady remalaad in e intessive cane
unit for the S days of 1he EPIC. Once @ patieat had been
discharged feom the hospital, chinical, analytiesd and ra-
diological ik wps were Carriod oat after a manth and
suluseyuently every 3 menths

Stanisteal asalysis

Dare were snalysed gsiag the § plus vession &) foe Win-
dores (Insaghtful, Seatthe, WA, USA), The Kaplan-Meer
Test wiss wsedd 10 pndyse progressioo-free (PFS) and overnll
{OST survival, stratitsed by PCL OCR. D 10 ! Timited
ssplc shze of oue serbes, 2 o valog of O 10 was sehecred
a5 0 Culodl Tor steistical sagnificance. Homover, the sature
of the analysis was pueely cxplosainny’ of hypoihesis gon-
ersting. and s confirmalory clstms cun be dernved from
It Thes, the point estimate of the dazand ratio (HRY the
sssccialed 95% confidence inkervals (Cis) snd @e p values
were desermingd o assid in evnloanng @ associntion be-
tween OCR o PCI and PES o OF, amd tharefone showks be
Galicesly sterpeetd.

Resules
Patient s chamctensaics.

During the viudy period. 75 proosdiees were pedonnal in
&9 gatients with &verse sctiology (ovaey in 24, colon in
20, appesdiculer in caight, gastr = ninc. cndometrinl in
five, primary peritonesl in (wo and mesothelions in ung),
Twemy potients were dEagnowd with peritonesl carcin-
miosts afler cotorectnd caeer diagnosis 12 women and
gt men, The mean age was 55,5 (range 25-7K) years.
Primesry tussoues. were found in the folkowing locaoes:
right Calon in sty patients, smmsverse coloa is ose, lert
codon in tex and reclum m Bree, In additice. |12 patients
were diagnosad 45 being metachronous. Therefore. they
hadd slready underpome surgical isgerventions, sainly in
olher ceates. AN pegicans but coe hid reecived price sys-
temic chemotherigyy. Five patients preserted iver sl -
ses that were ineaied during the s sprgical servemtion
other with metatarsectamics or radiofreguency ahl

HIPEC was carmad oul immeaditely sfier resecthion of the

rbesary twmour, 5 present, with peritoneal disease resec-
tien

Surgieal proceduse

Tre mean PCT wus 11 (ewsge 2-39) By (the end of sur-
pery, 15 puiients coukd be considered COR-0 reseetions,
one OCR-1, and four CCR-2 There wis n0 lalisopersine
maonalicy, sed the procedare was complesed in all cases
The werspe keagth of the operation was 7 b {nonge -9 h)
There wis ose g of postoperitive mortality doz oo grade
IV aplasis. Overall, AFE of patieses expedicaced Wity
of severity proce 15-1V. 11 was distributed & Sollowy. 1wa
ooy of hemopermoneum, coe of sastomotic dehiscence,
WO of sepsis, one of Diliary fstela, one intestingd fistula
and one ssbplirenic abscess. Rooperigios hud o be curied
00 Ten patients dee 10 & Tacmoperitonesm and diltary
Hseslae. The average leagth of dospitalisation wes 178
{rmige 1048} days.

Chemotherapy

The averuge tempeanue measured with an cesophagesd
cufteler wins 38 5T (range 373951 The svesage ein-
porsure in ihe sbdomingl carity was 42°C drange 39—
4370, No mtokrance 00 yperthermia wis obaervd, In
16 patients, EPIC was carrked out dering e § estusdlsbed
days. In four Cioes, trestment had 0 b suspesded for sep-
i8I0 ome patient, Silinry fistulae in cae and severe sbdomi-
ral ke i W

Retagrae wad survival resulls

Thare wene two deaths during the stody period one in the
Late postoperpive period, 45 mentinoad @ove, and ihe other
fromm o mypocardial nbares 3 momds after sorgery, Disease
Progression wie observedd In ten putients during che Solkom -
up peniod i the hemgs in two, Bver in thiee, peritonoss
in fve, anpstomosss i ane and felroperitoscum in one
Sulvage surgery was carsiod ost in five Gocs, Two puliosts
uodierwetl g socond HIPEC, One of (hem wis discase free
A 19 mods tol ihe acher dsad al 18 ownaths dos 10 moar
Progression. Six panionts were sl and Ssess froe 16 06
Wi wiitien. Seves of them had survived for 52 vears
Resudns of 0 overall Kaplas-Meier asalysis for OS
and PES, atranted by PCIand COR, are shown in Figs
1-6. Actuarial OS and PES accordeyg oo the Kaplan-Meser
16k wis 36% (5% CI IS 1-T2.7) (Fig. 1) aed 30% {955
CLI2.5-T2HFig 4) a1 § years, rospegtively, with a median
fotlom-ugs of 18 Tange 8-25) moshs. When peiienis werne
divatod pcconding 10 whether they Tt 5 PCT sbore o e
low 13 and the compheteness of Catoreduction, sealistically
sigmihcam differences in OF were scon (Figs, 2-3) tul me
in PFS (Figs. 5-6), prohably doe 1o 1he Fmited sampde sine
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matcris. the nuural ourse of which is assecioled with s
avemmge swvival af & monts [I6) Perionzal corcinong-
18l ca nocur of the seme time os fhe primary wmour or
in relegee afier surgical resectian In ihe sl cace. cedl dis-
seminntion is spoataneous ofier the tomour has invaded the
weriad o perinenind the alfecned orgon. In the second cise.
cancinnmainsis can evem oocur in the abwence of hmphatic
ar hematagencas meimsiasaes. Dissemdnation of mmmoor
colls in the personeum cam be sponiansous of ocer during
sumgery. by mechanisms such 2s the fnremiinn of wmoor
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viahle malignant celis tha sre mapped o {oed in inira-
ahdombnal hined clms or = fibrn s irumstised perimnel
sarioces. As these cells-ore rapped. it is didticsh o reach
them with syemic chemotherapy, Thus, such chemo
Eemy bronmes les elfective and may even have noeifec
4, 13, 17]. Siscw 1560, pew methods for tresting patients
with iumpur dissessination e the peritonewm have ap
poared in the Berature. Such miens ane difficsl w tomi
bty therapewically and emotionaily; the inival therapy
b ke sned 3 mrpid and progressive inss in quality of Tife
s espenienced [ 18],

In 1982, Spgarbaier proposad that pertonenl dissemi
matin of cergin cancers was o locoregional snge of the
disase |1 1) Therefore. b developed o thnpeutic aliem-
e hased om surpical meapmen: of the macnmcopic pento
peal disesse by meais of radical cviomedudiree sorpery, ol
el by HIPEC 1o reai the vesidual micoscopic diszose.
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Capitulo I11. Pharmacokinetic and Pharmacodynamic Analysis of Hyperthermic Intraperitoneal Oxaliplatin-Induced Neutropeniain Subjects
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1. Abstract.

The objective of this study was to characterize the pharmacokinetics and the time course of the
neutropenia-induced by hyperthermic intraperitoneal oxaliplatin (HIO) after cytoreductive surgery in
cancer patients with peritoneal carcinomatosis. Data from 30 patients who received 360 mg/m? of HIO
following cytoreductive surgery were used for pharmacokinetic—pharmacodynamic (PK/PD) analysis.
The oxdiplatin plasma concentrations were characterized by an open two-compartment
pharmacokinetic model after first-order absorption from peritoneum to plasma. An oxaliplatin-sensitive
progenitor cell compartment was used to describe the absol ute neutrophil countsin blood. Thereduction
of the proliferation rate of the progenitor cellswas modeled by alinear function of the oxaliplatin plasma
concentrations. The typical values of oxaliplatin absorption and terminal half-lives were estimated to be
2.2 and 40 h, with moderate interindividual variability. Oxaliplatin reduced the proliferation rate of the
progenitor cells by 18.2% per mg/L. No patient’s covariates were related to oxaliplatin PK/PD
parameters. Bootstrap and visual predictive check evidenced the model was deemed appropriate to
describe oxaliplatin pharmacokinetics and the incidence and severity of neutropenia. A peritoneum
oxaliplatin exposure of 65 and 120 mg-L/h was associated with a20% and 33% incidence of neutropenia
grade 4. The time course of neutropenia following HIO administration was well described by the
semiphysiological PK/PD model. The maximum tolerated peritoneum oxaliplatin exposure is 120 mg
L/h and higher exposures should be avoided in future studies. We suggest the prophylactic use of
granulocyte colony stimulating factor for patients treated with HIO exposure higher than 65 mg L/h.

2. Introduction

For many patients with peritoneal carcinomatosis (PC) secondary to intra-abdominal cancers,
tumor progression in the peritoneum is the sole life-limiting component of disease and one of the most
common causes of cancer incurability. However, there are no PC treatment approved by regulatory
agencies, and the development of new therapies to manage this life-threatening condition could fulfill
an unmet medical need. In this context, several Phase I/l clinical studies in gastric cancer (1-3),
mesothelioma (4), colorectal (5), or ovarian carcinoma (6) have shown promising results in treating
macroscopic PC with cytoreductive surgery and residual PC with hyperthermic intraperitoneal
chemotherapy (HIPEC) (7). The rationale for this treatment is based on experimental studies showing
that drug penetration islimited to afew cell layers under the surface of the tumor (8), and consequently,
intraperitoneal chemotherapy must be immediately administered after the cytoreductive surgery in order
to achieve the maximal cytotoxic activity on residual tumor cells before they get trapped in the
postoperative fibrin adhesions (9). In addition, the intratumoral cytotoxic activity can be enhanced by
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administering highly permeable drugs at relatively high doses with hyperthermia. The efficacy of this
approach has been evidenced in Phase |11 studiesin colorectal cancer patients (10,11).

The ideal drug for HIPEC should penetrate into the tumor, have a low diffusion into the
subperitoneal space and capillary endothelial in order to avoid excessive drug systemic exposure, and
have a temperature dependent cytotoxic activity. Therefore, drugs rapidly metabolized and/or excreted
from the Body should be preferred over others as they should decrease the systemic exposure and the
risk of toxicity. Consequently, large hydrophilic compounds with limited permeability across an intact
peritoneal membrane have been preferred to small lipophilic compounds (12). In this context, cisplatin
(13), mytomicin C (14), carboplatin (15), paclitaxel (16), irinotecan (17), and oxaliplatin (18) have been
used as chemotherapy agentsin HIPEC because their cytotoxic activity is enhanced with hyperthermia.
Although comparative studies across these drugs have not been performed to date, the results obtained
with oxaliplatin are encouraging. In a retrospective analysis in patients with resectable PC, Elias et al.
have shown that surgical cytoreduction followed by HIPEC with oxaliplatin prolongs median survival
from 23.9to 62.7 months and increase the 5-year survival rate from 13% to 51% with respect to standard
palliative surgery and chemotherapy (19).

Oxaliplatin, adiaminocyclohexane-platinum compound active in avariety of solid tumor types,
licensed in the USA and Europe for the treatment of colorectal cancer, is an attractive agent for HIPEC
because its cytotoxicity is significantly increased by hyperthermia (20,21) and the intratumoral
penetration is optima (22). However, systemic exposure to oxaiplatin increases the risk of
hematol ogical toxicity and peripheral sensory neuropathy, which have been described as dose-limiting
toxicities after intravenous treatment (23). Therefore, it isimportant to achieve the maximum oxaliplatin
exposure in the peritoneal cavity with minimum access to systemic circulation, in order to balance the
cytotoxic activity and the risk of toxicity. Several Phase | dose-escalation studies in subjects with PC
were conducted to determine the maximum tolerated dose of hyperthermic intraperitoneal oxaliplatin
(HIO) and characterized its pharmacokinetics (PK) as a single agent (24-26). In these studies,
intraperitoneal doses ranging from 200 to 460 mg/m? were administered during 0.5to 2 h and oxaliplatin
exhibited linear and time-independent PK in both plasma and peritoneum. While oxaliplatin peritoneal
concentrations decline in an exponential manner with ahalf-life of 30 to 40 min (22, 27, 28), oxaiplatin
plasma concentrations increase to reach the maximum shortly after the end of the intraperitonesl
infusion. The mean val ue of apparent oxaliplatin absorption rate constant (ks) from peritoneum to plasma
was closeto 1.4 h™t (22, 27, 28). After treatment with HIO, oxaliplatin plasma concentrations declined
in a bi-exponential manner resembling to the PK profiles observed after an intravenous administration.
At an oxaliplatin dose level of 460 mg/m?, the peak concentration (Cmax) Was estimated to be 25-fold
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higher in peritoneum (330 png/mL) than in plasma (13.2 ug/mL) (24,25) which indicates an increased
oxaliplatin tumor exposure and, potentially, a more efficacious trestment for residua PC than its
intravenous administration. However, the pharmacokinetic parameters obtained from plasma
concentrations achieved following HIO vary substantially from one study to othersreflecting differences
inrelation to (1) the analyte (ultrafiltrate vs total platinum), (2) analytical method for measuring plasma
platinum content (atomic absorption spectroscopy, liquid chromatography, or inductively coupled
plasma atomic emission spectrometry), and (3) the carrier solution used (isotonic, hypotonic, or
hypertonic solutions) (29). In this context, is not surprising that the estimated oxaliplatin plasma
clearanceranged from 6.68 L/h/m? (27) to 28.4 L/h/m? (28), whilethe volume of distribution isestimated
to be 15 L (27). In these studies, the most frequent and severe adverse events related with oxaliplatin
were neutropenia and thrombocytopenia (24-27). Stewart et al. (26) reported that hematologic toxicity
grade was rel ated to the extent and the rate of oxaiplatin systemic absorption at 250 mg/m? administered
during 2 h. However, to date, there are not quantitative longitudina analyses exploring the effect of
oxadliplatin pharmacokinetics on the time course of hematological toxicity after its intraperitonea
administration. Inthis study, we characterize the oxaliplatin pharmacokineticsin peritoneum and plasma
when is administered in an icodextrin 4% carrier solution and establish its relationship with the time
course of absolute neutrophil counts (ANC) in patients with PC recelving HIO after cytoreductive
surgery. A semi-mechanistic population pharmacokinetic and pharmacodynamic (PK/PD) model
previoudy developed (30) was used to analyze the data and the effect of patient demographics and/or
physiopathological factors on oxaliplatin PK/PD parameters. Findly, the relationship between
oxaliplatin concentrations in peritoneum, the duration of the HIO and the incidence of severe
neutropenia was explored in order to establish the maximum tolerated oxaliplatin exposure, which will
be critical to optimize the design of future clinical studies with oxaiplatin in this setting.

3. Material and Methods
Study Design and Subject Eligibility Criteria.

Data from 30 subjects included in a single-arm study investigating the safety, tolerability,
pharmacokinetics, and pharmacodynamics of HIO after cytoreductive surgery were analyzed. Adult
patients were eligible if they had confirmation of PC without extra-abdominal metastasis. Other
eligibility criteria included a World Health Organization performance status of 0 to 2, anticipated life
expectancy of at least 3 months. Previous anticancer radiation therapy and/or chemotherapy, if given,
had to be discontinued for at least 4 weeks before entry into the study, or 6 weeks in the case of
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pretreatment with nitrosoureas or mitomycin C. Patients were required to have a negative pregnancy test
(only for femal e patients with reproductive potential), and normal hepatic and renal function, defined as
bilirubin <1.5 times the upper limit of normality, aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) <2.5 times the upper limit of normality, and serum creatinine <1.5 times the
upper limit of normality. An acceptable bone marrow function, defined as white blood cells >3.5 x10%/L,
neutrophil count >1.5 x10%L, and platel ets >100.0 x10%L was needed. Patients with one or more of the
following criteria were not selected: active infection; central nervous system metastases; peripheral
neuropathy >grade 2; allogenic transplant; prior extensive radiation therapy (>25% of bone marrow
reserve); prior bone marrow transplantation or high dose chemotherapy with bone marrow or stem cell
rescue; concurrent radiation therapy, chemotherapy, hormonal therapy, or immunotherapy; participation
inaclinical trial involving aninvestigational drug in the past 30 days or concurrent enrollment in another
investigational trial; and any coexisting medical condition that was likely to interfere with study
procedures and/or results.

The study was conducted at the USP Hospital San Jaime (Torrevigja, Spain) between 2006 and
2009 in accordance with principles for human experimentation as defined in the International
Conference on Harmonization for Good Clinical Practice guiddines and the principles of the
Declaration of Helsinki. The study was approved by the corresponding Investigational Review Board
and informed consent was obtained from each subject after being advised of the potential risks and
benefits, as well as, the investigational nature of the study (31). The primary tumor type of the eligible
patients were ovarian (n=10), colorectal (n=9), appendiceal (n=5), gastric (n=3), endometria (n=2), and
primary papilar (n=1). A summary of patient characteristics at baselineis presented in Table I11-1.

Surgical Procedure.

A xiphopubic midline laparotomy was carried out to examine the tumor load in the abdominal
cavity. To obtain the peritoneal cancer index (32), the abdomen was divided into 13 areas humbered
from O to 12, as described elsewhere (33), and cytological samples and biopsies were taken from each
area. Resection of the primary tumor when present was carried out according to regiond
lymphadenectomy with correct margins. In carcinomatosis with the primary tumor in situ and in
metachronous cases, peritonectomies and debulking were carried out as required and extensive
systematic peritonectomies were not performed. The mesenteric peritoneum was not extensively
removed, and acceptable small bowel resections were guided by maximal tumor volume locations.
Remaining malignant granulations were destroyed using electrosurgical fulguration. This aggressive
surgica cytoreduction was performed with the aim to reach complete resection or, if not possible, to
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resect al visible tumor lesions larger than 2.5 mm. Anastomaoses were carried out after the perfusion of
the abdominal cavity was completed. The cytoreduction obtained by surgery was considered complete
CCo (no residual implants remained), incomplete CC; (residual implants <2.5 mm persisted), incomplete
CC:; (residual implants >2.5 mm, but <2.5 cm persisted) or incomplete CCs (residual implants >2.5 cm
persisted) (34).

Hyperthermic Intraperitoneal Oxaliplatin.

An open coliseum technique was used according to the procedure previously described (35).
Four 36-Fr drains were connected to a continuous closed circuit, and two intraperitoneal thermal probes
were placed in order to obtain a proper temperature feedback. Briefly, a Tenckhoff inflow catheter was
placed centrally in the abdomen and four outflow catheters were inserted through separate stab incisions
in the abdominal wall. Both the inflow and outflow catheters were connected to a perfusion pump and
heat exchanger. The skin of the abdomen was attached to a retractor ring, and the abdominal cavity was
covered with a plastic sheet with a small opening in the center allowing entrance for the surgeon’s hands
to stir the abdominal contentsin order to deliver amore uniform drug distribution and heat to the intra-
abdominal surfaces. The rollers of an extracorporeal circulation machine (Performer LRT, Rand) were
set at a speed of 1,000 mL/min to deliver the perfusate, 4% icodextrin solution. The circuit passed
through a heat exchanger which raised the temperature to 48°C. The perfusate temperature on the
abdominal cavity fluctuated between 42°C and 43°C. Once the temperature was achieved, oxaliplatin
360 mg/m? was administered. The perfusate volume varied from patient to patient depending on the
peritoneal surface area and, approximately, 2.5 to 6.0 L were employed. On average, the HIO mean
duration was 40 min (range 30-60 min). After the end of perfusion, the solution was evacuated. During
the next five postoperative days, 5-fluorouracil (5-FU) was administered at a dose of 15 mg/kg
intraperitoneally in 1 h infusion through a 14-Fr catheter in order to potentiate the oxaliplatin cytotoxic
effect (36).

Sample Collection and Bioanalytical M ethods.

Peritoneal fluid and venous blood samples were collected immediately after the oxaliplatin
administration and then every 10 min until the end of the peritoneal perfusion. Additiona venous blood
samples were drawn at 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16, 20, 24, and 28 h after the end of the
peritoneal perfusion. All samples were collected in S-monovette® tubes, centrifuged at 3,500 rpm for
10 min and were stored at —80°C until analysis. Total platinum in peritoneal fluid and plasma was
measured using a validated assay based on inductively coupled plasma atomic emission spectrometry.
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The lower limit of quantification was 0.5 mg/L. Over the validated range of the assay (0.5 to 30 mg/L
for plasma samples and 5 to 300 mg/L for peritoneal fluid samples), the mean intra- and inter-assay
coefficients of variation were lower than 9.5% and 7.7%, respectively. Blood samples for the
determination of ANC were collected before the surgery and, afterwards, daily until patient completely
recovered from the hematological toxicity. ANC were determined using an automated hematology
analyzer (Beckman Coulter, Inc. AcT5diff AL, Fullerton, CA, USA).

Tablall1-1 Summary of Patient Characteristics at Baseline

Subject characteristics (N=30) Mean (SD) Range
Age (year) 57.9 (10.5) 32.0-75.0
Body Weight (kg) 69.3 (12.1) 42.0-90.0
Body Surface Area (m?) 1.7(0.2) 14-2.0
Sex (%)

Male 40

Female 60
ALT (IU/L) 45.1 (20.1) 19.0-100
AST (IU/L) 38.9 (19.4) 10.0-83.0
Alkaline Phosphatase (1U/L) 234 (108) 52-467
Total Bilirubin (umol/L) 0.6 (0.3) 0.2-1.6
Serum Albumin (g/L) 33.3(10.6) 14.9-50.5
Total Protein (g/L) 59.8 (11.6) 38.8-79.3
Creatinine Clearance®(mL/min) 85.3 (32.9) 23.2-150.0
Hemoglobin (g/dL) 11.3(1.5) 6.4-13.0
Leukocyte Count x10%/L 7.7 (4.2) 0.4-17.8
Neutrophil x10%L 7.5(5.8) 1.7-26.5
Platelets x10%L 261 (139) 115-716
Liver metastases

No (%) 83.3

Yes (%) 16.7
Peritoneal Carcinomatosis |ndex 8.6 0.0-39.0
Complete Cytoreduction

No (%) 333

Yes (%) 66.7

Continuous variables are expressed as mean (standard deviation) and range, whereas categorical variables are
expressed as percentage (%)

Creatinine Clearance was calculated using the Cockroft and Gault’s formula and values higher than 150
mL/min were truncated to 150 mL/min
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Phar macokinetic and Phar macodynamic M odd Development

Software. Nonlinear mixed-effects modeling using the first-order conditional (FOCE) method
implemented in (37) was used to develop the population PK/PD model and to conduct model-based
simulations. Compilations were achieved using DIGITAL Visual Fortran Version 6.6C. Graphical and
al other gtatistical analyses were performed using S-Plus 6.1 Professional Edition (Insightful, Sesttle,
WA, USA).

Pharmacokinetic and Pharmacodynamic Model. Oxaliplatin concentrationsin peritoneal fluid
evidenced a monoexponential decay, and consequently, oxaliplatin in the peritoneal fluid was assumed
to be absorbed into plasma according to alinear process, characterized by the first-order absorption rate
constant, ka (Fig. Il1-1). As oxaliplatin concentration in the peritoneal fluid were available, the
absorption process was parameterized in terms of peritoneum to plasma clearance (Qz) and volume of
digtribution in the peritoneum (VJ); thus k, was calcul ated as a secondary parameter
(Q4Va). Based on the graphical exploratory anaysis, the oxadiplatin disposition in plasma was
characterized by an open two-compartment model with linear elimination and nonspecific distribution
to peripheral tissues (Fig. I11- 1). This model was parameterized in terms of systemic clearance (Cl),
intercompartmental flow (Q), central volume of distribution (V¢), and peripheral volume of distribution
(Vp). Asthe oxaiplatin absolute bioavailability (F) after intraperitoneal administration isnot known, F
was fixed to 1; therefore, the estimated model parameters were apparent. The corresponding differential
equations for each compartment were:

dA Q. B
&= e "lhed 2
dC O, O» Cl Q>
dC_Qu 4 QD o C D , 2
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dP (> 0>
it - P 3

where A, C, and P represent the oxaliplatin concentrations in peritoneal fluid, plasma, and peripheral
compartment, respectively.

The semi-mechanistic model proposed by Friberg et a. (30) was used to describe the ANC
time course as a function of oxaliplatin concentrations (Fig. 111-1). The backbone structure of the model
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consists in five compartments. one compartment represents the proliferative cells [Prol], such as stem
cell and other progenitor cells; three transit compartments with maturating cells [ Transit]; and one
compartment of the circulating blood cells [Circ]. A maturation chain, with transit compartments and
first-order rate constants (ki) accounts for the lag time between the oxaliplatin administration and the
observed neutropenic effects in blood. The generation of new cells in [Prol] was dependent on the
number of cellsin that compartment, which is consistent with the mechanism of self-renewal or mitosis.
The first-order proliferation rate constant, kprol, determines the rate of cell division, together with the
feedback mechanism from the circulating cells.

Penpheral
Compartment

Cantral
Compartment
Ve

pe Y
Feedback «| —°
, Circ
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Figurelll-1. Schematic of the semi-mechanistic population PK/PD model

The feedback loop was necessary to describe the rebound of ANC compared to the baseline
values (Circo) and was incorporated into the model as (Circy/Circ) ¥ as previously suggested (35).
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The oxaliplatin plasma concentrations were assumed to reduce the proliferation rate according to alinear
function (Eprug):

!.'”'"-'J_-' =L (o)

where a is the slope of the linear relationship between Epng and C, and C is derived based on the
empirical Bayesian estimates of theindividual pharmacokinetic parameter obtained from the oxaliplatin
population pharmacokinetic model previously described.

In the transit compartments, it was assumed that the only loss of cells is into the next
compartments; therefore, the random loss of precursor cells was assumed to be negligible. As the
proliferative cells differentiate into more mature cell types, the concentration of cells is maintained by
cell divison. At steadystate, before administering oxaliplatin, dProl/dt is equal to O and, therefore,
kero=kir. Asthe ANC data collected did not contain enough information to estimate independently kcirc,
itwas fixed to the population mean half life of neutrophils previously determined, 0.07 h—1 (30). To
improve the interpretability, the mean transit time (MTT) was estimated as follows:

N (10)
£ —T F AL
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where n is the number of transit compartments. MTT represents the time taken for the neutrophil to
reach the circulation after leaving the proliferative compartment. Thus the structural model parameters
to be estimated were the system-related parameters. Circo, MTT, and ¥, and the drug-related parameter,
Q.

The effect of 5-FU on the inhibition of the proliferation rate and/or stimulation of the killing
rate of the progenitor cells was assumed to be negligible because the low intrinsic neutropenic effects
of 5-FU (38) and the relatively low doses administered, which lead to anegligible systemic exposure as
evidence by the large proportion (81.5%) of 5-FU plasma concentration bel ow the limit of quantification
(0.04 mg/L).

Statistical Model. The interindividual (or between subjects) variability (I1V) in the PK/PD
model parameters was assumed to follow the lognormal distribution and, consequently, an exponentia
error model was used. Residual variability in oxaliplatin peritoneal concentrations, oxaliplatin plasma
concentrations, or ANC was evaluated using an additive error model after natural logarithmic
transformation of the observations and model predictions. The magnitude of interindividual and residua
variability was expressed approximately as a coefficient of variation.

Model Selection Criteria. The improvement of the fit obtained for each model was assessed in
several ways. First, the resulting NONMEM-generated minimum value of the objective function
(MVOF) was used to perform the likelihood ratio test. This test is based on the change in the MV OF
(AMVOF), which is equal (up to a constant) to minus twice the log-likelihood of the data and is
asymptotically distributed like 2 with the degrees of freedom equal to the number of parameters added
to the model. AMVOFs of —10.83 or —12.12 were required to reach statistical significance at p<0.0010
or p<0.0005 for the inclusion or exclusion of one fixed effect in nested models, respectively. These
stringent statistical criteria were used to avoid the inclusion of weak and clinically no relevant effects.
In addition, the improvement in the fit was assessed by the reduction in the 11Vand residual variability,
the precision in parameter estimates, and the examination of diagnostic plots, and shrinkage (39).

Model Qualification. A nonparametric bootstrap was used as interna evauation method to
qualify the estimates of the PK/PD model parameters (40) using WINGS for NONMEM (N. Holford,
Version 6.16, Auckland, New Zealand). The mean and the 95% confidence intervals of the parameter
estimates from the bootstrap replicates were compared with the estimated parameters from the origina
dataset. In addition, a visual predictive check was performed on the time course of the 5th, 50th, and
95th percentile of the oxaliplatin peritoneal and plasma concentrations and the ANC (41).
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Model-Based Simulations. Based on the PK/PD model devel oped, simulationswere undertaken
in order to explore the role of the initial oxaliplatin concentration in the peritoneum (and therefore the
dose) and the duration of the HIO on the incidence of neutropenia grade 4 or grade 4 lasting at least 5
days. For atotal of 12 oxaliplatin concentrations (0, 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, 275,
and 300 mg/L), the daily ANC was simulated for four different HIO durations (30, 40, 50, and 60 min)
and the incidence of neutropenia grade 4 or grade 4 lasting at least 5 days was computed. For each
scenario, 1,000 virtual subjects were simulated.

4. Results

Pharmacokinetics. A total of 140 and 338 oxaliplatin concentrations from peritoneum and
plasma, respectively, were available for the PK analysis. The mean (SD) of the Cmax in peritoneum and
plasmawas determined to be 82.30 (17.76) mg/L at 6.36 (7.13) min after the start of HIO and 2.56 (0.90)
mg/L at 35.97 (8.20) min after the start of HIO, respectively. Moreover, the mean (SD) of the area under
the curve concentration vs. time curve (AUC) in peritoneum and plasma was determined to be 1,150
(348) and 87.20 (123.20) mg-h/L, respectively.

The time course of plasma concentrations following HIO was best described by an open two-
compartment disposition model with nonspecific distribution to a peripheral compartment, linear
elimination from the central compartment, and first-order absorption from peritoneum to plasma. Figure
I11-2 displays the goodness-of-fit plots for oxaliplatin peritoneal concentrations (upper panels) and
oxaliplatin plasma concentrations (mid-panels), which showed a normal random scatter around the
identity line and indicated the absence of significant bias. The fina estimates of the pharmacokinetic
parameters and the results of the non-parametric bootstrap analysis are presented in Table I11-2. Except
for Qz, between subject variability was estimated for all of the PK parameters, with acceptable shrinkage
(<0.3). The popul ation estimates of model parameterswere very similar to the mean of the 684 bootstrap
replicates that minimized successfully and were contai ned within the 95% confidence interval s obtai ned
from the bootstrap analysis, suggesting an acceptable accuracy of the parameters estimates.

The precision of the fixed effects estimates was aso good, with relative standard error (RSE)
lower than 34%, whilethe RSE for the random effect ranged from 30% to 70%. Theresults of the visual
predictive check performed are depicted in Fig. I11-3. In this figure, the blue areas cover the 95%
confidence interval of the 5™, 50", and 95" percentiles of the model-based prediction for peritonea or
plasma concentrations and red solid lines represent the observed 5™, 50", and 95" percentiles of the
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peritoneal or plasma concentrations. This figure evidence that the PK model devel oped is appropriate to
describe the time course of peritoneal and plasma oxaliplatin concentrations and their associated
variability observed in cancer patients with PC.

Pharmacodynamics. A total of 678 ANC values were available for the PK/PD analysis. The
mean (SD) of the Circowas determined to be 7.47x10%L (5.78x109/L) and remains relatively constant
until the 4 to 6 days after drug administration when ANC begin to decline and reached a nadir
approximately 11 to 14 days after the start of the HIO. The median ANC nadir determined was
3.09x10%L and showed large variability with values ranging from 0.03 to 10.31x10°%L. The incidence
of patients with neutrophil count less than 1.00-10%L and 0.5-10%L, suggestive of neutropenia at least
grades 3 and 4, respectively, was 17% and 10%, respectively. The infusion duration for the three patients
that developed neutropenia grade 4 was 35, 45, and 45 min, and the corresponding ANC nadir was
0.0023x10%L, 0.028x10%L and 0.13x10%/L.

The model proposed by Friberg et al. (30) fits the ANC profiles reasonably well. Figure I11- 2
displays the goodness-of-fit plots for ANC (lower panels), which also showed a normal random scatter
around the line of identity and indicate an absence of bias. The final estimates of the PD parameters and
the results of the non-parametric bootstrap analysis are presented in Table | 1. Between subject variability
was estimated for Circoand a with acceptable shrinkage (0.077 and 0.224, respectively). The shrinkage
for MTT was determined to be 0.391. The population estimates of model parameters were very similar
to the mean of the 964 bootstrap replicates that minimized successfully, and were contained within the
95% confidence intervals obtained from the bootstrap analysis, suggesting an acceptable accuracy of
the PD parameters. The precision of the fixed effects estimates was acceptable, with RSE lower than
36.6%. In addition, the precision for the random effect parameters was a so adequate with RSE ranging
from 27.5% to 53.2%. The results of the visual predictive check performed are depicted in Fig. I11-2 and
evidence that the model developed is appropriate to describe the time course of ANC in cancer patients
following cytoreductive surgery and HIO.

The exploratory graphical analysis of the effect of age, sex, body weight, serum creatinine,
albumin, serum ALT, serum AST, tota bilirubin, hemoglobin, and hematocrit did not suggest any
correlation between these covariates and PK/ PD parameters. Therefore, given the limited number of
subjects included in the current analysis, a formal anaysis of covariate effects on PK/PD parameters
was not attempted.
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Figurelll-2. Conditiona weighted residuals vs. time and conditional weighted residuals vs. popul ation
predictions for peritoneal (upper panels) and plasma (mid panels) oxdiplatin concentrations, and
absolute neutrophils counts (lower panels)

Model-Based Simulations. Deterministic smulations (Fig. I11-4, upper panels) clearly show
that the neutropenia is reversible, short-lasting, and non-cumulative. In addition, the initial HIO
concentration (and the oxaliplatin dose) and the infusion duration are the main determinants of the
severity and the duration of the neutropenia. As a consequence of the linear drug effect model, Fig. I11-
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4 (upper panels) showsthat a proportional increasein the oxaliplatin exposure will lead to aproportional
decrease in the ANC nadir. In addition, extending the duration of the HIO administration, for a given
initial oxaliplatin concentration in the peritoneum, will increase the severity and duration of the
neutropeniaasit is directly related to the oxaliplatin exposure in peritoneum.

The relationship between initial HIO concentration and the incidence of severe neutropenia is
also displayed in Fig. I11-4 (lower panels) as a function of the infusion duration. In this figure, the
incidence of neutropenia grade 4 appears linearly related to the initial HIO concentration and the slope
of that linear relationship also depends of the infusion duration. Actually, a 60-min infusion of

Table I11-2 Parameter Estimates and Bootstrap Analysis of the HIO Populaiton Pharmakokinetic and
Pharmakodinamic Model

Original dataset Nonparametric bootstrap
Model parameters Estimate *° Mean? 95% Confidence interval

Phar macokinetic model

Qa(L/h) 2.70 2.80 (17.3) 1.91-3.86
Va(L) 8.33 8.32 (4.48) 7.61-9.09
CI/F (L/h) 1.61 1.65 (33.4) 0.71-2.85
QJ/F (L/h) 77.0 79.4 (18.6) 56.7-112.0
VJ/F (L) 19.2 20.0(25.2) 11.4-30.8
V/F (L) 72.8 75.3(17.2) 50.1-103.9
Interindividual variability (CV %)

Woa 341 34.1(30.6) 23.4-44.2
Wva 17.7 17.4 (38.3) 10.1-235
WCLIF 85.6 93.4 (69.6) 38.2-159.0
WVoF 57.9 56.0 (69.8) 15.1-84.2
WVpF 235 24.4(69.0) 6.70-39.3
Residual variability (CV %)

01 (plasma) 14.7 14.5(16.8) 12.0-16.8
02 (peritoneum) 16.5 16.3(27.9) 12.6-21.0
Phar macodynamic model

System related parameters

Circo(-109L) 7.05 (6.88) 7.07 (6.75) 6.26-8.09
MTT (h) 118 Fixed - -

v 0.135(11.9) 0.133 (25.4) 0.016-0.209
Drug-related parameter a

(L/mg) 0.182 (36.5) 0.181 (62.8) 0.048-0.505
Interindividual variability (CV %) wcirco

42.3(27.5) 40.6 (29.6) 27.3-521

WMTT 32.8(53.2) 31.2 (155.9) 5.6-75.6
Wa 141 (31.7) 145 (160.7) 73-250
Residual variability (CV %)
o 497 (17.6) 49.1 (19.4) 41.1-58.7

2 Results expressed as parameter (RSE relative standard error of parameter estimate, %)
b The covariate step failed. Therefore, RSE of PK parameters are not provided
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oxaliplatin starting at peritoneal concentration of 65 mg/L leadsto a 20% incidence of neutropenia
Grade 4. However, a 30-min infusion starting at the same oxaliplatin concentration leads to a 12%
incidence of neutropenia Grade 4. Thus, shorter HIO reduce the incidence of severe neutropenia, while
theinitial oxaliplatin dose administered to achieve an initial 65 mg/L concentration remains the same
in both cases.
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FigureI11-3 Time course of the 5, 50", and 95" percentiles of the peritonea (upper panel) and
plasma (mid panel) oxaliplatin concentration and absolute neutrophils counts (lower panel) and
their associated model-based prediction of the 95% confidence interval.
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According to Fig. Il1- 4 (lower left panel), a 20% incidence of neutropenia Grade 4 is also
expected following a 30-min infusion starting at peritoneal oxaliplatin concentration of 105 mg/L.
Interestingly, the areaunder the peritoneal oxaliplatin concentration versus time curve (AUC) following
a 60-min infusion starting at 65 mg/L concentration is the same than the AUC following a 30-min
infusion starting at Fig. I11-3. Time course of the 5th, 50th, and 95th percentiles of the peritoneal (upper
panel) and plasma (mid panel) oxaliplatin concentration and absol ute neutrophils counts (lower panel)
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Figurelll-4 Effect of initial oxaliplatin concentration in peritoneum and HIO treatment duration on the
time course of neutrophil counts (upper panels) and on the incidence of neutropenia grade 4 and grade
4 lasting at least 5 days (lower panels).

and their associated model-based prediction of the 95% confidence interval oxaliplatin concentration of
105 mg/L. Conseguently, these two dosing regimens leads to an incidence of neutropenia grade 4, for
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which primary prophylaxis with granulocytecolony stimulating factors is recommended. Furthermore,
a60-mininfusion starting at 120 mg/L concentration is associated with a 33% incidence of neutropenia
grade 4, which determine the maximum tolerated exposure. Similarly, HIO exposure of 120 and 225
mg- h/L are associated with a 20% and 33% incidence of neutropenia grade 4 lasting more than 5 days
Fig. 11- 4 (lower right panel).

5. Discussion

In this study, the oxaliplatin pharmacokinetics in peritoneum and plasma has been characterized
in cancer patients with PC treated with cytoreductive surgery followed by HIO. Regarding the
oxaliplatin plasma disposition, the typical volume of the central compartment and the apha half-life
(t24) Were estimated to be 19.2 L and 0.14 h, respectively, and were similar to the PK parameters
previoudly reported by Ferron et al. (27) and Massari et a. (42) The beta half-life (tys) determined in
the current study, 40 h, was similar to that observed by Massari et a. (37.5 h) after 2-h intravenous
infusion of oxaliplatin 130 mg/m? but was longer than the ty; reported by Ferron et d. (12.9 h). A
possible explanation of these differences is the limited sampling period used to characterize the
oxaliplatin pharmacokinetics in Ferron et al. study, as compared to the others studies. It becomes very
difficult to accurately estimate oxaliplatin tyzs based on plasma samples collected only up to 8 h after
the start of HIO administration. Sampling schedules including plasma concentration collected beyond
24 h should provide a more accurate estimation of the tys for total oxaliplatin.

The peritoneum to plasma ratio of oxaliplatin Cmax, 32.1, was similar to a previously reported
value for ultrefiltrate platinum concentrations (24, 28). However, the apparent oxaliplatin peritoneal
half-life (tu2a=Ln(2)/ks), equivalent to the oxaliplatin absorption half-life from peritoneum to plasma,
2.2 h, was considerably higher than the valuesreported previously (0.5-0.7 h) (25-27), probably because
different carrier solution has been used in the current study.While al the previous pharmacokinetic
studies of HIO were performed using isotonic 5% dextrose as carrier solution, this study reports, for the
first time, the HIO pharmacokinetics in plasma and peritoneumusing isotonic 4% icodextrin as carrier
solution. Icodextrin is a macromolecule that, theoretically, should reduce oxaliplatin clearance from the
peritoneal cavity and, consequently, the ty. should be longer. On the other hand, the ratio estimated of
the AUCsin peritoneum and plasmawas 13.19, whichisin line with the values previously reported (28)
for ultrefiltrate platinum using isotonic 5% dextrose as carrier solution. Probably, other factors,
including differencesin the surgical procedures, the extracorporeal circulation machines, the oxaliplatin
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absolute biocavailability and the analyte and bioanalytical method, could contribute to explain the
differences in the absorption half-life from peritoneum to plasma across the studies conducted with
dextrose at 5% vs icodextrin at 4%. Therefore, further studies comparing oxaliplatin absorption with
both carrier solutions are necessary to quantify the icodextrin effect on oxaliplatin absorption.

In this study, the rel ationship between oxaliplatin pharmacokinetics and the time course of ANC
in patients with PC receiving HIO after cytoreductive surgery was also investigated by applying a semi-
mechanistic population PK/PD model previously developed (30). The relationship between oxaliplatin
plasma concentrations and drug effect was described by alinear function and the dope of thelinear drug
effect was estimated to be 0.182 L/mg. It appears that oxaliplatin neutropenic potency is about 28%
higher than the estimated neutropenic potency for carboplatin in monotherapy, after correcting for the
differences in the free fraction between the two drugs (43). The 5th, 50th, and 95th percentiles of the
oxaliplatin peak inhibition of the proliferative rate of precursor cellsinto the Prol were determined to be
13.13, 44.23, and 564.33, respectively. With respect to the system related parameters, the estimated of
CircO was consistent with ANC normal values. The MTT could not be estimated correctly with the
available dataand, therefore, was fixed to 118 h as previously reported in the literature (30, 44-48). The
estimated y value, 0.135, was aso similar to those obtained previously for other anticancer drugs, such
as irinotecan (0.132) or topotecan (0.120) (30, 49). Interindividual and residual variabilities were
moderate to large, consistent with that observed for other drugs (30).

M odel-based simulations reveal ed that HIO induced neutropeniaisreversible, short-lasting, and
largely dependent on the intensity of the dose administered (or concentration in the peritoneum) and the
duration of the HIO treatment. Figure 111-4 (upper panels) shows that increasing the dose (or theinitial
concentration in the peritoneum) and/or extending the HIO duration leads to a greater fluctuation in
ANC values and consequently increasesthe likelihood of severe neutropenia. Simulations also indicated
that it is possible to reduce the degree of neutropeniaby employing treatment regimens with shorter HIO
duration, while the overall amount of dose administered (and the initial oxaliplatin concentration in the
peritoneum) remains the same. Quantitatively, simulations suggest that the maximum tolerated HIO
exposure is 120 mg-h/L. However, primary prophylaxis with granulocyte-colony stimulating factors
should be considered if HIO exposure is higher than 65 mg-h/L in order to prevent severe neutropenia
as recommended by the guidelines (50).

In summary, a semi-mechanistic pharmacokinetic and pharmacodynamic model has been
devel oped to account for the effect of oxaliplatin on myelosupression. This model has been successfully
applied for the first time to describe the time course of ANC in cancer patients with diagnosis of PC
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treated with HIO, using 4% icodextrin as carrier solutions. Model-based simulations suggest that
targeting HIO exposure not higher than 120 mg-h/L is safe and, however, at exposure higher than 65
mg-h/L the primary prophylaxis with granulocyte- colony stimulating factors support recommended.
The model developed is useful to optimize the design of future clinical studies.
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8.  Annex III-1. Original Publication: Pharmacokinetic and
Pharmacodynamic Analysis of Hyperthermic Intraperitoneal
Oxaliplatin-Induced Neutropenia in Subjects with Peritoneal
Carcinomatosis.
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amibisi: monker i dolver 8 moe unifurm @ disiritebos
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munll provioussly descidsal

I the trensil companmesis, ibwis asumed that the eoly
bees il cells is inio the reet compartrse mis: theralore. the mandaom
ey ol precomwir ool win assomed o b pegliginie, As the
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lmsting af keas 5 days. For o tofal of 12 cxaliplatin concen-
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% dlaye was compuied. For ssch soesarin, 1000 driun] sebgects
were simaaled.

HRESULTS

Phadiacobbeio A wetel ol 140 and 3738 cEkhgikils
s niEalions from penioneum sl pldma, respestively,
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Thae fime ooume of plasma conoeaomabons followmg HCk
wirs hest descrbed by an open tem-compartment disposion
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suigpinhng a actyplidble pecursey of Thit parpealin v malice
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The preciskn of the Nsed cffoos estimanes wis ilso good, with
relave staedard error {RSED lower than 34%, whike the RSE
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The results of the vissal predictive dhech performed we
depicted in Fig. 3. In thix Ggure. the blic sevie cover the 95%
confidence interval of the 5%, S0, and 94" percentikés of
the maodel-based prediction for peritoneal or plasma
concentratis and red solwd Tees repeescat the oterved
S50 amd 95 percentibes of the peritcacal o plissesy
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v

cotncetons. The Sgure cvadesce thut ihe PR model
develaped Is appropnate to descnbe the time course of
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relatively vonstant until the 4 ta & davs after druz
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The relatsorship beteecn initlal HIO concentration and
the maidence of sevore poutropena w abo deplayed = Fig 4
(lower panels) s 6 function of the infusiom duration, In this
g, e irgidence of seutiogenin grade 4 appears Ineorly
related 10 1the initial HIO congentrstion and the sdope of tha
Mecar ubsd depends of the infssion duration.
Actually, & &0-min mfivoa of oxabplatin starting &t pento.
mcal concentration of 65 me'l loads w0 & 20% inddence of
wevtropwnia Grasde 4. However, a Mimin mfssan sharting ot

the some xalplatin concentrution leads oo 2% scidence
of nestropens Grmde 4, Thes, shorer HIO rodecs e
inckdesee of severe seutropens, while the nitial coaliplatin
dose sdminstered 10 adileve an siial 6% mpl coccattion
remains the same in both cases.

Accandiog 10 Fig. 4 (lowgr el panel), o 20% mcidenoe
af newtrapenis Grade 4 is sk expeaal fofowsg & Mkmin
anfusion slating at peritosend i amesniration of
108 me'l. lsterestingly, (he arca under 1he peritcmeal
oxaliplatin comoentmiton versur time curve (ALUC) following
@ thmin infuson starmng ot 65 mp/l comcentiotion 18 the
same than thye AUC fellowimg n 3ame miusin starting

67



Capitulo I11. Pharmacokinetic and Pharmacodynamic Analysis of Hyperthermic Intraperitoneal Oxaliplatin-Induced Neutropeniain Subjects

with Peritoneal Carcinomatosis

68

ay Valemrnela 1 il
2 a1
= e Ea
is fa |
-] L] 5] B X X B wu
T oy
Nmmnperia Grada 4
| i —H |
Bl a==2 2
£ | | B
5 |
E E """""""" g e o |
_.-:'_:_'__,-'—"__-
Bicerines e
i
‘-“iﬂzﬁ'.—'-
=
] L m 1M A E N =] Bl WO 1 WO Ba MR

‘£ oncartrmiee m Colssur (rglL)
Fig 4. Biect ol miilsl nealiglaiin concesizibon in

Concarviata i S chewam (gL

peroonam snd HIC ireaimeni docaticn oo she oime

ermurse off o bmphil cousts {uaper il ssd o the neilence of rosiropengs grads 4 ol goedo £ lsting

ut less) % dage ey paneir

nsuliplating comeombratios of 05 mp'l. Consegeenily, e
P dhosing rogimers leads e am inddonge of geuliopenie
prude 4 for which primaey prophviass with grandoce.
clony suimilating lodlory B reconmmmeaded. Panhzninisee, &
fdmin infusiin sioning &l 129 e/l eooceaimolion & s
claled with 6 X% meidence of mewropenia grsde 4, shich
determing the masinmum olerated xposure, Similark, HIO
eapoaory of 130 aned 225 mpe WL are asociied with a 0F%
pmd 33 incklesce al aculrepenia grkle 4 lmbng mems thas
= lsww Fig. 4 {liesweer vight punel )

TS LSRR

In ihis study ihe oxsiplulin plamacokinetiss o peri-
T e plasms has been dhsmcieeized in cancer
wiif PO treniod with eviorcduceve surgery follosed by HIG
Reparhipg the cxalinlatm plosma disposiison. the  tvpecal
volarmad ol (ke comiral sonmpasimenl wnel 1Ba alpha hall-ik
[Frma b Were gitimaled s by 192 Loand (K14 b, respoctivels
gl i slimiilar B0 e PR parsselen previsisly imepoited by
Frm ad al {27) and A ot el (42 Tha Beia hal-506 (n
sl delETmined in e curres abache, 20 h, was danbliar w
ohesrved by Missan &1 @b (375 h) aber 35 Eemyenoms
infusinn of cxabiptaim |30 maim® bul was konper than the T
reported by Ferrom o @l (129 h). A posshle explizaton of
hirae dlilferomces 8 (b Tewidod siepimg ponoad osed 1o
shoraderise the aualiplatm phirmacekmaeiios in Forran & al
iy, av compared W0 e others sofee B hosormes vy
diMcdy so scommnely eonmaste odsdiplaces g, Mol on

plasma samphes collooied onbe up ta 8 hoafler the san of HPO
ndeminiiration,. Sampling schedules: ingbuiding plazms
oprenimiien eellpsied heyond M h shoul] preeide 8 pure
neguran: esrirmalse of thee 5 o5 for tolal ogslpdalin

The peridacum o pliss s ol oclpinin O, 121,
wirn dmiler g oo previeusly reponmed value for uhrablenne
platioum corcennatons {24 240 Hinsever, the apparen) auili-
platin permwmesl balldiie Jje=L0ni2VE), equivalent w0 the
omaliplion absorpizon Ralidile (fom pentorcom o plema,
2T b owsm oondiderabiy kigher than the values roporied
provacdaaly ([5-5T hh (1527, profuably becess diffiren carmier
sl Boas e ] i e vt studh, Wikile sl the i
prasmacinaic shackis of HED wesp perlormel g solmic
5% dexirmee a8 oamer solution, this siudy repors. for the i
time, the MO plarmacnkinetics in gl and periiniesm Eng
moscie 4%, kcodextnm s comier solubion. loodeyinm & e nueno-
mukscuke fhai. theometionBy. shoukd rodoce oxaliplatin donrance
from ihe perfoneal ity . oonsequsmily, the § o, should be
lirmggor, Cn Thae adher hanil, B rafes estimaded] of the AL s =
i i aniil plasaiin wes 1300 which b in Rive il de vidic
(reviously spenad §28) for ulirafilleste plisiany wsing sron:
% dewiroge @k comler eolilion. Probabdy, sther laceors,
inclading didfenznees in he sssgical procedores. (e exirac-
neporenl cireuliisin machmes. the  oxaliplatm  abschme
bioayvalabiliey and she gnolyie and booanalyizal e thed,
ol conbrible Boocxplmn e glilfémendcs m the abwosp-
i Eall-life froew peritoneem (o plisen geross the dadie
combdoe®d winh dexirces ol 5% i lasleatrin ol 4%
Therebire, Turthes dnilies comparira osaliplatin abhsorpiss
whth ik carrier solitions mré necesary 1o guuntity the
lpockexinn eldect on pxaliplain shsarpion.



with Peritoneal Carcinomatosis

Capitulo I11. Pharmacokinetic and Pharmacodynamic Analysis of Hyperthermic Intraperitoneal Oxaliplatin-Induced Neutropeniain Subjects

Popalaien PETD of Hested butraperiinnes) Owaliplsin

In Bl sy, ihe relmlonskip betwesn comliplatin
pharmacokinetics and the e course of AN in pabenis
wnlh PO recevang HED afer cybireduciive surpery way sl
smvesligaicd by ppphing s send-mechanisie population PES
PIF maodel preveoisly developed (80, The relatmnship
hemszen asaliplatin lisma conseRiraoas and g ofTest
Wi deserihed Ty o Becar funcisom Sod the slope of e line
Ay efiec was estimared o be LIE2 Limg. It appean ihat
oyaliplatin ek regenic poiescy B about 28% higher tean the
esbmmaled newiropenn: potency b carbopiaim me mooo e
apy. iy commeeimg fon the diflorensss in U free rescton
befwgen The o diugs 1430 The gtk S amdl gyt pucerkiles
ol the smnliplici peik debisim of the pralilcatie ae of
precussar cells inwe the Moy were deemmiined o be 1305
4423, amd 56433 respeciively. Wi qespct fo the svsiem
relited pamimeters, thi estsmaiod of Ccg wus oansatent with
ANC pormnl volues The WY mould o be cstimniod
cormecth with the availnble deds pod. ercione, wes fioed e
VI8 b s prgwimesty peporrial in e Beraiune | 20449101 The
extmmaled 7 value, 0135, was gla mrmlar b thise obiameid
provienly lor ooher anskasncer diugs, such s Esoecan
I3 or Iopodccam (ILEZ0) (30,84, |esenndindunl ani
reskiual variohilities were misdemie 1w large. consbstem with
thinl obwerved Bor olher drogs (300

Mhudit-bawd ammubfioms revesled thal HED iodaced
mestreynznin B roversrhie, shoat-listing, aml Taspcdy depumlinl
oy The iy of 18 doss adminislengd for comeniralion
e perilcescum] s e dharatioss of he HE reament.
Flguie 4 {upper panchk) shisss (hsl iIncroasing the dose {or e
imetled concenratkm in che periomeuny) andéor cxbonding
T dwmmtion |eads po o gréater fluctuakion n ANC wnlocs
and consequendby moreases. thae likebhood of severe nentro-
ponia. Simulstims alsg imSoabed that i is pessible ool

ihe degsiee of peulrepeesa by cogrdaring reniment regimens

wrilhy showici HECH derainm, whlle the ovcra ameoen i of dive:
admiinierad (esd i sl uam.lplmiu CONCEn IR m e
perilonoum) remaira the same. Cuontitatnely, sewelinons
suggest thal the mavewom leleraied HIO exposure bs
I3 mehWl However, prmary prophyfass with - granulo-
exiesulony stmwdaiirg [octoms shoukl be corsidered 1 HICH
expuman: is bagher than /5 s bl o coder o prevest sevens
nenliopenin s reosrmended sy e puidelines $50)

i Y. & semi-mechemia phamacakinetic and
pharmod yeamic moded i beea developes o pocount fos
the elfect of coshiplatie on myelosupression. This model hes
heon surogasiully apphed for the Arst fime o describo de
fime coswrse of AMC in casgyr pubmnts with diggnosis of PC
treatgd wath RO, sy 4% icslexitin as ek solubers.
Mkl -Based wiiuls ons ssspesl Char tingeting HED caposune
il higher than B2 me- L 5sale ond, himever, af caposon
Higher than &% mg-hl the primory proplslas wiih gan-
nhecyvizcolony dimulating faoiors suppon = rooommended
Thee motlod devoboped i tmeinl o optmise the dedpn of
Tutars dimicnl shachics

ACKNIWLEDGMENTS

The suthors wonld like o ihank e patients, medical.
muring, and laborssory aoff of the USP Hospiinl San D
who participaied an the presera sindv. The quthors mdcated
min pedenbiznl condhicts ol inferasd,

HEFERENCES

k3

=

3

49

113

1

Kign A, Waimshe K, Fubpmom T, o0 ' [Negnosis and
viwidlive bl lies for pokepnbl lesbais ol die pllMadik
Ann Suig 1R eI d

Fjrmuder 5, Shrgsiba RO, Kokphan B oo o Posties semalbis of
combinel thorsgry of sargary sl aoniperisneil eporfom
p-.'rn.lnml e Fargddvmoed gaowic capoer. Aan Sarp |91

|'I;.|ﬂ.|r|.| T. Ermcivvara Y, Murscka K, & af. Contnmis By

themrc periencal perasion Tor e presomen of perdbizcal

Tea e oo e T i rwos renschmsiaed eremmnodlad stady. Workd

B Searg 1T R 305,

Alcmnder HH, Homma N, Fnogpank JE Chnicel resslis of
cvinnmluctam and HIPEE fir malgnani paritomal mesimba-

lome. Cancer Treat Fese M1 334355,

o Witkainp Al de Dete E Koag MM, o ol Edusive

cyiorstheiive wirgery il by mim-npememe hypertbor
mic Twraperinn :Ia-rrrlrllr\-uw:ll wiil miinmycin-L is
paticain with porioecal cofcioomessi of wobireoid ongin
Ein § Cancer. 30115797054,
Leaie 55, Milker HE, Kuegm ()l Levine FAL Intraperiimacal
terpeenha e ¢ hemccharapy wong carhnplaime a phase L bus
in menrlan cwcioma. Gyneot Cinonl. I e FL
B t TH. Intcaporionzal ok } i sl oo
M.FFFTI.'HE mhﬂg mrsed (rea e I.I'r-rrl.ﬂ'h.'l'ﬂ.l'l EmrcireTRn-
fomees and] sarcompin s, Somin Serg Oncol. 1781 & 240,
Laws O Blintsancrs PH. i e Wiggh WO o el Dot olifTimion of
SR I Uil L IEees afler [Brapenimd
chymidisrapy 4 cenpeetan wiih ok Gamotbarapy, Cas-
car Roos JUPLARTIR-A
l-.'li-. [, Cxgellet JF. Bmrapesnimones] ihexphype i ermtla, Kt
e, sl sl rovalt Sug Ol Clha ™ A
.n'||| ||:¢-.|11
Yerwml V2 aan Ruih 5. de Peee B et Hamdosmores) angl of
wrtestdmibn aml typonberah lsrpesi kol dumothengy
T sl Shemothictajy shd judlllie wdhasy n palicile
wilh peritoneal cucmmane of risd gy J Clim Ol
ot L b B R O )
i pwrnl Vvl Rink S, Wirieng AL eval Leag iern sareeal of
riioncal carcinmnaimiy of cohesasl cogin Ane Surg el
1BA5-TH,
Dailogk KL, Fosmner ME Meimesskasie probloms m par-
soneal il odmisstmibe tsde pesebinin sl wirlsoe
cupieare J Mall Comoed loa [RTARIRLT
Tho HE. Led B4, Bardee [H. & o Floomuaskmeio of
caplaim sdmenmerad by oomireocus hyperhenmee panion e
poafising [0 palkems s periiesl cardnsmesss. 1 Olie
Fhasreauld 199 E-R
Fajimins J, Talakele M, Maln T, o ol Soesvieal Oroc and
prevendon of skle ofect of Imraperronenl ypem@ormie
preatiskon il siserpon 0 conibdned sih sargery Tor patlenie
il il el ki canser, Ty Triesl e 1968100 80-Th.
Heller WA, Fgoein M, Trmbic EL o ad & il phase 1 4nal of
corfinnap hyperhemme parmeosl perfeaeen wiih Bighdose
carboplate & primany oeemem of padents with small-sobime
reidual oviarind sanccr Capcer Che il Pinrsiocol
LR 14
i e B Bsiag ML Flie 1L @ &), Crioredective sangery il

i g i il |.|_-|'||:“ Elrap i ddsadiolicipy Witk
p-.ilumhdmﬂud;hm e ey, A Sug Sl
oA IR

Elias §1, Gioarg 13, Mok Foae of, Oiphimezstion: of hyparhemic
i chemotboerapy with oxalplen ples misolecmn u
deprees C pler compete exliomlintive sorpery: ouelaily md
murkalily is LB cimsculive palamale Ann Suep Taoal
fa= I LR E i e
Efias [, Powmrd ML drocer Do FEIPED with o pletas ot
Al of el Geosomloan o ooberectel
Cuneer Trani Irl:-: o P RTS T ]
Ettas 3 Laodovre TH, Chovalier L o o Compleie apiomodscine
amgery phes irngerhones. chomohyperhcmis wah onalgdatin
Tim periiszal e vdnearmbinn of arloeedal wigin T Clin Thel
e [ nds T

69



Capitulo I11. Pharmacokinetic and Pharmacodynamic Analysis of Hyperthermic Intraperitoneal Oxaliplatin-Induced Neutropeniain Subjects

with Peritoneal Carcinomatosis

70

i

3,

25

%
KN

o Dnetctac s 7

Lirs &, Limg €T Thermal aphancemens of maiphaim el
e Rl L ool ey i e, B ) Hpper bl SO 1SR,
Aallsh 1%, Marsad W Bada O sial Thormal enbomsemen
of oabplatinindueil inditeios of wil prokferstion end ol
crele googFraioal in husun corcinooms eell les. 1m 3 Hyper
dhewrmme IO A B 10,

T3 Elias 10, Boorey M, Pumfou M, o o, Heatod mirsoperanw

nln:m.llhnn.l ol e el ml.l.plﬂe resseciiom ol peer bomesal
coinelies ond Bawic dimbilion. Ann

1:||-,;|,4 MI"!I“'.‘-:I?

ity CH. Clemen T Wisman LR Daafpletm. & seshon of (b

plumnsaslogien] properis. and Gioesl elidesy o s e

enboepcial camaar wral s -poioniial in oihar malignances. Dags,

e

Elos [v, Balers L Ploonecckmctios of bewded inkmpeniive

wireptiemeol i pEtin aftvr oomipde Teseotioe ol parinneal

cacisomaosk. Surg Onoal CAn K Am 300 12 TR

Elias 0, Rasnand B, M, Pormed B Heabisd mire-

epartive insperhonaal ccalplatin sone and in combheeon

with mmeeczioned i Fismeco g sulo. Eur J

S Ohrwnl, M06EEIA0T-13

Sopwart JH, ks P Wasscll £, v al, A pricea: § sl of avalipaiin

i e ilonai i perheime Aomsperlisnn for e et

mni ol peranedl selace disemsation oo odenecal md
cenl caneare Ann Sung Orcel. 6520425,

a
. Famon G, Dallex S Gladiced 1, o al Farmaoek o of heaed

mrapemitonm] oaalpingn. Cencer Chenolber - Fhonhecel
2R

Muahizoe H, Walin L Gliescliin H, o ol Smionk <spasing of
e el ilrig aoaliplatin dusing by perihenms inngeionsins]
geriugon, Fur J Clin Paarmacnl A0ESAT-10,

L Miohikned Fo Segarfabker PH. Ciires solons. ke alnigesilo

meil cheioodhie gy, Surg Ovessl Cln N Ase 200312 H13-24.
Pt LI Henringaaon A Mais 0L @ ol Modd of cheme
Wbl ool mised aippemlel Wil pesRimc el e i
sbfos Grgh J Chin e, 20022471321,
L ari=Adagre 1. Swrcda 8. o af, Cyioroductive
surgery oadl porioperatay mniperdonsl denoitempy i
ikl i I car win Al cobiaic gwigm: -
capes afier 3 woars -.-u;m-.ﬂ ol maw oo for oo
surfoy maligrerncies. C1 Transl Ceood J0H0 ] 30717,

L Sugertkes PH. Inirapenioncal chemmtSerpramd oy mahachve

:i.u'nl:rh the prasinibe Al mesorsend ol pertiesl o
miibos s arsd sarcomences, Som Surg U, [ROEGC1A29060,
Rypazhuker PH. Feminneciomy precsdures. Ann 5o,
Eri Bt I8

Faaquimn I "Il:l.l:I'I'I'IIIH PH. Chmical seseano me taodod s 16
i orad sbaging of iy with perilosen | circimooion,
{amewr Treai H:l. LT BT

Fugarteier 'H, laogeet P Siophem AlR & ol Comparenn of
vl rerni clised techeigo: Fod e slod il niliie i
periumead chemoiberapy o peobmasl arcoomatoss from
gastineriestina eancer. Iio Al 0, Mokdck E. Telmsalk E.

41
4L

&

Al

. Lég E

Valenmels « o,

wiiors. Muncduzr Bdnong, Beadogre: %% Work] Congres of
thie Intematbonal Colegs of Sungeens [T (. 38953
Gibwchper & Perporint B, Zklan Bt @ Phass ElI rrnlll-.urhr
randomized el of ealplain added jo shronomadalod Mo
Pl el v L il T e arer e of metas] s ool i poll
cmpeet. J Clin Checod. 2008k 151 Med?.

el 5L, Shemer LIS, Hoockmes A (odl NUOSMEM mers
Eﬂ:& N Dievebopmiein Soliviore, Ellioon GII. SRR,

It B, Landesan H, Mypeo P oval, Popelwios snalve ol
the Hﬂmﬁ.lrh'lfw el the hsermaiilogkal seadoiy of the
Mool opsnibici sy doedoaplianide replen e e oo
e julieni Cances Chimotlior Phanmeeod. 2008 55 1435,
Kiwkson ML), Savic KM, Dipgoming madel shagaosios Olin
Fhigimiacod Thes AHMER 1720
Efren H, Tlshireai B Ae siioslsciam b fhe bosldng, Moy
York: Uhsprrere & FElLCHOS 1995,
"|"II|.- W R:H SL. Skeiner LB, Evolialing parmscokienie
pk Jchs weing I posdénur pridicivs chaak. §
Tharmmacok it Pramrzesben zm..'u-n'rl-ui
BMligsart ©, Brcnon 5, Bowinsks Mooof &' Plammsokieio of
naabplsin m I.'r:nll with rormul voms mpascd cenl
ruutmn.lhlrunp:hn:-.llh:r Fhamaoil HEK S| 5T,
Schmir & Gleliel L, Luflan OM. & wl Elﬂ.n.l-rl Fisi I:'IH.
midic beawily ol cobophiing rwkning 1

I;::'I'iql.hm wrdemic expaeare. | Clin Oviccd. MIIW-IEH-':E'I
, Loos W, Bugit B & ol MoedaeianiTesnl medels
foor Il:lpnlﬂ:l:rr.-ild‘uu.'d‘ seairopenn. Clm Pharmscol Ther
L T SA-TH

. Laiz JE, Karlson M), Kistlesea 1), aoal & semibnechasisic

pissioligic populanon jhemecokiee ot phsm acod yo o
maike| for remiroperen [nlowing pomginosed thermge Canger
Chemother Plurmaced, 25741228

Sandsirein ML Lindnos HL Nygren P, o o', Mede] decribsing (he
relaitomsaip Butwprn pharmacokinenics and beminkgle foadidiy
ul the o pintdon thoetanel feginien ba Broml comicer patins [
Ol Owped, 252340300,

L Wrocine IF. Carrabo M1, Segur O oo @ Phase | dosefnding

sindy @il o phammacok ool o phamssdyeomic malyi of the

ul 2l dffrmilenm i palients
wiis mmlmﬂumﬂ' wyrgrirs. Canoer Chomoehe Parmand
DO ITTIT-1A

. Kathmon 51 Williems TH. Hedpe JE @ o' A Bayesan

gl PR-FO onedid of (spiresbaniderad - msclosgpinoes-
s, Dlin Paammeosd Ther, MiR H)HE-0Y
H:u 1, |"|:r|:: Hunu il 5|I.u“.'|:m K, o al H::l'l.'lm I-l:-d
mris-crm of fr in
I:IZT T3, "I'll:ﬂl.h‘il:l irducsd mowmopenk. Clin Pamesesl The
LA b R
Aapm &, Comaron DA, Petlengall o ol FORT puidedines
For the: wme of granpiogyie-colony aimulsisg fector o ralioe the
indenes o chesinileragyinduess foieike . il o alul
patienis wik ymphomes sl adil mmom For | Caacer
D d T TEAI-AR




CAPITULO 1V.

Population phar macokinetics of hyperthermic
Intraperitoneal oxaliplatin in patients with
peritoneal carcinomatosis after cytoreductive
surgery.

Carlos Pérez-Ruixo, Belén Valenzuela, José Esteban Peris, Pedro Bretcha-Boix, Vanesa
Escudero-Ortiz, José Farré-Alegre, Juan José Pérez-Ruixo

Cancer Chemother Pharmacol. 2013 Mar; 71(3):693-704.
Impact Factor: 2.833.


https://www.researchgate.net/publication/234011054_Population_pharmacokinetics_of_hyperthermic_intraperitoneal_oxaliplatin_in_patients_with_peritoneal_carcinomatosis_after_cytoreductive_surgery?ev=prf_pub
https://www.researchgate.net/publication/234011054_Population_pharmacokinetics_of_hyperthermic_intraperitoneal_oxaliplatin_in_patients_with_peritoneal_carcinomatosis_after_cytoreductive_surgery?ev=prf_pub
https://www.researchgate.net/publication/234011054_Population_pharmacokinetics_of_hyperthermic_intraperitoneal_oxaliplatin_in_patients_with_peritoneal_carcinomatosis_after_cytoreductive_surgery?ev=prf_pub
https://www.researchgate.net/publication/234011054_Population_pharmacokinetics_of_hyperthermic_intraperitoneal_oxaliplatin_in_patients_with_peritoneal_carcinomatosis_after_cytoreductive_surgery?ev=prf_pub
https://www.researchgate.net/researcher/58013863_Carlos_Perez-Ruixo/
https://www.researchgate.net/researcher/14995149_Belen_Valenzuela/
https://www.researchgate.net/researcher/2004241715_Jose_Esteban_Peris/
https://www.researchgate.net/researcher/2004246120_Vanesa_Escudero-Ortiz/
https://www.researchgate.net/researcher/2004246120_Vanesa_Escudero-Ortiz/
https://www.researchgate.net/researcher/2004240668_Jose_Farre-Alegre/
https://www.researchgate.net/researcher/13654327_Juan_Jose_Perez-Ruixo/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Population+pharmacokinetics+of+hyperthermic+intraperitoneal+oxaliplatin+in+patients+with+peritoneal+carcinomatosis+after+cytoreductive+surgery.

UNIVERSITAS
Miguel
Herndandez __




Capitulo V. Population pharmacokinetics of hyperthermic intraperitoneal oxaliplatin in patients with peritoneal carcinomatosis after
cytoreductive surgery

1. Abstract.

Purpose: To characterize the hyperthermic intraperitoneal oxaliplatin (HIO) pharmacokinetics
in peritoneum and plasma in patients with peritonea carcinomatosis (PC) after cytoreductive surgery
(CRS).

M ethods. Datafrom 36 patientsreceiving HIO diluted inisotonic 4% i codextrin were combined
with datafrom 13 patients receiving HIO diluted in isotonic 5% dextrose. Total oxaiplatin in peritoneal
and plasma fluids were used to characterize an open two-compartment disposition model with linear
distribution and elimination and firstorder absorption from peritoneum to plasma using NONMEM
software. The effect of patient- and treatment-related covariates on oxaliplatin pharmacokinetic
parameters was explored.

Results: The typical value (interindividual variability, %) in ks, CL, and Vs were 0.57 ht
(43%), 1.71 L h't (39%), and 77 L (65%), respectively. No significant effect of age, body surface area,
sex, creatinine clearance, liver metastases, PC index, and complete cytoreduction on pharmacokinetic
parameters was found. A 12-15 % reduction in peritoneal volume of distribution was observed in
patients receiving HIO diluted in 5 % dextrose relative to those patients receiving HIO diluted in 4%
icodextrin.

Conclusions. The integration of peritoneal and plasma data demonstrated oxaliplatin linear
absorption from peritoneum to plasma, non-specific distribution to a peripheral compartment, and linear
elimination from the central compartment when HIO was administered with isotonic carrier solutionsto
PC patients who underwent CRS. Only the effect of the carrier solution had an impact in the peritoneal
volume of distribution, but its clinical relevance seemsto be limited, especially for short HIO infusions
(< 60 min).

2. Introduction

Peritoneal carcinomatosis (PC) arises from widespread metastases of tumors in the peritonea
cavity and is generally considered to be an untreatable terminal disease [1]. Besides standard palliative
surgery and chemotherapy (SPSC), there are no specific PC treatments approved by regulatory agencies,

73



Capitulo V. Population pharmacokinetics of hyperthermic intraperitoneal oxaliplatin in patients with peritoneal carcinomatosis after
cytoreductive surgery

therefore, the development of new treatments to manage this life-threatening condition could fulfill an
unmet medical need [2]. A retrospective analysis in patients with resectable PC of colorectal origin has
shown that cytoreductive surgery (CRS) followed by hyperthermic intraperitoneal chemotherapy
(HIPEC) with oxaliplatin prolongs median survival from 24 to 63 months and increases the 5-year
survival rate from 13 to 51 % with respect to SPSC [3]. The efficacy of CRS, aong with HIPEC, for the
PC treatment was reported in a Phase |1 study in ovarian cancer [4], and also in two Phase I11 studiesin
colorectal and gastric cancers [5, 6]. Recently, a metaanalysis of CRS with HIPEC and/or early
postoperative intraperitoneal chemotherapy (EPIC) has shown a statistically significant survival benefit
over SPSC (hazard ratio: 0.55; 95 % CI: 0.40-0.75) in PC of colorectal origin [7]. These results justify
further clinical research and development of this aggressive treatment, particularly in situations where
long-term survival is hardly ever seen (e.g., PC of non-gynecologic origin) [8, 9].

Oxaliplatin is an attractive agent for HIPEC because its cytotoxicity is significantly increased
by hyperthermia and its intratumoral penetration is aso optimal [10, 11].

Therefore, the goal of the hyperthermic intraperitoneal oxaliplatin (HIO) for PC treatment isto
achieve the maximum oxaliplatin exposure in the unresected tumor nodules and residual tumor cellsin
the peritoneal cavity with minimum oxaliplatin access to the systemic circulation in order to balanceits
cytotoxic activity and the risk of hematological toxicity and peripheral sensory neuropathy, which are
the dose-limiting toxicities after intravenous (1V) oxaliplatin [12].

Several Phase | dose-escalation studies in PC patients were conducted to characterize the
pharmacokinetics in peritoneum and plasma and determine the HIO maximumtolerated dose [2, 13 —
15]. In these studies, intraperitoneal doses of oxaliplatin ranging from 200 to 460 mg/m?, diluted in
isotonic or hypotonic solutions, were administered during 0.5-2 h, and usually, pharmacokinetic
parameters were obtained by non-compartmental pharmacokinetic analysis in separate settings
(peritoneum or plasma). Oxaliplatin evidenced linear and time-independent pharmacokinetics in both
peritoneum and plasma. Following 460 mg/m? dosing, the maximum HIO concentration (Crex) in
peritoneum (330 mg /L) [13] was 130-fold higher than plasma Crx after 1V administration (2.59 mg/
L) of 130 mg/m? [14], which indicates HIO is potentially more efficacious treatment for residual PC
than IV oxaiplatin. Peritoneal concentrations decline exponentialy with ahaf-life ranging from 0.5 to
2.2 h, while plasma concentrations increase to reach the peak shortly after the end of the intraperitoneal
infusion.

After treatment with HIO, oxaliplatin plasma concentrations decline in a biexponential manner
resembling to the pharmacokinetic profiles observed after IV administration. While the oxaliplatin

74



Capitulo V. Population pharmacokinetics of hyperthermic intraperitoneal oxaliplatin in patients with peritoneal carcinomatosis after
cytoreductive surgery

apparent central volume of distribution (VJ/F) was estimated to be between 15 and 20 L [2, 15], the
estimated apparent oxaliplatin plasma clearance (Cl/F) varied substantially across studies (range: 1.61—
3.71L h?) [2, 15], reflecting differences in relation to the analyte, the analytical method, and the carrier
solution tonicity, among other factors [16].

Our goa was to simultaneously characterize peritoneum and plasma oxaliplatin
pharmacokinetics when HIO is administered with two different carrier solutions (5% dextrose and 4%
icodextrin) and explore the effect of patient- and treatment-rel ated covariates on HIO pharmacokinetics
in PC patients who underwent CRS.

3. Materials and methods
Study Design and Subject Eligibility Criteria

Data were obtained from two single-arm studies (Study A and Study B) that investigate the
safety, tolerability, pharmacokinetics, and pharmacodynamics of HIO after CRS[17]. In these studies,
adult patients were eligible if they had confirmation of PC without extra-abdominal metastasis. Other
eligibility criteriaincluded a World Health Organization performance status of 0-2 and anticipated life
expectancy of at least 3 months. Previous anticancer radiation therapy and/or chemotherapy, if given,
had to be discontinued for at least 4 weeks before entry into the study or 6 weeks in the case of
pretreatment with nitrosoureas or mitomycin C. Patients were required to have a negative pregnancy test
(only for female patients with reproductive potential) and normal hepatic and renal function, defined as
bilirubin < 1.5 timesthe upper limit of normality (9 ULN), aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) < 2.5 (XULN), and serum creatinine < 1.5 (x ULN). An acceptable bone marrow
function, defined as neutrophil count > 1.5 x 10° L%, hemoglobin >10 g/dL"* and platelets >100.0 x10°
L, was also needed. Patients with one or more of the following criteria were not selected: active
infection, central nervous system metastases, peripheral neuropathy grade >2, alogenic transplant, prior
extensive radiation therapy (> 25 % of bone marrow reserve), prior bone marrow transplantation or high-
dose chemotherapy with bone marrow or stem cell rescue, concurrent radiation therapy, chemotherapy,
hormonal therapy, immunotherapy, participation in a clinical trial involving an investigational drugin
the past 30 days or concurrent enrollment in another investigational trial, and any coexisting medical
condition that was likely to interfere with study procedures and/or results.

The studies were conducted in accordance with principlesfor human experimentation as defined
in the International Conference on Harmonization for Good Clinical Practice guidelines and the
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principles of the Declaration of Helsinki. The study was approved by the corresponding Investigational
Review Board, and informed consent was obtai ned from each subject after being advised of the potential
risks and benefits, as well as the investigational nature of the study.

Surgical procedure

A xiphopubic midline laparotomy was carried out to examine the tumor load in the abdominal
cavity. To aobtain the PC index [18], the abdomen was divided into 13 areas numbered from 0 to 12, as
described elsewhere[19]. Cytol ogical samples and biopsies were taken from each area. Resection of the
primary tumor when present was carried out according to regional lymphadenectomy with correct
margins. In PC with the primary tumor in situ and in metachronous cases, peritonectomies and debulking
were carried out as required and extensive systematic peritonectomies were not performed. The
mesenteric peritoneum was not extensively removed, and acceptable small-bowel resections were
guided by maximal tumor volume locations. Remaining malignant granulations were destroyed using
electrosurgical fulguration. This aggressive CRS was performed with the aim to reach complete
resection or, if not possible, to resect all visible tumor lesions larger than 2.5 mm. Anastomoses were
carried out after the perfusion of the abdomina cavity was completed. The CRS was considered
complete if no residual implants remained [20].

Hyperthermicintraperitoneal oxaliplatin

An open coliseum technique was used according to the procedure previously described [19].
Four 36-Fr drains were connected to a continuous closed circuit, and two intraperitoneal thermal probes
were placed in order to obtain a proper temperature feedback. Briefly, a Tenckhoff inflow catheter was
placed centrally in the abdomen, and four outflow catheters wereinserted through separate stab incisions
in the abdominal wall. Both the inflow and outflow catheters were connected to a perfusion pump and
heat exchanger. The skin of the abdomen was attached to a retractor ring, and the abdominal cavity was
covered with a plastic sheet with a small opening in the center allowing entrance for the surgeon’s hands
to dtir the abdominal contents and deliver a more uniform drug distribution and heat to the intra-
abdominal surfaces. The rollers of an extracorporeal circulation machine (Performer LRT, Rand) were
set at aspeed of 1 L min-1 to deliver the carrier solution. The circuit passed through a heat exchanger
which raised the temperature to 48°C. The perfusate temperature on the abdominal cavity fluctuated
between 42° and 43°C.

Once the temperature was achieved, oxaliplatin dose was administered. In Study A, patients
received HIO diluted in isotonic 4 % icodextrin, whereas in Study B, patients received HIO diluted in
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isotonic 5 % dextrose. After the end of perfusion, the solution was evacuated. During the next five
postoperative days, 19 of 36 patients in Study A received EPIC based on the administration of 5-
fluorouracil (5-FU) at adose of 15 mg kg-1 in 1-h infusion through a 14-Fr catheter in order to potentiate
the oxaliplatin cytotoxic effect [21].

Sample Collection and Bioanalytical M ethods

Peritoneal fluid and venous blood samples were collected immediately after the oxaliplatin
administration and then every 10 min until the end of the peritoneal perfusion. Additiona venous blood
samples were drawn at 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16, 20, 24, and 28 h after the end of the
peritoneal perfusion. All samples were collected in Sarstedt lithium-heparin monovette tubes,
centrifuged at 3,500 rpm for 10 min, and stored at - 80 C until analysis. All samples were previously
digested with nitric acid at 0.65 %. Total platinum in peritoneum and plasma was measured using a
validated assay through inductively coupled plasma atomic emission spectrometry (ICP-AES, model
ULTIMA, JOBIN-YVON, France). This methodology has been widely used for quantification of
platinum compounds in human plasma samples [22 —24]. The lower limit of quantification was 0.5
mg/L. Over the validated range of the assay (0.5-30 mg/L for plasma samples and 5-300 mg/L for
peritoneal fluid samples), the mean intra- and interassay coefficients of variation were lower than 9.5
and 7.7 %, respectively. Total platinum concentrations of each sample were transformed into oxaliplatin
concentrations according to their molecular weights before conducting the pharmacokinetic anaysis.

Software

An exploratory non-compartmental pharmacokinetic analysis (NCA) was performed with
WinNonlin Professional (Version 4.0.1; Pharsight Corp., Mountain View, CA, USA). The population
pharmacokinetic analysis was conducted by nonlinear mixed-effects modeling using the firstorder
conditional (FOCE) method implemented in NONMEM VI version 7.1.2. software package (ICON,
Hanover, MD) [25], and the compilations were achieved using gfortran compiler, for Windows. PsN
3.4.2 tool was used to conduct a nonparametric bootstrap stratified by study. Wings for NONMEM
(Auckland, New Zealand) was used to conduct a randomization test. Graphical and all other statistical
analyses were performed using S-Plus 6.1 Professiona Edition (Insightful, Seattle, WA, USA)

Exploratory Non-Compartmental Pharmacokinetic Analysis (NCA)

A NCA for peritoneal and plasma concentration-time data was performed in order to explore
the lack of differences in pharmacokinetic parameters across the two studies analyzed. Individual
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oxaiplatin Crex a peritoneum and plasma was determined by direct observation of the raw data.
Individual AUC from O to the last experimenta time (tias) (AUCo-tia) Was calculated using the
linear/log trapezoidal method. While the use of AUCo 1z instead of AUCo—o in peritoneum isjustified
because the oxaliplatin concentration in peritoneum after the drug removal is O, the justification for
using AUCo 1as fOr plasma concentrationsis based on the magnitude of the extrapolation from tjas to oo,
which is higher than 20 % in al subjects as expected from the long terminal half-life of oxaliplatin in
plasma and the sampling schedule implemented [26]. The termina rate constant (k,) was determined
from the slope of theterminal log-linear portion of the peritoneal and plasma concentration-time curves,
and the terminal half-life (ty2) was calculated as In2/ (k,) for both peritoneum and plasma, respectively.

In order to compare the pharmacokinetic parameters Cpax, AUCo 1as, aNd t12 across both studies,
several normalizations in Crax and AUCo 1as parameters were necessary to control the differences
between patients with respect to oxaliplatin doses administered, the volume of the carrier solution used
and the duration of peritoneal perfusions (T).

Since Crax iN peritoneum (Crax pr) Was rel ated to the oxaliplatin dose (D, mg mr2) and the carrier
solution volume (V, L), which both vary across patients, individua Crax Values were normalized for a
standard dose of 360 mg m2 and 1 L of carrier solution, according to Eq.1:

N ('ru.n?’R V360
Cnu\l-‘R = B O

(1)
D .

where CN,, pr represents the normalized Crx pr. Similarly, AUCo as in peritoneum depends on D and
T, which also varies across patients. Consequently, the individual AUCo .t Values in peritoneum were

normalized for a standard dose of 360 mg m dose and 1-h duration of peritoneal perfusion, according
to Eg.2:

. ICo_, wt =+ ] —
,t\(z(ji\l‘k — AUGC,_y; 1{) AUC 3¢ | 360
AALTC('.,,I.L'_" . (—l)h-i . 'l — e sl | —rlast)] |
= - -360 (2)

D .

where AUCD; represents the normalized AUC 1 in peritoneum and Cyag represents the observed
concentration at the last sampling point, tias.

78



Capitulo V. Population pharmacokinetics of hyperthermic intraperitoneal oxaliplatin in patients with peritoneal carcinomatosis after
cytoreductive surgery

Normalizations were also undertaken for non-compartmental parameters derived from the
plasma oxaliplatin concentrations. Since plasma Cmax and AUCo 1as depend on the amount of oxaliplatin
absorbed during HIO, which at the same time dependson D and T, Ciax and AUCo_1as Were normalized
according to the following equations:

- CII"'.H. H 3{-.'{:'
max Fl y T - o |:'I'|
(1 —exp )
AL, a0, - 360
AUCH = ——— (4)
£y (1 —exp=<")

where CN,, p1. and AUCY, represent the normalized Crexand AUCo-tis in plasma, respectively. Finally,

the ratio of the geometric means of the CJ,,, AUCNandty, between the two studies and the associated
confidence interval (Cl) and p values were calculated for peritoneum and plasma[27].

Population Pharmacokinetic Analysis

Based on the exploratory graphical analysis, oxaliplatin in the peritoneal fluid was assumed to
be absorbed into plasma according to a linear process, characterized by the first-order absorption rate
constant, ka. As oxaliplatin concentrations in peritoneum were available, the absorption process was
parameterized in terms of peritoneum to plasma clearance (Cl,) and volume of distribution in the
peritoneum (Va); thus, ka was calculated as a secondary parameter as Cl./Va. Moreover, the oxaliplatin
disposition in plasmawas characterized by an open two-compartment model with linear elimination and
non-specific distribution to peripheral tissues. This model was parameterized in terms of systemic
clearance (Cl), intercompartmental clearance (Clp), central volume of distribution (Vc), and peripheral
volume of distribution (Vp). As the oxaiplatin absolute bioavailability (F) after intraperitonedal
administration cannot be estimated from the available data, the estimated model parameters were
considered apparent. Because the system of differential equation is linear, ADVANS subroutine in
NONMEM was used. The interindividua (or between subjects) variability (11V) in the pharmacokinetic
model parameters was assumed to follow the lognormal distribution, and consequently, an exponential
error model was used. Residual variability in oxaliplatin peritoneal and plasma concentrations was
evaluated using an additive error model after natural logarithmic transformation of the observations and
model predictions. The magnitude of interindividual and residual variability was expressed
approximately as a coefficient of variation.
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Model selection criteria

The improvement in the fit obtained for each model was assessed in several ways. First, the
resulting NONMEM- generated minimum value of the objective function (MFOV) after fitting the
models evaluated was used to perform the likelihood ratio test (LRT). This test is based on the change
in the minimum value of the objective function (MVOF), which is equal (up to a constant) to minus
twicethelog-likelihood of the data and is asymptotically distributed like v with the degrees of freedom
equal to the number of parameters added to the model. For hierarchical models, a AMV OF of 3.84 was
required to reach statistical significance (p = 0.05) for the addition of one fixed effect. In addition, the
improvement in the model fit by including covariates into the population pharmacokinetic model was
assessed by the reduction in the 11V, residual variability, the reduction in the standard errors, and the
examination of diagnostic plots.

Covariate analysis

The population pharmacokinetic model described was fitted to the data, and the empirica
Bayes’ estimates (EBE) of the individual pharmacokinetic parameters were computed using a
“POSTHOC”’ feature in NONMEM in order to screen the influence of covariates on model parameters.
The covariates selected for this analysis were age, body surface area, sex, creatinine clearance, liver
metastases, PC index, complete cytoreduction, and study. The screening was conducted only on model
parameters where the shrinkage was lower than 0.3 and was based on visual graphical inspection and
stepwise linear regression of the relationships between the EBE of individual model parameters and the
covariates. Covariates with statistically significant (p < 0.05) and potentially clinicaly relevant (r? >
0.2) effect on the model parameters during the screening analysis were further tested in NONMEM by
forward inclusion (p < 0.05) and backward elimination (p < 0.01) in order to be incorporated into the
population model [28]. Continuous covariates were evaluated using power equations after centering on
the median, whereas categorical covariates were incorporated into the model as index variable as
indicated in Eq. 5 for abinary variable:

P =Pp-e™ &b, wheren, = N (0, ) (5]
where P, istheindividual pharmacokinetic parameter for i the subject; Pk represents the geometric mean
of the selected model parameter in patients with the reference category of the binary covariate (x = 0),
X is a dummy variable that takes the value 0 in patients with the reference category and 1 for patients

within the test category, and e” represents the ratio of the parameter geometric mean between the two
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categories. Two different approaches were used to compute the Cl of the covariate effect. In the first
approach, Cl was calculated from the asymptotic standard error, while in the second approach the ClI
was obtained by nonparametric bootstrap stratified by study [29]. The p value associated with the
covariate effect was derived from both the LRT and the randomization test [30].

M odel Evaluation

Three complementary methods were employed to evaluate the model: nonparametric bootstrap
stratified by study [31], normalized prediction distribution errors (NPDE) [32], and visual predictive
check (VPC) [33].

4. Results

Overal, 49 patients (36 from Study A and 13 from Study B) were availablefor theanaysis. The
primary tumor type was colorectal (n = 17), ovarian (n = 15), appendiceal (n = 10), gastric (n = 3),
endometrial (n = 3), and primary papillary (n = 1). The perfusate volume varied from patient to patient
depending on the peritoneal surface area, and approximately 2.5-6.0 L was employed. On average, the
HIO mean duration was 36.6 min (range: 30-60 min). Descriptive statistics of the patient baseline
characteristics stratified by study are shown in Table 1. Similar covariate distribution was found across
both studies with no statistically significant differences in both patient and treatment characteristics at
baseline.

A total of 222 and 576 oxaliplatin concentrations from peritoneum and plasma, respectively,
were available to characterize the oxaliplatin pharmacokinetics in cancer patients with PC treated with
HIO after CRS. Peritoneal oxaliplatin concentration showed a rapid, exponential decrease during the
duration of the peritoneal perfusion. The peak plasma concentration of oxaliplatin was observed shortly
after the end of the peritoneal perfusion and, subsequently, decayed rapidly in a biexponentia fashion,
resulting in alimited systemic exposure. The results of the exploratory NCA are presented in Table IV-
2. The NCA parameters CNmax, AUCN |, and t12 in both peritoneum and plasma showed no statistically
significant differences between both studies. The 90 % CI of the Study B-to-Study A ratio of geometric
meansincluded 1 and fell within 0.8 to 1.25 for CNax, AUCN, and ty2in both peritoneum and plasma.

The population pharmacokinetic analysis evidenced the time course of peritoneal oxaiplatin
concentration was well described by a first-order eimination process. Furthermore, plasma
concentrations following HIO were best described by an open two-compartment disposition model with
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nonspecific distribution to a peripheral compartment, linear elimination from the central compartment,
and first-order absorption from peritoneum to plasma. Figures 1V- 1 and V-2 display the goodness-of-
fit plotsfor oxaliplatin peritoneal and plasma concentrations, respectively.

Table I V-1 Patient and treatment characteristics at baseline stratified by study

Patient and treatment characteristics at basdline Study A? Study B p value®
(N =36) (N=13)
Age (years) 57.7 (11.6) 58.2 (12.8) 0.89
Body weight (kg) 69.3 (12.1) 69.1(12.7) 0.95
Body surface area (m?) 1.7(0.2) 1.8(0.2) 0.78
Sex (%)
Male 39 38 0.98
Female 61 62
ALT (U LY 50.6 (42.4) 35.0 (6.8) 0.35
AST (IU LY 43.2 (45.5) 34.6 (13.4) 0.63
Alkaline phosphatase (IU L) 189 (90) 212 (63) 0.60
Total bilirubin (umol L) 0.6 (0.3) 0.6 (0.3) 0.93
Serum albumin (g L) 46.2 (5.8) 42.1(1.7) 0.78
Total protein (g L% 66.7 (12.3) 70.9 (8.8) 0.50
Creatinine clearance (mL min)© 80.5 (29.2) 79.7 (34.0) 0.95
Hemoglobin (g dL™) 11.6 (2.0) 11.8(1.1) 0.71
Leukocyte Count (x10°L™%) 7.2(3.8) 7.2(3.4) 0.99
Neutrophil (x10°L%) 4.7 (3.6) 4.6 (3.5 0.92
Platelets (x10°LY) 286 (155) 261 (127) 0.61
Liver metastases
Yes (%) 86.1 84.6 0.84
No (%) 139 15.4
Peritoneal carcinomatosisindex 12.3(12.3) 11.0(10.8) 0.73
Complete cytoreduction
Yes (%) 27.8 7.7 0.14
No (%) 72.2 92.3
Oxaliplatin dose (mg m2) 364.5 (32.4) 399.5 (94.7) 0.59
Volume carrier solution (L) 3.9(0.8) 3.6 (0.6) 0.20
Duration HIO (min) 37.6(8.3) 33.8(5.1) 0.13
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The observed versus model-predicted plots (upper panelsin Figs. 1V-1, V-2) showed anormal random
scatter around the identity line and indicated the absence of significant bias or model misfit.

Similarly, the distribution of conditional weighted residual (middle panelsin Figs. IV- 1, IV-2)
[34] and NPDE (lower pandlsin Figs. 1V-1, IC-2) asafunction of the population predictions (left panels
in Figs. IV-1, IV2) and time (right panelsin Figs. IV- 1, 1V-2) did not show any trend that evidences
model inadequacy [32]. Actualy, the mean and standard deviation of the NPDE for peritoneal
concentrations were - 0.01 (95 %Cl: - 0.13t0 0.13) and 0.98 (95 %Cl: 0.86 to 1.08), respectively, while
the mean and standard deviation of the NPDE for plasma concentration were 0.04 (95 %Cl: - 0.04 to
0.11) and 0.91(95 %Cl: 0.85 to 0.98), respectively. This result confirms the model accuracy and
precision because the mean and standard deviation of the NPDE for both peritoneal and plasma
concentrations were very close to 0 and 1, respectively.

The final estimates of the pharmacokinetic model parameters and the results of the
nonparametric bootstrap analysis stratified by study are presented in Table IV -3. Except for Cl,, 1V was
estimated for al the model parameters, and the shrinkage was <y20 %, except for V. . Furthermore, the
population estimates for the final model parameters were very similar to the mean of the 500 bootstrap
replicates that minimized successfully and were contained within the 95 % Cl obtained from the
bootstrap analysis. The precision of the parameter estimates was good with relative standard error (RSE)
lower than 15 % for fixed effects and lower than 50 % for random effects. In addition, the results of the
VPC depicted in Fig. V-3 evidence the model developed is appropriate to describe the time course of
peritoneal and plasma oxaliplatin concentrations and their associated variability in cancer patients with
PC after CRS and, therefore, can be used to assess the covariate effects in model parameters. Within the
range of covariate values analyzed, the graphical and datistical screening analyses evidenced a
Integligible effect of the age, body surface area, sex, creatinine clearance, liver metastases, PC index,
and compl ete cytoreduction on pharmacokinetic model parameters. Only study type had a direct impact
in the Va The mean (SD) of Vain Study A was estimated to be 3.9 (0.7) L, while the mean (SD) of Va
in Study B was 3.1 (0.6) L. The p values associated with the inclusion of the study type as a covariate
for Vain NONMEM were 0.01 and 0.03 for the LRT and the randomization test, respectively. On the
other hand, the Study B-to-Study A ratio of the geometric means for Va (and its asymptotic 90 % ClI)
was estimated to be 0.86 (0.74-0.91), which was very similar to the results obtained from the
nonparametric bootstrap stratified by study, 0.87 (90 % CI: 0.78-0.92).
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5. Discussion

We aimed to simultaneously characterize the peritoneal and plasma time course of oxaliplatin
concentrations when HIO was administered with isotonic carrier solutions to patients with PC who
underwent CRS and evaluate the effect of several covariates in the oxaliplatin peritonea and plasma
pharmacokinetic parameters. The descriptive statistics of both patient and treatment characteristics at
baseline showed a similar covariate distribution across the studies included in the analysis, with no
statistically significant differences among them.

Table I V-2 Non-compartmental pharmakokinetic parameters stratified by study

Site Pharmacokinetic parameter Study A2 Study B? Mean ratio: Study B/ p value” ¢
(N=35)°¢ (N =13) study A (90 % CI)
Peritoneum Cmexn (Mg L-1) 676 (150) 698 (193) 1.03 (0.93-1.13) 0.71
AUCN(mghL?) 132 (25.0) 150 (44.7) 1.13 (1.00-1.23) 0.18
t1-2 (h) 1.28 (0.35) 1.19 (0.49) 0.89 (0.80-1.02) 0.28
Plasma Crmexn (Mg L-1) 20.5 (4.30) 22.3(9.10) 1.05 (0.93-1.17) 0.47
AUCN (mgh L) 192 (45.3) 213 (72.4) 1.08 (0.95-1.22) 0.34
t1-2 (h) 33.7(28.2) 31.3(16.7) 0.93 (0.80-1.05) 0.36

2Results are expressed as mean (standard deviation)

b Continuous variables were compared with t test. Shapiro-Wilk test was used for assessing normal distributions. Levene’s test was used for
checking the equality of variances

¢One subject was excluded from the NCA due to limited data to compute non-compartmental parameters

Although the unbound oxaliplatin fraction is considered to be the active drug, the absence of
proteins to which oxaliplatin can bind in peritoneal fluid and the high correlation determined between
unbound and total platinum plasma levels for oxaliplatin (r? = 0.98) [35] justify that total oxaliplatin
concentrations in peritoneum and plasma were used to conduct this population pharmacokinetic
analysis, smilarly to what was recently done and reported in other publications in the same target
population [2, 15].

The exploratory NCA showed that the ratio between peritoneal and plasma Crax Was around 33
and reflects that high oxaliplatin peritoneal exposure was achieved with alow oxaliplatin access to the
systemic circulation. This local regional exposure advantage was also observed by Elias et al. [13].
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Furthermore, the estimated AUCs in peritoneum and plasma, as well as the oxaliplatin absorption half-
life (tv2), were consistent with those values reported elsewhere [36]. However, the mean of the
oxaliplatin plasma elimination half-life was estimated to be 32.1 h, which is consistent with the beta
half-life (ty2) previoudy reported (3238 h) after 1- or 2-h intravenous infusion of oxaliplatin 130 mg
m2 [14], and Valenzuela et al. (40 h) after CRS followed by HIO [2], but longer than the ty2, reported
by Ferron et al. (12.9 h), probably because of the differences in the sampling schedules [15]. Even
though the differences in the volume of perfusate and duration of HIPEC were not dtatisticaly
significant across the two studies analyzed, the Crax and AUCo—tis in peritoneum and plasma were
normalized by different functions of dose, volume of perfusate, and/or duration of HIPEC in order to
avoid the potential confounding effect. After normalizing, the non-compartmental parameters showed
no statistically significant differences between both studies, and the 90 % CI of the mean ratio of &l
parameters analyzed included 1 and fell within 0.8-1.25.

Study A and Study B were pooled for a joint population pharmacokinetic anaysis, which
evidenced the oxaliplatin absorption and elimination half-liveswere very similar to those estimated from
the NCA analysis. In addition, the oxaliplatin plasma disposition was characterized by a volume of
digribution at the steady state of 77.0 L, which was similar to the value reported by Ferron et al. (65.1
L) [15] and Massari et al. (69.7 L) [14]. The apparent plasma clearance of oxaliplatin was estimated to
be 1.71 L/h very similar to the one reported by Valenzuela et a. (1.61 L/h?) [2]. However, Ferron et
al. reported an apparent plasma clearance higher than the obtained in the present study (3.71 L/h%). This
fact probably is due to the sample protocol design because Ferron et al. collected samples until 8 h,
whilein this study, samples were collected until 28 h. The [V in model parameters was moderate and
ranged from 21.4 % in Vato 58.2 % in V,. Interestingly, the 11V observed in the pharmacokinetic
parameters determining the oxaliplatin plasma disposition was higher than that observed for the
pharmacokinetic parameters which determine the peritoneal concentrations. This phenomenon has been
previoudy observed in other population pharmacokinetic studies of HIO [2,15]. Age, body surface area,
sex, creatinine clearance, liver metastases, PC index, and complete cytoreduction did not influence HIO
pharmacokinetic parameters to a significant extent.
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FigurelV-1 Goodness of fit plots for oxaliplatin peritoneal concentrations stratified by study
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Since the LRT isapproximate by a y2 distribution and this approximation might not be optimal
at lower sample sizes, a randomization test was conducted to determine the exact p value in ng
the covariates with potential effect on oxaliplatin pharmacokinetics. Both LRT and randomization test
confirmed the study effect on the Va parameter. The 12-15 % reduction in V, for Study B, relative to
Study A, might be explained by the carrier solutions used. While in Study A patients received HIO
diluted in 4 % icodextrin, in Study B patients received HIO diluted in 5 % dextrose. The choice of a
carrier solution and its tonicity plays an important role in the penetration of chemotherapeutic agents
into tumor cells and its peritonea absorption [16]. Hypotonic solutions have been associated with high
incidence (50 %) of postoperative peritoneal bleeding and severe thrombocytopenia and are not
currently used [37]. Hypertonic solutions are not suitable for HIPEC since the fluid shift inward to the
peritoneal cavity dilutes theintraperitoneal drug concentration and reduces drug exposure [38]. Isotonic
salt or 5 % dextrose solutions are the solutions most frequently employed for HIPEC. However, their
solute absorption through the peritoneum makes difficult to maintain a prolonged high intraperitoneal
fluid volume and, consequently, may limit the HIPEC duration [39]. In theory, isotonic high molecular
weight solutions should be able to maintain the intraperitoneal fluid volume dueto itslack of absorption
and therefore have a higher drug availability in the peritoneal cavity relative to isotonic salt or 5 %
dextrose solutions [16, 40]. Icodextrin, an a-1-4-linked glucose polymer of 12,000 to 20,000 D, diluted
at 4 % is an isotonic high molecular weight solution widely used for peritonea diaysis that has aso
been employed as carrier solution for HIO [2, 16]. To date, no formal comparison on the effect of carrier
solutions in HIOhas been reported. The reduction in Va, in the dextrose group could be due to the net
absorption of the dextrose and would confirm the theoretical hypothesis that isotonic high molecular
weight solutions, like icodextrin, are able to maintain the intraperitoneal fluid volume because these
compounds are not absorbed. Furthermore, this phenomenon might also explain the lack of difference
in normalized Crax and AUC observed in the non-compartmental analysis. Indeed, non-compartmental
parameters in peritoneum were calculated using the theoretically administered carrier solution volume,
which was assumed to be constant during HIO duration. If future studies confirm that the perfusate
volume varies during HIPEC, then the conclusions derived from the non-compartmental analysis should
be interpreted with caution. Theclinical relevance of the differencein Va can beinferred from aprevious
pharmacoki neti c—pharmacodynamic model for HIO [3]. Stochastic model -based simul ations undertaken
indicated that incidence of neutropenia Grade 4 lasting at least 5 days following HIO might be about
15 % higher for the 5 % dextrose relative to 4 % icodextrin at the target peritoneal exposure of 200
mg-h/L L.

87



Capitulo V.

Population pharmacokinetics of hyperthermic intraperitoneal oxaliplatin in patients with peritoneal carcinomatosis after

cytoreductive surgery

FigurelV-2 Goodness of fit plots for oxaliplatin peritoneal concentrations stratified by study
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Therefore, using 5 % dextrose, instead of 4 % icodextrin, as carrier solution for 30- and 120-min HIO
would result in less than one additional patient with neutropenia Grade 4 lasting more than 5 days for
every 67 and 23 patients treated, respectively. These results suggest that the clinical relevance of the

Table | V-3 Parameter estimates and bootstrap analysis of the HIO population pharmacokinetic model

Estimate Mean 95 % Cl
Cla(L hY) 2.03(10.6) 2.01(10.5) 1.58-2.40
Vastudy A (L) 3.90(3.6) 3.89(4.3 3.74-4.04
Vastudy B (L) 3.10(4.7) 312(5.2) 2.89-3.35
Cl (L hY) 1.71(13.0) 1.70 (13.5) 1.25-2.15
Clp(L Y 34.9 (10.0) 34.9 (10.0) 28.1-41.8
Ve(L) 19.7 (12.2) 19.4(12.7) 14.6-24.2
Vp (L) 57.3(13.4) 57.1(13.6) 43.4-737
Interindividual variability (CV %)
Xcla 39.0(11.7) 37.7 (12.0) 29.1-47.0
Xva 21.4(18.1) 20.9 (14.4) 14.8-26.9
XcL 44.3 (26.9) 439(20.7) 28.3-64.5
Xve 22.6 (19.4) 22.1(50.0) 0.23-46.7
Xvp 58.2 (41.2) 55.5 (25.5) 30.0-84.0
Residual variability (CV %) r
18.3(6.3) 18.2(6.0) 16.2-20.3

2Results expressed as parameter (RSE, relative standard error of parameter estimate, %)

difference between 4 % icodextrin and 5 % dextroseislimited for short infusion durations (i.e., 30 min).
In this situation, the direct cost saved in using 5 % dextrose (1.38 € L) instead of 4 % icodextrin (97.40
€ L) isexpected to be higher than the direct cost associated with the treatment for the additional severe
neutropenia events that may happen in using 5 % dextrose over 4 % icodextrin. However, if the HIO
duration is prolonged up to 120 min, further studies are needed to evaluate the clinical equivalence
between the 5 %dextrose and 4 % icodextrin and its potential economic impact.
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Figure 1V-3: Time course of the observed peritoneal (upper panels) and plasma (lower panels)
oxaliplatin concentrations for Study A (left panels) and Study B (right panels) and their associated
model -based 95 % prediction intervals.

In summary, an open two-compartment disposition model with non-specific distribution to a
peripheral compartment, linear elimination from the central compartment, and first-order absorption
from peritoneum to plasma managed to properly characterize the peritoneal and plasma time course of
oxaliplatin concentrations when HIO was administered with isotonic carrier solutions to PC patients
who underwent CRS. The 12-15 % reduction in peritoneal volume of distribution observed in patients
receiving HIO diluted in 5 % dextrose relative to that in patients receiving HIO diluted in 4 % icodextrin
supports the theoretical hypothesis that isotonic high molecular weight solutions are able to maintain
the intraperitoneal fluid volume longer. The clinical relevance of this finding is limited for short HIO
durations, and further studies are needed to elucidate the clinical equivalence at longer HIO duration.
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cokineties in PO prtisms who underses CRS

Adoteriabs and methods
Sty deapn sd spbgedd cligibibiny cifkrie

Crata were chiained from ren singde-arm stadies (Soaly A
and Sualy B thin investigaie the salony, ndesility,
pramocokinetics. and pharmacodysamics of HIOD afier
CES [17]. In thes simlics. aduli patienis wene oigible of
ey hul csmfomuition of PO withoul  eatrs-oahdossml
melastesds, Chber eligibiley crilena indeded 4 Woold
Health Chpmarabion podonmancs sialus of (=3 amd omfic-
ipaied [ile espectancy of i@ ke 3 mohe. Previoos aul:
cascer madiston dwempy andfor chemaothengy. if given,
Fed Ly B disciiBimcd (o 0 Bied A Wik hifoid ey
o the study oF & weels in e et of premfealment with
marcemireas of milvmycm O, Patients were required o
live o negnlive peeprandy’ Ll donly Bo fafle pab:nls
wilih reproduciive potencial) and sormud bepatic and reml
function. delined as Hliuhin = 1.5 times the opper limit af
pewmabiny (= UL, aspamate aminedransfeeise  ASTE sl
alomme aeancirmederiee ALTE <25 « ULN. ond semm
creatimine <15 » ULN. An avepiably Booe  momos
Tunction, defined o peotrophil sl =15 = 107 L7
Bemuglobin =102 dL", and plweles =1004F < WP L',
s ilwi mopded. Phabienis with ooc or mesy of the fofkoaing
criterin were mol selected: active mfection, cemmal nErvoas
g melssses perpsenl ewmpathy grade »2, allo-
Eenie Traniapladd, pred exledsive nshalng theragy =15 %
of hose MmTow Feservel. [INKr bane marw onnsphanin-
tiim r hegh-dora chemitherapy wilh bone marmew or dem
cell fescie cnsciiienl malalvn Uisgy, chemollisry,
tormonal  therapy,  bmesocherapy.  panscipation in 4
clinical mial involving an invesapaiiosal draz in ihe pasi
A0 s 07 Concimres annollmenl [ ssoler syvesTigel ol
enal, and any coexising medical condition that was lkely
b mlerfere with sualy procedunes andior resolis,

The sudies wens condacied i seoondance wilh peinc-
phes for bumem expemmentidion as defined i te Intemo:
tumal Conloreree o Hamoaizabon for Good Clingal
Pragiice paaleclines aad e principles of e Declaation of
Hetsinki. The siudy was spproved By the cormsspoading
Inveslnpitignd Beview Beeard, el inloeinald comenl was
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ohined Tim cach suhject aner being albdsed ol he
pokeniinl msks and benchis, as well as the meshzieinnal
ralure of the sluly

Surgical precedure

A siphopuhic mallne apaeoomy win comied oul o
exmmine the iumor koad i e shdominal caviiy. Ta nhinmn
whe P ek [IR] che ahadbinistn s divided inen B3 ancas
mombered froms 0 eo 12, a5 described elbawhere |10
Cinlogical samples and hinpsies wene token fron sach
aren. Roescchon of So pomry hiimi wln prescnl wis
cormled ced aocording i regloned Iymphadesoouomy wit
comect marping. In BC with the primary mmor in =0 ped
m o mekschirosees casis, porioncaiimmes el dehelong
were caried ost s reguired and exieEsive syematic
merinnectomaies woere e porfomod. The  meseséeric
periniwun was nid elresively ol el accepliblo
windll-biwel petecieoss were paidad by amichingd lino
volwrw losations, Romainisg malignam granulations wem
deripinell waoeg ckeinsarpizl Tulgumisn. This agpres-
sive CRY wos performed with the aim 1w reach complele
memeciion or, 00 st possible, o oreecd Al vishie furmanr
lewlnwid larper thean 1.5 mem. Ascisiominees Wiene cermied ol
after the perfusion of the abdominal emany wis conpleisd
The CHE was considarnd comoplein if no meadm| implanis
semsined | 2],

Hyperibonnic moupeiionenl sxalipletin

An open coliseom weodmigque was nsed acconding o the
procedure previopsly deseribsed | 15], Four 36-F draize
wite cnnmeedEl g doibmiious clised cincinl, and was
imraperitonenl thermal probes were pliced i order oo
obain o proper wmperatase lealback Briefly. o TenckledT
il carbestes was leced cenirdly vn the alxlomen, el
four cutflow catheiers were insented through seporme stob
irrcisannis iii the ahdoutimaal wall, Both 1he mfleds aml oq-
o cathitiens were comeciod 10 & perlusasn pump el
et exchanger. The skin ol the shdomen wis amacked o o
mrmctor ring, pd the sbxlominnl gty v covernl with g
plastee sheet with & svall opemng o6 the conter allnwing
entrance for dhe surgeon’s bunds o stir the abdvamnal
cutilcils gl deliver g inorg o drag dsimbelion el
Bz uv ihe imirmsabdomingd sefeces. The milles of o
exiracomporeal circufotion machine (Perdformer LET. Band)
i Wl Al B ospud of 1 Lemin~" w daliver the carmier
soletiom, The ciromi passed threugh o bem exchasger
which rawead the lemperalupe o 48 "0 The perfusai
terppeniun i the phdosmizal cavily Muctualed helvween 47
and 43 *C,

Omce ihe emperuer was ochioved, omalpdatin dnse
wits wdminislened, Tn Shely A pofisnts peocivid HHD

dilateil N onnenke 4 % Ridlexicin, wheveas in Suely B,
patienes recerved HIO dikesed in jsmomic 5 % dextrose
Affier the md ol porfeckm, e sohsion wes omoinl
During the wexl e posiopeialive dags, 19 of 36 paticals i
Bwidy A recelved EPIC boed o the sdmiskestion of
S-Nucimmiencil 13-FLUF 8l @ diss ol Iﬁul:l:" m |-h
nfusiin themmieh & 14-Fr catheser in osber o poseniiae the
oxaliplatin cytotonic effe [21].

Sanmiple collicinm ani ol il diclhodk

Perticncal Muid amd vencus bloed samples were collected
smnwiliaiely afier the swaliplidin ihminivimiies and ihea
every 140 min unil e emd of de peritoncal periusbon
Adklitionnl venous blood  ssmples were dmen ot 025,
nf LLE X253, 4.6 5 |5 16 30 24, and 76 b
ulker e end of he peniposesl perfeslon. Al somples
mre collecied in Sarsiedi Bithinm-separin mimEnelie”
Fobis, centnfupal ol 3,500 pod For L em, aml stored al

15 umil analyss Al sampks wese previcusly
digesied with nimic scid o G685 ‘%, Toial plminom is
pribndrsnin aidd plasims was insaseed uaing 4 validugad
masay taropgh iahstively coepled plesma sombs emes.
wim spectrnmetry ICP-AES, model ULTIMA. IOBIN-
YO, Francel, This methimlology By feen wilkdly tasl
for quantificaton of plebesams composrds in - homas
plaams imples [22-3). The lower limst of quantifcu-
thmn was OUF mgf., Over the validaied range of the assay
(k530 mpl for plsma somples and 5-M0 mpl For
penkmes] Ausd samples), ihe mean inine ond mierssay
poefMiciels af vanalios s Dowes than 95 el TT S
respecrively. T phitinom  comcentrations of  each
mmphe wiome sl dnke asaliphiin coneenicilans
acermbieg o their edeceler weights befone. comlaectnig
the phamacokinens sialysis,

Salrmora

An exploraiory son-zumparimestal pharmacokinetc anal-
vir (NCAT was performed wiik WinManlin® Prodessiomal
(Version 400 Parsights Coep., Mounmin View, &,
Usay The popalaten pharmpeokanetic analysis i cm-
acied by nonlines mived-ofFects modelimg esing tho find-
opiber ol (FOUER methmd implamspied o ROR-
MEM VI verssas 7,012, saftware package (CON, Hana-
ver, M) [Z5], aml the conpilaiens were achicved psmg
gfommn compiler, foe Windows PaN 54T ol wok ueeld 10
condmel & monparaeine boesinap srihed by oy
Wings For MOPMEM §( Swie ke, Mew' Zoabandl) wid useéd
e ooaiduct & randorrdragion tesl, Ciraphical and @l other
sialistical omalyses wore perfommed using 5-Plus 6.1 Fro
Teeimmianl Edition §lnsightiful, Seanli, Wa, USA
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Explmmiry rae-companmeninl phannacokines
mralyais {MCAY

A RO for pevitoneal anid plinma concessmition-time dain
weps prrfermed im veder w0 explore the Lk of differenses in
plizrmocokinedy parameiers woss the pwe simdies ana-
fyred. Individual oxabpdatin Cpee ot permemeum and
Pasma s detimiied by dinse chsgrvalios af die raw
doe Individual ATHT from 4 o the |t experimental dime
| AL b wis gulouliod wing the linsardlop
rapehsda] methol. Whils the use o AU, o inslizal of
AU, in peripacies = justited boegsse e oxaliplain
corgsnAEe i peniteaenm afies the dreg remeveld 53 4, the
isliTiaation B wsiing AL, 0 TR plivckied, comee it
& based on the magnitude of 1he exrapolation Tom . n
£, which 7 higher thas 20 % in all subjecis m espesied
fross the kong werminal hati-lde of cxaliplisin i plisma
o the smnpling scheédule implomented [26] The serminnl
el canddant {azi was dciennined oo dhe slepe of e
temsinal log:Linces pordon of the porliooed] wul plasma
COnCen uioe-time curves, and #x ermina hali-life (04,20
Wit cabiulpmed s INZHAT o odh peilonesi aid plasiss,
mEspeciively.

Im omder (o compmre by prmrmockimetic  mpimmeers
Cpnre AU g, G0 o Si0aa Bl aliidic. several fd-
malizations m Lo, and AUC, g parameters wene aec.
ey Ao gonbml the diffeences between pabents with
et Lo nalaleplatin dises odimininlersd, e voheoe of s
carmer sduion vsal mal the durtion of peritoncal perfu-
wrms |1

SECE .., B [Erionans (C,,, q s ekied o ihe
oxaliplatin doss (1%, mp m ) amd ihe carrier salotion
wolinmng (¥, L), swhich boah vy wences patic s, slividinl
ey, Volues were sormalized for o dssdord dose of
Aol mg m™" and 1 L of camier soluton, oocondisg 1o
Ej. |

i V= 30
Charm == (n
wherne F:-H' eprgsenls  fhe  memlicad O e

Sornilarly, AL do B0 perilogeiis depewhs on [0 ped T,
which plao vores acnes  patients. Consequonibe. the
mufividugl  AUHCg 4o wahkx = pamHoncam  wens
anrmalizal far g skmdand dose of 3060 g m diose and
I+h durition of perikmeal perfuaos, aocording e g 2t
AL - ALCh ia ;!‘UE'!""!'.' BT
- L B

A S [l

fi !
wihane .'|.L|L",;',E represents the normalieed AU, in peri-
oo Wl Oy poprosenis e obeereed comognircos
e sl simplivg e, fge

@ sgringer

Miommallzat s were e isdenskes for non-cimnpan.
mengil parameters derived frem the plsmsn oxakplabn
gomeenirativos. Sisce plaama O, aed AL, L, depend
an e ainoan of oialiploin shsombed duimg HIO, shic
ak the zame time degenck cm 0 and T, O, el AL, 0
e mosmidited eolling W e Rdking Squslim;

! Loy - 360

L &)

mI'Lu I!-ﬂp""rl II
AUy - P

MR, = 571 — e 4

where E‘Lﬂ aixl .i;LI-L"'Ff‘j_ re-prm.tu ﬂ_lntmizﬂ:lq:.'_. opd
AU o in plazma, respectively. Fanlly, the mtea of the
pevincrr means ol the O, AUET ail i between the twe
suilics and the asseclaied confiknce merval PCTF ond g
vales wen cofculaied for periionosn and plasma | 27)

Populason pharmacobimetic analyss

Bzl o ghe explomtory graplac el m'uh-i.iﬁ. g lipann o
the peritcasal Huid was assumed 1o be absorked inio plasme
pugonding b a findan proess, charscgrisgd byt fird-ondicr
Pl Ee comsail, L. As onaliphitin coreesration ks
peniinneum were mallable. the ahsopoea pmoess W
Pz in e of periioosim b plisms cwanee
1L, hand vl of disn b i the perioneum 0V,,1:
&, mm coleulaied ne o secomcary parameter as (O,
Moroever, D cadiplarin dopositaon in pliss wos char-
acterized by an open rac-companment madel with linsar
eliminabion und non-specific disirbotion o periphosd Hs-
wis. This mdadel was parmncieied in s af sysiemic
clearmce (Cl). imtercomparimesal clearance (Cl.) cemral
Volimse ol disirdeiian (¥, L anl peripheral vabome ol dis-
Irthuation [Fr.h A e cnalipliin absahale hinayailsbshiy (Fy
afier inrape ritonen] administrstioncanned be estimaed from
e svalubie daie, the getimaied mikkd panmcien were
comsidensd appaienl, Beonee e sysien of dilferencil
eymrinn i3 fmear, AV ANS subrouiing in RONMEM we
psel, TR amcrindividlual dow behveon subde sl sprmbilily
T ) e prhusrTe o N 1 Bl ] s 1675 WS SssLmel
i Tl thae Bemimneeal chershatio, aud consequerdly, an
enpoiEnial cevod misle] was used. Residid vorahility
analipdatin parsoneel asl pasma convenimions s eval-
paiedd uning an mklitive e meedel alier meiural lagandhmic
transheamation of e oteervations sul moekel predictiors
e mupeainde of inicrindvafunl amd neddsal varabllice
wiaw exprisased appensimately os 3 coeffeiost of varistion

Mndal selecoon cnierm

T improvement in the fir obaingd for each model was
p=eassed moseveral wavs, First, ibe resubting HOMMEM-
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fenersted  minumem value of e obhjective Tuncdon
(MFOV) after fitting the madels evalmted vas used to
perform the likelibood ratin test (LRT) This seal ix haved
on the change in the minimum valus of the objutive
funcdon (AMVOF), which is egual (ap to & constant) o
mimes twke the log-likeldood of e dats and 3 asymp-
satlcally distrivated ke 7 with the degrees of freedons
equad 10 the mamber of porameters added to the model. For
Rievarchical models, o AMVOF of 384 wis nequined (o
seach stmtistical sigmficance (p = (L0S) for the sddition of
one fixed effect. In addition, the improvement m the moded
Nin by incleding covarimes int e popelition phasmco-
Linetic model wes asewed by the redectica i the 1V,
resklal varishelity, the redaction in the sandasd enors,
and B cxamasation of dugnostic plots.

Covanate analyss

The popalation pharssscolisetic model described win fa.
wed to the datw, and the emmpirical Bayes' estimanes (EBE)
of B mdivadasl plusmicokiness pammetens were com-
proeed using o “POSTHOC™ festwe (n NONMEM in order
10 soroen B mfloenoe of covareates oo model porameers.
The covaristes seheciad i s malvsiv ware sge, hody
sartage ared., sex. creatinine cheamnee, liver metastases, PC
miex, complete cysoredaction, and study. The screemag
wi couduceed only co meedel panneters whee the
shwinkage wus Jowor thas 0.3 sad was bused ca visual
grophical imspecxm and wiepwise Racar repression of the
relawadign between the EHE of individual  mixked
paramesers and the covarimes. Covanates with staustically
sigtiﬁ::nl 1 < 0051 and potentially chinically rebevant
(F =02 effect o e moded g Suring the
sorecmng amalysis were further tessed in NONMEM by
forwand anchisicn {p < 0055 and Sockward climinason
(=< 001 o onder 1o be incosponated into the populacinon
model [28). Contimous covarises were evaluased asing
power cquatons sier cemering on the median, whereis
categoricul covanates were inoorpanned o the moded i
index varahle us indicated = Eq. 5 for o bisary variahte:

Po=Py o wienen, =N e’) 51

where P is the individoal phanuocokinetic pammeter for
ith subpce; Py oreprescess the peometr mean of the
selocted mdel parameks in patients wity e refenowe
cinegary of the binary covarie (r = ), 1 Is 2 dummy
vanable that tkes the value 0 ia patiests with the reference
camegory and | S paticsss within the wst category. and o*
repeesents the matio of the parameter geometric mean
Betwern the (wo categones. Twn different approaches were
wwd to compute Be Clol the covinale effect, In the G
approach, €1 was cabculaked from the usympiotic standard
error, while m the second approoch the CT wars obviained by

scaparamemic boctsrap stratified by stody 1290 The p
value associied with e covieiine effect was derived Tries
boeh the LRY and the randomization et | 50).

Maodel evalwation

Thice complemesaury methods were conployed W evaluate
the model: sooparametric bootstng stratitied by study (311
sceradized prodiction dhaibedxon e (NPDE) [32], nnd
vismal predicuve check (VRAC) | 83).

Ovorall, 49 patients (36 from Stody A and 13 from Stedy
B wore availobie for the usalysis. The primury tumer (ype
wits coborecial (0 = 17), ovartan (8 = 15}, appendiceal
(r = W), gistne (n = 31, endometrial (n = 33, and pri-
maary pagiilary (0 = 1), The perfissoe volume vared froes
patiem (o patient dependeng on the penscoeal surface area,
and agpeccimately 25460 Lo wis employed. On avwerage
the HI mean dueatson was 366 min (ranpe: 30-60 nun)
Descriptive statistics of the paticnt beseline duracterssios
strafified by stody are shown in Table | Similar covaniale
dismnbation was found acrss both studies with no stmis-
tcally significant differences i hody patient and reatment
chigmcienains o bascline

Aol of 222 md 576 oxaliplasn concestrizions from
peritoncum and plasma, respectively. were availuble to
clurscicnee the oxalplatin ph kanetics
paticrs with PC remed with HEO after CRS, Pervoacal
ovaliplatin concemmtion showed 2 mpid, expononcisk
decrease thming the duration of the peronsl perfosikm.
The peok plasma concesmration of oxaliplain wis cbscrved
shoetly after the end of the peritneal perfreson and, sub-
wnenty, deciavd apidly in o Beexponeniial Fedion,
sesalting ia o Bmaed sysemic exposure. The resalts of the
explorsiory NCA we pecsonted in Tuble 2. The NCA
paramesers 5, AUCY, and 24 in bath peciioncum and
plama stowed o0 smnssially  igniticam differences
betwern both studies. The 90 % CLof the Study B-1o-Stody
A ratio of geometnic mems incladed! | and fell withis (08
10 125 for €Y. AUCY. and 15 in both peritoncum and
plasna,

The population pharmacokssctic analysis evidenced the
time coarse of persoacal exaliplatn concesarion was well
describod by a frst arder elimination process. Furdhermaoce,
plasma concesengions following HIO were best described
by an apen tun-compatment disposition model with son.
speahs distnbutico o n penpheral compstment, lincur
climiation from the central compantment, wnd firs-ooder
absorpexm froee peritcacum o plasma. Figures | and 2
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war. Bhapin-WHE me won oed For serssng sormal diachapom. Le-
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display tie gmalness-al-hl plos o oxaliplaleg pentnedl
il plasin concemraions, respectively, The observed
versps ek l-procdictid plots (upper paned: in P |0 23
drwal @ nomml raidom s aound the ideainy line
anil indcwied the abseace of signiicant rizs or model misic
SimiBarky. the disiribastion of comditional weighiod residoal
inmickilie porels = Figs. 1, 23] %] ond NFDE (ower panels
inFigs, I 2} as 2 function of te populmtion predictions (left
pansis i Rps |, 25 oad e (rightl pencls in Figs. 1, 2 did
it show any wresad that evidenoss model Inadoguacy 133).
mcmally, e mean aml sindand deviatzon of ithe NPEE for
il concenlrdlees wsre —00] 0% WL <4013 m
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CLLA) ol (L9E (95 SO0 180 1 FIRL respecively, whide
the mesn and sandars] devaation of the MPOE for plasma
crnneentrtinn weny OU0E @5 0 000 s 0,10} sl §151
(04 RO 25 w0 B especiively. This nesulr covlins
ihe maslol acewray and precision bocasse the mean and
warlan] devianion of the NPDE Tor baoth periocal and
plasma  Concesimtims weps very close w 0 and 1,
respectively.

The foal esimene of e phennecokiners  model
parumeters omd e resulis of the ponpermreinic boalsray
analyras siratiled By sludy are presssiedd in Toble 3, Excesl
for Ol 0% was estimmed for @l the poode] porsseiens,
and the shrinknge wes <20 %, except for V.. Punbemon:,
fhe popalabion sdimabes Tor the finol modé] parmrcion
were wery similar o e mean of the $HHE bootarnp sepdi
cates that minimized soccessinlly amd were coniained
willid The T8 RO aliaingd Trom ha hadestef ol
The precimon of the pammeter estimahes was good with
rolatnvg sislaml aror IRSEY lowwr thes |5 % bor fined
ElTedts ol kraer thun 5000 for roidom &MER. |6 sddh-
chinn, the resules of e VPC depecied o Fig. 3 evidence the
ol developel = appropoats by disebe the ime Garse
of perimnenl ond plosma caalipladin enmcemmations
their pssociaid vimability in cancer patients with PC afier
CRS anl, harelos, chn be dsdl W aves T Civer bt
ctfecr i medi] parametsis.

Within the range of covanise values aralyzed, the
graphicad aml sististical sevvening malyses evidepanl a
megligitde clfect of ihe age, body surface Bioe sex, Cread
wninee chearmce. Inver metsstses, PC index, and complese
et on phamesokindic mode] patamneicr Dol
sy bvpe had o direcy impact in the ¥, The mean (300 of
Vo in Sonly & weis estinmee] e be 309 (075 L, while the
s (R a0l T, in Spmly B owas 3.0 (106} L The povaloes
wssiioled with the inclusion of the sudy lype os a
eovarinbs Tor Y, in MONMEM were 000 and 007 [or ghe
LRT ard the candoinization pasr, pecpectively. O e mher
e, ihe Sty B-to-Siady A mtio of the goomeirks meas
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Capitulo V. Resumen

1. Cytoreductive surgery and perioperative intraperitoneal
chemotherapy in patients with peritoneal carcinomatosis of colonic
origin. Outcomes dfter 7 years’ experience of a new center for peritoneal
surface malignancies.

El cancer colorecta representa la segunda neoplasia del varon y la tercera en la mujer. En €
momento del diagndstico aproximadamente un 10% de | os pacientes cursan con enfermedad metastésica
y el 50% de lo afectados desarrollara enfermedad a distancia durante su evolucién. Aproximadamente
el 25% de los pacientes presentardn una carcinomatosis peritoneal, estando € curso natural de la
enfermedad asociado a una esperanza de vida muy limitada, asi como aunarapiday progresiva pérdida
en la calidad de vida. El tratamiento estdndar de esta situacion considerada un signo de diseminacion
del cancer colorectal (estadio IV), hasido larealizacion de abordajes quirdrgicos para paliar los sintomas
(esencialmente de obstruccion intestinal) y laadministracion de quimioterapia sistémica. Clasicamente,
este planteamiento se ha asociado a medianas de supervivenciade 6 a9 meses (1, 2). Debe reconocerse
una progresiva mejoria de la supervivencia de este grupo de pacientes conforme los farmacos y
esquemas terapéuticos han ido evolucionando hasta llegar a la situacion actual que ofrece una
supervivencia mediana de 24 meses con la asociacion de | as terapias bioldgicas (3). A pesar de dlo, la
supervivenciaalargo plazo sigue siendo muy limitada.

En los afios 80 con los estudios de Sugarbaker hay un cambio dd paradigma, pasando a
considerar esta situacion como una afectacion de una region anatdmicay abandonando el concepto de
diseminacion metastasica a distancia. Este autor disefia un abordaje multimodal, esto es una cirugia
citorreductora maxima asociada a laadministracion de quimioterapiaintraperitoneal intraoperatoriacon
hipertermia (HIPEC). Con este abordaje, €l cirujano trata la afectacion macroscdpica con las técnicas
de peritonectomia descritas por dicho investigador, y la enfermedad microscpicaresidua es tratada a
continuacion mediante una perfusion de quimioterapia bajo condiciones de hipertermia. Con este
planteamiento se han publicado resultados de supervivencia a los 5 afios del 30-50% en grupos
seleccionados de pacientes (4, 5).

El presente estudio se basd en |os protocol os descritos por Sugarbaker con €l uso de mitomicina
C enlaperfusiony 5-fluoruracilo intraperitoneal (5-FU) durante los 5 dias del postoperatorio inmediato
(EPIC) (6); pero a partir de los resultados publicados por Elias con oxaliplatino intraperitoneal (460
mg/m?) y 5-FU (400 mg/m?) con leucovorin (20 mg/m?) endovenoso (5) reportando una supervivencia
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alos 5 afos del 48.5%, se opt6 por su modificacion. Se inicio un estudio fase | de escalada de dosis
segiin e método de Fibonacci en grupos de tres pacientes, a partir de 90 mg/m? de oxaliplatino e
incrementando arazén de 60 mg/m? hasta al canzar ladosis limitante de toxicidad en 360 mg/m?. A partir
de esadosis|aserie se expansiond con 24 pacientes'y se mostr6 adecuada por su seguridad. Se continud
la administracién de quimioterapia en € postoperatorio precoz (EPIC) con 5-FU intraperitoneal
(650mg/m?) durante los 5 dias del postoperatorio, tal y como describié Sugarbaker.

Se incluyeron 20 pacientes afectos de CP de origen colorectal de los 75 procedimientos que
conformaban la serie, con un indice de carcinomatosis medio de 11. Doce de los pacientes se
encontraban en una situacion metacronica, por tanto, habian sido intervenidos previamente, y 5 de ellos
presentaban metéstasis hepéticas sincronicas. Salvo un paciente, los restantes habian recibido
guimioterapiasistémica. Se consiguié unacitorreduccion completaen el 75% delos casos (sinimplantes
residualestras la cirugia) y todos los pacientes completaron €l tratamiento multimodal intraoperatorio.
La temperatura media de la cavidad abdominal fue de 42°C (rango: 39-43°C) y no se observé ningln
caso de intolerancia a la hipertermia. Tras el procedimiento, el 80% de |los pacientes recibieron EPIC
durante los siguientes 5 dias. En 4 casos hubo que suspender dicho tratamiento por sepsis (n=1), fistula
biliar (n=1) y por dolor severo (n=2). Un 40% de los pacientes presentaron toxicidad grado I1-1V
requiriendo dos de ellos reintervencion en el postoperatorio temprano.S6lo hubo un caso de mortalidad
por aplasiamedular grado 4. La estancia media hospitalariafue de 17.8 dias (rango: 10-48 dias).

Durante el seguimiento se observé progresion de la enfermedad en 10 casos, a hivel pulmonar
[n=2], hepético [n=3] y peritoneal [n=5]. Se realizo cirugia de rescate en cinco de €llos, destacando la
préctica de re-HIPEC en dos casos. Uno de |os pacientes se encontraba libre de enfermedad a los 19
mesesy €l otro fallecié por progresion alos 18 meses.

La supervivencia actuarial y € periodo libre de enfermedad de |a serie de pacientes fueron del
36% y del 30% alos 5 afios, respectivamente, con un seguimiento mediano de 18 meses.

Se analiz6 alos pacientes con relacion a un indice de carcinomatosis por encima o debgjo de 13
y de acuerdo con la consecucién o no de una citorreduccion completa, y se obtuvieron diferencias
significativas en la supervivencia global, aunque no en el periodo libre de enfermedad, probablemente
por lalimitacion de la muestra.
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2. Pharmacokinetic and Pharmacodynamic Analysis of Hyperthermic
Intraperitoneal Oxaliplatin-Induced Neutropenia in Subjects with
Peritoneal Carcinomatosis.

El oxaliplatino es un agente atractivo parael tratamiento con HIPEC debido asu sinergiacon la
hipertermiay por su dptima penetracion intratumoral. Sin embargo, su exposicién sistémicaincrementa
el riesgo de toxicidad hematol 6gica y neuropatia sensorial periférica. Por tanto, es primordial alcanzar
la méxima exposicion de oxaliplatino en la cavidad peritoneal con e minimo acceso ala circulacion
sistémica.

Los diversos estudios existentes muestran diferencias sustanciales en los pardmetros
farmacocinéticos de oxaliplatino obtenidos tras HIPEC con relacién a: e andito (platino ultrafiltrado
frenteaplatinototal), e método de mediciony por Ultimo las distintas sol uci ones usadas en la perfusion.
En este contexto no es sorprendente que e rango estimado de aclaramiento plasmatico del oxaliplatino
varie desde 6.68 L/h/m? hasta 28.4 L/h/m? con un volumen de distribucién estimado de 15 L. En estos
estudios la toxicidad severa més frecuente se relaciona con la neutropeniay trombocitopenia (7, 8).

Hasta la fecha no hay ningin analisis cuantitativo longitudinal explorando € efecto de la
farmacocinética del oxaliplatino en e curso de su toxicidad hematoldgica tras su administracion
intraperitoneal. En € presente estudio se caracteriza lafarmacocinética del oxaliplatino en € peritoneo
y en plasma cuando es administrado con una solucién de icodextrina al 4% y se establece su relacion
con €l curso temporal del recuento absoluto de neutréfilos (ANC) en pacientes con CP tratados con
cirugia de citorreduccion méximay HIPEC.

Los pacientes incluidos en el estudio presentaban diversos origenes de tumor primario: ovario
[10 casog|, colorectd [9], apendicular [5], géastrico [3], endometrio [2] y papilar [1]. Todos €ellos
recibieron 360 mg/m? de oxaliplatino durante la perfusiéon. El tiempo de perfusion medio fue de 40
minutos (rango 30-60 minutos). Durante los cinco dias siguientes a la cirugia se administré 15 mg/kg
de 5-fluorouracilo durante 23 horas através de un catéter peritoneal para potenciar €l efecto citotdxico.

Traslaadministracién del farmaco se extragjeron muestras de sangrey de liquido peritoneal cada
10 minutos hasta concluir la perfusién. Posteriormente, en plasma, se tomaron muestras durante un
periodo maximo de muestreo de 28 horas hastaun total de 12 muestras. El platino total se analizé usando
un ensayo validado basado en espectrometria de emision atdmica. También se tomaron muestras de
sangre para realizar un hemograma hasta la completa recuperacion de la toxicidad hematol égica. Para
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el estudio farmacocinético el nimero total de muestras disponibles fue de 140 concentraciones de
oxaliplatino peritoneal, y 338 concentraciones plasméticas.

La caracterizacion de las concentraciones plasmaticas de oxaliplatino se realizd con un modelo
farmacocinético bicompartimental tras una absorcion peritoneo/plasmatica de primer orden. Para
describir la cuenta absol uta de neutrofilos en plasma se usd un model o compartimental de progenitores
celulares sensible al oxaliplatino. Lareduccién de ratio de proliferacion de las células progenitoras fue
modelada siguiendo una funcion linear de las concentraciones plasmaticas del oxaliplatino. Para €
desarrollo del model o farmacocinético/farmacodinamico (PK/PD) y parallevar acabo las simulaciones
basadas en € mismo, se utilizd la modelacion no linear mixta con €l método condicional de primer
orden. Como modelo dinamico se utilizé el modelo de granulopoiesis descrito por Friberg y col. (9) a
partir de 678 ANC. Este modelo ha sido ampliamente utilizado para describir la mielosupresion
producida por una gran variedad de agentes antineoplasicos y se considerd como punto de partida en
estaMemoriade Tesis Doctoral. A suvez se estudié larel acion entre las concentraciones de oxaliplatino
en peritoneo, la duracion de la perfusiéon y la incidencia de neutropenia severa, para establecer la
exposicion méximatolerable.

Los valores de absorcion y semivida del oxaliplatino se estimaron en 2,2 y 40 h con una
variabilidad interindividual moderada. Estos val oresfueron consi derabl emente superioresalos descritos
en otros trabajos (10), y probablemente se debe a uso de distinta solucién de transporte. En los estudios
farmacocinéticos previos se habia usado suero con dextrosaa 5%, y en cambio este estudio es el primero
gue redliza el andlisis farmacocinético del oxaliplatino en HIPEC usando como solucién laicodextrina
al 4%. Esta es una solucion isoténica de ato peso molecular y que tedricamente ayudaria a reducir la
difusion ddl f&rmaco através de la barrera peritoneo/plasmatica. A pesar de ello, €l ratio estimado del
areabajo lacurva en peritoneo y plasma fue de 13,19, estando en consonancia con |os reportados en los
estudios realizados con dextrosa al 5% (11). Por tanto, la diferencia en el tiempo de vida media de
absorcion peritoneo/plasmatico del oxaliplatino debe atribuirse a otros factores como: diferencias en e
procedimiento quirdrgico, méguinas de perfusion, biodisponibilidad del oxaliplatino absoluto y del
analito y finalmente en los métodos de andlisis.

El aclaramiento plasmético de oxdiplatino resultd ser 1,61L/h con una variabilidad
interpaciente del 85%. El volumen de distribucién en compartimento central fue de 19,2 L, con una
variabilidad inter-paciente del 85,6 %. El volumen de distribucion en estado estacionario del oxaliplatino
fue de 92 L, es decir la suma del volumen central y periférico (19,2 + 72.8 =92 L). Se observo que €l
oxaliplatino redujo laratio de proliferacion de las células progenitoras un 18.2% por mg/L.
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El modelo farmacodindmico que mejor describid la relacion entre las concentraciones de
oxaliplatino sobre la proliferacion de los precursores de ANC fue € modelo lineal, ya que mejor6 de
forma estadisticamente significativa la bondad del gjustado de otros model os (potencial, Emax 0 Emax
sigmoide) que no convergieron de forma satisfactoria, probablemente porque no se alcanzé € efecto
maximo dentro del rango de concentraciones plasmaticas evaluado.

Por otro lado, se incluy6 un efecto feedback sobre el tiempo medio de transito de las células
precursoras a neutrdfilos, que mejorod de forma estadisticamente significativala descripcion de los datos
experimentales. Fisiol6gicamente, este mecanismo concuerda con la reduccion del tiempo de colonias
de granulocitos. Dentro del @mbito de valores evaluado, ninguna de las covariables (edad, sexo, peso,
creatinina plasmatica, albimina plasmética, ALT, AST séricas, bilirrubina total, hemoglobina y
hematocrito) estuvo asociada con los pardmetros del modelo. Por tanto, gjustes de dosis en base aéllas
no influyeron en la gravedad o duracion de la miel osupresion asociada a oxaliplatino en la poblacién a
estudio.

El modelo desarrollado fue internamente validado mediante € test predictivo visual y €
bootstrap no paramétrico y evidenciaron que era apropiado para describir la farmacocinéica del
oxaliplatino, asi como la evolucion temporal del ANC 'y puede utilizarse pararealizar simulaciones que
permitan comprender mejor el efecto de laintensidad de dosis, €l régimen de dosificacién, o laduracion
de la perfusién intraperitoneal en laincidencia de neutropenia severa.

Las simulaciones deterministicas claramente evidenciaron la reversibilidad de la neutropenia,
su corta duracion y su efecto no acumulativo. Como consecuencia del modelo lineal del efecto del
oxaliplatino, se observé que la concentraciéninicial y la duracién de la perfusion fueron los principales
determinantes de la severidad y duracién de la neutropenia. Se observé que un aumento proporcional de
la exposicion del oxaliplatino condujo a un descenso proporcional del nadir de ANC. Asi mismo, la
extension de la duracion del HIPEC para una misma concentracién de oxaliplatino en peritoneo,
incremento la severidad y duracion de la neutropenia ya que esta directamente relacionada con la
exposicién del farmaco d peritoneo.

Tras las simulaciones realizadas se observo que una exposicion peritoneal de 65y 120 mg/L de
oxaliplatino durante 60 minutos se asocié a una incidencia de neutropenia grado 4 ded 20% y 30%
respectivamente; y que con una duracion de 30 minutos a una concentracion de 65 mg/L y 105 mg/L
obtendria un 20% de neutropenia grado 4. La méaxima dosis tolerada se fijo en 120 mg/L durante una
perfusion de 60 minutos ya que se asoci6 a un 33% de neutropeniagrado 4 de més de 5 dias de duraci on.
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Respecto a efecto del 5-fluorouracilo intraperitoneal sobre el ANC, € estudio asumio que era
despreciable dado €l escaso efecto neutropenico del farmaco y por las bajas dosis administradas, estando
de hecho e 81.5% de las muestras plasméticas por debajo del limite de cuantificacion.

Por tanto, € estudio concluye que la exposicion maximatolerada del oxaliplatino administrado
anivel peritoneal es de 120 mg L/hy que debe evitarse dosis superiores. En estalinea se sugiere € uso
profiléctico de factores estimuladores de colonias de granulocitos en aquellos pacientes que vayan a
tener una exposicion superior a 65 mg L/h intraperitoneal.

3. Population Pharmacokinetics of Hyperthermic Intraperitoneal
Oxaliplatin in Patients with Peritoneal Carcinomatosis after
Cytoreductive Surgery.

Es conocidalarelevancia de la solucién transportadora en la penetracion del farmaco alacélula
tumoral y en la absorcion peritoneal. Las soluciones hipoténicas se han asociado a una altaincidencia
de hemorragia peritoneal postoperatoria y a trombocitopenia severa. En cambio, las soluciones
hiperténicas no parecen adecuadas ya que provocan un movimiento de fluido hacia el peritoneo y por
tanto diluyen la concentracion de farmaco reduciendo la exposicion del mismo. Por otro lado, las
soluciones salinas y de dextrosa al 5% son isotonicas y las més usadas en HIPEC, si bien su fécil
absorcién a través de la barrera peritoneo/plasmética hace dificil mantener un ato volumen de fluido
intraperitoneal y puede limitar la duracion del HIPEC. Teodricamente las soluciones isotonicas de ato
peso molecular como la icodextrina a 4%, deberian mantener e volumen de perfusiéon a lo largo del
tiempo y por tanto tener una mayor disponibilidad de farmaco a nivel peritoneal. Hasta la fecha no se
han realizado estudios comparando € efecto de las distintas soluciones de transporte en HIPEC.

El objetivo en este estudio ha sido caracterizar la farmacocinética del oxaliplatino en peritoneo
y plasma comparando dos sol uciones transportadoras durante el HIPEC (dextrosa 5% eicodextrina4%).
Como objetivos secundarios también se consideraron parametros clinicos como la complejidad
quirurgica, diferencias en € postoperatorio y finalmente el posible impacto econémico de la utilizacion
de unau otra solucién.

Los datos del estudio se recogieron de dos cohortes paralelas con objeto de investigar la
seguridad, tolerancia, farmacocinética y farmacodinamia. Se recogieron los datos de 36 pacientes
afectos de carcinomatosis peritoneal de diversos origenes y tratados mediante cirugia citorreductora
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méxima con HIPEC usando la solucion isoténica de icodextrina a 4% (brazo de estudio A) y otros 13
pacientes sometidos a mismo tratamiento, pero utilizando la solucién isoténica de dextrosa a 5%
durante la perfusién (brazo de estudio B). El volumen perfundido vario entre los pacientes dependiendo
del &rea de superficie peritoneal (2,5-6 L), y la duracion media de la perfusién fue de 36.6 min (rango
30-60 min.).

Se recogieron un total de 222 y 576 muestras de la concentracion peritoneal y plasmética de
oxaliplatino respectivamente. El esqguema de toma de muestras y bicandlisis fue e mismo que €
utilizado en & Articulo 1l de la presente Memoria de Tesis Doctoral. Los datos de |as dos cohortes se
modelaron conjuntamente para caracterizar la farmacocinética de oxaliplatino con distintas soluciones
portadoras. Serealiz6 un estudio comparativo entre ambas grupos evidenciando que laabsorcion y vida
media de eliminacion de oxaliplatino eran muy similares alas estimadas con € andlisis farmacocinético
no compartimental. La disposicion plasmética de oxaliplatino fue caracterizada por un volumen de
distribucién basal de 77.0 L. El aclaramiento plasmético de oxaliplatino fue estimado de 1,71 L ht. La
variabilidad entreindividuos de | os parametros farmacocineticos del model o fue moderaday oscil 6 entre
21,4 % en & volumen de distribucién plasmético a 58,2 % en € volumen de distribucién periférico. De
hecho, dicha variabilidad interindividual fue superior en las concentraciones plasméticas que en las
peritoneales. La edad, superficie corporal, sexo, aclaramiento de creatinina, presencia de metéstasis
hepéticas, PCl y grado de CRS obtenido, no influenciaron de forma significativa los parametros
farmacocinéticos del HIPEC.

La reduccion en e volumen peritoneal del 12-15% en el brazo B del estudio respecto a brazo
A, se puede explicar por la distinta solucion transportadora usada. La eleccién de la solucién y su
tonicidad tiene importancia en la penetracién del agente quimiotergpico en la célula tumora y en la
absorcion peritoneal. Esta reduccién del volumen podria explicarse por la absorcién neta de dextrosay
confirmaria la hipotesis tedrica seglin la cual las soluciones isoténicas de alto peso molecular son
capaces de mantener €l volumen intraperitoneal ya que sus componentes no son absorbidos.

El modelo farmacodinamico desarrollado en € Articulo |1 de esta memoria de Tesis Doctoral
se utiliz6 pararealizar s mulaciones estocasti cas que indicaron que laincidencia de neutropenia grado 4
de como minimo 5 dias de duracién tras HIPEC puede ser un 15% superior en el grupo de dextrosa 5%
frente al grupo de icodextrina 4% para una exposicién peritonea de 200 mg-h/L. Sin embargo, en los
pacientes incluidos en € estudio no hubo diferencias significativas relacionadas con la toxicidad
hematol 6gica, ni manejo quirdrgico ni complicaciones postoperatorias.
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Por otro lado, el uso de dextrosa a 5% como solucién de transporte en lugar de icodextrina al
4% durante 30 y 120 minutos de HIO resultara en menos de un paciente adicional con neutropeniagrado
4 prolongada por cada 67 y 23 pacientes tratados, respectivamente. Estos resultados sugieren que la
relevanciaclinica de esta diferencia esa limitada por ser el tiempo de perfusién corto. En esta situacion
puede ser més costo-efectivo el uso de dextrosa al 5% (1,38 € L) en lugar de laicodextrinaa 4 %
(97,40 € LY, dada la pequefia diferencia en cuanto a neutropenia severa. En caso de querer prolongar
la duracién de la perfusién hasta 120 minutos, habria que realizar més estudios para e€lucidar la
equivalencia clinica entre ambas sol uciones transportadoras.
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Capitulo VI. Conclusiones

El tratamiento multimodal que combina la citorreduccién quirdrgica méxima con la perfusion
de quimiohipertermia administrada en el acto operatorio, es unatécnica factible con unamorbi-
mortalidad aceptable en pacientes seleccionados afectos de una carcinomatosis peritoneal de
origen colorectal.

El indice de carcinomatosis peritoneal y la consecucién de una citorreduccién completa
impactan significativamente en la supervivencia global, no asi en e periodo libre de
enfermedad, probablemente por la limitacién de la muestra.

Lafarmacaocinética de oxaiplatino tras su administracion intraperitoneal diluido en la solucién
portadora deicodextrinaa 4% en el tratamiento de |os pacientes afectos de una carcinomatosis
peritoneal, ha sido adecuadamente descrita para la dosis de 360 mg/m? mediante un modelo
bi compartimental abierto con unadistribucién no especificaaun compartimento periférico, una
eliminacion lineal desde el compartimento central y una absorcién de primer orden peritoneo-
plasmatica

El modelo farmacocinético/farmacodinamico desarrollado describe adecuadamente la
evolucion temporal del recuento absoluto de los neutréfilos tras la administracion
intraperitoneal de oxaliplatino en el contexto de CRS + HIPEC. La variabilidad interpaciente
fue moderada y ninguna covariable afectd de manera significativa alos pardmetros del modelo.
Las simulaciones basadas en el modelo desarrollado demuestran que la gravedad y la duracion
de la neutropenia estan directamente influenciada por la duracion de la perfusion y la
concentracion inicia de oxaliplatino en el espacio peritoneal y que esta toxicidad hematol 6gica
esreversible y de corta duracion.

La utilizacion de dextrosa al 5% como vehiculo de perfusion en lugar de icodextrinaa 4% no
afectaa mango quirdrgico ni postoperatorio del paciente afecto de carcinomatosis peritoneal.
Lafarmacocinéticade oxaliplatino resultd ser esencialmente similar en ambas cohortes con una
ligera reduccion del volumen peritonea en el grupo de dextrosa que podria explicarse por la
absorcién neta de dextrosa y confirmaria la hipétesis tedrica segin la cua las soluciones
isotonicas de alto peso molecular son capaces de mantener € volumen intraperitoneal, ya que
sus componentes no son absorbidos.

Las simulaciones realizadas con € modelo farmacocinético/farmacodinamico desarrollado en
el Articulo Il de esta Memoria de Tesis Doctoral indican que e uso de dextrosa al 5% como
solucién de transporte en lugar de icodextrina a 4% durante 30 y 120 minutos de HIPEC
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resultard en menos de un paciente adicional con neutropenia grado 4 prolongada por cada 67 y
23 pacientes tratados, respectivamente. Estos resultados sugieren que la relevancia clinica de
esta diferencia esta limitada por ser € tiempo de perfusién corto. En esta situacién puede ser
més costo-efectivo el uso de dextrosa a 5% por ser hasta 70 veces més econémico, dada la
pequefia diferencia en cuanto a neutropenia severa.



