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CHAPTER ONE 

Introduction and outline of the thesis 





Introduction and outline of the thesis 

Hyperthermic intracavitary chemotherapy has gained more attention recent years as thera
peutic approach for loco-regional disseminated cancers. Spratt et al' was the first who 
described this technique for a patient with pseudomyxoma peritonei. Nowadays, this multi-
modality treatment is used in more than 30 centres worldwide.2 Hyperthermic intraperitoneal 
chemotherapy perfusion has been studied in patients with malignant mesothelioma, peri
toneal sarcomatosis and peritoneal carcinomatosis of gastric origin, but most efforts have 
been put on patients with pseudomyxoma peritonei and peritoneal carcinomatosis of col
orectal origin.' 
Intracavitary administration of chemotherapy has the potential to reach a high local dose with 
limited systemic side effects.4 Hyperthermia itself has a direct cytotoxic effect at a level ex
ceeding 42°C and is known to enhance the cytotoxicity of several cytostatic drugs, starting at 
a temperature of 39°C.5'7 Furthermore, the penetration depth of most cytostatic drugs is im
proved by hyperthermia/9 However, cytoreductive surgery is mandatory in order to leave as 
little residual tumour as possible because the penetration depth of cytostatic drugs is limited 
to at most a few millimetres."' Intra-operative chemotherapy allows distribution of drug and 
heat uniformly to all surfaces of the abdomen. For this reason, an operative setting under gen
eral anaesthesia is preferable over simple instillation of chemotherapeutics in addition to the 
fact that hyperthermia is not tolerated in awake patients. 
Since 1996, The Netherlands Cancer Institute/Antoni van Leeuwenhoek hospital has gained 
ample experience with cytoreductive surgery and Hyperthermic IntraPEritoneal Chemo
therapy (HIPEC). Both patients with pseudomyxoma peritonei and peritoneal carcinomatosis 
of colorectal origin have been treated." i: The cytostatic drug in our treatment regimen has 
been Mitomycin C (MMC) because of its known activity in colorectal cancer, its direct cyto
toxic effect and its thermal enhancement.5-13 

Cytoreductive surgery and hyperthermic intracavitary chemotherapy perfusion in the tho
racic cavity was performed in our institute in 1998. This technique has been named Hyper
thermic IntraTHOracic Chemotherapy (HITHOC) perfusion. Both patients with limited 
malignant pleural mesothelioma and pleural thymoma were studied because these diseases 
can be seen as loco-regional disseminated cancers that might benefit from a loco-regional in
tensified therapeutic approach. Only minor experience with this multi-modality treatment 
exists world-wide; only case reports or small series of patients have been published.1419 The 
intrathoracic cytostatic agents that have been used, cisplatin and doxorubicin, are well known 
cytostatic drugs assessed as systemic therapy in both mesothelioma and thymoma patients. 
Witkamp has reported the initial data on cytoreductive surgery combined with hyperthermic 
intraperitoneal chemotherapy in his thesis from our institute.-" The present thesis deals with 
several aspects of both HIPEC and HITHOC procedures. 

Chapter two gives a review on the surgical management so far of malignant pleural mesothe
lioma (MPM). Surgery has been considered the mainstay of treatment of MPM, unless the 
fact that surgery alone is never curative. Therefore, the emphasis has been on surgery com
bined with adjuvant therapies in recent years, but this approach did not lead to a clear survival 
benefit for MPM patients so far. Based on our favourable results with cytoreduction and 
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HIPEC in peritoneal disseminated colorectal cancer, we developed a feasibility study with 
cytoreduction and HITHOC for MPM and pleural thymoma patients. The initial results are 
described in chapter three. A larger series of patients with MPM treated by this multi-
modality treatment with more extensive follow-up is given in chapter four. Part of succeed
ing this treatment is optimisation of the dosage of the cytostatic drugs that were used. 
Therefore pharmacokinetics of cisplatin and doxorubicin were studied. Chapter five de
scribes the possibility to achieve a high local dose in the thoracic cavity with limited systemic 
uptake. It is important to know whether the chemotherapy has the potential to kill residual tu
mour after cytoreduction. For this reason, the penetration characteristics of doxorubicin were 
analysed and reported in this chapter as well. 

In his thesis, Witkamp reported on some of the pharmacokinetics of MMC during HIPEC 
procedures.2" Chapter six gives a review of the pharmacokinetics of MMC after intra-opera-
tive intraperitoneal administration as reported in literature so far. Several aspects such as dose 
method, accompanied hematotoxicity and uptake with regard to the peritoneal-plasma barri
er provide more insight into this complex matter. To gain better insight into the pharmacoki
netics of MMC, like distribution volume and elimination kinetics, we developed a population 
pharmacokinetic and pharmacodynamic model (chapter seven) based on a large series of 
pharmacokinetic data. Knowledge of the relationships between pharmacokinetics and phar
macodynamics can contribute to rationalise the dosing and may lead to a more accurate dose 
advice. An estimated ideal dose of MMC is provided at the end of this chapter. Another im
portant part of HIPEC is the application of hyperthermia. The effect of hyperthermia used 
during HIPEC was further investigated and the results are reported in chapter eight. Special 
attention was given to the possible relation between core temperature and temperature gradi
ent because it was anticipated that core temperature could influence the heat penetration. The 
earlier thesis on HIPEC from our institute showed that cytoreductive surgery and HIPEC 
seems an attractive approach not only for patients with colorectal cancer but also for patients 
with pseudomyxoma peritonei (PMP).:"The diverse problem clinical appearance of PMP and 
its variable clinical course after cytoreduction and HIPEC was a challenging feature we were 
confronted with. Based on studies of Ronnett et al21", a better classification of PMP in three 
pathologic entities could be made. We also studied the pathology of PMP in order to come to 
a better selection of candidates for our therapeutic approach (chapter nine). Until now, no 
general accepted protocol for follow-up of PMP patients after cytoreduction and HIPEC has 
been described. Physical examination and Computed Tomography are mostly used. Tumour 
marker studies in PMP patients are scarce. Chapter ten provides new data on the tumour 
marker Carbohydrate Antigen 19.9 (CA19.9) in PMP patients, treated by cytoreduction and 
HIPEC. The usefulness of this marker during follow-up as an alternative for performing rou
tine CT scans is shown. In chapter eleven a general discussion and conclusions of the pre
sented data are given. 
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Surgical treatment of malignant pleural mesothelioma 

Introduction 

Malignant pleural mesothelioma (MPM) is an aggressive tumor of the pleura. Presenting 
symptoms are dyspnoea and chest pain in the majority of people. Coughing, fatigue and 
weight loss are less frequently observed.'2 In general MPM is a disease confined to the pleu
ral cavity for a long time before metastasizing.'- The most common features are pleural thick
ening, nodularity and pleural effusion. The growth pattern is characterized by involving the 
entire pleura and interlobular space.: Malignant seeding along tracts of cytology or biopsy 
needles, chest tubes, thoracoscopy trocars and surgical incisions is a common complication 
of diagnostic and therapeutic procedures in patients with MPM.4 In Western Europe 5000 pa
tients die of mesothelioma each year.5 In the last decades the incidence has increased twofold 
in the Netherlands and it is expected to reach its maximum in the year 2020.6 The association 
with asbestosis is well known. In approximately 80% of MPM an exposure to asbestos is re
ported. The latency period is between 20 and 30 years.7" Recently a virus has become a sus
pected agent too.y Simian virus 40 (SV40), a DNA tumor virus, has the potential to induce 
mesothelioma in hamsters and is reported to be identified in a number of patients with MPM.'' 
However, there are still discussions ongoing about the potential of SV40 to induce MPM in 
humans. The prognosis of patients with MPM is poor and untreated, the median survival is 9 
months.1"11 

Systemic chemotherapy results in partial responses of between 15 and 20%; complete 
responses are rare.12 '5 Radiotherapy as single treatment modality, given with curative intent, 
is considered not feasible because of the large target volume and the dose limiting toxicity of 
the adjacent organs and structures. Radiotherapy is considered useful for palliation and pre
vention of seeding after invasive diagnostic procedures.41617 

Surgical resection has been considered the mainstay of treatment by some. However it is al
most impossible to achieve a microscopically complete resection with surgery alone because 
of the anatomy of the pleura and the property of MPM to infiltrate the underlying and neigh
boring structures.18 Surgery alone is associated with a high recurrence rate. Recently most 
efforts have been put in the combination of cytoreductive surgery with some form of adjuvant 
therapy.19,20 

In this paper we reviewed the surgical management of malignant pleural mesothelioma. The 
different techniques and treatment outcome of surgery alone are described. Thereafter em
phasis is given to the adjuvant therapies. 

Methods 

A systemic literature study was performed to identify all relevant articles until October 2001. 
A PubMed search was performed with keywords focused on malignant pleural mesothe
lioma. Studies with less than ten patients were not reported unless they showed very interest
ing results. 
When there were several reports of the same institute including the same cohort of patients 
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Chapter 2 

with the same treatment, we listed only the most recent paper in the overview table. A statis

tical analysis of all reviewed articles was not possible due to the lack of randomized studies, 

the small patient groups and the diversity of patient groups and methods. 

Staging 

Staging is important in the treatment of malignant pleural mesothelioma. Different staging 

systems are used (Table I).22"24 

To stage accurately several staging methods are used. Thoracoscopy, CT, MRI and laparos-

copy can identify the T status.2526 CT compared to MRI has nearly equivalent diagnostic 

accuracy. MRI is superior in imaging diaphragmatic muscle involvement, endothoracic in

volvement and revealing solitary foci of chest wall invasion.27 To accurately determine the 

nodal status is more often a problem. CT has a low accuracy regarding lymph nodes.27 Medi-

Table 1. Staging systems. 

Staging according to Butchart et aP 

Stage Description 

I Tumor confined to ipsilateral pleura, lung and pericardium 
II Tumor invading chest wall or involving mediastinal structures, eg, esophagus, heart, opposite 

pleura. Lymph node involvement within the chest 
III Tumor penetrating diaphragm to involve peritoneum directly. Lymph node involvement 

outside the chest 
IV Distant blood-borne metastases 

Staging according to Sugarbaker et aP 

Stage Description 

I Disease confined to within capsule of the parietal pleura: ipsilateral pleura, lung, pericardium, 
diaphragm, or chest-wall disease limited to previous biopsy sites 

II All stage I with positive intrathoracic (Nl or N2) lymph nodes 
III Local extension of disease into: chest wall or mediastinum; heart, or through diaphragm, 

peritoneum; with or without extrathoracic or contralateral (N3) lymph node involvement 
IV Distant metastatic disease 

Stage according to the International Mesothelioma Interest group (IMIG)24 

Stage Description 

T primary tumor and extent 

Tl a Tumor limited to ipsilateral parietal pleura, including mediastinal and diaphragmatic pleura 
No involvement of the visceral pleura 

b Tumor involving the ipsilateral parietal pleural, including mediastinal and diaphragmatic 
pleura 
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Scattered foci or tumor also involving the visceral pleura 
T2 Tumor involving each of the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic, 

and visceral pleura) with at least one of the following features: 

• involvement of diaphragmatic muscle 
• confluent visceral pleura (including the fissures) or extension of tumor from visceral pleura 

into the underlying pulmonary parenchyma 

T3 Describes locally advanced but potentially resectable tumor 
Tumor involving all of the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic, 
and visceral pleura) with at least one of the following features: 

• involvement of the endothoracic fascia 

• extension into the mediastinal fat 
• solitary, complete resectable focus or tumor extending into the soft tissues of the chest wall 

• nontransmural involvement of the pericardium 
T4 Describes locally advanced technically irresectabel tumor 

Tumor involving all of the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic, 
and visceral pleura) with at least one of the following features: 
• diffuse extension or multifocal mass of tumor in the chest wall, with or without associated 

rib destruction 

• direct transdiaphragmatic extension of the tumor to the peritoneum 
• direct extension of tumor to the contralateral pleura 

• direct extension of tumor to one or more mediastinal organs 
• direct extension of tumor into the spine 

• tumor extending through the internal surface of the pericardium with or without a 
pericardial effusion; or tumor involving the myocardium 

N lymph nodes 
Nx Regional lymph nodes cannot be assessed 
NO No regional lymph node metastases 

Nl Metastases in ipsilateral bronchopulmonary or hilar lymph nodes 

N2 Metastases in the subcarinal or the ipsilateral mediastinal lymph nodes, including the 
ipsilateral internal mammary nodes 

N3 Metastases in contralateral mediastinal, contralateral internal mammary, ipsilateral, or 
contralateral supraclavicular scalene lymph nodes 

M metastases 
Mx Presence of distant metastases cannot be assessed 

MO No (known) metastasis 
Ml Distant metastasis present 

Stage Grouping 
I a TlaNOMO 

b TlbNOMO 
II T2N0M0 
III Any T3M0 

Any N1M0 
AnyN2M0 

IV Any T4 
AnyN3 
Any Ml 
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astinoscopy is useful, however 25% of the MPM patients have nodal involvement confined to 
areas as peridiaphragmatic and internal mammary region not accessible to the medi
astinoscopy.:s Positron Emission Tomography (PET) seems to be useful to determine the 
extent of tumor.:'' Unfortunately correct staging is only possible during operation in a sub
stantial number of patients. The accuracy of preoperative CT scans to determine the stage 
correctly varies, but is reported as low as 30%."° The intraoperative tumor load is associated 
with outcome of MPM and large volumes are associated with nodal spread.-1 

Prognostic factors 

In studies of Rusch28 et al and Sugarbaker et al!: the stage, histology and adjuvant therapy, but 
not type of resection, were significant prognostic factors. Stage is a clear prognostic factor. 
Rasch et al28 reported a median survival after surgery with adjuvant therapy of 29.9 months 
for stage I, 19 months for stage II, 10.4 months for stage III and 8 months for stage IV (IMIG 
staging). Another study showed that when the visceral pleura was intact, the median survival 
was 32.7 months.33 The node status alone has also prognostic significance with survival 
advantage for lymph node negative patients." Sarcomatous MPM shows a worse survival 
than the epithelial type.--32 Rusch et al28 found that females show better survival than males, 
however Sugarbaker et al!: could not confirm this. The type of resection, i.e. extrapleural 
pneumonectomy or a pleurectomy/ decortication, did not have impact on survival in the study 
of Rusch et al.52 However both procedures were performed only if they led to complete 
resection of all gross tumor. In patients with bulky tumor or confluent pleural tumor, an 
extrapleural pneumonectomy was necessary to achieve complete resection.2* 

Surgery alone 

Pleurectomy/ decortication 

The technique of pleurectomy has been well-described."'" After a posterolateral thoracotomy, 
an extrapleural plane between the parietal pleura and the endothoracic fascia is entered. The 
dissection proceeds in a superior direction toward the apex over the posterolateral aspect of 
the chest wall. The dissection is continued to inferior and posterior. When the pleura and the 
lung are completely mobilized in the upper part of the thoracic cavity, the superior and 
posterior hilar structures of the lung are well exposed. After stripping or partial resection of 
the posterior pericardium, the dissection proceeds towards the posterior diaphragmatic sul
cus. If there is only superficial involvement, dissection is performed through the diaphrag
matic muscle, avoiding entering the abdomen: otherwise a part of the diaphragm is removed. 
The en bloc specimen is mobilized back to the pericardium medially. When the dissection is 
completed to the hilar structures the parietal pleural is opened and decortication of the 
visceral pleura is performed. Pericardium and diaphragm are eventually reconstructed. 
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The mortality of this procedure is limited (1-2%), when performed in specialized centers.-455 

The most common complication is prolonged air leakage, occurring in 10% of cases. Other 
reported complications are pneumonia, empyema and hemorrhage.2 Pleurectomy and decor
tication is reported effective in controlling pleural effusion. The median survival reached by 
this procedure is reported in different studies between 9 and 20 months (Table 2). 

The technical problem is the difficulty of separating the visceral pleura from the lung 
parenchyma. This results frequently in incomplete resection.5 After pleurectomy/ decortica
tion Hilaris et al"' reported that residual tumor was left behind in 78% of patients, most 
frequently on the visceral pleura. The most common site of recurrence is the ipsilate
ral hemithorax."'4 In recent years pleurectomy/ decortication studies all included adjuvant 
therapy. 

Extrapleural pneumonectomy 

Extrapleural pneumonectomy (EPP) is a procedure consisting of en bloc resection of the 
lung, visceral and pleural pleura, pericardium and ipsilateral diaphragm with reconstruction 
of the pericardium and diaphragm." After a posterolateral thoracotomy through the sixth in
tercostal space, a dissection between chest wall and parietal pleura is started. Blunt dissection 
with fingers appear to work best. After reaching the apex of the chest, the dissection will be 
proceeded to inferior (diaphragm). The diaphragm is opened while aiming to preserve the 
peritoneum. The whole diaphragm is removed. Next the pericardium is resected. The speci
men is then elevated and the dissection continues to the hilar structures. After stapling the 
vessels and the bronchus the specimen is removed. A pericardial fat pad can be placed over 
the bronchial stump. Reconstruction of the diaphragm and pericardium is the last stage of the 
procedure. In the patch to reconstruct the pericardium fenestrations are made to prevent car
diac tamponade. 
The mortality of this procedure has decreased the last decades from 30 to less than 5% when 

Table 2. Studies with pleurectomy alone (only studies with >10 patients are listed). 

Study 

Chahinian86 

Brenner"7 

Law™ 
Chailleux89 

Ruffie" 
Brancatisano"' 
Rusch4' 
Allen"1 

SoysaF 
CeresoIF 

Treatment 

Pleurectomy 
Pleurectomy 
Pleurectomy 
Pleurectomy 
Pleurectomy 
Pleurectomy 
Pleurectomy 
Pleurectomy* 
Pleurectomy* 
Pleurectomy 

Year 

1982 
1982 
1984 
1988 
1989 
1991 
1991 
1994 
1997 
2001 

N 

30 
69 
28 
29 
63 
45 
26 
56 

100 
38 

Median survival 
(months) 

13 
15 
20 
14 
10 
16 
10 
9 

17 
13 

2-year survival 
(%) 
27 
NA 

9 
NA 
NA 
21 
20 
9 

NA 
NA 

Mortality 
(%) 

0 
NA 
11 

NA 
0 
2 

NA 
5 
1 

NA 

NA: Not Available. *: Some patients received adjuvant therapy. 
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Table 3. Studies with extrapleural pneumonectomy alone (only studies with >10 patients are listed). 

Study Treatment Year N Median survival 2-year survival Mortality 
(months) (%) (%) 

Worn9: 

Butcharf' 
Ruffle" 
Rusch41 

Allen9' 

EPP 
EPP 
EPP 
EPP 
EPP* 

1974 
1976 
1989 
1991 
1994 

62 
29 
23 
20 
40 

19 
10 
9 
10 
13 

37 
9 

NA 
33 
23 

NA 
31 
13 
15 
8 

EPP: Extrapleural Pneumonectomy, NA: Not Available. ': Some patients received adjuvant therapy 

performed in specialized centers and in selected patients.38 w Causes of death are respiratory 
failure, myocardial failure and pulmonary embolus.: The reported morbidity is considerable, 
mostly between 25-50%.ls-38 Twenty-four percent of the patients undergoing pneumonectomy 
showed cardiac supraventricular dysrhythmias with a peak incidence at 3 to 4 days after 
resection.40 Patients are at risk of postoperative pneumonia and the development of a bron
chopleural fistula is reported in 10 to 20% especially right-sided EPP222 Median survival after 
EPP is reported ranging between 9 and 19 months (Table 3). 

Extrapleural pneumonectomy is performed for locally advanced disease, usually in patients 
with confluent visceral pleural tumor not separable from the lung and a partially or totally 
fused pleural space. Compared with pleurectomy/decortication a lower recurrence rate has 
been reported (10% after EPP versus 52% after pleurectomy).4142 However relapses in distant 
sites are more frequently seen than in the pleurectomy group especially in adjacent cavities.4' 
Because of operative deaths, residual tumor, local recurrence and metastatic disease, EPP has 
not gained wide acceptance as treatment on its own.41 There does not seem to be a survival 
benefit for patients undergoing extrapleural pneumonectomy in comparison to patients 
undergoing pleurectomy.4' 

Surgery and adjuvant therapies 

Surgery alone is associated with a high recurrence rate and therefore adjuvant therapy seems 
useful.1"2" Studies performed with the combination of surgery and adjuvant treatment are 
listed in Table 4. 

Surgery and emphasis on external radiotherapy (Table 4a) 

In this Table series are collected that report on combination therapy of surgery with complete 
hemithoracic irradiation. Sugarbaker et al44 advocated that adjuvant radiotherapy should be 
40-45Gy to the entire hemithorax with a 5-5.5Gy boost to areas at high risk for recurrence. 
Doses limiting thoracic structures are spinal cord (45Gy), heart (45Gy) and lung (20Gy).45 

Hemithoracic radiotherapy equals a total loss of lung function.4'1 A shift of the abdominal vis-
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cera into the inferior hemithorax after a pneumonectomy limits the safe dose to 30Gy in the 

inferior area.44 

The technique of extrapleural pneumonectomy combined with hemithoracic radiation and 

systemic chemotherapy was described by Grondin et al.47 The largest series was described by 

Sugarbaker et al38 with 183 patients. The mortality rate was 3.8%. The morbidity rate was 

Table 4. Studies with surgery and adjuvant therapy (only studies with >10 patients are listed). 

4a. Surgery anc 

Study 

McCormack51 

Hilaris16 

Alberts49 

Mattsson5" 

Sugarbaker' : 

Rusch" 

4b. Surgery anc 

Study 

Davalle" 
Huncharek54 

Hastiirk56 

Ceresoli55 

4c. Surgery anc 

Study 

Rice66 

Rusch" 

Sauter6-

Lee64 

Colleoni64 

NCI** 

4d. Surgery anc 

Study 

Pass 
Moskal 

Schouwink 

emphasis on 

Treatment 

S, XRT, C 
S, XRT, B 

S, XRT, C 
S, XRT, C 

S, XRT, C 
S, XRT 

emphasis on 

Treatment 

S, C, XRT 
S,C 

S, C , I 
S ,C 

external radiotherapy 

Year 

1982 

1983 

1988 
1992 

1996 
2001 

systemic 

Year 

1986 
1996 
1996 
2001 

N 

18* 
41 

26 

100 

120 
61 

chemotherap_ 

N 

17 

21 
20 

16 

Median survival 

(months) 

16 
21 

11 

8 
21 
17 

/ 

Median survival 

(months) 

18 
24 

12 

14 

emphasis on intrapleural chemotherapy 

Treatment 

S, IPC, C 
S, IPC, c 

S, IPC, c 
S, IPC 

S, IPC, c 
S, IPC 

emphasis on 

Treatment 

S, PDT, C. I 
S, PDT 

S,PDT 

Year 

1994 

1994 

1995 
1995 

1996 
2001 

photodyn 

Year 

1997 

1998 

2001 

N 

19 
27 

13 

15 
20 

20 

amic therapy 

N 

25 
40 

28 

Median survival 

(months) 

13 

18 
9 
12 
12 

11 

Median survival 
(months) 

14 

15 

10 

2-year survival 

(%) 

NA 
41 

NA 

20 
45 
NA 

2-year survival 

(%) 

24 

NA 
15 

NA 

2-year survival 

(%) 

25 

40 
15 

16 
34 
NA 

2-year survival 

(%) 

NA 

23 

NA 

Mortality 

(%) 

2 

0 
NA 

NA 
5 

8 

Mortality 

(%) 

9 

NA 
NA 
NA 

Mortality 

(%) 

5 
4 

8 

0 

0 
0 

Mortality 
(%) 

4 

7 

11 

S: Surgery, XRT: External beam radiation therapy, B: Brachytherapy, C: Systemic chemotherapy, 
I: Immunotherapy. IPC: Intrapleural chemotherapy, PDT: Photodynamic therapy, NA: Not Available 
": epithelial mesothelioma only, ": data from The Netherlands Cancer Institute, not published 
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50%, including cardiac arrest, respiratory failure, acute respiratory distress syndrome, sepsis, 
contralateral pneumothorax, arrhythmia's, pulmonary embolism, empyema and gastrointesti
nal hemorrhage.3S The median survival in this patient group was 19 months with a 2-year sur
vival of 38%. In selected patients with the epithelial cell type and without mediastinal nodal 
metastases at resection Sugarbaker et al44 reported a 5-year survival of 45%. Despite aggres
sive local treatment including pericardium en diaphragm resection the site of failure was in 
most instances the ipsilateral hemithorax (35%) followed by the abdomen (26%), the con
tralateral hemithorax (17%) and other distant sites (8%).4: 

The application of brachytherapy after pleurectomy was studied in 41 patients by Hilaris et 
al."1 Measurable gross residual tumor was treated with permanent i;5Iodine implantation and 
residual diffuse disease by temporary "Iridium implantation or postoperative instillation of 
'"Phosphorus. After this treatment external radiotherapy on the hemithorax was given (45Gy). 
There was no mortality. Complications occurred in 6 patients (15%), including one radiation 
pneumonitis and one pericarditis. The median survival was 21 months with a 2-year survival 
of 40%. At time of the report 71 % of the patients had relapsed. Local recurrence occurred in 
one third of the relapsed patients, distant metastasis with or without local recurrence in the 
other two-third.5'' An update, including the same patient cohort with larger follow-up, by 
Mychalczak et al48 could not confirm this treatment outcome: in this abstract a median sur
vival of 13 months was reported. 
Alberts et al4" studied the combination of decortication, followed by systemic hemithoracic ra
diotherapy and systemic chemotherapy. Twenty-six patients were treated. The median survival 
was 10.9 months. Different combination of treatment modalities did not influence survival.4'1 

Another study performed by Mattson et al"' with 100 patients included, showed a median sur
vival of 8 months and a 2-year survival of 20%. Five different radiotherapy and chemotherapy 
regimens were used but no statistical differences were seen between the groups.5" 
The combination of pleurectomy, external radiotherapy and systemic chemotherapy was also 
studied in Memorial Sloan-Kettering Cancer Institute.5152 This multimodality treatment 
resulted in a median survival of 21 months for epithelial mesothelioma and 11 months for 
fibrosarcomatous mesothelioma.52 

In a more recent study Rusch et al53 reported results of hemithoracic radiotherapy after com
plete resection in 61 patients. Adjuvant radiotherapy at a median of 54Gy was well tolerated, 
except for one esophageal fistula. Only 13% patients developed a local recurrence. Distant 
metastases were seen in 70% of the patients. The median survival was 17 months and a 3-year 
survival of 27% is described. For stage I/II the median survival was 34 months. Based on 
these results the group of Rusch et al5! adapted this treatment regimen as standard treatment 
for patients with limited pleural mesothelioma. 

Surgery and emphasis on systemic chemotherapy (Table 4h) 

Huncharek et al5J studied the combination of surgery with postoperative systemic chemo
therapy. The combination of chemotherapy consisted of cisplatin and doxorubicin or cisplatin 
and mitomycin C. The median survival was 21 months with a 2-year survival of 23.9%.54 
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A less favorable outcome was found by Ceresoli et al.55 In this small series (16 patients) the 
chemotherapy was mostly cisplatin, doxorubicin or a combination of these agents. The 
median survival was 14 months.55 

Hastürk et al56 treated 20 patients with pleurectomy followed by systemic chemotherapy 
(cisplatin and mitomycin C) and immunotherapy (alpha interferon). This resulted in a median 
survival of 12 months and a 2-year survival of 15%. The survival was calculated from the 
onset of chemotherapy.56 

DaValle et al57 reported a median survival of 17.5 months. Adjuvant therapy consisted of 
doxorubicin alone or in combination with other agents or irradiation. The reported survival 
was no better than that of the 13 patients not receiving adjunctive therapy. This study was not 
randomized controlled.57 

Surgery and emphasis on intrapleural chemotherapy (Table 4c) 

Intracavitary chemotherapy has the advantage of high local concentrations of the cytostatic 
drug while having limited systemic side effects.586" Only direct cytotoxic agents appear 
rational. The pharmacokinetics of cisplatin and mitomycin are advantageous, but also show 
significant and sustained plasma levels.59'61 One of the limiting factors is that the penetration 
depth of chemotherapy is limited to a few millimeters.' Therefore intrapleural chemotherapy 
can only be profitable if it is preceded by optimal cytoreduction. 
In a study performed by Lee et al6: with intrapleural cisplatin and cytosine arabinoside after 
incomplete surgery (pleurectomy/ decortication), the median survival was 11.5 months. 
Rusch et al63, Colleoni et al64, Sauter et al65 and Rice et al66 studied the use of intrapleural 
chemotherapy after complete cytoreduction. All patients in these studies received adjuvant 
systemic chemotherapy. Rusch et al63 studied the effect of instillation with cisplatin and mit
omycin after pleurectomy or decortication. The median survival was 18 months with a 2-year 
survival of 40%. The mortality was 3.7% and significant morbidity was observed in 55%. 
Chemotherapy related nephrotoxicity was seen in 3 patients (11%)."! Recurrences were seen 
in 17 of 27 treated patients (63%). All recurrences, except one, were ipsilateral localized.4' 
Colleoni et al64 applied cisplatin and cytarabine as intrapleural instillation after pleurectomy 
in 20 patients. One patient developed a grade IV nephrotoxicity requiring dialysis. The over
all median survival was 11.5 months; patients with minimal residual disease after pleurecto
my had a median survival of 24.5 months.64 In a study of Sauter et al65 13 patients received 
subtotal pleurectomy followed by intrapleural cisplatin and ara-C resulting in a median sur
vival of 9 months with a 2-year survival of 25%. Rice et a]66 studied 19 patients with stage I 
MPM undergoing EPP or pleurectomy followed by postoperative intrapleural cisplatin and 
mitomycin. Grade I-II hematological toxicity was seen in seven patients (58%). Mild ototox
icity was noticed in one patient. The mortality was 5%. Complications requiring re-operation 
developed in 16% of the patients. The median survival was 13 months. The site of recurrence 
was local (58%), distant (17%), both local and distant (25%).66 

Hyperthermia itself is cytotoxic, it enhances the cytotoxic effect of the cytostatic drugs and 
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stimulates the penetration depth.6771 Carry et al72 studied the addition of hyperthermia to sur
gery and intrapleural chemotherapy. Three patients with MPM stage I were included in this 
study. After pleurectomy an intrapleural perfusion with MMC was performed during 60 min
utes. Because the risk of pulmonary edema is present at temperatures above 43°C, the maxi
mal pleural temperature was 42.6°C.7' The technique was considered safe and feasible. No 
systemic toxic levels of MMC were found. Two patients died after respectively 4 and 11 
months and one patient survived at least 22 months.72 Yellin et al74 treated 7 patients with 
mesothelioma. A combination of surgery and intraoperative hyperthermic pleural perfusion 
with cisplatin during 60 minutes was used. The technique was feasible, easy to perform and 
relatively safe. A median survival of 15 months was reported with two patients surviving 
more than 30 months.74 

A multimodality therapy including surgery, pleural space perfusion with cisplatin, hyperther
mia and postoperative radiotherapy was studied by Ratto et al.75 The duration of perfusion 
was 60 minutes in this study. Radiotherapy (55Gy) was given to chest wall incisions. Ten pro
cedures were without any death or toxicity. Ratto et al75 found higher systemic drug concen
trations after pleurectomy/ decortication than after pleuropneumonectomy, indicating that the 
lung plays an important role in cisplatin absorption from the pleural space. Normothermic 
pleural space perfusion was performed in three patients. The local tissue/ perfusate ratio of 
platinum concentrations tended to be higher after hyperthermic perfusion rather than nor
mothermic perfusion.75 

In The Netherlands Cancer Institute/ Antoni van Leeuwenhoek hospital we studied patients 
with MPM stage I treated with cytoreduction and intraoperative hyperthermic intrathoracic 
chemotherapy.76 Cisplatin and doxorubicin were perfused during 90 minutes under mild 
hyperthermic conditions (40-41 °C). Doxorubicin was chosen because its enhanced activity 
under hyperthermic conditions, however the penetration depth is limited.7778 Radiotherapy 
(3x8Gy) on thoracotomy scar and drainage tracts was given to prevent scar recurrences.4 The 
treatment was feasible but was accompanied with considerable toxicity. In a report of 11 
patients a median survival of 8 months was found. Three patients already recurred after 
respectively 4, 6 and 7 months. The longest survivor without disease was 8 months.76 An up
date of our results in 20 patients show a median survival of 11 months [unpublished data]. 

Surgery and emphasis on intrapleural photodynamic therapy (Table 4d) 

Photodynamic therapy (PDT) has been considered a new way of adjuvant treatment to sterilize 
the surgical field. After systemic administration of a photosensitizer (tumor)cell kill can be 
achieved by illuminating the resection field with laserlight. This principle was first tested by 
Takita et al79 who used a first generation photosensitizer named Photofrin®. He treated 
31 patients and reported a median survival of 12 months. The estimated median survival 
increased to 21 months when subdivided for stage I/I I. Both pleurectomy and extrapleu
ral pneumonectomy were performed to achieve optimal cytoreduction. The mortality was 6.5%. 
Serious complications were observed in 48.3%, consisting of infection, bronchopleural fistula, 
cardiac arrhythmia, prolonged ventilatory support, chylothorax, hematothorax and spontaneous 
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rupture of the spleen.79 A long-term report of the same institute including 40 patients revealed a 
median survival of 15 months. In stage I/II the median survival was 36 months."0 

An important randomized controlled study using PDT was performed by Pass et al.81 

Photofrin®, a first-generation photosensitizer with a long illumination time, was used. Forty-
eight patients underwent debulking to at most 5mm residue. He found no survival benefit or 
improved local control for patients undergoing extrapleural pneumonectomy or pleurectomy 
combined with photodynamic therapy.81 The median survival was 14 months. The mortality 
and morbidity in this study were considerable; respectively 2.1% and 20.8%. Complications 
such as death, bronchopleural fistula, esophageal perforation and empyema are frequently 
seen when using photodynamic therapy.1581 

Baas et al82 studied intraoperative photodynamic therapy after EPP in five patients using a 
second-generation photosensitizer (mTHPC). The feasibility study was promising but in the 
extended phase I/II study of 28 patients the median survival was only 10 months.828' In this 
study three patients died in the perioperative period; one death was directly related to inap
propriate delivered PDT and two other advanced cases died as a result of cardiac complica
tions. The considerable morbidity and mortality precludes this setup for widespread use.83 

Escalating the light dose, improvement of light delivery and addition of chemotherapy and 
radiotherapy are currently being investigated. Distant tumor spread is not prevented by this 
combined treatment modality.84 

Discussion and prospects for the future 

Reviewing the literature on treatment of malignant pleural mesothelioma is not encouraging. 
Not only little progress has been made in the treatment of this disease, it is also clear that very 
few systematic attempts have been made to evaluate the effects of treatment strategies. Al
most without exception, reports are retrospective with poorly defined patients groups and 
large variations in treatment schedules. Most reported studies can at best be classified as 
phase I type feasibility studies. There are very few properly structured phase II studies and no 
phase III studies at all, in which a treatment schedule has been randomly compared to no 
treatment. In this era of evidence based medicine, we can only conclude that no evidence ex
ists of proven effectiveness of any treatment in MPM. 
What lessons can be learned from the accumulated experience? The staging of MPM remains 
difficult by any standard. A preoperative CT scan and mediastinoscopy seem at present to be 
the minimum requirements for adequate staging. The distinction between stages I and higher 
stages is often possible. The distinction within stage I according to the IMIG staging system, 
which is meant to determine operability, is far more difficult.24 Anyone engaged in surgery for 
MPM is impressed by the variation of growth characteristics in different patients. Sometimes 
the tumor has a clear sharp margin and can easily be separated from neighboring structures, 
at other times infiltrative growth with accompanying fibrosis is so dense that any attempt on 
removal is an illusion. In the present staging system these characteristics are not fully repre
sented, but determine to a large extent the completeness of any surgery being decortication or 
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pleuropneumonectomy. It seems evident that only patients with stage I MPM are candidates 
who could benefit from aggressive loco-regional therapies. However, it is clear that this has 
not been the case in most of the presently reviewed studies. 
In this review we could not find clear arguments to choose between decortication and pleuro
pneumonectomy as first choice surgical strategy. In many cases, decortication is not feasible 
because involvement of lung parenchyma. When technically possible, decortication seems to 
result in roughly the same survival as does pleuropneumonectomy (or no treatment?), but 
operative mortality is slightly less. In this review we have focused on several multimodality 
treatments. Surgery combined with external radiotherapy included the whole hemithorax as 
radiation field in contrast to those in which only the surgical scars were radiated. In selected 
patients a clear survival benefit is found, however when critically analyzed, only 1-2% of all 
mesothelioma patients could benefit of this treatment.'844 Although differences are limited, 
there remains an impression that survival in the series with external radiotherapy is somewhat 
longer than in the series not including hemithorax radiotherapy (approximately 20 months 
median survival in recent reports315' versus approximately 15 months median survival in other 
combination therapies54 57626680SIS!). Side effects of radiotherapy on the liver and heart are 
mentioned, but not quantified, especially not on the long term. 

Autopsy studies of patients with malignant pleural mesothelioma revealed that more than half 
of the patients had disseminated MPM.18 Therefore systemic chemotherapy seems to be a 
prerequisite, but the survival of series with the combination of surgery with systemic 
chemotherapy appears very similar to the surgery alone series.54 57 The same is valid for the 
studies on the combination of surgery with intrapleural chemotherapy."2 '*' The intrapleural 
chemotherapy approach has probably not yet shown its full potential, as only few drugs 
(doxorubicin and cisplatin) have been studied, and dosage can probably still be increased. 
The combination of surgery with photodynamic therapy has not shown a clear improvement 
of median survival up till now. Furthermore physical aspects like dosimetry of the light 
makes general application of this treatment difficult. Photodynamic therapy as part of a 
multimodality approach cannot be recommended at this stage.8081-8' 
The fact remains that the large majority of patients with MPM die of loco-regional failure, 
despite aggressive loco-regional therapy. This is especially true if recurrences in adjacent 
cavities (pericardium, contralateral pleura and abdomen) are considered as regional failure as 
we believe they should. The high loco-regional failure could be explained by the relative in
sensibility of MPM to radiotherapy and chemotherapy. Intensifying the therapy is limited by 
the intolerance of adjacent vital structures (especially the lung).'4 

The conclusion of this review can only be that at this moment no therapy has been adequate
ly shown to have any proven benefit in the treatment of malignant pleural mesothelioma. At 
this moment the combination of complete surgery, being decortication or pleuropneumonec
tomy, in combination with hemithorax radiotherapy seems promising only in selected 
patients. Intrapleural hyperthermic chemotherapy clearly needs a better-designed study. 
Future adjuvant therapies will also focus on gene therapy, small molecules (like tyrosine 
kinase inhibitors) and angiogenesis inhibitors.15 For gene therapy however, results have been 
disappointing given the remarkable results in animals.85 
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Future studies would give a lot more useful information if they would use the randomized 

phase II design, comparing the defined treatment with a no treatment arm, especially if this 

would involve a quality of life assessment. 
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Cytoreductive surgery and intra-operative hyperthermic intrathoracic chemotherapy 

Introduction 

Intracavitary chemotherapy is based on the dose response relation of cytostatic drugs, mean
ing that increased concentrations of cytostatic agents lead to increased tumor cell kill. In
fusion of the drug into the cavity will lead to increased exposure of tumor cells adjacent to its 
surface, while systemic concentrations will remain below toxic levels due to the limited 
absorption of the drug from the cavity, resulting in limited systemic side effects.' Prerequi
sites for effective intracavitary chemotherapy are the absence of tumor outside the cavity and 
the surgical removal of all macroscopic tumor, as the penetration of most drugs is limited to 
a few millimeters.2"' To improve the efficacy of chemotherapy, it can be combined with 
regional hyperthermia.4 Based on these principles, intraoperative hyperthermic intraperi
toneal chemotherapy after cytoreductive surgery has been used in the treatment of primary 
and secondary peritoneal malignancies.5" Results of this treatment in patients with peritoneal 
mesothelioma were promising.9" The experience with this treatment modality in the thoracic 
cavity is still limited.1216 

Recurrence of thymoma is frequently confined to the pleural cavities opened during the 
primary surgery, presumably as a result of peroperative seeding. In the stage of pleural 
dissemination no curative therapy is known.17 In several phase II studies, systemic 
chemotherapy has been reported to be of temporary success. Aggressive multimodality treat
ment seems to have better results.18'20 

For patients with malignant pleural mesothelioma (MPM), median survival time is < 1 year, 
despite the fact that this malignant disease is, at diagnosis, usually confined to the pleural 
cavity.2122 Systemic metastatic disease is a relatively late phenomenon. Malignant mesothe
lioma remains a uniformly fatal disease, and best supportive care continues to be the standard 
treatment.23 In limited-stage MPM (stage I), a number of locoregional treatment strategies 
have been tested. Surgery (limited excision or pleuropneumonectomy) only or in conjunction 
with radiotherapy or photodynamic therapy has been applied with some success in phase I or 
phase II studies.24 26 In stage II and III disease a variety of systemic cytostatic regimens have 
been tested, demonstrating limited response rates.2627 Dose-escalated chemotherapeutic regi
mens may offer some advantage, whereas multidrug chemotherapy has not shown any bene
fit over single-agent therapy.26 2S 

During the last years, The Netherlands Cancer Institute has gained ample experience in both 
hyperthermic intraoperative intraperitoneal chemotherapy15 s and locoregional treatment of 
MPM with surgery and photodynamic therapy.2426 The latter multimodality treatment was 
abandoned because of the high morbidity rate observed (unpublished data). Against this 
background, the feasibility and toxicity of cytoreductive surgery and intra-operative hyper
thermic intrathoracic perfusion chemotherapy (HITHOC) was studied in patients with stage 
I MPM and pleural thymoma recurrence. 
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Materials and methods 

Patient selection 

General inclusion criteria for patients with MPM or pleural thymoma patients were as fol
lows: (1) adequate pulmonary function to allow thoracotomy and eventual pneumonectomy 
estimated by lung function measurement, spirometry and nuclear pulmonary ventilation and 
perfusion scan; (2) adequate cardiac function examined by nuclear ejection fraction meas
urement and cardiac ultrasonography; (3) performance status 0 or 1 (Eastern Cooperative 
Oncology Group/World Health Organization); (4) normal blood cell counts and biochemical 
renal and liver function test results; (5) age < 70 years; and (6) written informed consent. 
Patients with signs of distant metastases, mediastinal involvement, and infiltration of ver
tebra, mediastinal vascular structures, or trachea at preoperative evaluation were excluded. 
When tumor progression was observed during systemic chemotherapy (cisplatin and/or adri-
amycin), this patient was also considered not suitable for intrathoracic chemotherapy with the 
same agents. 

Disease-related inclusion criteria for thymoma were as follows: (1) primary tumor histologi
cally proven to be thymoma, (2) disease limited to one pleural cavity on CT or MRI of chest 
and upper abdomen, and (3) technically resectable pleural metastases. Patients with MPM 
were enrolled when (1) MPM was histologically proven and confirmed by the Dutch 
mesothelioma panel, (2) the disease was determined as stage I (TNM staging according to In
ternational Mesothelioma Interest Group) based on CT or MRI of chest and upper abdomen, 
(3) lymph node biopsy results at mediastinoscopy were negative, (4) respiratory movements 
were symmetrical, and (5) the lesions were deemed technically operable with potential 
preservation of the adjacent lung. 

Surgical aspects 

With the patient in a lateral position, under general and thoracic epidural anesthesia and with 
a double-lumen endotracheal tube, a posterolateral thoracotomy through the fifth intercostal 
space was performed. Extrapleural dissection, between chest wall, diaphragm and medi
astinum on one side and parietal pleura on the other side, was continued until the hilar struc
tures were free. Subsequently, the thickened pleural sheets were removed from underlying 
healthy tissue, either visceral pleura or pulmonary parenchyma. After this decortication, the 
viability of the remaining lung was assessed. When the damage to the lung was too extensive, 
a pneumonectomy was performed. Small tumor nodules on the diaphragm and pericardium 
were evaporated by coagulation, while larger or invasive deposits required partial resection of 
the diaphragm and pericardium. When the diaphragm was accidentally opened or after limit
ed diaphragmatic resection, the defect was left open to permit exposure of its margins and the 
subphrenic area to the chemotherapeutic agent. 
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Perfusion chemotherapy 

After completion of cytoreductive surgery the perfusion system was set up. One Tenckhoff 
inflow catheter (Curl Cath; Quinton; Bothell, WA) was placed centrally in the thoracic cavi
ty, and three silicone outflow catheters (Dura-Sil; Biometrix Ltd; Jerusalem, Israel) in the 
pleural cavity top, posterior diaphragm sinus, and anterior diaphragm sinus, respectively. 
Temperature sensors (Mon-a-therm; Mallinckrodt Medical; St.Louis, MO) were attached to 
the inflow and outflow catheters and to the pump system, immediate after the heat exchang
er. The core temperature was measured by a probe in the proximal esophagus. The outflow 
catheters were connected through connection tubes containing filters (blood transfusion fil
ters; Pall Corporation; East Hills, NY) to a reservoir with filter (Safe II Filtered Cardiotomy 
Reservoir; Polystran; Copenhagen, Denmark). The reservoir was connected to a roller pump 
(Polystan) and subsequently to a heat exchanger (Baxter; Uden, the Netherlands), from 
where the perfusate returned back to the patient trough the inflow catheter (Fig 1). After
wards, a watertight continuous locking suture leaving at the highest point a small opening for 
the introduction of the catheters closed the skin. 

Figure 1. Schematic overview of the intra-operative hyperthermic intrathoracic perfusion 
circuit. 
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The thoracic cavity was perfused at a speed of approximately 1 L/min with isotonic dialysis 
fluid (Dianeal PD1; Baxter). During perfusion, the contralateral lung was separately ventilat
ed. The ipsilateral lung, when left in situ, was inflated at a pressure of 15 cm H,0 with oxy
gen, keeping the lung semi-inflated. This allowed sufficient space between parietal and 
visceral pleura for adequate perfusion, but limited possible toxicity of cytostatic drugs to lung 
parenchyma. After stabilization of the system with homogenous intrathoracic temperature 
distribution of 40°C to 41 °C, adriamycin (15 to 25 mg/m:) and cisplatin (80 mg/m:; 50 mg/nr 
only in the first case) were added to the system. Perfusion was continued for 90 min. At the 
completion of perfusion the inflow and outflow catheters and temperature probes were re
moved. 

Postperfusion surgery 

Diaphragm defects were closed by sutures or a Marlex mesh graft (Bard Vascular Systems; 
Haverhill, MA), whereas large pericardium defects were closed by a Vicryl mesh graft 
(Ethicon Endo-Surgery, Inc; Sycamore, OH) . When the lung could be preserved, thoracic 
drains with mild suction drainage (15 cm H,0) were placed in the apex and dorsal sinus. After 
pneumonectomy one, closed thoracic drain was left behind. The thoracic wall was closed in 
the regular way. 

Morbidity 

Intra-operative and postoperative complications, mortality rates, and duration of the proce
dure and hospital stay were noted. Postoperative chemotherapy-related complications were 
recorded according to the World Health Organization toxicity scale. 

Adjuvant radiotherap 

Patients with MPM received external radiotherapy to the thoracotomy scar and the drainage 
tracts to reduce the risk on recurrence in thoracotomy wound and drainage tracts after post
operative recovery and complete wound healing. Starting 6 weeks, but not later than 3 
months, after the HITHOC procedure, 8 Gy was administered three times, with an interval 
between the fractions of 7 days. 

Follow-up 

Patients were routinely seen 6 weeks and 3 months after discharge and further on at 3-month 
intervals for 2 years and afterwards at 6-month intervals until 5 years. CT scans of the thorax 
and upper abdomen were made 3 months after discharge and later at 6-month intervals. When 
indicated, other diagnostic tests could be ordered. Time to recurrence, site of recurrence, and 
survival rate were noted. 
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Results 

Patient characteristics 

From June 1998 until August 2000, three patients with pleural thymoma metastases under
went cytoreductive surgery followed by HITHOC. One patient with a cortical thymoma and 
myasthenia gravis presented during follow-up examination contralateral pleural metastases 
and was treated with the same approach at the contralateral side. Histologic examination of 
the other two primary tumors revealed a well-differentiated thymus carcinoma and a cortical 
thymoma with a small focus of well-differentiated thymus carcinoma. Eight patients with 
MPM were included in the study from January 2000 until March 2001. All but one patient 
were occupationally exposed to asbestos. Eight patients had a diffuse malignant epithelial 
mesothelioma, whereas histology of three patients revealed a mixed type of diffuse malignant 
mesothelioma. The patient characteristics are summarized in Table 1. 

Previous treatment 

The patients with pleural thymoma metastases had undergone prior resection of their primary 
tumor. Patient 3 received adjuvant radiotherapy because of a histologically incomplete resec
tion. Pleural metastases occurred 1, 3, 4 and 5 years after this resection. 

Patient 1 demonstrated a partial response after systemic chemotherapy with ifosfamide, cis-
platin and etoposide, whereas patient 2 had relapsed after a complete response on systemic 
chemotherapy with adriamycin, cisplatin, vincristin and cyclophosphamide. None of the 
MPM patients were previously treated. 

Surgical procedures 

Although preoperative evaluation had suggested that the ipsilateral lung could be preserved, 
pneumonectomy was necessary in four patients with MPM, because of significant infiltration 
in the lung parenchyma (Table 1). In one patient with thymoma, preoperative evaluation had 
demonstrated that the ipsilateral lung contributed only 2 to 3% in lung ventilation and perfu
sion after resection of a large primary tumor and extensive vascular reconstructive surgery for 
involvement of the large upper-mediastinal vessels. Resection of this hardly functional lung 
was performed. The pericardium was opened or partially resected during the cytoreductive 
surgery in eight cases, five times in left-sided procedures and three times in right-sided pro
cedures. In 10 patients, the diaphragm was opened or partially resected because of infiltra
tion. In one case a Marlex mesh graft was used for diaphragm reconstruction. Estimated 
blood loss varied from 0.4 to 1.8 L (average 1.2 L) in thymoma patients and from 1.0 to 3.9 
L (average 2.0 L) in MPM patients. For the entire group of patients, the average amount was 
1.8 L. 
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Peroperative and postoperative staging 

Seven of the 11 MPM patients, who were all preoperatively determined as stage I, appeared 
to have actually stage II disease. They appeared to have confluent visceral pleural tumor 
involvement with or without extension into the underlying pulmonary parenchyma or the 
diaphragmatic muscle. Histological examination did not revealed lymph node metasta
ses. 

Table 1. Treatment of pleural thymoma metastases and MPM by cytoreductive surgery and intra-operative 
HITHOC* 

Cisplatin/ 
Sex/ Pericarcardi adriamycin Hos- Outcome 

Pt. Age. Pneumo- um dose, Compli- pital Recurrence Site/ Follow-up. 
No. yr Side nectmoy opened mg/m: cations Stay, d Interval/Therapy mo 

Pleural thymoma metastases 
] 

2 

3 

F/63 

F/32 

F/59 

MPM 
4 
5 
6 

7 

8 

9 
10 
I 1 

12 
13 

14 

M/59 
M/54 

M/38 

M/66 

M/66 

M/53 
M/45 
M/66 

M/61 
M/52 

M/57 

Right 

Right 

Left 
Right 

Right 
Right 
Left 

Left 

Right 

Left 
Right 
Left 

Right 
Left 

Left 

No 

No 

No 
Yes 

No 
No 
No 

No 

No 

Yes 
Yes 
Yes 

No 
No 

Yes 

No 

No 

Yes 
No 

No 
Yes 
Yes 

Yes 

No 

No 
Yes 
No 

Yes 
Yes 

Yes 

50/15 

80/20 

80/20 
80/25 

80/20 
80/25 
80/25 

80/25 

80/25 

80/25 
80/25 
80/25 

80/30 
80/30 

80/30 

Nephro-
toxicityf 

None 

None 
Wound 

dehiscence! 

None 
None§ 
Sinus 

tachycardiaf 

Atrial 
fibrillationt 

N. rec. paresis 
left || 
None 
None 

Diaphragm 
rupture % 

None 
Diaphragm 

rupture$ 
Chylous 
effusion! 

15 

11 

14 
17 

IS 

17 
16 

19 

15 

12 
16 
1 1 

15 
24 

35 

*M = male; F = female; n. rec. paresis = paresis of the recurrent laryngeal nerve after mediastinoscopy; RT 
-^»CR = radiotherapy (17x3Gy) for local recurrence with complete response; DOD = death of disease; 
AWD = alive with disease; NED = no evidence of disease; !Transient. grade 2; Reoperation necessary; 
§Operated on 4 month postoperatively for bronchocutaneous fistula with empyema; ||After mediastinoscopy 

Local/20 mo/RT -» 
CR 

Left pleural/13 
mo/HITHOC 

No 
No 

Left pleural/4 mo/no 
Peritoneal/6 mo/no 

Left hilus/7 mo/ 
Syst. chemotherapy. 
progressive disease 

No 

NED/31 

NED/18 
NED/5 

DOD/8 
DOD/7 

AWD/10 

NED/8 

No NED/6 

No 
No 
No 

No 
No 

NED/6 
NED/5 
NED/4 

NED/3 
NED/3 

No NED/2 
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Perfusion characteristics 

The volume needed to fill the perfusion circuit varied from 2 to 5 L, while the thoracic cavi
ty contained 1.1 to 4.5 L of this perfusate. The highest volumes had to be administered after 
pneumonectomy, although thoracic cavities with a partially collapsed lung harbored up to 3.6 
L of perfusate. After an average of 19 min (variation, 10 to 30 min) the perfusate was ade
quately warmed up (> 40°C) to administer the chemotherapeutic agents. This period tended 
to be shorter after pneumonectomy. During perfusion chemotherapy, the maximal tempera
tures of the perfusate immediate after passing the heat exchanger, at the inflow and at the out
flow catheters, were 41.0 to 42.6°C, 40.9 to 42.5°C and 40.6 to 41.8°C, respectively. The 
maximal core temperature varied between 38.0°C and 39.4°C. There did not seem to be a 
relation between the highest values and whether pneumonectomy was performed. 

Duration of the procedure 

The duration of the procedure, including the time needed to install the perfusion circuit and 
the perfusion time, varied from 4.25 h to 8.30 h (mean, 6.08 h). This procedure was shorter 
for pleural thymoma metastases than for MPM (mean, 4.10 h vs 6.31 h). 

Morbidity 

Complications are summarized in Table 1. After staging mediastinoscopy, permanent paresis 
of the left recurrent laryngeal nerve developed in one patient (Table 1). His voice improved 
significantly after speech therapy. No hematological toxicity was observed. The degree of 
postoperative nausea and vomiting was comparable to that observed after major thoracic sur
gery without synchronous chemotherapy. In conclusion, the 30-day post-HITHOC complica
tion rate was 47%. There was no treatment-related mortality. 

Duration of hospital stay 

Postoperatively, patients remained for an average period of 3 days in the ICU. The mean and 
median hospital stays were 17 days and 16 days, respectively. The mean period was longer 
for MPM patients than for thymoma patients (18 days vs 14 days). 

Follow-up 

The follow-up period varied from 2 to 31 months, with a mean and median periods of 9.6 
months and 6 months, respectively (Table 1). The mean follow-up period for thymoma 
patients was 18 months, whereas this period averaged 7.5 months for MPM patients. The 
patient who underwent twice a HITHOC procedure for bilateral pleural thymoma metastases 
was unavailable for follow-up after movement from the Netherlands, 18 months after her first 
HITHOC. Outcome is summarized in Table 1. In conclusion, locoregional, contralateral pleu-
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ral, and overall recurrence rates were 13%, 13% and 33%, respectively, whereas the overall 
and disease-free survival rate were 85% and 78%, respectively. 

Discussion 

Simple instillation of chemotherapeutic agents in the pleural cavity has been implemented in 
the treatment of primary and secondary pleural malignancy. Some studies28,29 investigated the 
feasibility and efficacy of cisplatin-based intrapleural chemotherapy as primary treatment for 
malignant pleural effusion. Although feasible and pharmacokinetically favorable, this ap
proach appeared to be inferior to administration of existing sclerosing agents in control of 
pleural effusion. To our knowledge, no experience in instillation intrapleural chemotherapy 
for pleural thymoma metastases has been reported. In a single-center study, primary treat
ment of MPM by intrapleural administration of adriamycin was associated with an average 
survival of 25 months.3" In inoperable MPM, intrapleural administration of cisplatin has been 
successfully used as a palliative treatment.31 Limited surgery with postoperative intrapleural 
instillation of chemotherapeutic agents, with or without other adjuvant therapy, was studied 
in MPM patients by the American Lung Cancer Study Group and others.32"' The results were 
not as promising as expected. The median survival rates after this multimodality treatment 
varied from 11.5 to 17 months. 
The penetration depth of intracavitary chemotherapy into the tumor is limited to a few mil
limeters.2 ••' Therefore, surgical tumor removal, leaving only microscopic or very small tumor 
deposits behind, has to precede this chemotherapy. Similar to the peritoneal cavity, intra
operative intrathoracic perfusion chemotherapy provides probably more optimal, homoge
neous exposure of the chemotherapeutic agents to the entire involved surface, compared to 
the simple installation chemotherapy.3738 For the above reasons, better results are expected 
from application of intrathoracic chemotherapy intraoperatively. 
An important aspect of intra-operative intracavitary chemotherapy is the limited duration of 
treatment. This means that only drugs with direct cytotoxic activity can be used, such as 
mitomycin-C (MMC), cisplatin, and adriamycin. To improve the efficacy of chemotherapy, it 
can be combined with intracavitary hyperthermia, which has the advantage of selectivity, as 
the penetration of heat is limited to a few millimeters below the cavitary surface, avoiding in
creased systemic toxicity.4 Hyperthermia is cytotoxic and has a synergistic cytotoxic effect 
and enhances drug uptake in local tissue for several drugs, including MMC, adriamycin and 
cisplatin, both in experimental and in clinical settings.4•m9M Cisplatin and adriamycin appear 
to be the most effective drugs in systemic chemotherapy for thymoma. Responses are ob
served in 50 to 90% of cases, with complete responses in up to 30% of cases. The median 
duration of response is approximately 1 year only. Median survival of thymoma patients with 
pleural metastases is reported between 17 months and 67 months after systemic chemo
therapy."2"41 In stage II and III MPM, cisplatin, adriamycin, MMC, gemcitabine, and 
antimetabolites appear to be the most active drugs. The latter are the most effective, but these 
agents are not suitable for our intrapleural application due to the limited time of exposure.2627 
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In two of the three patients with thymoma metastases, a response on systemic multidrug 
chemotherapy including cisplatin with or without adriamycin was observed before inclusion 
in this trial. Since both MPM and thymoma are relatively sensitive to adriamycin and cis
platin, it was chosen to use these agents in this treatment approach. 
In studies on intra-operative intrathoracic perfusion chemotherapy with cisplatin, the ratios of 
the maximal concentration in perfusate to that in plasma were reported up to 100 for total cis
platin and up to 555 for free cisplatin, whereas of the ratio of regional to systemic platinum 
exposure varied from 32 to 88, depending on the extent of the operation performed.12 '4 In an
other study," a higher regional to systemic cisplatin exposure ratio was seen after pleurop-
neumectomy than after pleurectomy and decortication of the lung, supporting the hypothesis 
that the lung plays an important role in cisplatin absorption. The ratio of local tissue to per
fusate platinum concentrations tended to be higher after hyperthermic rather than normother-
mic perfusion chemotherapy." In reported HITHOC studies and studies on intrapleural 
instillation chemotherapy, a dose of 90 to 200 mg/nr cisplatin has been used.'2"14-29-31-33"35 Be
cause of the combination with adriamycin, we used a dose reduction to 50 mg/nr cisplatin in 
the first case. Although a transient mild nephrotoxicity occurred, we considered a dose of 80 
mg/nr of cisplatin as safe when peroperative hydration should be improved in the following 
patients. With this higher, dose cisplatin-related complications were not observed. 
In an experimental model, congestive heart failure, fibrous adhesions and tissue necrosis en
gaging the pleura, diaphragm, and lung were observed after a single intrapleural administra
tion of adriamycin, especially using higher doses.4; The recommended total dose for 
intrapleural administration of adriamycin and its analoges for treatment of malignant pleural 
effusion is 40 to 60 mg."' In hyperthermic intraperitoneal chemotherapy for peritoneal 
mesothelioma 15 mg/nr of adriamycin in combination with 50 mg/m-' of cisplatin was ad
ministered in a series of 33 patients without toxicity necessitating dose reduction." Since 
there is no experience in hyperthermic pleural perfusion chemotherapy with adriamycin, its 
known direct toxic effect to the heart, laying adjacent to or even in the perfused space, when 
the pericardium is opened, and the combination with cisplatin, we started our study with a 
dose of 15 mg/nr. In the absence of severe cardiotoxicity we increased our dose gradually to 
30 mg/nr. 
A multivariate analysis43 of a large series of patients demonstrated that survival after ex
trapleural pneumonectomy was equal to that after pleurectomy and decortication of the lung 
in mesothelioma patients. Since pleuropneumonectomy is traditionally associated with sig
nificant morbidity and pleurectomy with decortication of the lung followed by intrathoracic 
chemotherapy has been demonstrated to be feasible,-1214 the study was designed to preserve 
the lung. Although preoperative evaluation revealed stage I disease in MPM patients, 7 of the 
11 patients peroperatively were actually found to have stage II disease, emphasizing the dif
ficulty in adequate non-operative staging of this disease.44 In one case of MPM, decortication 
of the lung led to prolonged air leakage to the thoracic drains and delayed air fistula to the 
thoracic cavity and skin with empyema. In the following cases with significant diffuse in
volvement of the visceral pleura and/or infiltration of the lung parenchyma, we were more in
clined to abandon the attempt to preserve the lung in favor of pneumonectomy. Decrease in 
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operative mortality after pleuropneumonectomy in a large series,45 mainly due to improve
ment of surgical technique and perioperative management, and the above-mentioned phar
macokinetic advantages of this procedure1" justify our diminished intention to treat patients 
with extensive pleural disease by lung-preserving surgery. In this series, resection of the in
volved lung had to be performed in four patients. The higher blood loss and the longer oper
ative duration reflect the more extensive procedures in MPM patients compared to surgery 
performed for pleural thymoma metastases. 
Postoperatively, radiotherapy was applied to the thoracotomy wound and drainage tracts in 
MPM patients, because it has been demonstrated that it reduces the chance on development 
of implantation metastases.46 No such recurrences have been observed in our series, whereas 
no radiotherapy-related complications occurred. 
Whereas now ample experience exists in combining hyperthermia and intracavitary 
chemotherapy in the abdomen,5" there is hardly any experience in the chest.1214 In two 
reported series, intrapleural perfusion hyperthermochemotherapy was performed without 
resection of the pleural lesions, l2J4 whereas in other studies this treatment modality was used 
as an adjuvant treatment after resection of the macroscopic lesions.""16 Malignancies man
aged by this approach included MPM (13 patients),1"5 pleural disseminated lung (17 pa
tients),12 gastric (2 patients),14 breast (1 patient)12, and thymic carcinoma (1 patient),16 and 
osteosarcoma (1 patient),12 whereas in 2 patients pleural metastases of undefined adenocarci
noma were treated.15 In most patients, only cisplatin was used,12131516 where other drugs 
administered intrapleurally included mitomycin (4 patients),15 mitomycin, and etoposide in 
combination with cisplatin (2 patients).14 

Morbidity rate in the reported small series varied from 0 to 60%.'2I5 Complications reported 
in the 35 cases reported included transient, mild, probably cisplatin-related nephrotoxicity (3 
patients),"16 transient pulmonary infiltrates (2 patients),12 wound infection (1 patient)," 
diaphragmatic prosthesis displacement (1 patient)," prolonged air leakage (1 patient),15 and 
pleural clotting (1 patient).15 None of the patients died because of a treatment-related cause. 
Postoperative complications occurred in 47% of our patients and are summarized in Table 1. 
No severe cardiotoxicity was seen in the postoperative period; grade 2 cardiac complications 
were observed in patients who had pericardium partially resected, allowing direct contact of 
adriamycin to the heart muscle. In six other patients in whom the pericardium was opened 
during surgery, no cardiotoxicity was observed. Hematologic toxicity and other chemothera
py-related morbidity were not noted. 
In a series of 19 mainly lung cancer patients with pleural dissemination and/or effusion who 
underwent HITHOC without resection of pleural disease, results suggested improvement of 
survival by this approach compared to a nonrandomized control group who did not receive 
this regional chemotherapy perfusion.12 The single reported patient who underwent surgery 
and HITHOC for pleural thymoma dissemination was alive 16 months after treatment with
out evidence of recurrence.16 Another study15 reported pleural recurrence in two of the three 
MPM patients treated by this approach, while one of these patients and the third patient had 
developed systemic metastases. Also, in the patients with pleural adenocarcinoma metas
tases, pleural recurrence occurred. In our series with a limited follow-up period, locoregion-
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al disease control was obtained by this multimodality treatment in 87% of cases. One MPM 

patient died of peritoneal recurrence. Partial diaphragmatic resection with subsequent spread 

of malignant cells to the peritoneal cavity is the assumed cause of this event, despite the fact 

that closure of the defect was postponed until after perfusion chemotherapy. In nine other 

patients in whom the diaphragm was opened, no evidence of peritoneal recurrence was noted 

until the time of this analysis. Analogous to pseudomyxoma peritonei, where it is the most 

important risk factor for pleural recurrence," opening the diaphragm is probably a significant 

risk factor for postoperative peritoneal recurrence in patients with MPM. 

Conclusions 

Surgical cytoreduction and HITHOC seems to be an attractive approach to primary and 

secondary pleural neoplasms. This regional treatment using cisplatin and adriamycin is fea

sible in patients with pleural metastases of thymoma and early-stage MPM and is associated 

with an acceptable morbidity. This therapeutic approach might provide an improved locore-

gional disease control. The promising results of this feasibility study have prompted us to ex

tend the inclusion of patients to a proper phase II study in The Netherlands Cancer Institute. 
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Intrathoracic chemotherapy for stage I malignant pleural mesothelioma 

Introduction 

Malignant pleural mesothelioma (MPM) has a poor prognosis with a median survival of less 
than one year.' It is a disease usually confined to the thoracic cavity for a long time before 
metastasizing.2 Surgical resection has been considered to play an important role in the treat
ment of MPM. However, it is almost impossible to achieve a microscopically complete 
resection with surgery alone because the property of MPM to infiltrate the adjacent struc
tures/ Surgical resection alone is associated with a high recurrence rate and therefore cytore-
ductive surgery combined with adjuvant therapies have gained more attention in recent 
years.45 One of these therapies is intracavitary chemotherapy. It has the advantage of a high 
local dose with limited systemic toxicity.1'7 Hyperthermia improves the efficacy and penetra
tion depth of chemotherapy.8 Recently we reported the feasibility and toxicity of cytoreduc-
tive surgery combined with Hyperthermic IntraTHOracic Chemotherapy (HITHOC)." In this 
present study we report 20 procedures with this multimodality treatment performed in 
patients with limited malignant pleural mesothelioma, with a median follow-up of 14 
months. 

Patient and methods 

Preoperative inclusion criteria 

Patients with a good general condition (WHO 0-1 Performance Status) were asked to partici
pate in this phase I/II study. A pulmonary function, measured by spirometry and a nuclear ven-
tilation-perfusion scan, should allow for a thoracotomy and a pneumonectomy. An adequate 
cardiac function was necessary, defined by normal cardiac ultrasonography and a normal 
nuclear ejection fraction. Normal renal and liver functions were mandatory. The maximum age 
for inclusion was 70 years. Each patient signed a written informed consent. Disease related 
inclusion criteria were as follows. Proven histology of malignant pleural mesothelioma and 
confirmation by the Dutch Mesothelioma Panel was needed. Only stage I (TNM of IM1G clas
sification) patients were included.1" CT scan of the thorax measured the volume of solid tumor 
(T status). All patients had a negative mediastinoscopy. CT of the thorax and upper abdomen 
was performed to exclude metastases and to visualize the entire diaphragm. 

Surgical cytoreduction 

A double lumen endotracheal tube was used. A posterolateral thoracotomy through the sixth 
intercostal space was performed. An extrapleural dissection between the chest wall, dia
phragm and mediastinum on one side and the parietal pleura on the other side was continued 
until the hilar structures were free. The thickened pleural sheets were removed from the 
underlying healthy tissue, either visceral pleura or pulmonary parenchyma. After this decor
tication the viability of the lung was assessed. A pneumonectomy was performed when there 
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was no sufficient viability of the lung after decortication or when the lung was too much in
volved with tumor (decortication not possible). Extensive surgical cytoreduction was carried 
out with the aim to reduce residual tumor to below 2.5 mm, the thought maximum penetra
tion depth of the used cytostatic drugs. The debulking was considered incomplete when >2.5 
mm residual tumor was left behind. 

Score of tumor extent 

Before cytoreduction the tumor extent was scored by assessing the presence of tumor in 
upper visceral pleura, lower visceral pleura, upper parietal pleura, sinus/diaphragm, 
pericardium/mediastinum and pleural fluid. The tumor extent was again scored after the 
cytoreduction. We recorded opening of the pericardium and/or diaphragm and when a pneu
monectomy was performed. 

Intra-operative hyperthermic intrathoracic chemotherapy 

After complete cytoreduction the perfusion system was set up (see Figure page 37). A Tenck-
off inflow catheter and 3 silicone outflow catheters were placed in the thoracic cavity, usually 
one in the pleural cavity top, one in the posterior diaphragm sinus and one in the anterior dia
phragm sinus. A temperature sensor was attached to each catheter. The thoracotomy wound 
was watertight closed with sutures for the period of perfusion. The catheters were connected 
with a fluid filter, roller pump and heat exchanger. Thereafter the closed system was filled with 
an isotonic dialysis fluid (Dianeaf PD1. Baxter, Uden, The Netherlands). When the tempera
ture of 40-41 °C was reached in all regions, cisplatin and doxorubicin were added to the perfu
sion fluid. A fixed dose cisplatin of 80mg/m: and doxorubicin starting at 20mg/m2 with 
increments of 5mg/nv per dose step were used. A different dose method was applied for the 
last six patients. Cisplatin was given with a fixed dose of 40mg per liter perfusion liquid. Dox
orubicin was given in three patients with a dose of 18mg per liter perfusion liquid; three other 
patients were given 21mg doxorubicin per liter perfusion liquid. The core temperature, meas
ured in the pharynx was registered. If the core temperature exceeded 39°C, the temperature of 
the perfusion fluid was lowered to 40°C in order to maintain core temperature below 39.5°C. 
The duration of perfusion was 90 minutes with a flow of 1 1/min. During the perfusion the con
tralateral lung was ventilated separately. The ipsilateral lung was inflated at a pressure of 15 
cm water with oxygen, keeping the lung semi-inflated, allowing sufficient space between pari
etal and visceral pleura for adequate perfusion, but limiting the possible toxicity of cytostatic 
drugs to the lung parenchyma. At the completion the perfusion fluid was removed, leaving 
drains in the pleural top and sinus. Thereafter the chest wall was closed in the regular way. 

Adjuvant radiotherapy 

Patients received external radiotherapy to the thoracotomy scar and the drainage tracts to 
reduce the risk on recurrence in thoracotomy wound and drainage tracts after postoperative 
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recovery and complete wound healing." Starting 6 weeks, but not later than 3 months, after 
the HITHOC-procedure, three times 8 Gy was administered with an interval between the 
fractions of 7 days. 

Follow-up and recurrences 

Peri-operative mortality was defined as death within 30 days after operation. Morbidity con
sisted of in-hospital and out-hospital complications. Chest computed tomograms were per
formed every three months after operation for two years and every six months thereafter. 
Recurrence of disease was documented by Fine Needle Aspiration or histological biopsy if 
possible. 

Statistical analysis 

Survival was determined from date of operation to date of death or date of last follow-up. 
Overall survival was calculated according to the Kaplan-Meier method. Statistical analysis 
was performed with Statistical Package for the Social Sciences software (SPSS, Chicago, 
Illinois, USA). Difference in survival between the pleurectomy/decortication group and the 
pleuropneumonectomy group was tested using the log-rank test. A p-value less than 0.05 was 
considered significant. The area under the curve (AUC) was calculated using the linear trape
zoid rule without extrapolation to infinity (AUC(|90); both samples from perfusate and blood 
were taken for measurements (perfusate 1-30-90 min,; blood 1-10-15-45-60-75-90 min.). 

Results 

Twenty procedures were performed. There were 19 males and 1 female. The median age was 
57 years (range 38-67). The side of localization was ten times right en ten times left. The 
pathology was epithelial type (n=16) and mixed (epithelial and mesenchymal) type (n=4). 
Asbestos exposure was reported in 18 patients (90%). Dyspnoea and pleural fluid were pres
ent in 10 patients (50%). Cough was the first symptom in five patients. Other presenting 
symptoms were thoracic pain (n=4) and wheezing respiration (n=l). 

Surgical procedure and intra-operative hyperthermic intrathoracic chemotherapy 

Before cytoreduction, tumor presence was scored; upper visceral pleura: 17 patients (85%), 
lower visceral pleura: 17 patients (85%), upper parietal pleura: 18 patients (90%), sinus/ 
diaphragm: 20 patients (100%) and pericardium/mediastinum: 19 patients (95%). Pleural 
fluid was found in 16 patients (80%). After cytoreduction, tumor presence was again scored: 
upper visceral pleura: 5 patients (25%), lower visceral pleura: 5 patients (25%), upper pari
etal pleura: 1 patient (5%), sinus/diaphragm: 2 patients (10%) and pericardium/mediastinum: 
2 patients (10%). Fifteen patients (75%) were optimally debulked (estimated residual tumor 
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<2.5 mm). An example of optimal debulking is shown in Figure 1. In five patients resection 
was incomplete; residual tumor was mostly confined to the visceral pleura and the sinus/ 
diaphragm. 
The median duration of the operation was seven hours (range 5-8.5). A pneumonectomy was 
necessary in eight patients (40%). The diaphragm was opened in 13 patients (65%). The peri
cardium was opened in 15 patients (75%). 
The median amount of perfusion liquid was 4.8 liter (range 3-7). One perfusion was aborted 
after 80 minutes because of hemodynamic instability. The highest core temperature before 
perfusion varied between 35.3 and 38.9°C. During perfusion the highest core temperature 
varied between 36.8 and 39.4°C, a mean rise of 0.9°C. In three procedures the temperature of 
the perfusion fluid had to be lowered to 40°C. 

The median blood loss was 1758 ml (range 400-4615). The median number of given packed 
cells was 2 units (range 0-4). 
The median hospital stay was 17 days (range 11-77). The median intensive care unit stay was 
4 days (range 1-7). There was no mortality. Significant morbidity was noticed in 13 patients 
(65%). Complications are listed in Table 1. The number of complications in the pleurecto-
my/decortication group was comparable to the number of complications in the pleuropneu-
monectomy group. Complications in the pleuropneumonectomy group included pulmonary 
emboli (n=2) and bronchopleural fistula (n=3), indicating that the impact of a complication 
in the pleuropneumonectomy group seems larger than in the pleurectomy/decortication 
group. Well-known chemotherapy related complications as leucopenia or hair loss were not 
observed. A transient elevation of serum creatinine was noticed in one patient. The maximum 

Figure 1. An example of optimal cytoreduction. Left upper: before cytoreduction. Left 
bottom: tumor particles on the pleura. Right: after cytoreduction with visible diaphragm, 
heart and lung. 
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Table 1. Complications. 

Complication type No. of pat. Treatment 

Wound dehiscence 
Persistent parenchymal air 
leakage 
Cellulitis wound 
Pulmonary emboli 
Cardiac tamponade 
Persistent pneumothorax 
Late hemorrhage 

1 
2 

1 
2 
1 
2 
1 

Diaphragm rupture 2 Reconstruction of the diaphragm with mesh 
Chylous effusion 1 Twice re-operation, median chain 

triglycerides diet, prolonged hospital stay (77 days) 
Bronchopleural fistula 4 - One re-operation with pectoral muscle flap 

- Twice Clagett procedure 
- Palliation 
Re-operation 
Secondary pneumonectomy 

Antibiotics and hospital admission 
Anti coagulation treatment 
Ultrasound-guided drainage 
Prolonged thoracic tube drainage 
Blood transfusion (4 units packed cells) 

dose of doxorubicin reached was 35mg/m:. After that, the dosage method was changed to a 
dose method based on amount of liter perfusion liquid, as reported in the methods. The mean 
AUC perfusate/plasma ratios for cisplatin and doxorubicin were respectively 59 and 181, 
however these ratios may represent overestimates because no extrapolation to infinity was 
applied. 

Adjuvant radiotherapy 

Radiotherapy (3x8Gy) was given to 19 patients (95%). Radiotherapy has been delayed in one 
patient, due to impaired wound healing (Clagett procedure). In general the radiotherapy was 
well tolerated. A slight redness of the skin was usually seen in the radiation field. 

Survival and recurrences 

The median follow up was 14 months (range 5-29) months with a median survival of 11 
months (range 3-19). The 1-year overall survival was 42% (Figure 2). The disease state at last 
follow-up is listed in Table 2. Fourteen patients developed recurrent disease after a median 
period of 8 months (range 2-14). Abdominal recurrences were found in four patients. In three 
of these patients the diaphragm was opened during surgery (75%). 

In 10 out of 16 patients without abdominal recurrence, the diaphragm was also opened. 
Opening of the pericardium did not influence the localization of the recurrence. 

The calculated median time to progression (mTTP) was 8 months (range 2-14). Eleven pa
tients died of disease after a median period of 9 months (range 3-16). Three patients are alive 
with signs of disease after respectively 10, 18 and 19 months. One patient died without evi-
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Figure 2. Kaplan-Meier 
overall survival curve of 
20 treated patients treated 
with cytoreductive 
surgery combined with 
HITHOC procedure. The 
numbers below in the 
figure are patients at risk. 

10 12 14 16 18 20 

Survival (months) 

dence of disease four months after HITHOC procedure. This patient had a fatal hemorrhage 
at home, probably due to an acute bleeding from the pulmonary vessels, one month after a 
Clagett procedure for empyema. Five patients are alive without signs of recurrent disease 
after a median of 7 months (range 4-8). No difference in survival was observed between the 
pleurectomy/decortication group and the pleuropneumonectomy group (log-rank test; 
p=0.67). 

Discussion 

The technique of cytoreductive surgery combined with hyperthermic intra-thoracic 
chemotherapy for malignant pleural mesothelioma was described earlier by Ratto et al12, 
Yellin et al" and Carry et al14. Only direct cytotoxic agents appear rational. 
Ratto et al12 demonstrated that hyperthermic intrathoracic perfusion with cisplatin had phar
macokinetic advantages with limited systemic toxicity. They reported on ten patients with 
malignant pleural mesothelioma. A pleurectomy/decortication was performed in three 
patients followed by normothermic perfusion. Three other patients had a pleurectomy/decor
tication with hyperthermic perfusion and four a pleuropneumonectomy with hyperthermic 
perfusion. All perfusions were performed with cisplatin alone. Systemic drug concentrations 
were higher after pleurectomy/decortication than after pleuropneumonectomy. The local 
tissue/perfusate ratio of platinum concentrations tended to be higher after hyperthermic per
fusion rather than with normothermic perfusion. Major postoperative complications included 
one wound infection, one diaphragmatic prosthesis displacement (needing a re-operation) 
and 4 patients developed a transient postoperative elevation of serum creatinine. No survival 
data were describedi:. Yellin et al" treated 7 patients with MPM. A combination of surgery 
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Table 2. Disease state at last follow-up of 20 patients undergoing cytoreductive surgery and HITHOC. 

Patient 

1 

2 

3 
4 

5 

6 

7 

8 

9 
10 

U 
12 

13 
14 

15 
16 
17 
18 

19 

20 

Recurrence site 

Local + distant 

Local + distant 
Local + distant 

Local 
Local + distant 

Distant 

Local 

Local 
Distant 

Local + distant 
Distant 

Local 
Local 
Local 

-
-
-
-
-
-

Interval 

12 months 

10 months 
8 months 
7 months 

5 months 

6 months 

8 months 

4 months 
5 months 
4 months 

2 months 
14 months 

12 months 
8 months 

-
-
— 
-
-
-

Therapy 

Radiotherapy mediastinum and 
buttock 

Oxygen at home and steroids 
Thalidomide 

Chemotherapy 

Thalidomide, chemotherapy, 
radiotherapy upper arm 

Thalidomide 
Spinal catheter 

Oxygen at home 

None 
Steroids 

Oxygen at home 

Thalidomide 

None 
Radiotherapy 

-
-
-
-
-
-

Follow-up 

16 months DED 

14 months DED 

13 months DED 
11 months DED 
11 months DED 

9 months DED 
8 months DED 

8 months DED 
7 months DED 

5 months DED 
3 months DED 

19 months AWD 
18 months AWD 

10 months AWD 
4 months UNR 

8 months NED 
7 months NED 

7 months NED 
6 months NED 
5 months NED 

DED: death with evidence of disease, AWD: alive with disease, UNR: unrelated death, 
NED: alive with no evidence of disease. 

and intra-operative hyperthermic pleural perfusion with cisplatin during 60 minutes was 
used. The technique was feasible, easy to perform and relatively safe. Three patients had a 
complication; one late empyema, one gastric herniation and one late empyema with bron
chopleural fistula. A median survival of 15 months was reported. Two patients survived more 
than 30 months13. Carry et al14 treated three patients with stage I MPM with pleurectomy fol
lowed by hyperthermic intrathoracic perfusion with mitomycin C. The only reported compli
cation was pleural clotting necessitating surgery. One patient died of hepatic metastasis, four 
months after therapy. Another patient died after eleven months because of pleural and sys
temic recurrent disease. One patient is alive with disease after 22 month.14 

In our present study we report the results of 20 patients with stage I MPM undergoing surgery 
combined with intra-operative hyperthermic intrathoracic chemotherapy. Cisplatin and dox
orubicin, both direct cytotoxic agents, were applied because malignant pleural mesothelioma 
is relatively sensitive to these agents.15 A favorable pharmacokinetic ratio was found for both 
cisplatin and doxorubicin. A pneumonectomy was only performed when the lung was too 
much involved or damaged, since survival after pleurectomy seems equal to survival after 
pleuropneumonectomy, however performing a pneumonectomy includes a higher morbidity 
and mortality.16 A pneumonectomy was deemed necessary in 40%, indicating the difficulty to 

57 



Chapter 4 

stage correctly pre-operatively.17 In comparison of the three above-mentioned studies we find 
a high complication rate of 65%. However, other large studies with multimodality treatment 
for malignant pleural mesothelioma also report high complication rates of around 50%.1819 

All complications in our study, except one bronchopleural fistula, could be managed with 
success. No chemotherapy related complications were observed. A transient slight elevation 
of serum creatinine was noticed only in one patient. Unfortunately, the survival figures are 
disappointing. So far we find a median survival of 11 months, indicating the failure of this 
treatment modality to significantly improve survival over the natural course of MPM. Most 
recurrences were in the same hemithorax despite extensive local treatment. Opening the 
diaphragm did not seem to influence the development of abdominal recurrence in our study. 
When we compare our results with the multimodality treatment of Sugarbaker et al18 we show 
worse survival. Sugarbaker et alls reported a median survival of 21 months and a 2-year sur
vival of 42% in 136 lymph node negative patients. In that study the treatment consisted of 
extrapleural pneumonectomy, followed by postoperative systemic chemotherapy and 
hemithorax radiation therapy. A study of Rusch et a P with a median survival of 17 months 
also included hemithorax radiation.20 As to the reasons of failure two explanations are possi
ble. Either mesothelioma cells are truly insensitive to doxorubicin and cisplatin, or our way 
of application fails to reach all tumor cells or both. A preliminary study in our center indicates 
a penetration depth of doxorubicin of only a few cell layers [unpublished data]. The penetra
tion depth of cisplatin is only a few millimeters.2 It seems therefore likely that we just did not 
reach all tumor residue. Possibly further dose increases could improve results. The addition 
of systemic chemotherapy or hemithorax radiation can also be considered. Based on our dis
appointing results we conclude that even with extensive surgery, better cytotoxic agents are 
required to achieve long-term survival. Due to the high morbidity rate, HITHOC cannot be 
recommended as palliation in MPM. 
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Pharmacokinetics of doxorubicin and cisplatin 

Introduction 

Malignant pleural mesothelioma (MPM) and pleural thymoma are diseases mostly confi
ned to the thoracic cavity.1 When untreated, the prognosis of MPM is poor with a median 
survival of less than 1 year.2 Surgery alone is associated with a high recurrence rate and 
therefore surgery combined with adjuvant therapies has gained popularity in recent years.'4 

For pleural thymoma no curative therapy is known.5 Systemic chemotherapy has been 
reported to be of limited value. Multimodality treatment seems to result in a better out
come.6'7 

One of these experimental multimodality treatments is the combination of cytoreductive 
surgery with intra-operative hyperthermic intrathoracic chemotherapy (HITHOC). Intra
cavitary chemotherapy has the advantage of a high local concentration of the cytostatic drug 
with limited systemic side effects/ Hyperthermia is known to enhance the cytotoxicity of 
some chemotherapeutics and to increase the penetration depth, and is, therefore, considered 
to be a useful addition.9-10 As the penetration depth of intracavitary chemotherapy is limited 
to a few millimeters at most, cytoreductive surgery aimed to remove all macroscopically 
visible lesions is mandatory." u In the abdomen there is now ample experience with this mul
timodality treatment.15"' In theory, the same principles should also apply to the thoracic cav
ity. 
Patients with limited MPM or pleural thymoma are treated in our hospital in a phase I study 
with the combination of cytoreductive surgery and subsequent HITHOC.'7 We used doxoru
bicin and cisplatin because of the reported sensitivity of MPM and pleural thymoma for these 
cytostatic drugs.671819 In this paper we present the pharmacokinetics of doxorubicin and cis
platin used as cytostatic drugs during the HITHOC procedure. Furthermore, we studied the 
penetration characteristics of doxorubicin. 

Patients and methods 

Patients 

A total of 23 patients were treated in our institute in the period from 1998 and 2001. One pa
tient underwent a second HITHOC procedure because of contralateral recurrence. Patients 
with a good general condition (WHO 0-1 performance status) were asked to participate in 
this study. Inclusion criteria included normal cardiac, renal and liver functions. A sufficient 
pulmonary function for thoracotomy and, if needed, pneumonectomy was mandatory. The 
maximum age for inclusion was 70 years. Both patients with stage I malignant pleural 
mesothelioma (TNM of IMIG classification2") on pre-operative staging or patients with iso
lated unilateral pleural metastases of thymoma were included. The ethics committee of the 
Institute approved the study protocol. 
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Surgery 

After thoracotomy an extrapleural dissection was performed between the parietal pleura and 
the chest wall, diaphragm and mediastinum. When the dissection reached the hilar structures, 
the decision was made whether to perform a pneumonectomy when the lung was too much 
involved or damaged, or to limit resection to a decortication of involved pleura. Aggressive 
surgical cytoreduction was carried out with the aim to reach complete resection or, if not pos
sible, to leave only visible tumor residue smaller than 2.5 mm. 

HITHOC 

After completion of cytoreductive surgery the perfusion system was set up.17 A Tenckhoff 
inflow catheter and three silicone outflow catheters were placed in the thoracic cavity. A 
temperature sensor was attached to each catheter. The skin wound was firmly closed with 
sutures. The catheters were connected with a fluid filter, roller pump and heat exchanger. 
Thereafter the closed system was filled with an isotonic dialysis fluid (Dianeal PD1; Baxter, 
Uden, the Netherlands). When the temperature of 40-41°C was reached in all regions, the 
cytostatic agents were added as bolus to the perfusion system. The first 18 procedures 
were performed using a fixed dose of cisplatin (80 mg/m2) and doxorubicin starting at 
15 mg/m2 with increments of 5 mg/m2 per dose step. A different dose method was applied 
for the last six patients. Doxorubicin was given in three patients at a dose of 18 mg/1; three 
other patients were given 21 mg/1. Cisplatin was given at a fixed dose of 40 mg/1 perfusion 
liquid. 
The body temperature, measured in the pharynx, was maintained below 39.5°C. If the body 
temperature exceeded 39°C. the temperature of the perfusion fluid was reduced to 40°C. The 
duration of perfusion was 90 min at a flow rate of 1 1/min. During the perfusion the con
tralateral lung was ventilated separately. The ipsilateral lung, if reserved, was inflated at a 
pressure of 15 cm water using oxygen, keeping the lung semi-inflated, thus allowing suffi
cient space between lung parenchyma and the chest wall for adequate perfusion, but limiting 
the possible toxicity of cytostatic drugs to collapsed lung parenchyma. At the completion of 
the procedure, the perfusion Huid was removed, leaving drains in the pleural top and sinus. 
Thereafter the chest was closed using standard procedures. 

Pharmacokin etics 

Blood and perfusate samples were collected for doxorubicin measurements at several time 
points during and after completion of the perfusion (perfusate 1-30-90 min; blood 1-10-15-
30-45-60-75-90-120-180-240 min and 18 h). After centrifugation for 10 min at 1000 g, the 
supernatant perfusate and plasma samples were separated and stored at -20°C until analysis. 
Cisplatin was determined in plasma ultrafiltrate prepared only from samples taken during the 
perfusion. Samples of 24-h urine were collected from two patients for cisplatin measure
ments. Doxorubicin levels were determined by high-performance liquid chromatography.21-22 
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Cisplatin levels were determined by flameless atomic absorption spectrometry.2' The area 
under the curve during the 90 min perfusion fluid (AUC1)W) of doxorubicin and cisplatin in 
perfusate and cisplatin in plasma ultrafiltrate were calculated using the linear trapezoidal rule 
without extrapolation to infinity. The distribution and elimination half-lives of doxorubicin 
after cessation of the perfusion were calculated using the software program Mediware.24 The 
total AUC0, of doxorubicin in plasma was calculated by summation of the AUC0 w plus the 
AUC of doxorubicin calculated from the exponential analysis in Mediware. The results of 
the first four procedures were excluded from further analysis because of technical problems 
in sample collection. 

Doxorubicin absorption test 

To exclude the possibility that doxorubicin would disappear due to adsorption to any compo
nent of the perfusion equipment, we performed a perfusion experiment using the same sys
tem and conditions, except that a glass box replaced the patient. Either polypropylene or 
polystyrene tubes, used for sample collection, were tested. 

Statistics 

Statistical analysis was performed with Statistical Package for the Social Sciences soft
ware (SPSS 10.0; Chicago, IL). Linear regression was applied by univariate analysis with 
covariates (ANCOVA) to test relationships between the variables AUC^sale, AUCpIa5ma, 
litres perfusion fluid and the event of pneumonectomy. P < 0.05 was considered signifi
cant. 

Penetration characteristics of doxorubicin 

After cessation of the perfusion a piece of perfused intercostal muscle (about 1 era') was re
moved to determine the penetration characteristics of doxorubicin. The side in contact with 
the perfusion fluid was marked. After rinsing the specimen with saline, it was frozen to -80°C 
in a tissue medium (Cryoblock; Klinipath, Duiven, the Netherlands). Cryosections of 4 |xm 
thickness were prepared and stored at -20°C. Fluorescence of doxorubicin was visualized to 
determine the penetration characteristics by using fluorescence microscopy. An Axiovert S-
100 microscope (Zeiss, Oberkochen, Germany) was used with mercury light source and a fil
ter block provided with band-pass filter 450-490 nm for excitation, a FT510 beam splitter and 
an emission long-pass filter 520 nm. Objectives (Plan-Apochromat) of x 10 and x 20 magni
fications were used. Images were sampled using an Axiocam HR camera in combination with 
AxioVision software (version 3.1). Next, the same slides were stained with hematoxylin & 
eosin and images of the same areas were sampled by transmission light microscopy using the 
same equipment. 
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Results 

Surgery and HITHOC procedure 

Twenty-four procedures were performed in four females (one malignant pleural mesothe
lioma and three pleural thymoma patients) and 19 males (all malignant pleural mesothelioma 
patients). One patient underwent a second HITHOC procedure because of contralateral re
currence of thymoma. The median age of patients was 57 years (range 34-68). The side of lo
calisation was 11 times left and 13 times right. To achieve optimal removal of the tumor mass 
the pericardium was opened in 17 cases. In 14 cases the diaphragm was partial opened or re
moved. A pneumonectomy was necessary in nine cases; in 15 cases only a decortication was 
performed. The median duration of the procedure was 6.5 h (range 4.5-8.5) including 90 min 
of perfusion. Median blood loss was 1.8 1 (range 0.4-5.1). The median given number of 
packed cells was 2 units (range 0-9). 

The highest dose of doxorubicin given was 35 mg/m:. The median amount of Dianeal needed 
to fill the thoracic cavity and the perfusion circuit was 4.3 1 (range 2-7), and depended strong
ly upon gender and whether a pneumonectomy was performed. The median difference in 
volume of perfusion fluid before and after perfusion was nil (ranging from -1.5 to +0.7 1). 
During the perfusion the maximum temperature of the perfusate was 40.2-43°C (inflow 
catheter). The maximum body temperature varied between 36.8 and 39.4°C. Only in one case 
the perfusion was aborted after 80 min because of hemodynamic instability of the patient. 

Systemic toxicity was encountered in the first patient only, who showed transient nephrotox
icity grade II (Common Toxicity Criteria). In the following procedures the per-operative 
hydration was improved by maintaining a diuresis of at least 40 ml/h. After this precaution 
similar nephrotoxicity was not observed. Doxorubicin-related side effects as leukopenia and 
hair loss were not observed. Nausea and vomiting were not scored because the combination 
with thoracic surgery makes it difficult to differentiate chemotherapy-related effects from 
postoperative symptoms. Major surgical complications were observed in 14 patients (58%). 
There was no 30-day mortality. The median hospital stay was 16 days (range 11-77). 

Pharmacokinetics 

Dose-finding steps of doxorubicin were 15 (one patient), 20 (two patients), 25 (nine patients). 
30 (three patients) and 35 (three patients) mg/nr; whereas the cisplatin dose level was not in
creased (Table 1). As the amount of fluid used for the perfusion varied from patient to patient, 
the actual concentration of both drugs in perfusate varied between 8.3 to 17.5 mg/1 for dox
orubicin and between 24.7 to 53 mg/1 for cisplatin. Because of this, the last six patients 
received both drugs at fixed concentrations per liter perfusion fluid. 
In 20 procedures the concentration doxorubicin in perfusate was measured. At 1 min after 
injection of the drug into the perfusion system, the concentration of doxorubicin was 21.1 ± 
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Figure 1. The course of doxorubicin concentration (mean ± SD) on a logarithmic scale in 
relation to time measured in perfusate (left) and plasma (right). 

6.8 u.mol/1 (mean ± SD), corresponding to 81 ± 12% of the administered dose. During the fol
lowing 90 min the concentration in the perfusate declined essentially according to first-order 
elimination kinetics with a half-life of approximately 74 ± 34 min (Fig. 1). At the end of per
fusion about 35 ± 17% of the dose was recovered in the perfusate fluid. In plasma the con
centration of doxorubicin increased gradually, reaching almost steady-state levels within 90 
min with a Cnm ranging between 9.3 and 76 nmol/1 (Fig. 1). After cessation of the perfusion 
the doxorubicin concentration decreased according to two-compartmental decay kinetics 
with mean distribution and elimination half-lives of 21 min and 13.5 h, respectively. Unfor
tunately the plasma sample that was planned to be drawn at approximately 20 h after the 
HITHOC procedure was missing in a number of patients, whereas this sample was essential 
for an accurate calculation of the elimination half-life and AUCo... The area under the curves 
of doxorubicin in plasma increased linearly with dose. 

Already at 1 min after administration of doxorubicin, we recovered only 80% of the dose in 
the perfusion circuit. 

The concentration of cisplatin in perfusate was measured in 19 procedures and in the last s 
ix patients also in plasma ultrafiltrate during the perfusion period of 90 min. At 1 min 
after injection of the drug into the perfusion system, the concentration of cisplatin was 
77.5 ± 25.9 (xmol/1 (mean ± SD), corresponding to only about 68 ± 21% of the administered 
dose. When taking into account only the last six patients who received cisplatin at a fixed 
concentration of 40 mg/1, the recovery was 82 ± 5% of the dose at 1 min. During the fol
lowing 90 min the concentration in the perfusate of these latter patients declined essentially 
according to first-order elimination kinetics with a half-life of approximately 138 ± 20 min 
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Figure 2. The course of cisplatin concentration (mean ± SD) on a logarithmic scale in 
relation to time measured in perfusate (left) and plasma (right). 

and at the end of perfusion about 52 ± 7% of the dose was recovered in the perfusate fluid 

(Fig. 2). 
In plasma the concentration of cisplatin increased gradually reaching almost steady-state 
levels at 90 min (Fig. 2). The Cnm in plasma ultrafiltrate was 2.03 ± 0.41 u.mol/1 and the 
AUC was 2.24 ± 0.40 fxmol.l/h. The AUC(), could not be calculated, as no plasma ultra-
filtrate was prepared from samples drawn after the end of the perfusion. A 24-h urine sample 
was collected from two of the patients, receiving cisplatin at a fixed dose of 40 mg/1 
and showed that 7.5% of the total dose cisplatin was recovered in the urine. The measu
red concentration in perfusate of these two patients declined from 33 mg/1 (82% of the 
dose) to 19.5 and 21.8 mg/1 (49% and 55% of the dose), respectively, after 90 min of perfu
sion. 

Doxorubicin absorption test 

To exclude the possibility that the 20% of doxorubicin had disappeared due to adsorption to 
any component of the perfusion equipment, we performed a perfusion experiment using the 
same system and conditions, except that a glass box replaced the patient. When using this 
system we recovered nearly 100% of doxorubicin in the samples throughout the complete pe
riod of 90 min. Either polypropylene or polystyrene tubes could be used for sample collec
tion. 
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Statistics 

No relation was found between AUC or AUC for doxorubicin and for cisplatin and 
perfusate plasma * 

the covariates liters perfusion fluid and the event of pneumonectomy. 

Penetration characteristics of doxorubicin 

After perfusion, a piece of intercostal muscle was obtained from several patients to examine 
the penetration characteristics of doxorubicin under hyperthermic conditions. In two patients 
also residual tumor was found after perfusion and was resected as yet for analysis. Fluores
cence microscopy could visualize doxorubicin in the cells of intercostal muscle in all cases 
(Fig. 3). However, the penetration of doxorubicin in the intercostal muscle specimen was not 
very uniform throughout the tissue. Some areas showed intense doxorubicin fluorescence, 
whereas other areas were virtually dull. Intense fluorescence was present at the peripheral 
side of the tissue that was exposed to doxorubicin; however, there was a sharp concentration 
gradient (Fig. 3, upper panel). Within these areas infiltrating white blood cells with doxoru-
bicin-bright nuclei were observed. These areas may contain tumor cells seeded throughout 
the thoracic cavity. Even at more distant sites from the periphery, doxorubicin-bright nuclei 
were found in some areas (Fig. 3, middle panel). This involved both muscle cells and sup
porting endomysial cells. In the tumor sample doxorubicin could only be detected in the outer 
rim, although in some areas of the tumor more distant from the periphery some clusters of 
doxorubicin nuclei were detected (Fig. 3, lower panel). 

Discussion 

This is the first study describing the pharmacokinetics and penetration characteristics of 
doxorubicin after intrathoracic perfusion with concomitant cisplatin and hyperthermia. Al
though the surgical procedure is complex, leading frequently to secondary complications, the 
therapy is safe from the pharmacokinetics/pharmacodynamics perspective. Only a few other 
studies dealing with the pharmacokinetics of intrapleural or intraperitoneal instillation 
of doxorubicin have been reported."3527 In our series we found a mean ratio for AUC / 

1 perfusate 

AUC lasma of 99 for doxorubicin, showing the feasibility of reaching a high local exposure of 
doxorubicin with only minimal systemic uptake. This ratio is lower than after hyperthermic 
intraperitoneal perfusion with doxorubicin, as described by Rossi et at.27. In that study, 
however, the ratio is somewhat overestimated because for plasma the AUC was used in
stead of the AUCo v. The high ratio is probably due to the moderate to high molecular weight 
and moderate lipophilicity of doxorubicin, limiting passive diffusion through cellular mem
branes. A major safety issue in studies using perfusion of cavities with cytotoxic drugs for 
treatment of locally disseminated cancers is the resulting systemic drug exposure. When per
fusions were given at the highest concentration (21 mg/1), the mean systemic exposure 
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Figure 3. The penetration characteristics of doxorubicin visualized by fluorescence 

microscopy. Fluorescence (left panel) and hematoxylin & eosin stained slides (right panel). 

Upper panel: intercostal muscle exposed to doxorubicin, peripheral site, magnification x 20. 

Middle panel: intercostal muscle, example ot area more distant from exposed site, 

magnification x 20. Lower panel: tumor (malignant pleural mesothelioma) exposed to 

doxorubicin, magnification x 10. 
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(AUC0) was 0.28 umol.l/h. only 1/10 to 1/15 of the systemic exposure following a thera
peutic dose of doxorubicin given by iv. administration.:>;" Although the study by Ratto et a\. 
showed that pneumonectomy might affect the systemic absorption of cisplatin, we did not 
find this relation for doxorubicin. 
Remarkable, only 81% of the dose was recovered in the perfusate fluid almost immediately 
after the start of the perfusion. This was not due to adsorption of doxorubicin to the walls of 
the perfusion device. Most likely, doxorubicin adheres rapidly to tissue structures in the tho
racic cavity (e.g. endothoracic wall, pericardium and mediastinum) during the first passage 
through the thoracic cavity. At the end of the perfusion the fraction of doxorubicin recovered 
in the perfusate decreased to 35% of the dose. Rapid systemic uptake in the first minute 
seems unlikely, given the course of the plasma concentration-time curve and because the 
AUC(i remains low. This result suggests that doxorubicin is retained in the superficial tissue 
structures. As shown by fluorescence microscopy, there are substantial deposits of doxoru
bicin in the intercostal muscle layer (Fig. 3). The distribution of doxorubicin is mainly locat
ed in the outer rim of the tissue, although a substantial variation is observed between different 
regions of the tissue sections. In part, this may be related with the relatively loose structure of 
this tissue, where drug may be able to penetrate deeper through pores into the tissue. In line 
with previous observations the penetration of doxorubicin in tumors is limited, probably due 
to the much more dense structure of tumor tissue.1' Therefore, effect of the intrathoracic 
chemotherapy can only be expected in minimal residual disease, emphasizing the importance 
of the multimodality approach. Only single tumor cells and small clusters of tumors present 
in the thoracic cavity and/ or the superficial cells of the endothoracic wall, pericardium and 
mediastinum may be targeted by intrathoracic perfusion. 

In this study we used different dose methods of doxorubicin. The cytotoxic effect of the 
chemotherapy is related to concentration of the cytostatic drug in the perfusate fluid. Dosage 
on mg/nf basis, which was used initially, has the disadvantage that the concentration of the 
cytostatic drug in the perfusate depends on the amount of perfusion fluid needed to fill the 
thoracic cavity. We therefore switched to dosing based on a fixed concentration in the perfu
sion fluid in the last six patients. This resulted in more consistent data on are under the curves 
(Table 1). The difference in volume of perfusion fluid before and after perfusion, probably 
due to loss of fluid occurring from an opened diaphragm or. when increased, through leakage 
of blood into the thoracic cavity, was rather limited. Dosing based on a fixed concentration of 
the perfusion fluid seems preferable in order to reduce inter-individual variation. 

Several studies described the pharmacokinetics of cisplatin when instilled into the pleural 
cavity either with or without hyperthermia.'1 '6 In line with these studies we found high local 
drug exposure of cisplatin in the thoracic cavity. After administration of cisplatin in the per
fusion fluid about 68% of the total dose was recovered in the I-min sample. During the per
fusion period this percentage further decreased by another 26- 42%, being about similar to 
the recovery of doxorubicin. The found mean ratio AUC : AUC of 59 is probably an 

J perfusate plasma r -' 

overestimate because for plasma only the AUCQgo instead of the preferred AUC()y was avail-
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able. In our series the mean AUC( w of cisplatin in plasma was 2.24 fxmol.l/h. This is approx
imately 3-5 times lower the level found after a therapeutic dose of cisplatin i.v.15-"'7"' Howev
er as indicated above, the AUC0W underestimates the true AUC. Bogliolo et al.35, who 
compared the pharmacokinetics of equal doses of cisplatin given either intrapleurally by in
stillation without draining or i.v., found that the plasma AUC for ultrafilterable cisplatin fol
lowing i.v. therapy were similar to those observed after intrapleural therapy. The peak plasma 
level after intrapleural therapy was 3.4-fold lower, but sustained plasma levels were found af
ter intrapleural administration compared to i.v. administration.35 These results suggest that the 
complete intrathoracic dose ultimately reaches the systemic circulation. We found that 7.5% 
of the dose of cisplatin was recovered as cisplatin in the urine, whereas others have reported 
that 23% of the dose was recovered in the urine following i.v. administration of cisplatin."' 
Taken the AUC , data and the urinary excretion data together, the results suggest that about 

plasma J *"-r C>C) 

one-third of the intrathoracic administered dose reaches the systemic circulation within 90 
min. of perfusion, while only about 50% of the dose is recovered in the perfusate fluid at the 
end of the perfusion. This discrepancy may be due to irreversible binding of cisplatin to tis
sue structures in the thoracic cavity. If so, this binding has likely been induced by hyperther
mia, since Bogliolo et al.35 did not find any loss in cisplatin. Studies of Ratto el al.'' suggest 
that the lung plays an important role in cisplatin absorption from the pleural space. Our 
series, however, do not indicate any relationships between AUC and the event of pneu
monectomy, probably due to the limited number of patients. 

Overall, the HITHOC procedure proved to be safe. Chemotherapy-related toxicity was absent 
in all patients except one. This first patient showed a mild nephrotoxicity (grade II), which 
was most probably related to the combination of cisplatin and inappropriate hydration. This 
complication was not further observed in subsequent patients upon improving the per-opera-
tive hydration. Even in patients with an open pericardium where doxorubicin has free access 
to the heart muscle, there was no cardiotoxicity, a complication previously described after in
trapleural administration of doxorubicin in rabbits.4" Transient atrial fibrillation was noticed 
in several patients; however, this is a frequent finding after pneumonectomy and is not 
necessarily related to doxorubicin. A cardiac tamponade observed in one patient was due to a 
hemorrhage due to overdose of anticoagulation therapy. All surgery-related complications 
like diaphragm rupture and bronchopleural fistula could be managed correctly leading to a 
WHO 0-1 performance status at discharge in all patients. It seems unlikely that chemothera
py perfusion contributed to surgical complications. It is known that pleurectomy/pleuropneu-
monectomy by itself is accompanied by a considerable morbidity.";: In future studies the 
dose of doxorubicin can be increased safely with the knowledge that in this study the sys
temic exposure remained low. In case of doxorubicin, local toxicity may become a more 
restrictive factor than systemic toxicity. Further dose escalation with cisplatin should be done 
with great caution, since a substantial fraction of the dose reaches the systemic circulation. 

In conclusion, HITHOC procedure with doxorubicin and cisplatin is a relative safe proce
dure with the advantage of high intrathoracic cytostatic drug concentrations with limited sys-
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temic exposure. The results indicate that a substantial fraction of drug is adhered to super
ficial structures within the thoracic cavity, although the penetration of drug into the tissue 
is not very deep and seems highly variable from region to region. Dosing based on a 
fixed concentration of the perfusion fluid is preferred in order to reduce inter-individual va
riation. 
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Pharmacokinetics af intraperitoneal mitomycin C 

Introduction 

The pharmacokinetic advantage is the most important rationale for applying cytostatic drugs 
in the peritoneal cavity in patients with peritoneal surface malignancies.12 Mitomycin C 
(MMC) is one of the available cytostatic drugs for intraperitoneal administration of 
chemotherapy. It belongs to the group of anti-tumor antibiotics. MMC binds with DNA, re
sulting in inhibition of DNA synthesis. In higher doses, MMC also suppresses the cellular 
RNA synthesis and protein synthesis. The advantages of using MMC as intraperitoneal ap
plication are several; 1) it is non-cell-cycle-specific, thus has direct cytotoxic effect even af
ter a short exposure, 2) MMC has a large molecular weight of 334 Dalton keeping it for a 
longer period confined to the peritoneal cavity, the aimed target region, 3) MMC is water-sol
uble, 4) MMC is rapidly cleared from the systemic circulation and 5) The cytotoxic effect can 
be increased by hyperthermia.'4 

Intraperitoneal chemotherapy with MMC has been applied in patients with peritoneal carci
nomatosis of colorectal origin, gastric cancer and pseudomyxoma peritonei.58 Colorectal car
cinoma cell lines are relatively resistant to chemotherapy, however there is a clear 
dose-response relation."•'" Both instillation and perfusion can be used for application cytosta
tic drugs in the peritoneal cavity. Instillation is the simplest technique but leads to very un
equal distribution and is at present rarely used. We will concentrate this paper on 
pharmacokinetics of perfusions with intraperitoneal MMC. Perfusion has the advantage of a 
more uniform distribution of the cytostatic drug throughout the abdominal cavity, a key fac
tor in effective intraperitoneal therapy. Several variables may influence the pharmacokinetics 
of intraperitoneal (i.p.) MMC. Perfusion before, during and after operation have been tested. 
Hyperthermia has only been tested during operation because it can not be tolerated by the 
awake patient. The dose of MMC, the perfusate volume, the temperature and the duration op 
perfusion are other factors that have been varied in different studies on pharmacokinetics. 
Due to all these variables it is extremely difficult to compare data. The data we present in this 
review should be seen as being of an exploratory nature rather than comparative analysis. 

The pharmacokinetics of MMC 

We confine our review to clinical studies dealing with hyperthermic intraperitoneal perfusion 
with MMC (Table I). Ten studies have been reported.""'" Our own experience on pharmaco
kinetics with MMC is wide discussed. 

Intraperitoneal MMC kinetics 

The pharmacokinetics of intraperitoneal chemotherapy perfusion can best be described using 
a pharmacokinetic model as shown in Figure 1.-" Assuming a dose-effect relation, the aim is 
to expose the peritoneal surface to a maximal concentration over time, while maintaining sys
temic toxicity within acceptable limits. When MMC is administered to the perfusion system, 
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the dose will be diluted by the amount of fluid needed to fill the peritoneal cavity. Usually an 
isotonic dialysis fluid is used in order to prevent interactions with MMC and unwanted elec
trolyte shifts. After a few cycles perfusion, the concentration of MMC in perfusate is about 
90-95% of the expected concentration by the initial dose. Loss due to adsorption to any com
ponent of the perfusion tubing or equipment seems therefore minimal. The concentration of 
MMC in perfusate decreases over time according to a one-compartment kinetic model with 
first-order elimination. The half-life of MMC in perfusate is our series is 49 minutes, compa
rable with data of Jacquet et al. At the end op perfusion about 50% of the initial dose can be 
recovered from the perfusate, indicating that 50% of the total dose represents the uptake in 
the patient. 
What is happening with the absorbed MMC? A part will bound to tissue structures in the peri
toneal cavity. Another part will pass the peritoneal-plasma barrier.21 In Figure 1 K12 repre
sents the rate constant from the perfusate to the systemic circulation. In plasma the 
pharmacokinetics can be described according to a two-compartment kinetic model with first-
order absorption and elimination. 

The plasma concentration gradually increases until the end of perfusion (Figure 2 and 3). The 
half-life of MMC in plasma after cessation the perfusion in our series is 76 minutes. Intra
venous administration of MMC shows first a rapid half-life of distribution (2-10 minutes) and 
thereafter an elimination half-life of MMC between 25 and 90 minutes.:: In intraperitoneal 
chemotherapy the mean plasma Cmas is reported to vary between 0.11 to 0.50 mg/L.12"19 Most 
colon cancer cell lines will undergo extensive lysis if the drug concentration reaches approx
imately 1 mg/L.23 The plasma level is relatively low, not reaching this therapeutic level. The 
ratio concentration MMC in perfusate and in plasma is reported to vary between 10 and 
29 n is. 17.1-1 M M C m plasma will also move to the third space and vice versa with an inter-
compartmental clearance (Q). 
A more exact measurement of the drug exposure is the time concentration or Area Under the 
Curve (AUC). The ratio AUC perfusate/plasma is reported to vary between 13 and 107 (Table 
Î i4.i5.i8.i9 s o m e reported ratios may represent overestimates because AUC was calculated on-

Empty on t=90 
CL 

Figure 1. Pharmacokinetic model for HIPEC with MMC. K12: rate constant from the 
perfusate to the systemic circulation, Q: inter-compartment clearance, CL: clearance from 
the central compartment. 
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Figure 2. Example of a time profile MMC concentrations in perfusate (full line) and 
plasma (dotted line) after a single administration of MMC at t=0 minutes. 
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Figure 3. Example of a time profile MMC concentrations in perfusate (full line) and 
plasma dotted line) after administration of MMC in three divided doses; half of the dose at 
t=0 minutes, a quarter of the dose at t=30 minutes and a quarter of the dose at 60 minutes. 
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ly over the perfusion time (usually 90 minutes), whereas plasma AUC does not stop at the end 
of the perfusion. Ratio calculation would be more exact when calculated with a plasma AUC, 
extrapolated to infinity. The true AUC of MMC in perfusate appears to be between 10 and 20 
times that in plasma. 
MMC is predominantly metabolized in the liver. Urinary recovery after intravenous adminis
tration ranges from 1-20%." There are two reports of excretion of MMC in urine after 
intraperitoneal MMC administration; 7-8% of the initial dose was excreted by urine 2 hours 
after administrating MMC.1415 The low urinary recovery cannot explain the rapid plasma 
clearance, therefore it has been suggested that MMC is rapidly cleared from plasma by 
biodegradation. 

Studying the most optimal dose 

In The Netherlands Cancer Institute/ Antoni van Leeuwenhoek hospital intra-operative hyper
thermic intraperitoneal chemotherapy (HIPEC) has been extensively studied in over 200 pa
tients. The semi open perfusion technique has been used, as propagated by Sugarbaker, with a 
basic volume of 3 liters, a perfusion rate of 1 L/min, at 40-41 °C for a duration of 90 minutes.56 

An important issue is the dose method. A single administration of MMC has the disadvantage 
that the concentration of MMC in perfusate decreases in time (Figure 2). Figure 3 shows the 
time profile MMC concentrations in perfusate after administration of MMC in three divided 
doses; half of the dose at t=0 minutes, a quarter of the dose at t=30 minutes and a quarter of 
the dose at 60 minutes. The advantage of administration of MMC in three divided doses is the 
maintenance of a certain MMC concentration in the perfusate. The AUC for MMC - when 
divided in three doses - is higher when compared with single administration, while peak con
centrations are constant. 
We studied different dose levels to determine the most suitable dose of MMC.-4 Dose steps of 
5 mg/m2 were performed from 15 mg/m: until 40 mg/m2 (Table 2) in three divided doses of 
50%, 25% and 25%. The Maximal Tolerated Dose was at 40 mg/m; resulting in two deaths 
out of seven patients (29%) due to the combination of severe leucopenia and surgical com
plications. The dose of 35 mg/nr resulted in the highest perfusate/plasma AUC ratio. The 
mean ratio AUC perfusate/plasma was 13 (range 3-19).24 

Table 2. Different dose levels and their pharmacokinetics. 

Dosage 
(mg/m2) 

15 
25 

30 
35 
40 

Patients 
(n) 

8 

3 
5 

95 
7 

Cmax perf. 
(mean) 

(ng/ml) 

6967 

7600 
6860 

10036 

15600 

Cmax pi. 
(mean) 

(ng/ml) 

339 
447 

261 
443 
627 

AUC perf 
(mean) 

(ng/ml/min) 

276 
* 

335 

605 
968 

AUC pi. 
(mean) 

(ng/ml/min) 

24 
* 

32 

54 
81 

Ratio 

11.7 
* 

10.9 
13.2 
12.4 

*: not available 
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A major safety issue in peritoneal chemotherapy perfusion is the resulting systemic drug 
exposure, and the resulting toxicity, mainly in bone marrow suppression. In our series, using 
35 mg/m2 MMC, we observed in 28% of the patients severe leucopenia (grade II/IV accord
ing to the Common Toxicity Criteria1'). Careful monitoring the course of white blood cells 
and accompanied adequate action is essential. The nadir is reached around 10 days after per
fusion. It is important that surgical problems are solved before the neutropenic period. In case 
of neutropenic fever wide spectrum antibiotics are given. With this regimen we have not 
encountered any permanent complications related to leucopenia. We feel therefore that 35 
mg/nr is a safe dose for i.p. chemotherapy. 
There are no data proving a dose response relation between the AUC of MMC in perfusate 
and survival. However a high AUC in plasma has been reported to be of prognostic value.2" 
Of course MMC in perfusate itself does not do any good, besides killing free floating tumor 
cells. The true target cells for i.p. therapy are the cells on the peritoneal surface. To be effec
tive, MMC has to enter the superficial tissue layers. It seems therefore understandable that 
more penetration, resulting in a higher AUC in plasma, has more effect. The assumption 
being that the tissue layer between the peritoneal surface and the first capillaries is exposed 
to the higher and effective dose level. Our understanding of the exact movements of MMC is 
limited by our inability to visualize MMC molecules in tissue samples. 
Pharmacokinetics of MMC shows that we deal with linear pharmacokinetics.2" This is an im
portant finding: increase of the intraperitoneal dose results in a proportional increase of plas
ma exposure. An increased plasma exposure will result in more hematotoxicity. Some groups 
have based dose of i.p MMC on body surface area, assuming that abdominal volume has 
some relation to body surface area as does systemic toxicity.'1 Others have used a constant 
concentration of MMC in perfusion fluid, assuming that concentration dominates the move
ment of MMC molecules over the peritoneal-plasma barrier." r In practice the differences be
tween the two approaches are not so big. In case of dosing on surface area, big people tend to 
have a big abdomen, needing more perfusion fluid, leveling the concentration differences. 
The same phenomenon makes that when a fixed concentration in perfusate is used, the extra 
fluid needed in big people results in a higher total dose. 

In our pharmacokinetics study we found that dosing based on body surface area resulted in 
comparatively little variations in the plasma AUC, and therefore in systemic toxicity.20 We are 
somewhat worried that dosing on constant concentration in perfusate might result in more 
variation and more risks on serious toxicity. This is not so much a point if doses are kept rel
atively low (10-12 mg/L), which typically means a total dose of 30-40 mg of MMC. If, how
ever, the objective is to dose just below the maximal tolerated dose (total dose 70-80 mg of 
MMC), these variations might represent real danger. 

The impact of minimal or maximal surface peritoneal surface trauma 

The peritoneal-plasma banier (PPB) has been described as a complex diffusion barrier, con
sisting of the capillary endothelium, the peritoneal mesothelium and the tissue in between.27 

This physiologic barrier limits the movement of hydrophilic drugs, such as MMC. from the 
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peritoneal cavity into the blood. Removal of visceral organs does not alter the peritoneal-
plasma barrier.28 Often in peritoneal surface malignancies peritonectomy procedures precede 
intraperitoneal chemotherapy.29 It is a valid question whether the extent of peritoneal strip
ping influences the characteristics of the PPB. Sugarbaker et al21 has extensively studied this 
question. Earlier on they reported that peritonectomy procedures did not influence the phar
macokinetics of post-operative i.p. MMC, suggesting that the functional peritoneal-plasma 
barrier remains in tact.21 In a more recent study they found with more than two peritonecto
my procedures exhibited a significantly higher peak plasma level, a higher AUCplasma and a de
creased perfusate/ plasma ratio of MMC than patients with none or one peritonectomy 
procedure, suggesting a change in membrane property.1" There are no data on pharmacoki
netics after repeated surgery and intraperitoneal MMC. 

Summary 

The favorable pharmacokinetics of MMC, used during intraperitoneal chemotherapy, has 
been reported in several studies."1'' A major safety issue in studies using intraperitoneal 
chemotherapy perfusion is the resulting systemic drug exposure. The AUC is determined 
by dose, the clearance and the fraction absorbed from the peritoneal cavity. The reported 
mean plasma peak concentrations are about 1/3 of the systemic exposure following a thera
peutic dose of MMC given by intravenous administration.'" The best method to quantify the 
exposure to MMC are the time concentration profiles (AUC). Because MMC can still be 
found in plasma the day after intraperitoneal administration, the AUC0W is an underestimate 
of the real AUC; extrapolation to infinity gives the most reliable AUC snia value. In our series 
the AUC |asma is about half the AUCphnn when given a therapeutic dose MMC intravenously."' 
What is the best dose in intraperitoneal chemotherapy perfusion? The ideal amount of MMC 
should include a high AUC , a high AUC , and limited systemic toxicity. In our series 

c pcrtusute c? plasma •* 

grade II/IV leucopenia was observed in 28% patients. We find this rather high percentage 
acceptable as the problem has proved transient and we have experienced no toxic deaths in 
recent years. In a model study it was estimated that a dose of 25 mg/m2 would result in 
approximately 10% of grade III/IV leucopenia.20 

Our data indicate that dosing based on body surface area is rational and reliable. The inter-in
dividual variation is low. Dosing based on a fixed concentration per liter perfusion fluid is 
probably more liable to unforeseen variations, given the fact that we deal with linear phar
macokinetics of MMC.2" As represented in Figure 3, the dose of MMC can best be adminis
tered MMC in three divided doses, resulting in more equal exposure of peritoneal structures 
to MMC during the perfusion. 
It must be emphasized that our findings only hold true for the perfusion system as used in The 
Netherlands Cancer Institute. This concerns semi open abdomen, basic perfusate volume of 
3 litres, perfusion rate of 1 L/min, abdominal temperature of 40°C, 90 minutes of perfusion 
and three drug additions (50% at t=0, 25% at t=30 and t=60 minutes). The differences in per
fusion techniques make comparison of published pharmacokinetics data difficult. Cautious 
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comparison suggest that most groups are dosing far below the maximal tolerated dose. We as
sume that there is a dose-effect relation for MMC. This means that obtaining a maximal safe 
dose is important to get a maximal results. It seems that better dosing of i.p. MMC can still 
improve results. The pharmacokinetics of i.p. MMC can however be influenced by many 
details. Open or closed perfusion for instance may make some essential differences. It is 
therefore important that each treatment group performs its own pharmacokinetics studies on 
i.p. MMC, to come to the optimal dose method for their chemotherapy perfusion setting. 

In conclusion, the major advantage of intraperitoneal chemotherapy is the regional dose in
tensity provided. Following intraperitoneal MMC administration, the affected peritoneal sur
face is exposed to high concentrations while the systemic toxicity is limited. Comparative 
analyses on MMC pharmacokinetics are difficult to perform because the diversity of treat
ment techniques. We recommend administration of MMC, divided in three drug additions, 
based on BSA. 
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Population pharmacokinetics and pharmacodynamics 

Introduction 

In recent years the multi-modality treatment of cytoreductive surgery combined with intra
operative Hyperthermic IntraPEritoneal Chemotherapy (HIPEC) has been applied for a 
variety of malignancies.' Cytoreductive surgery is carried out to reach residual tumour 
dimensions less than 2.5 mm. Intraperitoneal chemotherapy has the advantage that a high 
local dose of the cytostatic drug can be applied while systemic exposure remains limited. Per
fusion is performed to produce optimal distribution of the chemotherapy and hyperthermia in 
the abdomen. Hyperthermia is known to enhance the cytotoxicity and improves the penetra
tion depth of cytostatic drugs. Several cytostatic agents have been used in this procedure de
pending on the type of malignancy. In our Institute mitomycin C (MMC) has been used for 
both colorectal cancer and pseudomyxoma peritonei.2! MMC was chosen because of its mod
erate to large molecular weight and water solubility, its relatively rapid clearance from the 
systemic circulation, its described effectiveness in colorectal cancer and because its effec
tiveness can be enhanced by (mild) hyperthermia.4 6 The pharmacokinetics of mitomycin C 
has been characterized previously in our Institute; the mean ratio of the area under the curve 
in perfusate and plasma (AUC rfusai/ AUC |asma) was 13 [unpublished observations]. It is diffi
cult, however, to compare all reported data on pharmacokinetics because different treatment 
regimens and different perfusion techniques (e.g. duration of perfusion and degree of hyper
thermia) have been applied.7 §0 

The aim of this study was to characterize the population pharmacokinetics and pharmacody
namics of mitomycin C during HIPEC. It was investigated whether specific demographic 
and/ or pathophysiological factors correlate with the pharmacokinetic behaviour of the com
pound during HIPEC. Furthermore, relationships between pharmacokinetics and pharmaco
dynamics were evaluated. Knowledge of these relationships can contribute to rationalize the 
dosing further and may lead to a more accurate dose advice. 

Methods 

Patients and treatment 

Currently, in The Netherlands Cancer Institute/ Antoni van Leeuwenhoek hospital, patients 
with peritoneal carcinomatosis of colorectal origin or pseudomyxoma peritonei are treated 
with cytoreductive surgery combined with HIPEC.2! In this study 47 patients were included. 
The surgical procedures were performed between December 1998 and June 2000. Patient 
characteristics are given in Table 1. The treatment protocol was approved by the ethics com
mittee of the Institute. 
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Table 1. Patient characteristics. 

Number of patients 
Pseudomyxoma peritonei 
Peritoneal carcinomatosis 

Sex: male 
female 

WHO: 0 
1 
2 

Age (years) 
BSA (m:) 
Creatinine (u,mol/L) 
Bilirubin (p.mol//L) 
Alk. phosph. (U/L) 
AS AT (U/L) 
ALAT (U/L) 
7-GT (U/L) 
LD (U/L) 

47 
25 
22 

19 
28 
31 
11 
5 

54 ± 12(mean±SD) 
1.84 ±0.21 

74 ±26 
7.5 ± 3.9 

103.3 ±34.4 
21.0±8.2 
24.6 ± 20.6 
42.0 ± 39.6 

289.3 ± 49.3 

Normal values 

40-95 u-mol/L 
< 16 (xmol/L 
40-120 U/L 
<40 U/L 
<45 U/L 
<35 U/L 
<450 U/L 

Surgery and HIP EC procedure 

Aggressive surgical cytoreduction was performed with the aim to reach complete resection 
or. if not possible, to resect all visible tumour lesions larger than 2.5 mm. When necessary, 
peritoneotomy procedures were performed and if this was not possible, the malignancy was 
peeled from the surface of an organ or the involved organ or a segment was excised. 
After completion of the cytoreductive surgery the perfusion system was set up (Figure 1).: 

A Tenckhoff inflow catheter and 3 silicone outflow catheters were placed in the peritoneal 
cavity. A temperature sensor was attached to each catheter. The catheters were connected 
with a fluid filter, roller pump and heat exchanger. Thereafter the perfusion system was filled 
with an isotonic dialysis fluid (DianeaP PD1. Baxter. Uden. the Netherlands). The skin sur
rounding the laparotomy wound was attached to a retractor ring placed above the abdomen. 
At the same time a plastic sheet was sutured to cover the wound to prevent heat loss, drug 
spillage and environmental contamination with the drug. When needed, more perfusion fluid 
was added to the basic volume of 3 litres, until the peritoneal cavity was completely filled. 

Centrally in the plastic cover, a hole was made just large enough to allow entrance for the sur
geon's hand to stir the abdominal contents to promote the fluid distribution. When a temper
ature of 40-41°C was reached in all regions, the MMC (35 mg/nf with a maximum of 70 mg) 
was added in 3 divided doses. First 50% of the total dose was added, followed by 25% of the 
initial dose after 30 and 60 minutes. The body temperature, measured in the pharynx was 
maintained below 39.5°C. If the core temperature approached 39.5°C, the temperature of the 
perfusion fluid was reduced to 40°C. After completion of the perfusion, the Tenckhoff 
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Mitomycin C 

Heat exchanger 

Pressorstat 

Roller pump 

Figure 1. Schematic overview of hyperthermic intraperitoneal perfusion with mitomycin C. 

catheter and temperature probes were removed, and the excess fluid was drained from the 
abdominal cavity. The outflow drains were left in place for postoperative drainage. After 
bowel continuity repair, the abdomen was closed using standard procedures. Blood loss 
was calculated as measured blood loss and estimated blood loss by weighting gauzes to
gether. 

Pharmacokinetic sampling and bioanalytical procedure 

During and after completion of the perfusion, samples of the perfusion fluid and plasma were 
collected for MMC measurements (perfusate 1-5-10-15-30-35-45-60-65-75-90 min. and 
blood 1-5-10-15-30-35-45-60-65-75-90-120-180-240 min. and 18 hrs after the start of the 
perfusion). After centrifugation for 10 minutes at 1000 g. the supernatant perfusate and plas
ma samples were separated and stored at -30°C until analysis. The samples were analysed 
by a validated reversed-phase high-performance liquid chromatographic (HPLC) assay with 
ultraviolet detection at 365 nm. Perfusate samples (0.1 ml) were diluted with mobile phase 
before injection; the lower limit of quantification was 400 ng/ml. Plasma samples of 0.5 ml, 
supplemented with porfiromycin as an internal standard, were subjected to protein preci
pitation using methanol. After evaporation and reconstitution of the extract, the MMC con
centrations were measured with HPLC, the lower limit of quantification in plasma was 10 
ns/ml. 
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Figure 2. Pharmacokinetic model for HIPEC. 

Population pharmacokinetic analysis 

Pharmacostatistical population analysis was performed with the non-linear mixed-effect-
modelling (NONMEM) program (double precision; version V, level 1.1)." The first-order 
conditional estimation (FOCE) method was used with the INTERACTION option." All 
concentration data were fitted simultaneously to a pharmacokinetic model describing the 
kinetics in both perfusate and plasma. The time profiles of MMC concentrations in the 
perfusate and plasma were described using a one-compartment kinetic model with first-order 
elimination and a two-compartment kinetic model with first-order absorption and elimina
tion, respectively (Figure 2). The pharmacokinetics of MMC in the perfusate were parame-
terised in terms of VI and K12, corresponding to the volume of distribution of the perfusate 
compartment and the transfer rate constant from the perfusate to the plasma compartment. 
Plasma pharmacokinetics was described in terms of volume of distribution of the central 
plasma compartment (V2), clearance from the central compartment (CL), volume of distri
bution of the peripheral compartment (V3) and inter-compartmental clearance (Q). Since 
MMC was administered intraperitoneally, the plasma terms "volume of distribution" and 
"clearance" represent the ratios of these parameters (V2, V3, CL, Q) to the unknown 
bioavailability. 

Inter-patient variability of the pharmacokinetic parameters was estimated using a proportion
al error model. For instance, inter-individual variability in V2 was estimated using: 
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V2=V2pop(l +t\) 

in which i represents the number of the individual, V2 is the central plasma volume of the i" 
individual, V2 is the V2 value of a typical individual and r\ is the inter-individual random 
effect with mean 0 and standard deviation co. The difference between the observed concen
tration in the perfusate (Cobs) and its respective prediction (Cpred) was modelled with a pro
portional error model: 

Cobs = Cpred * (1 + e) 

where e is an independent random variable with mean 0 and standard deviation cr. For plasma 
an additive error model was used: 

Cobs = Cpred + e 

Individual empirical Bayesian estimates of parameter values were obtained from a basic 
pharmacokinetic model with no demographics/covariates included using the POSTHOC op
tion in NONMEM. For each subject, individual pharmacokinetic parameters were calculated 
taking both individual observations and population parameters into account.12 The individual 
estimates were plotted against demographic/ pathophysiological/surgical characteristics for 
visual inspection using Xpose (version 3.0)," as implemented in the statistical program S-
plus (version 2000 Professional Release I. Mathsoft, Inc.)- All covariates were tested for in
clusion in the population pharmacokinetic model by separate addition into the structural 
model. Continuous variables were normalized to their median value: for instance, the rela
tionship between plasma clearance and body surface area (BSA) was described as follows: 

were CL is a typical population value of CL, 6 a is CLx of a patient with BSA of 1.80 m' 
and 9CLBSA is an exponent. For example, with BSA =1.80 m:, CL is 6([; for a patient with 
BSA 2.00 nr, CL is 6 x 1.11 "Cl "SA. Dichotomous patient characteristics were modelled 

pop CI. ' 

as follows. For instance, a possible relationship between V2 and gender (SEX) was evaluated 
using: 

V 2 = Q v : * « W S H X 

in which V2^ represents the population value, 0V, is V2 for females (exponent SEX=0) and 
0V2SEX represents the change of V2 for males (exponent SEX=1). 

The objective function was used to evaluate the increase in goodness of fit of the model. The 
objective function is approximately proportional to minus two times the logarithm of the like
lihood of the data. A decrease of at least 3.8 identified a covariate as being significant 
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(p<0.05). This criterion is based on the objective function having an approximate chi-squared 
distribution with 1 degree of freedom. During backward elimination (with all the significant 
covariates in a multivariate intermediate model) a stricter criterion was used (p<0.001): an in
crease in objective function of more than 10.8 was required for retention of a covariate in the 
final model. 

Model validation 

The developed model was not solely used for the description of the pharmacokinetic profile 
and the quantification of pharmacokinetic variability within and between patients, but was al
so applied for investigation of pharmacokinetic-pharmacodynamic relationships. Therefore, 
a test of the stability of the model is recommended.14" In the present study, the bootstrap re
sampling technique was applied as an internal validation. Basically, bootstrap replicates are 
generated by random sampling of approximately 65% from the original data set with re
placement. The replicate data sets were fitted to the final model using bootstrap option in the 
software package Wings for NONMEM (by N. Holford, Auckland, New Zealand, available 
through the internet) and parameter estimates for each of the replicate data sets were thus ob
tained. The stability of the model was evaluated by visual inspection of the distribution of all 
of the model parameters and by comparing the mean parameter values and standard devia
tions of the bootstrap replicates with the typical values of the original data set. 

Pharmacokinetic-pharmacodynamic relationships 

Individual plasma AUC values were obtained by integration of the individual profile from 
time=0 to infinity. The pharmacodynamic parameters of interest were plotted against the in
dividual AUC values. Haematological toxicity, according to the Common Toxicity Criteria""1, 
was evaluated using the percentage decrease (%decr) in white blood cell counts and throm
bocytes. Percentage decrease was calculated using the equation: 

% decrease = ( P r e t r e a t m e n t v a l u e - value of the nadir) * \QQC/C 

pretreatment value 

The relationships between the haematological toxicities and exposure were fitted to a loga
rithmic model and a sigmoidal maximum effect (sigEmax) model, using the statistical pro
gram SPSS (version 6.1 for Windows, 1994). The logarithmic model was: 

% Decrease = bO + bl*ln(AUC) 

The sigmoidal Emax model was: 

% Decrease = (Emax) (AUC)-

(AUC J +(AU01 
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In these equations, bO denotes the intercept of the model and bl represents the slope. Emax 
denotes the maximal effect and was fixed at 100%, AUC is the pharmacokinetic parameter of 
interest, AUC5U is the value of the AUC that results in 50% of the maximal effect, 7 is the Hill 
coefficient, which describes the sigmoidity of the curve. 

Results 

Surgical procedure 

The characteristics of the surgical procedure are shown in Table 2. The mean duration of the 
surgery was 8.8 hours, including 90 minutes of perfusion. The mean blood loss was 5.9 litres. 
The largest part of blood loss occurred in the first part of the procedure because aggressive 
surgery was executed. During perfusion and bowel continuity repair blood loss was mild. 

Tumour extension was recorded in 7 separate abdominal regions: left and right subdiaphrag
matic-, subhepatic-, omentum/transverse colon-, small intestine/mesenterium-, ileocoecal-
and pelvic-region. Extent of cytoreduction: 0= no tumour left behind, l=tumour left but not 
larger than 2.5 mm, 2=tumour left larger than 2.5 mm (incomplete resection). 

Population pharmacokinetic analysis 

MMC was undetectable in all 18 hr samples and, consequently, those samples were excluded 
from analysis. Time profiles of MMC concentrations in perfusate and plasma are given in 
Figure 3. Concentration data of all 47 patients were analysed simultaneously. Concentration-
time profiles of perfusate and plasma were adequately described using a 1- and 2-compart-

Table 2. Surgical characteristics of 47 

Parameter 

Duration surgery (hours) 
Blood loss (L) 
Mitomycin C dose (mg) 
Perfusate volume (L) 

Number of affected regions 
0-1 
2-4 
5-7 

Extent of cytoreduction 
0 
1 
2 

Bowel anastomoses 

procedures. 

Mean ± SD 

8.8 ±2.0 
5.9 ±4.2 

63 ±8 
3.7 ±1.0 

N 

3 
17 
27 

17 
24 
6 

2 (0-6) 
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ment model, respectively. The population pharmacokinetic (PK) parameter estimates of the 
basic model (without covariates) are presented in Table 3, column 1. 

All PK-parameters were estimated with adequate precision (CV< 20%) and intra-individual 
variability was low (9.0% in perfusate and 0.028 mg/L in plasma). Inter-individual variability 
could be estimated for VI, K12, V2, CL and V3 and was moderate ranging from 23 to 55%. 
The data did not contain enough information to estimate inter-individual variability for Q. 
Separate introduction of the following covariate-PK parameter relationships improved the 
population pharmacokinetic model significantly (p<0.05): VI: duration surgical procedure, 
perfusate volume, blood loss; K12: duration surgical procedure; V2: duration surgical proce
dure, perfusate volume, blood loss; CL: age, BSA, duration surgical procedure; V3: age, 
BSA. 

The significant covariates were combined in an intermediate multivariate model. The follow
ing relationships were significant (p<0.001) after the backward exclusion: VI: perfusate vol
ume; V2: duration surgical procedure; CL: BSA. The resulting model equations for VI, V2 
and CL were: 

Table 3. Population pharmacokinetics parameters of mitomycin C during HIPEC. CV= coefficient of 
variation. 

Parameter 

VI 
6 VIVO!. 

K12 
V2 

V2-DUR 

CI 

e 
CL-BSA V3 

Q 
Inter-individual va 
VI 
K12 
V2 
CI 
V3 
Intra-individual va 
Perfusate: 
Proportional error 
Plasma: 
Additive error 
Objective function 

Unit 

L 

min' 
L 

L/min 

L 
L/min 

iability 
% 
% 
% 
% 
% 

liability 

% 

mg/L 

Basic model 
Estimate (CV) 

4.36 (4%) 
-
0.0134(4%) 
23.9(10%) 
-
0.521 (5%) 
-
35.1(6%) 
1.19(9%) 

22.6(13%) 
27.3(14%) 
55.1(15%) 
33.3(12%) 
31.4(20%) 

8.99 (5%) 

0.0282 (7%) 
5189.0 

Final model 
Estimate (CV) 

3.98 (4%) 
0.588 (33%) 
0.0135 (4%) 
21.7(9%) 
1.47 (24%) 
0.502 (5%) 
1.63 (24%) 
35.2 (6%) 
1.19(9%) 

16.0(20%) 
27.8 (14%) 
43.4 (12%) 
26.7 (12%) 
31.6 (22%) 

9.01 (5%) 

0.0282 (7%) 
5124.5 

Bootstrap results (n= 
Mean (CV) 

3.92 (5%) 
0.577 (27%) 
0.0142 (6%) 
21.8 ±(9%) 
1.41 (26%) 
0.527 ± (7%) 
1.460(22%) 
37.2 (8%) 
1.31 (22%) 

17.1 (32%) 
29.3 (16%) 
58.3 (12%) 
42.7(18%) 
39.3 (28%) 

10.3(8%) 

0.0343 (8%) 

=500) 
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v\ = 3 98 • (Perfusatevolume \o.s8sL 

3Ï) 

CL = 0.502 • («J)'*3 L/min 

V2 = 21 7 • (durationy.47L 

8.0 

Final population pharmacokinetic parameters are summarized in Table 3, column 2. Intro
duction of the covariates reduced unexplainable inter-individual variability in VI, V2 and CL 
from 23 to 16%, 55 to 43% and 33 to 28%, respectively. A visual indication of goodness of 
fit of the final model can be seen in Figure 4. 

The model predicted concentrations plotted versus the observed concentrations (left plots) 
are symmetrically distributed around the line of unity. The individually (Bayesian) predicted 
concentrations plotted versus the observed concentrations are on the line of unity indicating 
an adequate fit of each individual concentration versus time curve. Furthermore, no trends 
were present in the weighted residuals versus time plots (not shown). 
Plots of Bayes estimates versus covariates are given in Figure 5. The plots illustrate that plas
ma clearance of MMC increased from 0.35 to 0.7 L/min in patients with BS A ranging from 
1.4 to 2.2 m2. Individual Bayesian estimates were averaged yielding the following values: VI 
4.5 ± 1.1 L, K12 0.014 ± 0.003 min1, V2 28 ± 16 L, CL 0.55 ±0.18 L/min and V3 36 ± 8 L 
(mean ± SD, n=47). The AUC for perfusate and plasma were 630 ± 130 mg/L*min and 71 ± 
24 mg/L*min, respectively; the ratio of AUC perfusate and AUC plasma was 10.1 ± 4.6. 

Validation 

From the original data set, 500 replicate data sets were generated and used for the evaluation 
of the stability of the final model. Table 3, third column, lists the results of the bootstrap 
procedure, presented as means and % coefficient of variation. Mean values of the bootstrap 
procedure were very similar to the parameter estimates of the original data set, indicating that 
the developed model is stable. 

Pharmacokinetic- pharmacodynamic analysis 

Leucocytes and thrombocytes counts before the HIPEC procedure were 8.5 ± 3.2*10" U/L 
and 384 ± 148*10'' U/L, respectively (mean ± SD, n=47); corresponding nadir values were 
4.9 ± 5.0*107L and 144 ± 61*107L. Grade 3 and 4 leucopenia was observed in 8 and 5 
patients, respectively, whereas 3 patients exhibited grade 3 thrombocytopenia (grade 4 
thrombocytopenia was not observed). 
Relationships between plasma AUC and haematological toxicities are shown in Figure 6. The 
relationship between plasma AUC and the decrease in thrombocytes was best described by 
the logarithmic model (b0=20%, bl=10%, R=0.56), whereas the correlation coefficient of the 
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Figure 3. Time profiles MMC concentrations in perfusate (top; in mg/L) and plasma 
(bottom; in mcg/L). 
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relationship between leucocytes and plasma exposure was higher for the sigmoidal Emax 
model (Emax=91%, AUC50=56 mg/L*min, 7=4.4, R=0.78) than for the logarithmic model 
(R=0.71) (figure 6). No relation between perfusate AUC and the haematological toxicities 
was observed (plots not shown). 
In Figure 6 (right top) the relationship between the plasma AUC and the grade of leucopenia 
is shown. Thirteen of the 47 patients experienced grade 3 or 4 leucopenia (28%) with AUC 
ranging from 33 to 123 mg/L*min. Inspection of the plot indicates that 3 out of the 29 
patients with plasma AUC less than 78 mg/L*min exhibit leucopenia grade 3 or 4 (approxi
mately 10%). This percentage is 20% when only patients with an AUC less than 100 
mg/L*min are taken into account (8 out of 41 patients). 

0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900 
observed cone. (mcg/L) observed cone. (mco/L) 

Figure 4. Model predicted (left) and individually Bayesian predicted (right) concentrations 
versus observed perfusate (top) and plasma (bottom) concentrations. The line is the line of 
unity 
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Figure 5. Individual Bayes estimates plotted versus patient characteristics. Top: VI versus 
perfusate volume. Middle: V2 versus duration of surgical procedure. Bottom: CI versus 
BSA. The solid lines are smooths. 
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Discussion 

In this study the pharmacokinetics and pharmacodynamics of MMC were characterized 
during hyperthermic intraperitoneal perfusion. The time profiles of MMC concentrations in 
perfusate and plasma were described with an integrated multi-compartment model. Relation
ships between plasma exposure and haematological toxicities were evaluated. 
A major safety issue in studies using perfusion of cavities with cytotoxic drugs for treatment 
of locally disseminated cancers is the resulting systemic drug exposure. The AUC is de
termined by dose, plasma clearance and the fraction absorbed from the peritoneal cavity. On 
basis of the developed pharmacokinetic population model we found a correlation between 
plasma clearance and body surface area. Dosing on square meters body surface is thus justi
fied. In a previous study from our Institute describing the pharmacokinetics of MMC, it was 
advised to calculate a dosage taking into account both the BSA and the volume of perfusion 
fluid [unpublished observations]. This advice was based on the observed wide inter-individ
ual variation in intraperitoneal and plasma MMC concentrations in patients receiving similar 
doses. The large variability in intraperitoneal and plasma exposure was explained by possible 
differences in starting volume (due to differences in body surface, tumour size and pre-exis-
tent ascites) and differences in volume increase of perfusion fluid during the perfusion pro
cedure (due to intraperitoneal blood loss and transudate or exudates). In the present model 
however linear pharmacokinetics were observed indicating that an increase of the peritoneal 
dose results in a proportional increase of plasma exposure and more haematological toxicity. 
Therefore, dosage should not be increased in patients with larger volumes of perfusate fluid, 
despite lower MMC concentrations in the perfusate. Application of the population pharma
cokinetic model allows characterization of the inter-individual variability of the pharmacoki
netic parameters. The estimated variability was moderate ranging from 16-43% (Table 3). 
BSA significantly explained part of the inter-individual variability in clearance. The duration 
of the surgical procedure was positively correlated with the central plasma volume of distri
bution. The population model indicates that the central volume of distribution increases from 
20 to 50 L when the duration of the surgical procedure increases from 6 to 12 hours. This 
finding can probably be explained by the fact that long-during/ extensive surgery is accom
panied by significant blood loss and fluid loss from the abdomen, resulting in the adminis
tration of large volumes of electrolytes and eventual blood transfusion. Extensive surgery 
may also cause a degree of general capillary leak syndrome, resulting in general oedema and 
administration of more intravenous fluids. As a result concentrations of MMC in the plasma 
will be "diluted" and V2 will increase. 

The pharmacokinetic model does not allow estimation of the absorbed dose, since the 
bioavailability is not known. An indication of the systemic dose can however be obtained by 
multiplication of the observed plasma AUC with reported intravenous clearance values. Ver-
weij et al reported clearances in the range of 12 to 42 L/hr/m:. A reported average intravenous 
clearance from 0.8 L/min and an observed average plasma AUC range of 71 mg/L*min corre
spond to an approximately systemic dose of 57 mg indicating that a substantial amount, prob
ably more than 50%, of peritoneal administered MMC is absorbed in the systemic circulation. 
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Figure 6 shows that hematotoxicity is related to plasma exposure. With increasing systemic 
exposure, leucopenia and trombocytopenia will occur more often due to bone marrow 
depression. No relation between perfusate AUC and the haematological toxicities was found. 

From the standpoint of treatment efficacy and safety, the ideal dosage regimen produces a 
maximal AUC in the perfusate whereas concentrations in plasma remain as low as possible. 
The dosage of 35 mg/m2, currently used, produced in 28% of the cases grade 3/4 leucopenia 
(range AUC 32-123 mg/L*min). This percentage is quite high with the knowledge that that 
severe leucopenia together with surgical complications can be fatal. Lowering the dose will 
produce a lower maximal observed AUC plasma and hematotoxicity. At a maximal AUC of 
78 mg/L*min, this percentage will be approximately 10%, a generally accepted percentage. 
However, this can only be reached by lowering the dose with an estimated 30% (to 25 
mg/m2). This may be investigated in further simulation studies with the developed population 
model followed by a prospective clinical affirmation study. 

What consequence may this study have for the medical doctor? The aim of this study was to 
characterize the pharmacokinetics and pharmacodynamics of MMC during HIPEC. Charac
terization of the pharmacokinetic and pharmacodynamic parameters can contribute to ration
alize the dosing during HIPEC and may lead to more accurate dosing. The developed 
pharmacokinetic model may be used to simulate dosage schemes and to evaluate plasma ex
posure. The currently used dose method based on a fixed amount of MMC per m2 BSA ap
peared reasonable with limited to moderate inter-individual variation. The current dose of 35 
mg/m2 resulted in 28% severe leucopenia (grade III/IV). When 10% grade I1I/IV leucopenia 
is accepted the ideal dose of MMC would be approximately 25 mg/m2 (estimation). Further 
simulation studies and clinical studies are needed to come to an exact dose advice. It must be 
emphasized that these findings only hold true for the perfusion system as used in The Nether
lands Cancer Institute. This concerns semi open abdomen, basic perfusate volume of 3 liters, 
perfusion rate of 1 L/min, abdominal temperature of 40°C, 90 minutes of perfusion and three 
drug additions (50% at t=0, 25% at t=30 and t=60 minutes). 

In conclusion, in this study the pharmacokinetics and pharmacodynamics of MMC during 
HIPEC could be fitted with success in a population model. The generated pharmacokinetic 
and pharmacodynamic parameters quantify the distribution and elimination of MMC in mul
tiple compartments of the patient. Based on our model the dose method based on square 
meter BSA appears rational. This model contributes to rationalize dosing and further simula
tion studies can lead to a more accurate dose advice. 
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Heat penetration in locally applied hyperthermia 

Introduction 

The effects of hyperthermia as a therapeutic approach against cancer have been studied ex
tensively.1: Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC) 
is a multimodality approach for peritoneal disseminated malignancies."' Intracavitary chemo
therapy has the advantage of a high local concentration of the cytostatic drug with limited 
systemic side effects.4 Hyperthermia has a direct cytotoxic effect at a level exceeding 42°C 
and enhances the activity and the penetration depth of many cytotoxic drugs already above 
39°C.56 Because the penetration depth of intracavitary chemotherapy is limited to a few 
millimetres at most, cytoreductive surgery aimed to remove all macroscopically visible 
lesions is mandatory.' In The Netherlands Cancer Institute/Antoni van Leeuwenhoek hospi
tal patients with pseudomyxoma peritonei or peritoneal carcinomatosis of colorectal origin 
are treated with cytoreductive surgery and HIPEC.78 Chemotherapy perfusion is performed 
with mitomycin C (MMC) for a duration of 90 minutes at 40-41°C (measured in the ab
domen). Homogeneity of the temperature during HIPEC is reached by continuous perfusion 
and manual stirring. In literature we found no studies on heat penetration. The aim of this 
study was to evaluate heat penetration in locally applied hyperthermia in the abdomen during 
HIPEC. 

Methods 

In The Netherlands Cancer Institute/ Antoni van Leeuwenhoek hospital cytoreductive sur
gery with intra-operative hyperthermic intraperitoneal chemotherapy (HIPEC) is applied for 
both patients with pseudomyxoma peritonei and patients with peritoneal carcinomatosis of 
colorectal origin.78 In this study 10 patients were included to determine the heat penetration 
in the abdominal wall. 

Surgery and HIPEC procedure 

After completion of cytoreductive surgery the perfusion system was set up (see Figure 
page 93).7 A Tenckhoff inflow catheter and 3 silicone outflow catheters were placed in 
the peritoneal cavity. A temperature sensor was attached to each catheter. The catheters 
were connected with a fluid filter, roller pump and heat exchanger. Thereafter the closed 
system was filled with an isotonic dialysis fluid (DianeaP PD1, Baxter, Uden, the Nether
lands). 

The skin surrounding the laparotomy wound was attached to a retractor ring placed above the 
abdomen. At the same time a plastic sheet was sutured to cover the wound to prevent heat loss 
and drug spillage. Centrally in the plastic cover, a hole was made just large enough to allow 
entrance for the surgeon's hand to stir the abdominal contents to promote the fluid distribu
tion. When the temperature of 40-41 °C was reached in all regions, the MMC was added (35 
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mg/m:) to the perfusion fluid. The core temperature, measured in the pharynx, was registered. 
If the core temperature exceeded 39°C. the temperature of the perfusion fluid was reduced to 
40°C or further in order to maintain core temperature below 39.5°C. No cooling was applied. 
After completion of the perfusion, the Tenckhoff catheter and temperature probes were 
removed, and the excess fluid was drained from the abdominal cavity. The outflow drains 
were left in place for postoperative drainage. After bowel continuity repair, the abdomen was 
closed using standard procedures. 

Temperature measurements 

An area with intact peritoneum was chosen. Temperature measurements were performed 
using a needle thermometer (MKA-08O5O-A and DM 852, Ellab, Copenhagen, Denmark). 
The used needle has been developed in such a way that only the tip sensors the temperature. 
The needle was inserted through the abdominal wall and subsequently withdrawn. The 
localization of the tip of the temperature probe was controlled visually or by palpation. 
The procedure of temperature measurement was done in duplicate for each patient at each 
instant. Temperature measurement was at 5 levels through the abdominal wall. First the 
intraperitoneal temperature near the peritoneum was recorded. The second level was just 
below the peritoneal surface (subperitoneal). The third measurement was performed on the 
inner surface of the abdominal muscles, whereas the outer surface of the abdominal muscles 
was level four. Level five was the subcutis (Figure 1). The distance between each level and the 
intraperitoneal surface was measured. The inflow temperature, core temperature and room 
temperature were also registered. The measurements were performed at two time points (10 
and 80 minutes after the start of abdominal perfusion), because it was anticipated that the core 
temperature, usually increasing during HIPEC, could influence the temperature measure
ments. 

Figure 1. Schematic overview of levels of y / 
temperature measurements. Levels: yS 
1) intraperitoneal, 2) subperitoneal, ' / 
3) inner surface muscles, 4) outer surface ' 
muscles and 5) subcutis. peritoneum muscle skin 
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Statistics 

For each patient two temperature measurements were collected for five levels. The means of 
those two observations were used for statistical analysis. The relation between temperature 
and depth was analysed using a piecewise linear model with two slopes: one until a depth of 
1 mm (the mean distance between intraperitoneal and subperitoneal level) and one beyond 
that depth. The temperature at the first site as well as both slopes were allowed to vary be
tween patients. This linear mixed effect model was fitted using restricted maximum likeli
hood.1"0 Empirical Bayes estimation was used to estimate the patient-specific intercepts and 
slopes." Given the individual intercepts and slopes, residuals within the same patient were as
sumed to be uncorrelated and have constant standard deviations (SD). The patient-specific in
tercepts and slopes were assumed to originate from a general 3-variate Normal distribution. 
Although residual analyses (Normal probability plots of within-patient residuals and random 
effects, scatter plot of within-patient residuals versus fitted values - calculated from fixed and 
random effects - and of the random effects against each other, autocorrelation plot; not 
shown) showed no evidence of major violations from these assumptions, the reliability of this 
is limited in view of the small number of patients. P-values were calculated from the Wald 
test using a t-distribution. Associations between temperature gradients and room or core tem
perature were explored using linear regression analysis with the estimated patient-specific 
gradient as dependent variable and room or core temperature as independent variable. The 
program package S+ 2000 was used for the analyses." 

Results 

Temperature measurements and statistics 

All data were available for analysis. The mean values of the in duplicate temperature meas
urements are shown in Table 1 and Figure 2. The distance between intraperitoneal and sub
peritoneal was 1.2 ± 0.6 mm (mean ± SD); between subperitoneal and inner surface muscle 
5.4 ± 2.1 mm; between inner surface muscle and outer surface muscle 5.8 ± 2.8 mm; between 
outer surface muscle and subcutis 8.2 ± 3.2 mm. 

On time point 10 minutes, the mean core temperature was 37.8 ± 0.8°C. The mean room tem
perature was 23.6 ± 1.2°C. Results of the piecewise linear mixed effect analysis on time point 
10 minutes are shown in Table 2 and Figure 3. On average, the temperature is estimated to be 
40.6 ± 0.8°C at the first level, then to drop 1.7 ± 1.0°C (P=0.0001) in the first mm and beyond 
that by a further 1.5°C per cm (SD 0.3°C/cm, P<0.0001). The quoted SD's indicate the net 
between patient variation, i.e. after subtraction of the effect of within patient variation due to 
random measurement error and biological variations. The variability of the estimates can be 
found in Table 2 from the SE's and 95% confidence intervals. The measured difference be
tween the gradient over the first mm (mean 1.71°C/mm), compared to the gradient at deeper 
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levels (mean 0.149°C/mm) appears a real and reproducible phenomenon (P=0.0002). The 
dashed lines in Figure 2 indicate the 39°C level; the level at which enhancement of the effect 
of MMC is expected. This is estimated to be crossed at 3.1 ± 3.5 mm. However, as can be 
seen from Figure 2, these estimates may be quite inaccurate due to the shallowness of the 
temperature gradients at the crossing points. Figure 3 indicates that there is no evidence of an 
association between initial (P=0.33) or final (P=0.42) temperature gradient and room tem
perature. However, the first mm gradient is estimated to become 0.88°C/mm (SE 0.29°C/mm, 
P=0.016) less steep per 1°C increase in core temperature and the final gradient by 
0.023°C/mm (SE 0.007°C/mm, P=O.012). 

On time point 80 minutes, the mean core temperature had increased to 38.5 ± 0.4°C. The 
mean room temperature was 22.7 ± 1.2°C. Results of the piecewise linear mixed effect analy
sis on time point 80 minutes are shown in Table 3 and Figure 4. On average, the temperature 

Table 1. Temperature measurements. Sites (columns): ^intraperitoneal, 2=subperitoneal. 3=inner 
surface muscles. 4=outer surface muscles and 5=subcutis. 

t= 10 
minutes 

Patient 1 
Patient 2 

Patient 3 
Patient 4 

Patient 5 
Patient 6 

Patient 7 

Patient 8 

Patient 9 
Patient 10 

Mean ± SD 

t=80 

minutes 

Patient 1 
Patient 2 
Patient 3 

Patient 4 
Patient 5 
Patient 6 
Patient 7 
Patient 8 

Patient 9 
Patient 10 
Mean ± SD 

1 

(°C) 

41.3 
41.3 

39.7 
39.9 

40.3 

40.0 
39.8 
41.9 
42.0 
39.7 

40.6 ± 
0.9 

1 
(°C) 

38.6 
39.3 
40.2 

41.3 
40.0 

40.0 
40.8 
40.0 

40.8 
39.9 

40.1 ± 

0.8 

2 

(°C) 

38.2 

40.2 

39.2 
38.1 

38.0 

39.3 
38.8 
38.4 
40.4 
39.2 

39.0 ± 
0.8 

2 

(°C) 

38.3 

38.7 
39.4 

38.3 
38.2 

39.6 
39.6 
39.3 
40.7 

39.6 
39.1 ± 

0.8 

3 
(°C) 

37.3 

38.4 
38.9 

37.0 

37.3 
38.8 

38.2 
37.2 
39.3 

38.6 
38.1 ± 

0.9 

3 

(°C) 

38.1 
38.5 
38.7 

37.9 
36.9 
39.5 
38.7 
38.8 

40.5 
38.6 

38.6 ± 

0.9 

4 

( ° Q 

35.7 
37.4 

38.0 
36.7 
35.4 

38.0 

37.2 
35.1 
39.4 
37.7 

37.0 ± 
1.3 

4 

(°C) 

36.6 

37.5 
38.4 
36.7 

34.8 

38.9 
37.7 
38.1 

39.0 
37.1 

37.5 ± 

1.3 

5 

(°C) 

33.2 

36.9 

37.0 
36.6 

33.6 
37.0 

36.3 

34.8 
38.2 
35.7 

35.9 ± 
1.6 

5 

(°C) 

33.6 

35.5 
38.0 

34.5 
32.9 
37.6 
37.1 
37.6 

38.6 
36.2 

36.1 ± 

2.0 

Inflow 

(°C) 

41.0 

41.5 
40.2 
40.1 

39.8 
41.5 
40.2 

41.8 
42.1 
41.5 

40.9 ± 
0.8 

Inflow 

(°C) 

40.2 

41.8 
40.1 
41.3 

40.1 

41.6 
40.9 
41.4 

40.7 
41.7 

41.0 ± 
0.7 

Core 

(°C) 

36.7 

37.8 
39.2 

37.6 
37.5 

38.1 
38.4 

37.2 
38.7 

37.0 
37.8 ± 

0.8 

Core 

(°C) 

37.9 

38.1 
39.2 
38.3 

38.8 

38.5 
38.6 
38.4 

39.1 
38.3 

38.5± 
0.4 

Room 

(°C) 

23.3 

26.0 
24.0 

22.9 
23.7 

22.0 

23.6 
25.3 
22.1 

23.6 
23.6 ± 

1.2 

Room 

(°C) 

23.5 
24.0 
21.9 

22.3 
23.7 

22.0 
20.3 
22.0 
23.3 
24.2 

22.7 ± 

1.2 
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Figure 2. Graphical representation of the raw data and the results of the piecewise linear 
mixed effect analysis. Time-point 10 minutes. Vertical axis: temperature (°C) and horizontal 
axis: depth (mm). 

is estimated to be 40.1°C (SD 0.6°C) at the first level, then to drop 0.8°C (SD 0.7°C, 
P=0.011) in the first mm and beyond that by a further 1.7°C per cm (SD 0.4°C/cm, 
P=0.0001). The measured difference between the gradient over the first mm (mean 
0.85°C/mm), compared to the gradient at deeper levels (mean 0.171°C/mm) appears a real 
and reproducible phenomenon (P=0.031). Again, the dashed lines in Figure 4 indicate the 
39°C level. This is estimated to be crossed at 5.1 ±5.0 mm. Again, as can be seen from Figure 
5, these estimates may be quite inaccurate. Figure 5 indicates, that there is no evidence of an 

Table 2. Relation between temperature and depth. Results from piecewise linear mixed model 
analysis. Time-point: 10 minutes. 

Temperature 

At depth=0 
Decrease (<lmm) 
Decrease (>lmm) 
Slope difference 
Residual SD 

Mean 

(°C) 

40.57 
1.71/mm 

0.149/mm 
1.56/mm 

0.48 

SE 
(°C) 

0.29 

0.38/mm 
0.013/mm 

0.37/mm 

95% CI 
(°C) 

40.0-41.2 
0.95-2.47 

0.123-0.175 
0.80-2.31 
0.36-0.63 

p-value 

0.0001 
<0.0001 

0.0002 

Between patient 
SD (°C) 

0.78 
1.02/mm 

0.025/mm 
1.00/mm 

95% CI 
(°C) 

0.41-1.49 
0.55-1.89 

0.009-0.072 
0.50-1.99 
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Figure 3. Graphical representation of association between temperature gradient and 
room temperature and between temperature gradient and core temperature. Time-point: 
10 minutes. The full line indicates the regression line and the dotted lines the 95% 
confidence limits. 

association between initial (P=0.73) or final (P=0.42) temperature gradient and room tem
perature or core temperature (P=0.94 and P=0.60 respectively). 

Discussion 

This study shows that locally applied hyperthermia during intra-operative hyperthermic 
chemotherapy (HIPEC) is accompanied with a steep temperature gradient from intraperi
toneal to subcutis. Because model adequacy could not be evaluated accurately and precision 
of the results was generally limited, the statistical analyses should be seen as being of an ex
ploratory nature. For this reason, no adjustment for multiple comparisons was attempted. 
However, these data show some interesting findings. Remarkable is the large decline in the 
first mm, between intraperitoneal and subperitoneal temperature. This rapid loss of heat 
could have several causes. The peritoneum is well vascularised, leading to cooling down of 
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Table 3. Relation between temperature and depth. Results from piecewise linear mixed model 
analysis. Time-point: 80 minutes. 

Temperature 

At depth=0 
Decrease (<lmm) 
Decrease (>lmm) 
Slope difference 
Residual SD 

Mean 
(°C) 

40.06 
0.85/mm 
0.171/mm 
0.68/mm 

0.57 

SE 
(°C) 

0.25 
0.32/mm 
0.03 8/mm 
0.30/mm 

95% CI 
(°C) 

39.6-40.6 
0.20-1.50 

0.093-0.249 
0.07-1.30 
0.43-0.74 

p-value 

0.011 
0.0001 
0.031 

Between patient 
SD(°C) 

0.55 
0.70/mm 
0.114/mm 
0.60/mm 

95% CI 

0.21-1.43 
0.29-1.69 

0.063-0.204 
0.21-1.71 

the hyperthermic perfusion fluid in contact with the relatively cool blood flow. This depend
ence of hyperthermia on blood flow is known as the 'heat sink effect'. Heat will be conducted 
to the surrounding tissue. Subsequently, the peritoneum will conduct heat to the abdominal 
wall and next to the subcutis. The temperature gradient at 10 minutes seems to be larger in 
comparison to the gradient at 80 minutes, probably due to the higher core temperature at 80 
minutes resulting in a smaller difference. 
The objective of locally applied hyperthermia is to enhance the cytotoxic effect of the cyto
static drug and to improve its penetration into the (tumour) tissue. A temperature of 39°C is 

40 -

35 

40 

35 

10 t=80 

40 

35 

10 20 30 10 20 30 

depth 

Figure 4. Graphical representation of the raw data and the results of the piecewise linear 
mixed effect analysis. Time-point 80 minutes. Vertical axis: temperature (°C) and horizontal 
axis: depth (mm). 
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Figure 5. Graphical representation of association between temperature gradient and 
room temperature and between temperature gradient and core temperature. Time-point: 
80 minutes. The full line indicates the regression line and the dotted lines the 95% 
confidence limits. 

the minimum temperature at which enhancement of MMC has been recorded.' The penetra
tion depth of MMC is only a few millimetres.12" At 10 minutes, 39°C is reached to a depth of 
3.1 mm (mean) and at 80 minutes to a depth of 5.1 mm, however with a wide inter-individual 
variability. Aimed regions of action like the peritoneum and tumour probably profit from the 
enhanced cytotoxicity and improved penetration of MMC, if tumour is limited to only a few 
millimetres. However, it should be taken into account that the temperature of 39°C is the 
lower limit. 

The superficial effect of hyperthermia and the fact that the penetration of MMC is at most a 
few millimetres emphasize the importance of complete cytoreduction in peritoneal surface 
malignancies; hyperthermia can only be expected in minimal residual disease. 

In conclusion, this study shows that hyperthermia used during HIPEC procedures, has a limited 
penetration depth with a wide inter-individual variability. The decline in temperature seems re
lated to core temperature. The superficial effect of hyperthermia emphasizes that cytoreductive 
surgery is mandatory, leaving no tumour or only minimal residual disease behind. 
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Pseudomyxoma peritonei 

Introduction 

Pseudomyxoma peritonei (PMP) is a rare disease characterised by the spread throughout the 
abdomen of mucinous ascites with peritoneal and omental mucinous implants.1 Werth was 
the first to describe this entity in 1884.: There is redistribution of the tumour in the abdomi
nal cavity to predictable sites.' Predisposition sites are the omentum ('omental cake'), the 
subhepatic region, the subdiaphragmal regions and the ovaries. Patients usually present with 
an expanding abdomen ('jelly belly') or PMP is diagnosed at abdominal surgery for other 
reasons.4 5 PMP is mostly confined to the peritoneal cavity, however metastases have been re
ported in rare cases.6"9 

The term pseudomyxoma peritonei is often applied to a heterogeneous group of pathologic 
lesions characterized by the presence of abundant extra-cellular mucus with or without 
epithelial cells.10 At present there is no uniform pathological diagnosis; peritoneal seeding 
from both a ruptured adenoma and a well-differentiated mucinous adenocarcinoma of the 
colon, most frequently the appendix, could lead to pseudomyxoma peritonei. The precise 
origin of PMP has been discussed for years. Both the appendix and the ovaries have been 
thought to be the origin of this disease. In the majority of women simultaneous occurrence in 
the appendix and ovaries are found." Based on immunohistochemical molecular genetic 
evidence, a recent consensus has been reached making the appendix the most frequent site of 
origin, while the ovaries are probably secondary tumour deposits.1" i : u Occasionally other 
origins have been described including lung, fallopian tube and urachus.15 '7 Ronnett et al1018 

introduced the following pathology classification system, replacing the term PMP by three 
diagnostic groups with decreasing prognosis: disseminated peritoneal adenomucinosis 
(DPAM), peritoneal mucinous carcinomatosis with intermediate or discordant features 
(PMCA-I/D) and peritoneal mucinous carcinomatosis (PMCA). 
Surgery has been considered the mainstay of treatment, however the recurrence rate is high.'" 
Unless the usually slow growth of this tumour, this disease appeared to be usually fatal; 
patients died after several debulking procedures because surgery was not possible anymore or 
patients died as result of surgical complications. Therefore most efforts has been put on sur
gery combined with adjuvant therapy in recent years. Sugarbaker advocated that surgery 
combined with intraperitoneal chemotherapy shows good survival results in patients with 
pseudomyxoma peritonei.2" 
In The Netherlands Cancer Institute/Antoni van Leeuwenhoek hospital PMP patients 
are treated with cytoreductive surgery and hyperthermic intraperitoneal chemotherapy 
(HIPEC).2' In this paper we report the clinical and histopathological features of 62 treated 
patients with PMP (DPAM or PMCA-I/D). PMCA patients were not included in our study, 
because they represent rather colorectal adenocarcinomas rather than the originally thought 
'benign' pseudomyxoma peritonei. We studied the relation between disease-free interval and 
survival on the one hand and individual pathology characteristics and pathology classifica
tion into DPAM and PMCA-I/D on the other hand. 
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Patients and Methods 

Patient selection 

Our existing prospective database contains patients with preoperative clinical diagnosis 
pseudomyxoma peritonei undergoing cytoreductive surgery and intra-operative hyperthermic 
intraperitoneal chemotherapy (HIPEC).21 From 1996 to 2002 75 consecutive patients with 
clinically PMP were selected for this study. Thirteen patients were not eligible because of 
insufficient pathology material (n=5) or other diagnosis at revision (n=8), e.g. PMCA or -
borderline malignancy, resulting in 62 patients for evaluation who matched the diagnosis 
pseudomyxoma peritonei at revision. 

Treatment schedule 

Aggressive surgical cytoreduction was carried out with the aim to reach complete resection 
or, if not possible, to resect all visible tumour lesions larger than 2.5 mm, the estimated 
penetration depth of mitomycin C (MMC).:: When needed, peritonectomy procedures were 
performed as described by Sugarbaker et al.23 If it turned out impossible to peel the malig
nancy from the surface of an organ, the involved organ or a segment was excised. After com
pletion of cytoreductive surgery, intra-operative hyperthermic intraperitoneal chemotherapy 
perfusion with 35 mg/nf MMC was performed at 40-41°C.:' Systemic chemotherapy 
(5-FU/leucovorin) was given as adjuvant therapy for PMCA-I/D patients.21 Of the total of 
sixty-two patients, thirty-six patients had been referred to our hospital because of recurrent 
pseudomyxoma peritonei; twenty-six patients had been referred to our hospital after diagno
sis, but without prior therapy. 

Pathology 

The pathology reports and slides from peritoneal lesions were reviewed, including available 
sections from previous resections of the appendix and ovaries. A single pathologist per
formed revision of the pathology without knowledge of the clinical course. The following 
items were scored: available number of pathology slides with pseudomyxoma peritonei; 
estimated percentage mucus-filled cavities containing (partial) lining with epithelium (<10% 
versus >10% of the cavities); cytonuclear atypia (minimal, moderate or marked); percentage 
focal proliferation (<1% versus >1%) in patients with minimal atypia; invasive growth 
(superficial or deep) and appearance of the appendix and ovaries. Focal proliferation was 
defined as an area of epithelium exhibiting atypia and mitotic activity in cases where the 
majority of the epithelium lacked atypia. The division in the above mentioned groups was 
performed to obtain comparable group sizes and to obtain clear different groups with respect 
to pathologic features and prognosis. After scoring the individual histologic features patients 
were classified as DPAM or PMCA-I/D. As reported by Ronnett et al10-18 DPAM is character
ized by peritoneal lesions composed of abundant extra-cellular mucus, showing epithelium 
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with minimal atypia or mitotic activity and with limited focal proliferation. An associated 
appendiceal mucinous adenoma is observed in most cases. PMCA-I/D includes peritoneal 
lesions with predominantly features of DPAM, but also focal areas of well-differentiated 
mucinous carcinoma (PMCA-I) or lesions characterized by a markedly atypical adenoma of 
the appendix that was dilated without evidence of invasive carcinoma in the wall of the 
appendix (PMCA-D). In our series, with help of our individually scored pathologic features, 
patients with minimal atypia and < 1 % focal proliferation were classified as DPAM whereas 
patients with moderate/ marked atypia or minimal atypia with >\% focal proliferation were 
classified as PMCA-I/D. 

Statistics 

Survival was calculated from the date of surgery and HIPEC to date of death (event) or last 
follow-up (censoring) according to the Kaplan-Meier method. The association between sur
vival and pathology characteristics was tested using the log-rank test. The disease-free inter
val was calculated from date of surgery and HIPEC to date of recurrence (event) or date of 
last follow-up/ date of death without signs of disease (censoring). Comparison of disease-free 
curves between categories of pathology characteristics was performed using the log-rank test. 
Statistical analyses were performed with the Statistical Package for the Social Sciences soft
ware (SPSS 10.0, Chicago, Illinois, USA). 

Results 

After revision 62 patients with PMP (24 males, 38 female) could be included in this study. 
The median age at surgery and HIPEC was 58 years (range 30-77). The mean interval be
tween diagnosis and HIPEC was 22 ± 32 months. The median interval between diagnosis and 
HIPEC was 7 months (range 1-159). 

Pathology 

After cytoreductive surgery the pathology specimen was sent to the pathology department. 
Characteristics of the pathology findings are shown in Table 1. Data on the aspect of the ap
pendix and ovaries are shown in Table 2. Microscopic figures of an adenoma of the appendix 
and of mucinous dissection of the ovaries (pseudomyxoma ovarii) are shown in Figure 1 and 
2 respectively. 
Only one normal appendix was found (2%). Peritoneal seeding of a mucinous urachal ade
nomatous tumour caused pseudomyxoma peritonei in this male patient.17 In five females the 
ovaries were normal (13%). In two of those females an adenoma of the appendix was found, 
in one female the aspect of the appendix was unknown by extensive involvement and in two 
females no material of the appendix could be retrieved. Interestingly, in a few patients more 
epithelial atypia was found in the region near the appendix. Deep invasion was seen in two 
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Table 1. Pathology characteristics of 62 patients with pseudomyxoma peritonei. 

Characteristic N 

Number of slides with PMP Median 8 (range 1-32) 
Percentage of epithelial lined spaces 

<10% 22(35%) 
>10% 40(65%) 

Cytonuclear atypia 
Minimal 50(81%) 
Moderate 8 (13%) 
Marked 2 (3%) 
Not applicable (no cells) 2 (3%) 

Percentage focal proliferation 
Not applicable (moderate or marked atypia) 10 (16%) 
<1 38(61%) 
>1 14(23%) 

Signet cells 
Yes 0 (0%) 
No 62(100%) 

Invasion 
Superficial 60 (97%) 
Deep 2 (3%) 

Lymphangio-invasion 
Yes 0 (0%) 
No 62 (100%) 

patients (3%), both into the bowel wall. We classified 38 patients as DPAM and 24 patients 

as PMCA-I/D. In 2 cases only mucinous dissection without epithelial cells was found; these 

were classified as DPAM. 

Disease-free interval and pathology characteristics (Table 3) 

The median follow-up from surgery and HIPEC until analysis was 33 months (range 3-75). 

The median disease-free interval from date of surgery and HIPEC was 33 months with a 3-

year disease-free percentage of 43% (SE 8.6). For the disease-free percentage for % cells 

(<10% versus > 1 0 % in relation to the mucus) no evidence of a difference between the two 

groups was found (p=0.25). No differences were found for the degree of atypia (p=0.52) or 

focal proliferation ( < 1% versus >1%; p=0.31) as well. DPAM patients showed a 3-year dis

ease-free percentage of 44% (n=38) whereas PMCA-I/D patients showed a 3-year disease-

free percentage of 4 1 % (n=24)(p=0.22). 

Survival and pathology characteristics (Table 3) 

The 30-days mortality rate was 3% (2/62). The median survival from date of surgery and 

HIPEC was 48 months with a 3-year survival of 67% and a 5-year survival of 38%. The 
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Table 2. Characteristics of appendix and 
during surgery and HIPEC. 

Total number 
of patients 

ovaries. Division between previous resection and resection 

Normal 

APPENDIX 

Adenoma Extensive 
involvement* 

No 
material 

Previous 31 1 14 4 12 
appendectomy 
Appendectomy 31 0 17 13 1 
during surgery 
and HIPEC 
Total 62(100%) 1(2%) 31(50%) 17(27%) 13(21%) 

OVARIES 

Total number Normal Mucinous Extensive No 
of patients dissection of involvement* material 

ovaries 

Previous 26 0 18 0.8 
resection 
ovaries 
Resection 12 5 2 5 0 
ovaries during 
surgery and 
HIPEC 
Total 38(100%.) 5(13%) 20(53%) 5(13%) 8(21%) 

* In case of extensive involvement it was impossible to determine if this was the primary lesion or the 
lesions were secondary deposits 

univariable p-values (log-rank test) for percentage of cells and degree of atypia were p=0.54 

and p=0.026 respectively. 

Survival seems to be better for lesions with minimal atypia versus moderate/marked atypia. 

When atypia was minimal, the percentage focal proliferation was scored. Focal proliferation 

( < 1 % versus >1%) did show different survival (Figure 3, p=0.0008). DPAM patients showed 

a 3-year survival of 89% (n=38) whereas a 3-year survival of 37% was found for PMCA-I/D 

patients (n=24) (Figure 4, p=0.0002). 

Discussion 

The aetiology and pathology of pseudomyxoma peritonei is still open to debate. Supported 

by immunohistochemical and molecular genetic evidence, the consensus is that in the major

ity of patients, PMP originates in the appendix and then spreads to secondarily involve other 

sites including the ovaries.I012-14-24 The pathophysiology can be summarized as follows. An 

adenoma arises within the appendiceal lumen, and with progressive growth, the lumen of the 

appendix becomes occluded. This occlusion together with more mucus leads to distension of 
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Figure 1. Microscopic figure of cystadenoma of the appendix (haematoxylin and eosin 
staining, magnification x 25). 

Figure 2. Microscopic figure of mucinous dissection of the ovaries (haematoxylin and 
eosin staining, magnification x 25). 
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the distal part of the appendix, eventually resulting in a rupture of the appendix. The epithe
lial cells spread within the abdominal cavity, producing large amounts of mucus.' 
At microscopy the lesions show the presence of abundant extra-cellular mucus which may or 
may not contain epithelial cells. Focal proliferation is limited. Signet cells and lymphangio-in-
vasion are not seen. In our series invasive growth - mucinous dissection resulting in infiltration 
- was present in 2 cases (2%), which is in agreement with findings of other investigators.6"10 We 
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Table 3. Disease-free interval and percentages and overall survival regarding pathologic 
characteristics. 

DISEASE-FREE INTERVAL OVERALL SURVIVAL 
n median 3-year 5-year p-value median 3-year 5-year p-value 

(months) (months) 

Whole group 
% epith. lined spaces 
<10% 
>10% 
Clytonuclear atypia 
minimal 
modernate/marked 
% focal proliferation 
<1 
>1 
DPAM 
PMCA-I/D 

62 

22 
40 

52 
10 

38 
14 
38 
24 

33 

33 
24 

34 
29 

33 
42 
33 
29 

43% 

47% 
39% 

45% 
29% 

44% 
54% 
44% 
41% 

29% 

47% 
23% 

27% 
29% 

44% 
0% 

44% 
14% 

P=0.25 

P=0.52 

P=0.31 

P=().22 

48 

• 

48 

55 
25 

• 

27 
• 

27 

67% 

60% 
67% 

71% 
45% 

89% 
31% 
89% 
37% 

38fr 

60% 
32% 

39% 
23% 

71% 
0% 

71% 
12% 

P=054 

P=0.026 

P=0.0008 

P=0.0002 

• = not determined because >50% of patients are alive at end of follow-up 

found some evidence that cytonuclear atypia might be a prognostic value and % focal prolif

eration appears to be a prognostic factor, while no such evidence was found for the amount of 

epithelial cells. However, the statistical power of this study is still rather limited. 

Ronnett et al1018 reported the largest series on pathology of PMP. In these studies PMP is 

classified in three diagnostic categories with decreasing prognosis: disseminated peritoneal 

adenomucinosis (DPAM), peritoneal mucinous carcinomatosis with intermediate or discor

dant features (PMCA-I/D) and peritoneal mucinous carcinomatosis (PMCA). Peritoneal 

lesions composed of abundant extra-cellular mucus, showing epithelium with minimal atypia 

or mitotic activity characterize DPAM. Focal proliferation is often limited. An associated 

appendiceal mucinous adenoma is observed in most cases. PMCA-I/D includes peritoneal 

lesions with predominantly features of DPAM, but also focal areas of well-differentiated 

mucinous carcinoma (PMCA-I) or lesions characterized by a markedly atypical adenoma of 

the appendix that was dilated without evidence of invasive carcinoma in the wall of the 

appendix (PMCA-D). Peritoneal lesions composed of more abundant mucinous epithelium 

with the architectural and cytologic features of a carcinoma characterize PMC A. PMC A is 

often associated with a primary mucinous adenocarcinoma of the large intestine. Ronnett et 

al18 reported a 5-year survival of 75% for 65 patients with DPAM. This is in agreement with 

our results where we found a 5-year survival of 7 1 % for DPAM patients. Our survival figures 

concerning PMCA-I/D patients are less favourable than reported by Ronnett et al18; a 5-year 

survival of 12% versus a 5-year survival of 50%. However, it should be taken into account 

that we report overall survival whereas in the series of Ronnett et al ls death due to disease was 

taken as endpoint; furthermore date of diagnosis was used to calculate the survival while in 

our series the date of surgery was used [personal communication]. Patients in the study of 

Ronnett et al ls were all treated by cytoreductive surgery, systemic and intraperitoneal 
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chemotherapy, whereas in our series adjuvant therapy was only given to PMCA-I/D patients. 

Possibly, different judgments as to the classification of patients with PMCA-I/D or PMCA 

could be partially responsible for differences in survival of these studies. As proposed by 

Ronnett et al'8, we agree that the term pseudomyxoma peritonei should be replaced by more 

adequate pathologic categories. Our data support the prognostic value of the division between 

DPAM and PMCA-I/D. DPAM as defined by Ronnett et al""8 proved also in this series to be 

a pathological entity that could be clearly established precluding a significant prognostic 

value. It can be clearly distinguished from PMCA on pathological grounds. Prognosis of PM

CA does not seem to differ from that of peritoneal carcinomatosis of ordinary appendix or 

colon carcinoma.252h We therefore think that this entity should no be included in the term 

PMP. PMCA-I/D takes an intermediate place; usually it presents as the same clinical appear

ance as DPAM, however with different pathological features and a different prognosis. 

Our results confirm that the primary localisation of pseudomyxoma peritonei is generally an 

adenoma of the appendix. In females the ovaries are usually also involved (pseudomyxoma 

ovarii). In the majority of patients microscopy shows only a few epithelial cells with minimal 

cytonuclear atypia. Atypia may be of prognostic value and the percentage of focal prolifera

tion appears to be of prognostic value, however further studies have to be performed to con

firm these findings. Patients with DPAM differ from patients with PMCA-I/D with respect to 

pathologic features and prognosis. We propose that the term PMP has to be restricted to 

DPAM and PMCA-I/D histology only. 
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Prognostic value of baseline and serial CEA and CA 19.9 

Introduction 

Tumor markers are useful if they facilitate diagnosis and if they can help to evaluate therapy. 
Pseudomyxoma peritonei is a rare disease characterized by the spread throughout the 
abdomen of mucus-producing cells of benign or low malignant histology, which are in most 
cases derived from low-grade tumors in the appendix vermicularis.' These mucinous cells 
from enteric origin are expected to produce the proteins carcinoembryonic antigen (CEA) 
and carbohydrate antigen (CA19.9), and several reports have been published showing 
elevated levels in patients with pseudomyxoma peritonei do occur.2"5 

In The Netherlands Cancer Institute/ Antoni van Leeuwenhoek hospital, patients with 
pseudomyxoma peritonei are treated with aggressive cytoreduction combined with intra
operative hyperthermic intraperitoneal chemotherapy (HIPEC).6 In this treatment protocol, 
measurement of the tumor markers CEA and CA19.9 is routinely performed before treatment 
and at 3-month intervals afterward. In this article, we present data on the prognostic value of 
baseline and serial CEA and CA19.9 measurements in 63 patients with pseudomyxoma peri
tonei treated with aggressive cytoreduction combined with HIPEC. 

Patients and methods 

Between 1996 and 2001, 63 patients with pseudomyxoma peritonei were treated in The 
Netherlands Cancer Institute/ Antoni van Leeuwenhoek hospital. Treatment was performed 
according to a clearly defined treatment protocol. The diagnosis pseudomyxoma peritonei was 
defined by three properties. First, characteristic tumor spread was seen, with emphasis on ileo
cecal region, ovaries, omentum, and subdiaphragmatic regions. Second, Hounsfield measure
ments of tumor on computed tomography (CT) scan were compatible with high mucous 
content. Third, the histology showed excessive mucous with few well-differentiated cells. 
At laparotomy, the tumor extent was scored by region of involvement (left and right subdi
aphragmatic, subhepatic, omentum/ transverse colon, small intestines/ mesentery, ileocecal, 
and pelvic region) and by size. Aggressive surgical cytoreduction was performed with the aim 
to reduce tumor residue to less than 2.5 mm. The tumor extent was again scored after the cy
toreduction. Cytoreduction was considered as complete when tumor residue was less than 2.5 
mm. When > 2.5-mm tumor residue was left behind, the cytoreduction was considered as in
complete. 
The abdomen was then lavaged with heated isotonic dialysis fluid (Dianeal™ PD1; Baxter, 
Uden, the Netherlands) with mitomycin C for 90 minutes (dosage of mitomycin C 35, mg/m2; 
temperature, 40°C-41°C). The surgical specimen was histologically examined. On the basis 
of the cell atypia and on the number of cells in relation to the mucous, the disease was char
acterized as either a benign or a malignant pseudomyxoma peritonei. Patients with malignant 
pseudomyxoma received, after recovery, systemic treatment with 5-fluorouracil and leucov-
orin for 6 months. Both CEA and CA 19.9 were routinely measured before treatment and at 
3-monthly intervals after treatment. 
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The Liaison™ (Byk-Sangtec Diagnostica, Dietzenbach, Germany), an automated system to 
perform chemiluminescence immunoarrays, was used for the measurements of both CEA 
and CA19.9. The upper limits for normal CEA and CA19.9 are, respectively, 4 u.g/L and 37 
kU/L, according to the manufacturer.7 

Three months after treatment, a CT scan of the abdomen was made. Frequently these CT 
scans showed some residual abnormalities, which were difficult to distinguish between resid
ual tumor and postoperative changes. Recurrence was defined as increase of CT abnormali
ties of at least 50% in two directions, according to the World Health Organization criteria, or 
by cytology or histology. 
In the calculation of overall survival, patients who died from any cause were counted as treat
ment failures; all other patients were censored at the date of their last follow-up. In the cal
culation of disease-free interval, patients whose disease recurred were counted as treatment 
failures; all other patients were censored at the date of their last follow-up. Time was meas
ured from the date of HIPEC. 
Statistical analysis was performed with SAS (Version 8 for Windows; SAS™ Institute, Cary, 
NC). One-way analysis of variance was used to investigate relations between baseline 
CEA and CA19.9 values on the one hand and the number of affected regions and type of tu
mor on the other hand. For number of affected regions the P value was calculated without 
prior amalgamation of categories (one to seven regions). Because both tumor marker values 
were extremely skewed to the right, a logarithmic transformation was applied before analy
sis. A constant of 1 was added to all values before this transformation to prevent a logarithm 
of 0. This transformation resulted in reasonably normally distributed residuals. A conse
quence of this transformation is that relative rather than absolute differences or changes were 
analyzed. 
Survival and disease-free percentages were calculated by using the Kaplan-Meier product-
limit method. Curves were compared by using the log-rank test. A stepwise procedure using 
the proportional hazard (PH) regression analysis was used to identify which baseline 
characteristics had predicting power regarding overall survival and recurrence. The inclusion 
and exclusion limit for the P value was .05. A logarithmic transformation of baseline 
CEA and CA19.9 was performed to reduce the effect of the skewed distribution on the re
sults from the PH analysis. All variables were assumed to be linearly related with 
log(hazard). 
A repeated-measures analysis of variance was used to analyze changes over time in the tumor 
markers as well as the difference between patients with and without recurrence. The relation 
between serial marker values and recurrence was analyzed by using PH regression with time-
changing covariates. This method compares tumor marker levels at the time of recurrence 
with values of patients who have not yet had recurring disease at the same follow-up and 
translates that into a hazard ratio. The Simon-Makuch method graphically compares the sur
vival or recurrence rate of those who remain in a particular state (e.g., normal CA19.9) with 
those who change from that state to another (e.g., increased CA19.9) during follow-up, but 
before recurrence.8 For confidence intervals (CI), the level of 68% was chosen because for the 
normal distribution, this coincided with ±SE. 

134 



Prognostic value of baseline and serial CEA and CA19.9 

Results 

Preoperatively increased CEA and CA19.9 levels were found in, respectively 75% (47 of 63) 
and 58% (35 of 60) of the patients. Baseline CA19.9 was not measured in three patients. A 
cross-table shows that in half of the patients, both markers are increased and that when 
CA19.9 is normal, CEA is increased in almost half of the cases (Table 1). 

Baseline marker values and clinical characteristics 

Analysis of variance indicated that both baseline CEA (P = .0030) and CA19.9 (P = .0014) 
are associated with the number of affected regions. The median baseline CEA in patients with 
one to six affected regions (n = 23) was 5.1 fxg/L (68% CI, 3.3-7.8 p-g/L), and the median 
baseline CA19.9 was 10.9 kU/L (68% CI, 6.8-17.4 kU/L). In patients with all seven affected 
(n = 40) regions, the baseline CEA was 43.7 fxg/L (68% CI, 33.1-57.6 p.g/L), and the base
line CA19.9 was 197 kU/L (68% CI, 140-278 kU/L). No differences were found between pa
tients with benign or malignant pseudomyxoma peritonei regarding baseline CEA (P = .35) 
orCA19.9(P = .22)(Table2). 

Tumor markers immediately after HIPEC 

Within 3 months after cytoreduction combined with HIPEC, the tumor marker CEA normal
ized in 73% (22 of 30) of the patients with preoperatively increased levels, whereas for 
CA19.9 this percentage was 57% (16 of 28). The numbers (30 and 28) differ from the 45 and 
35 mentioned for the preoperative values of CEA and CA19.9; postoperative deaths or short 
follow-up cause missing postoperative values. 

Overall survival and baseline characteristics 

Twelve patients died during follow-up after a median period of 21 months (range, 1-47 
months). The median follow-up of the 51 patients still alive was 16 months (range, 0-53 
months). Estimated survival at 2 years was 84% (SE, 7%) and at 3 years 67% (SE, 12%). 
Estimated survival at 2 year was 94% (SE, 5%) for patients with benign disease versus 62% 
(SE, 17%) for patients with malignant disease (P = .013). Patients with malignant disease 

Table 1. Cross-table of preoperative CEA and CA19.9 in patients with pseudomyxoma peritonei. 

Normal CA19.9 Increased CA 19.9 Total 

Normal CEA 14 1 15 
Increased CEA 11 34 45 
Total 25 35 60 

CEA, carcinoembryonic antigen; CA, carbohydrate antigen. The upper limits for normal CEA and 
CA19.9 are 4 |xg/L and 37 kU/L, respectively. From 3 patients of the total series (n = 63), either CEA 
or CA19.9 was known before surgery. 
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Table 2. Baseline marker 

Variable 

Affected regions 
1-6 
7 

Pathological type 
Benign 
Malignant 

values and 

CEA (n) 

23 
40 

42 
21 

number of affected regions or pathological 

CEA ((xg/1), 
median (68% CI) 

5.1 (3.3-7.8) 
43.7(33.1-57.6) 

17.4(12.6-23.8) 
29.0 (18.5-45.1) 

CA19.9 (n) 

22 
38 

40 
20 

type. 

CA 19.9 (kU/L). 
median (68% CI) 

10.9(6.8-17.4) 
197(140-278) 

91.8(62.4-134.6) 
39.9(22.8-69.1) 

CEA, carcinoembryonic antigen; CA, carbohydrate antigen; CI, confidence interval. The upper limits 
of normal for CEA and CA19.9 are 4 |xg/L and 37 kU/L, respectively. At laparotomy, the tumor extent 
was scored by region of involvement (left and right subdiaphragmatic, subhepatic, omentum/ 
transverse colon, small intestines/mesentery, ileocecal, and pelvic region). The pathological type was 
characterized as benign or malignant on the basis of atypia and number of cells in relation to mucous. 

have a 4.4 times higher risk (95% CI, 1.4-14.2) of death with the Cox analysis compared with 

those with benign disease, unadjusted for other variables. When we adjust the P values at step 

0 for the fact that six P values were calculated (Table 3), the P value for pathological type -

increases to a nonsignificant .078. This indicates that the evidence for the existence of an as

sociation between pathological type and survival is still weak in these data. Neither marker, 

nor interval between diagnosis and HIPEC procedure, nor extent of disease (one to six vs. 

seven regions), nor cytoreduction (complete vs. incomplete) was found to be an independent 

prognostic factor regarding survival. 

Disease-free interval and baseline characteristics 

Seventeen patients were diagnosed with recurrent disease during follow-up at a median of 14 

months (range, 6-46 months). The estimated disease-free probability at 2 years was 63% (SE, 

10%) and at 3 years 54% (SE, 15%). The results of the stepwise procedure of the PH regres

sion analysis are listed in Table 3 (columns 4-6). 

Baseline CA19.9 and malignancy were identified as potentially independent prognostic fac

tors with regard to recurrence. In a model with both CEA and CA19.9, the P value for 

CA19.9 was .026, indicating that the prognostic power CA19.9 was independent of CEA, 

while no independent prognostic power of CEA was found (Table 3). Figure 1 shows the 

disease-free interval curves for three groups of patients based on baseline CA19.9. The esti

mated disease-free percentage at 2 years was 94% (SE, 10%) for patients with normal 

CA19.9 (n = 25), versus 55% (SE, 17%) for patients with CA19.9 between 37 and 300 kU/L 

(n = 20) and 37% (SE, 17%) for patients with CA19.9 of >300 kU/L (n = 15). The hazard of 

recurrence is estimated to increase by 35% (95% CI, 7%-71%) per unit difference of 

ln(CA19.9 + 1), or approximately per 2.7-fold difference in CA19.9; e.g., from a CA19.9 of 

40 kU/L to a CA19.9 of 110 kU/L. Figure 2 shows the disease-free interval curves for patients 
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Table 3. P-values from stepwise proportional hazard analysis. 

Variable 

Survival 

Step 0 Step J 

Disease-free Interval 

Step 0 Step 1 Step 2 

Interval, diagnosis to HIPEC 
Extent of disease 
Cytoreduction 
Benign/malignant 
Ln (CEA + 1) 
En (CA 19.9+ 1) 

0.56 
0.60/0.045 

0.18 
0.013 
0.18 
0.19 

0.90 
0.41/0.25 

0.35 
0.013 
0.081 
0.17 

0.29 
0.16 
0.49 
0.18 
0.042 
0.012 

0.56 
0.82 
0.82 
0.041 
0.28 
0.012 

0.57 
0.92 
0.66 
0.041 
0.29 
0.012 

with benign and malignant types of pseudomyxoma peritonei, adjusted for CA19.9. The 
estimated disease-free percentage at 2 year was 74% (SE, 9%) for patients with a benign type 
versus 52% (SE, 15%) for patients with a malignant type. Patients with the malignant type 
have a 3.0 times higher risk (95% CI, 1.05%-8.7%) of developing recurrent disease compared 
to patients with a benign type, with the same baseline CA19.9 value. 
However, when we adjust the P values at step 2 for the fact that six P values are calculated 
(Table 3), we do not find a P value of <.05, indicating weak evidence for the existence of 
an association between baseline CA19.9 and disease-free interval in our data. There is 
no evidence for an association between pathological type and disease-free interval. The 
other tested variables—interval between diagnosis and HIPEC, extent of disease, and cytore-

8 0 -

60 -

40 -

20 -

o -

25 
20 
15 

13 
11 
6 

I 

4 

! 1 _ 

i 

5 
5 
3 

<37 
37-299 
>=300 

2 
2 
1 

i 
I 
I 
I 
i 

1 
1 

Years after HIPEC 

Figure 1. Disease-free percentage by baseline carbohydrate antigen 19.9 (CA19.9). The 
numbers below are patients at risk. The upper limit for normal CA19.9 is 37 kU/L. The 
division in the groups (37-299 vs, >300 kU/L) was performed to obtain comparable group 
size. The differences between the groups are not statistically significant. HIPEC, 
hyperthermic intraperitoneal chemotherapy. 
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duction—were not found to be independent prognostic factors regarding disease-free inter
val. 

The extent of disease was scored by region of involvement (one to seven) and was tested lin
early and nonlinearly. Complete cytoreduction was tested versus incomplete cytoreduction. 
The pathological type was characterized as benign or malignant on the basis on atypia and 
number of cells in relation to mucous. The intervals between diagnosis and HIPEC and both 
markers are linear variables. Underlined: covariates adjusted for. 

Changes in serial marker values 

Changes in serial marker values show that the CEA decreases markedly immediately after 
HIPEC but slowly increases again (P < .0001). Patients with recurrence have higher CEA 
values in comparison with patients without a recurrence at or before the time of measurement 
(P = .0007). However, there is only a weak evidence of a different pattern in CEA changes 
between patients with and without recurrence (P = .069). CA19.9 also decreases markedly 
after HIPEC (P < .0001). Patients with recurrence have, on average, higher CA19.9 values (P 
= .0008). There is also significant evidence that a different pattern in CA19.9 changes is 
related with recurrent disease (P = .0012). 

Serial marker values and recurrence 

The relation between serial marker values and recurrence was evaluated only for CA19.9 and 
not for CEA because a high P value for CEA, but not for CA 19.9, in the PH model was found 
when both markers were included. Table 4 shows that the differences between patients with 
regard to their CA19.9 level at a certain follow-up are reflected in an increased hazard of 
recurrence for the patient with the higher level. This effect is the highest for immediate 

Table 4. Time of CA19.9 measurement and the hazard ratio of developing a recurrence. 

Time of CA 19.9 
measurement 
(end point) 

At recurrence 
3 mo before 
6 mo before 
9 mo before 

12 mo before 
15 mo before 

Hazard ratio (HR) per 
unit (increase in) 

ln(CA19.9+l) 

3.16 
1.94 
1.61 
1.69 
1.51 
1.48 

95% 
Confidence 

interval of HR 

1.99-5.03 
1.32-2.85 
1.15-2.26 
1.15-2.49 
0.98-2.31 
0.96-2.30 

P value 

<.0001 
.0008 
.0062 
.0074 
.060 
.079 

CA, carbohydrate antigen. The differences between patients with regard to their CAI9.9 level at a 
certain follow-up are reflected in an increased hazard of recurrence for the patient with the higher 
level. This effect is the highest for immediate recurrences: an increase in hazard by a factor of 
approximately 3 per 2.7-fold difference in CA19.9 +1, e.g., between a CA 19.9 of 40 kU/L and a 
CA 19.9 of 110kU/l. 
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Figure 2. Disease-free percentage after first postoperatively increased carbohydrate antigen 
19.9 (CA19.9). The numbers below are patients at risk. Patients with no recurrence at last 
follow-up were censored. 

recurrences: an increase in hazard by a factor of approximately 3 per 2.7-fold difference in 
CA19.9 +1, e.g., between a CA19.9 of 40 kU/L and a CA19.9 of 110 kU/L. But even 9 
months after differences in CA19.9 are seen, the increase in hazard of recurrence is approxi
mately 70% for the same difference in CA19.9. The magnitude of change in the last 3 to 6 
months also adds information regarding recurrence possibility, especially in the near future. 
During follow-up, both a high absolute CA19.9 level (P = .0005) and a further increase (P < 
.0001) are predictive of imminent recurrence. 

Twenty-six patients had at least one elevated CA19.9 value after HIPEC. Figure 3 shows that 
at the moment of the first increased CA19.9 value, 4 (15%; SE, 7%) of these 26 patients 
already had a recurrence, increasing to 51% (SE, 13%) after 1 year and 69% (SE, 18%) after 
2 years. 

Simon-Makuch curves (Fig. 4A) show that patients who never attain normal CA19.9 levels 
have a higher recurrence rate than patients who do attain normal CA19.9 levels. Also, patients 
who continue to have normal CA19.9 levels rarely experience recurrence of disease (Fig. 4B) 
as compared with patients who have or get an increased level. In these figures, the full lines 
represent patients who have and continue to have abnormal CA19.9 levels (Fig. 4A) or pa
tients who have and continue to have normal CA19.9 levels (Fig. 4B). The dotted line repre
sents patients who have or attain normal CA19.9 levels (Fig. 4A) or patients who have or 
attain abnormal CA19.9 levels (Fig. 4B). During follow-up, a patient may change from the 
full line to the dotted line, but not the other way around. 

139 



Chapter 10 

100 

80 " 

.2 60 

40 " 

20 -

0 

. . . . . < . 

Permanently elevated 
Normal before recurr. 

100 

80 

60 

40 

20 

0 

-

I 

; 

•• 

— — Permanently normal 

0 60 12 24 36 48 60 0 12 24 36 48 

Time from HIPEC (months) Time from HIPEC (months) 

Figure 4. Simon-Makuch curves8 for disease-free percentage by carbohydrate antigen 19.9 
(CA19.9). (A) Comparison of patients who continued to have increased CA19.9 values 
during follow-up with patients who already had or attained normal CA19.9 values during 
follow-up. (B) Comparison of patients who continued to have normal CA19.9 values during 
follow-up with patients who had or attained increased CA19.9 values during follow-up. 
HIPEC, hyperthermic intraperitoneal chemotherapy. 

Discussion 

The tumor markers CEA and CA19.9 have been used for several decades. CEA, first 
described by Gold and Freedman in 1965, is widely used as a tumor marker for colorectal 
cancer.'1 The CA19.9 is a tumor-associated antigen first described by Koprowski in 1979." The 
antigenic determinant on CA19.9 that is recognized by the monoclonal antibody 116NS-19.9 
is a sialylated derivative of the Lewis A antigen.'" The use of CA19.9 is well established in 
pancreatic and biliary disease.10" Unfortunately, it lacks sensitivity and specificity to support 
a diagnosis. Increased levels of CA19.9 are also seen in benign biliary and pancreatic dis
eases, such as inflammations, or at dysfunction of metabolism.'" 

In colorectal cancer, CA19.9 shows less sensitivity but a higher specificity in comparison with 
CEA. Especially in advanced cancer, CA19.9 elevation is an independent prognostic factor and 
is a useful marker for evaluating therapy.""2" Nakayama et aF recommend more aggressive 
treatment for CA19.9-positive patients. The use of different upper limits is problematic-
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Pseudomyxoma peritonei is a separate entity characterized by the spread of mucous-pro
ducing benign or low-grade malignant cells, usually derived from a tumor in the appendix 
vermicularis.1 The spread over the abdomen has a characteristic pattern, with a clear prefer
ence for growth in the ovaries, the greater omentum, and the subdiaphragmatic regions, 
whereas the small bowel remains relatively unaffected. The cells are of enteric origin and 
the—often voluminous—tumors in the ovaries are secondary deposits.' 
In pseudomyxoma peritonei, tumor markers have not been studied well. Serum CEA meas
uring was reported to be useful during follow-up.2> Elevated serum CA19.9 in pseudomyxo
ma peritonei patients has been reported in some cases.4-5 

In our series, both preoperative CEA and CA19.9 levels were increased in a surprisingly high 
percentage of patients (75% and 58%, respectively). CA19.9 is known to drain via the tho
racic duct toward the circulation. It is conceivable that the CA19.9 antigen produced in the 
peritoneal cavity, which drains directly on the thoracic duct pathway, can therefore easily 
reach the bloodstream. An interesting finding is that moderately and especially markedly 
increased preoperative CA19.9 levels seem to represent an independent prognostic factor 
for disease-free interval. However, we did not find any relation between baseline CA19.9 
levels and histological grading of the tumor. The effect seems more likely top be an expres
sion of the amount of CA19.9-producing cells. We found a relation between an increase of 
CA19.9 and disease extending over all seven regions of the abdomen. This seems to mean 
that more CA19.9 means more tumor load, and not surprisingly, this means worse prognosis. 
However, the evidence for the prognostic power of baseline CA19.9 is still rather weak be
cause of the relatively low power of this study. Therefore, an independent confirmation seems 
necessary. 
The massive amount of tumor present in most cases of pseudomyxoma peritonei means that 
marker-negative patients are probably truly negative. Partly this may be due to the little-
known fact that the test of CA19.9 depends on the presence of the Lewis A antigen and that 
5% to 8% of the population is unable to express the antigen.21 Of course, some tumors may 
just not express the CA19.9 antigen; however, we did not perform histological staining for 
CA-19.9. In the literature, no studies are reported on immunohistohemical expression of 
CA19.9 in patients with pseudomyxoma peritonei. It remains unclear why, in a substantial 
portion, CA19.9 is not expressed and why these patients seem to do better. In our series we 
found only one patient who had normal preoperative CA19.9 values but showed increased 
levels when his disease recurred. Therefore, in patients who present with massive disease and 
normal preoperative CA19.9 levels, it seems hardly worthwhile to continue postoperative 
CA19.9 monitoring. The measurement of CA19.9 is not universally applicable, and, there
fore, better tumor markers with a high sensitivity and specificity are still needed. 
Increasing CA19.9 levels predict an imminent clinical recurrence. In 14 patients with preop-
eratively increased CA19.9 levels and with increasing CA19.9 values on three successive oc
casions, a recurrence was eventually established. The other three patients with recurrent 
disease had no (known) preoperatively increased CA19.9 values (n = 2) or no CA19.9 follow-
up values (n = 1). Postoperatively increased CA19.9 predated the confirmation of recurrence 
by CT scan or histology by a median of 9 months (median lead time). Despite the relatively 
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low power of this study, the evidence for a prognostic capacity of CA19.9 measurements 

during follow-up seems conclusive. 

The predictive power of serial CA19.9 measurements with regard to survival was not tested 

because the relatively short follow-up period, which was at longest 5 years. The actuarial 

3-year survival of patients treated with cytoreductive surgery combined with H1PEC is 81%, 

indicating the relatively favorable prognosis." In the future, when the duration of follow-up 

has increased, the predictive power of serial CA19.9 measurements with regard to survival 

must be analyzed. 

It is interesting that despite the fact that CEA was initially increased in a higher percentage of 

patients, we did not find the same independent prognostic value as found for CA19.9. There 

was no relation between preoperative CEA and extent of tumor or prognosis. There was also 

a far weaker relation between recurrence and increase of CEA. This was due to a number of 

patients who showed both elevated CEA and CA19.9 before treatment but who at recurrence 

had only increased CA19.9 and normal CEA levels. When CEA and CA19.9 are both 

measured, CA19.9 is by far the most useful marker in pseudomyxoma peritonei. 

On the basis of our observations, we recommend pretreatment measurement of CA19.9 in 

patients with pseudomyxoma peritonei and in case of patients with pretreatment increased 

CA19.9, the use of CA 19.9 as marker is valuable during follow-up after therapy. If CA 19.9 

raises, these patients are suspect for recurrent disease. 
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General discussion and conclusion 

This thesis reflects the efforts on hyperthermic intracavitary chemotherapy research over the 
past five years in The Netherlands Cancer Institute/Antoni van Leeuwenhoek hospital. Both 
cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC) in PMP and 
carcinomatosis peritonei of colorectal origin': and cytoreductive surgery and hyperthermic 
intra-thoracic chemotherapy (HITHOC) in patients with MPM and pleural thymoma were 
studied. 

Cytoreductive surgery and HITHOC. 

Pharmacokinetics 

A major safety issue in studies using intraperitoneal chemotherapy perfusion is the resulting 
systemic drug exposure. Knowledge of pharmacokinetics can help the clinician to 
rationalise the dosing and may lead to a more underpinned dose advice in further studies. The 
cytostatic drugs during HITHOC were doxorubicin and cisplatin, both cytostatics of which is 
known that they have some effect after systemic administration in both mesothelioma and 
thymoma patients."'1 The pharmacokinetics of cisplatin during HITHOC has been described 
earlier, whereas doxorubicin pharmacokinetics during HITHOC has not yet been reported in 
literature.7 Our data on doxorubicin show a favourable area under the curve (AUC) ratio for 
perfusate/plasma, indicating the high exposure in the thoracic cavity, while maintaining the 
systemic exposure below toxic limits. The observed doxorubicin plasma AUC after intratho
racic instillation was about 1/10 to 1/15 of the level, when given intravenously. This implies 
that the maximal tolerable plasma AUC was by far not reached in our series.810 In further 
studies, therefore, dose escalation of doxorubicin could be investigated. On the other hand, 
the possibility of doxorubicin-related local toxicity has to be kept in mind; congestive heart 
failure after intrapleural administration in rabbits has been reported." Assessment of the ejec
tion fraction and cardiologie follow-up is part of our treatment protocol. Initial analysis how
ever, has not shown a significant impact of the dose levels of doxorubicin on the cardiac 
function. Details will be published in the near future. 
The penetration depth of doxorubicin appeared variable and in general it is limited to a few 
cell layers at most. These results were discouraging, since other used intracavitary drugs, like 
cisplatin and mitomycin C, have shown a penetration depth in the range of a few millime
tres.12" This finding emphasises the importance of cytoreductive surgery when using doxoru
bicin. Intra-thoracic chemotherapy can only be expected to be of therapeutic value after 
complete or near complete cytoreduction. 

Survival figures 

In literature one case report and one series dealing with HITHOC for pleural thymoma have 
been described.1415 A 5-year survival of 55% was reported (n=15). Also survival of pleural 
thymoma patients after HITHOC is promising in our series. We therefore, intend to continue 
entering thymoma patients with pleural metastases in our HITHOC protocol. Larger series 
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with longer follow-up however, are necessary to elucidate if this multi-modality treatment 
takes a part in the treatment of this disease. The survival figures of cytoreductive surgery with 
HITHOC in MPM patients were discouraging with a median survival of 11 months. Yellin et 
al16 reported a median survival of 15 months in 7 MPM patients after pleural perfusion using 
cisplatin with 2 patients surviving more than 30 months. In the series of Carry et al17 on in
trapleural chemotherapy including 3 patients with MPM, two patients died within one year. 
The third patient is still alive after 22 months, but with recurrent disease. Due to these dis
couraging results and to the high morbidity rate, we are of the opinion that HITHOC cannot 
be recommended as palliation in MPM. 

Reasons why HITHOC failed in mesothelioma patients 

There are two possibilities why multi-modality treatment in the form of surgery combined 
with HITHOC failed in MPM patients. 
First the possibility of inadequate surgery. The growth pattern of mesothelioma is charac
terised by involvement of the entire pleura and interlobular space.Is Anyone engaged in sur
gery for MPM is impressed by the variation of growth patterns. Sometimes, the tumour has a 
clear sharp margin and can easily be separated from neighbouring structures. At other times, 
infiltrative growth with accompanying fibrosis is so dense that any attempt on removal is an 
illusion. Optimal debulking in our series of stage I MPM patients could be reached in only 
75% of the cases (estimated residual tumour <2.5 mm). Although not fully represented in the 
present staging system (TNM classification according to IMIG"), various growth character
istics determine to a large extent the completeness of any surgery, being decortication or pleu-
ropneumonectomy. Also the accuracy of CT scanning for preoperative staging varies, but is 
reported to be as low as 30%.20-21 Positron Emission Tomography (PET) seems to be useful to 
determine the extent of tumor." Mediastinoscopy is useful to determine the nodal status. 
However, 25% of the MPM patients have nodal involvement confined to areas as the peri-di
aphragmatic or the internal mammary region which are not accessible to this procedure.:! 

More accurate staging methods are desirable for better selection of patients. It seems to be 
clear that only patients with stage I MPM may benefit from aggressive loco-regional thera
pies and only this subset of patients are candidates to take part in future studies. 
The other part of our treatment modality in mesothelioma patients that may be the explana
tion for failure is the chemotherapy perfusion. The limited penetration depth of doxorubicin 
implies that this drug may not be the suitable agent for this multi-modality treatment. 
Notwithstanding the favourable pharmacokinetics of doxorubicin, residual tumour cells have 
probably not been destroyed. The other intracavitary used drug, cisplatin, has a reported pen
etration depth of 5 mm. This depth should be enough to eliminate residual tumour since usu
ally tumour deposits of only less than 2.5 mm were left behind.|: However, mesothelioma 
cells are relatively resistant to both doxorubicin and cisplatin as shown in literature. Response 
rates never exceed 40% when given intravenously, and these cells may therefore have sur
vived HITHOC.2425 Unless the presumed dose-effect relation, the applied high doses 
chemotherapy were probably inadequate. Future studies could focus on other treatment 
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modalities, for example radiotherapy of the hemithorax. Studies of Rusch et aP indicate that 
surgery combined with this modality prolongs survival. 

Cytoreductive surgery and HIPEC. 

Pharmacokinetics 

The pharmacokinetics of MMC used during hyperthermic intraperitoneal chemotherapy have 
been reported in several studies.142734 Several treatment modalities that are world-wide ap
plied, however, do not allow a good comparison of all reported pharmacokinetic data. The 
tendency in the literature to report only concentrations or an AUC of the perfusate should be 
opposed. The perfusion characteristics, as applied in The Netherlands Cancer Institute/ An-
toni van Leeuwenhoek hospital, include semi-open abdomen, basic perfusate volume of 3 
litres, perfusion rate of 1 L/min, abdominal temperature of 40°C, 90 minutes of perfusion and 
three drug additions (50% at t=0 minutes, 25% at t=30 minutes and 25% at t=60 minutes). 
The developed pharmacokinetic-pharmacodynamic model can be used to simulate different 
dosage schemes in order to optimise MMC dosing during HIPEC. Based on our observations, 
we recommend dosing based on square metre body surface area (BSA) and the mentioned 
three drug additions. Other institutes with different perfusion techniques should study their 
own pharmacokinetics to come to the best dose (method) for their perfusion device. The 
found linear pharmacokinetics of MMC do not allow dose increments when using dosage 
based on a fixed concentration in perfusate, because incrementing per litres perfusion fluid 
could result in unacceptable systemic toxicity. When 10% grade III/IV leucopenia is accept
ed, this results in a dose recommendation of 25 mg/nr. In our series with 35 mg/m2, 25% se
vere leucopenia was encountered, however, without frequent serious consequences. Liberate 
use of wide spectrum antibiotics during a leucopenic period and an active policy to perform 
re-interventions before or after the expected nadir (10 days) are necessary. With help of the 
model further simulation studies with changing variables (like BSA, litres perfusion fluid, ex
tent of resection, renal and liver functions) may lead to a more accurate dose advice. 

Hyperthermia 

Our work on heat penetration applied during HIPEC shows that the depth of penetration is 
limited to a few millimetres at most. The relation between temperature and depth was 
analysed using a piecewise linear model with two slopes: one until a depth of 1 mm (the mean 
distance between intraperitoneal and subperitoneal level) and one beyond that depth. In the 
transition between the intraperitoneal and subperitoneal level the decline in temperature was 
sharp, probably due to the characteristics of the peritoneum. The peritoneum is well-vascu-
larised, leading to cooling down of the hyperthermic perfusion fluid in contact with the rela
tively cool blood flow. This dependence of hyperthermia on blood flow is known as the 'heat 
sink effect'. It is a valid question whether peritonectomy procedures will influence the heat 
penetration. We will study this in the near future. It is surprising that no other studies on heat 
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penetration have been reported in literature, bearing in mind the fact that hyperthermia is 
widely used during intracavitary chemotherapy perfusions. 

Pseudomyxoma peritonei 

Pseudomyxoma peritonei remains an enigma. The term PMP is often applied to a heteroge
neous group of pathologic lesions characterised by the presence of abundant extra-cellular 
mucous with or without epithelial cells.35 The appendix is the most frequent site of origin, 
while involved ovaries are probably secondary tumour deposits.3538 We did similar observa
tions in our series. We now have ample experience with cytoreductive surgery and HIPEC for 
pseudomyxoma peritonei.2 So far we treated 80 patients (date of gauging: November 2002). 
a quite large series for this rare disease. The appearance of PMP can be diverse at surgery; 
sometimes only mucous fluid is seen, whereas in other patients more firm tumour tissue is 
found. Also during follow-up diverse clinical courses are seen. To examine if histologic char
acteristics could be identified in order to predict outcome, the pathology of PMP patients was 
studied. The degree of atypia and focal proliferation emerged as prognostic factors for sur
vival. In 1995 Ronnett et al'5"' the following pathology classification system, replacing the 
term PMP by three diagnostic groups with decreasing prognosis: disseminated peritoneal 
adenomucinosis (DPAM), peritoneal mucinous carcinomatosis with intermediate or discor
dant features (PMCA-I/D) and peritoneal mucinous carcinomatosis (PMCA). In our series 
DPAM patients showed a 3-year survival of 89% (n=38) whereas this was 37% for 
PMCA-I/D patients (n=24) (p=0.0002). DPAM and PMCA-I/D can be clearly distinguished 
from PMCA on pathological grounds. The prognosis of PMCA does not seem to differ from 
that of peritoneal carcinomatosis of ordinary appendix carcinoma or colon carcinoma/"-41 For 
this reason it is our opinion that this entity should no be included in the term PMP. PMCA-
I/D takes an intermediate place: usually it presents as the same clinical appearance as DPAM, 
however with different pathological features and a different prognosis. 

Tumour markers in PM 

The measurement of tumour markers seems, besides Computed Tomography (CT), important 
during follow-up of PMP patients after cytoreductive surgery and HIPEC. As demonstrated 
in our study both elevated CEA and CA19.9 values were found preoperatively in a substan
tial part of the patients (75% and 58% respectively). CA19.9 appeared to represent a more 
useful maker than CEA during follow-up. Patients with pre-treatment elevated CA19.9 levels 
and (partially) normalised levels after surgery and HIPEC are probably best followed by 
physical examination and the measurement of CA 19.9 only. Increase of CA 19.9 raises suspi
cion for developing recurrent disease. The median lead-time of increased CA19.9 until de
tection of recurrence by means of CT was 9 months. Therefore, the number of CT-scans 
during follow-up of PMP patients can be limited according to our opinion. In case of pre-
treatment elevated CA 19.9 levels followed by normalisation after therapy, CT-scanning could 
be omitted. We recommend measurement of CA 19.9 with 3-monthly intervals. Recurrences 
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of MPM can be treated with resection alone or even resection combined with a second 
HIPEC. Our experience in the treatment of PMP recurrences is, however, still limited. Fur
ther studies have to confirm our findings of the relevance of CA 19.9 in the follow-up of PMP 
patients. 

Future 

Surgery combined with HITHOC has no place in mesothelioma patients. The possible value 
of this multi-modality treatment in pleural thymoma has to be awaited. Although our initial 
results are encouraging, larger groups of patients with adequate follow-up are necessary. 

In PMP patients surgery and HIPEC has gained wide acceptance as treatment option, 
notwithstanding the absence of randomised studies. Meanwhile, a prospective randomised 
study on patients with peritoneal carcinomatosis of colorectal origin has been completed in 
our institute. This study compares cytoreductive surgery combined with HIPEC followed by 
systemic chemotherapy with systemic chemotherapy alone.j: The median survival was 21 
months for the HIPEC arm versus 10 months for the systemic chemotherapy arm (p<0.05). A 
5-year survival of 20-30% is to be expected for the HIPEC arm. Cytoreductive surgery and 
HIPEC therefore, is useful in patients with peritoneal carcinomatosis of colorectal origin. Al
though for PMP patients such a study is also desirable, this seems impossible to achieve due 
to the low incidence of this disease. Future studies should focus on better patient selection -
the morbidity of HIPEC is considerable2A3M - and on improvements of technique, like using 
promising new chemotherapeutic agents such as oxaliplatin." Pseudomyxoma peritonei still 
remains an entity attracted by many investigators; the apparent discrepancy between the 
abundance of mucous with just a few epithelial cells and the tendency to recur or to show pro
gressive disease, is still not solved. May be that genetic profiling using the micro-array tech
nique will help us to elucidate important aspects of this intriguing disease in near future. 
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An introduction and outline of this thesis is given in chapter one. Both Hyperthermic 
IntraPEritoneal Chemotherapy (HIPEC) and Hyperthermic IntraTHOracic Chemotherapy 
(HITHOC) are discussed. The advantage of hyperthermic intracavitary chemotherapy is the 
possibility to use a high local dose of cytostatic drugs in the cavity with limited systemic up
take. Hyperthermia is used to potentate the cytotoxicity of the used chemotherapy. Because 
the penetration depth of the cytostatic drugs is limited, preceding cytoreductive surgery is 
mandatory. Chapter two provides a literature review on the surgical management of Malig
nant Pleural Mesothelioma (MPM) so far. MPM is a disease of the pleura and remains loco-
regional for a long time before metastasising. The most common features are pleural 
thickening, nodularity and pleural effusion. The growth pattern is characterised by involving 
the entire pleura and interlobular space. Untreated the median survival is less than one year. 
Surgery alone, pleurectomy or pleuropneumonectomy, is accompanied with a high recur
rence rate. Radical resection is almost impossible, leaving microscopic residual disease be
hind. Systemic chemotherapy has been studied, however MPM is rather chemo-insensitive 
and when there is a response, the duration is rather limited. Radiotherapy has no place as a 
curative option for MPM since the tumour load is too extensive and adjacent structures like 
oesophagus, lung and liver prevent the application of an effective dose. In recent years more 
efforts have been put on combination therapies such as surgery and some forms of adjuvant 
therapy in order to eradicate microscopic tumour residue. Surgery followed by hemithorax 
radiotherapy, intrapleural chemotherapy instillation or photodynamic therapy shows survival 
benefit only in selected patients. There is a lack of well-conducted prospective randomised 
studies. Intrathoracic chemotherapy has been studied in only a few centres with promising re
sults. Based on our experience with hyperthermic intracavitary chemotherapy in the abdomen 
we planned to perform hyperthermic intrathoracic chemotherapy perfusions. Chapter three 
shows the early results of a feasibility and toxicity study of cytoreductive surgery and 
HITHOC. In this study both patients with MPM and pleural thymoma were included. Cis-
platin and doxorubicin were perfused during 90 minutes under mild hyperthermic conditions 
(40-41°C). Intrapleural administration of cisplatin has been described in other reports. Dox
orubicin was chosen because its enhanced activity under hyperthermic conditions, although 
penetration depth is limited. Radiotherapy (3x8Gy) on thoracotomy scar and drainage tracts 
was given to MPM patients to prevent scar recurrences. This combined treatment modality 
appears feasible but is accompanied by considerable toxicity. The longest MPM survival time 
without disease is 8 months, the longest thymoma survival time without disease is 31 months 
after radiotherapy for a local recurrence. The promising results of this feasibility study 
prompted us to extend the inclusion of patients to a proper phase II study. The results of these 
20 HITHOC procedures in MPM patients are presented in chapter four. There were 19 
males and 1 female with a median age of 57 years (range 38-67). The median duration of the 
operation was 7 hours (range 5-8.5). A pneumonectomy was necessary in eight patients 
(40%). Fifteen patients were optimally debulked (75%). The median blood loss was 1.8 litres 
(range 0.4-4.6). The median hospital stay was 17 days, including 4 days in the intensive care 
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unit. There was no peri-operative mortality, but significant morbidity was seen in 13 patients 
(65%). Complications included bronchopleural fistula, diaphragm rupture, wound dehis
cence, persistent air-leakage and chylous effusion. No hair loss or leucopenia was noticed. 
The median follow-up was 14 months. The median survival (Kaplan-Meier) was 11 months 
with a 1-year survival of 42%. Most recurrences occurred in the ipsilateral hemithorax. Based 
on the high morbidity rate and the discouraging survival figures, cytoreductive surgery and 
HITHOC in the present form cannot be recommended for MPM patients. Increasing the dose 
of the cytostatic drugs, adding systemic chemotherapy or hemithorax radiotherapy could be 
considered in an attempt to improve the results. Chapter five deals with the pharmacokinet
ics of doxorubicin and cisplatin. used during HITHOC. Between 1998 and 2001 24 perfu
sions were performed. The dose was first based on square metres body surface area, whereas 
in later studies a fixed concentration per litre perfusion fluid was used. Samples of blood and 
perfusion fluid were collected for doxorubicin measurements. The penetration characteristics 
of doxorubicin in intercostal muscle specimens were determined by fluorescence mi
croscopy. The mean AUC _, /AUC , ratios for doxorubicin and cisplatin were 99 and 59 

* •* perfusate p asina r 

respectively. During the perfusion the concentration in the perfusate declined essentially ac
cording to first-order elimination kinetics for both doxorubicin and cisplatin with half-lives 
of 74 and 138 minutes respectively. At the end of the perfusion, about 35 and 52% of the dose 
of doxorubicin and cisplatin respectively, was recovered in the perfusion fluid. One patient 
developed a nephrotoxicity grade II. After improving per-operative hydration this complica
tion was not longer observed. Doxorubicin penetrated into the intercostal muscle specimen 
albeit that there was considerable variation in distribution throughout the specimen. 

Chapter six provides an overview of the pharmacokinetics of MMC used during HIPEC. 
Following intraperitoneal MMC administration, the affected peritoneal surface is exposed to 
high concentrations while the systemic toxicity is limited. Comparative analysis of reported 
MMC pharmacokinetics is not possible because the diversity of treatment techniques. 
Dosage based on milligram per square meter body surface area appears to be a good dose 
method. Three drug additions over time are preferable compared to a single administration. 
This chapter deals with several aspects of the pharmacokinetics of intraperitoneal chemother
apy. The population pharmacokinetics and pharmacodynamics of MMC are described in 
chapter seven. The observed concentration-time profiles in the 47 patients included were 
used to develop a population pharmacokinetic model using nonlinear mixed-effect modelling 
(NONMEM). The area under the plasma concentration versus time curve (AUC) was related 
to the hematological toxicity. Concentration-time profiles of MMC in perfusate and plasma 
were adequately described with a 1- and 2-compartment model, respectively. The relation
ship between the AUC in plasma and degree of leucopenia was described with a sigmoidal 
Emax model. In this series 28% grade III/IV leucopenia was observed. The pharmacokinet
ics of MMC during HIPEC could be fitted successfully to a multi-compartment model. The 
developed pharmacokinetic-pharmacodynamic model can be used to simulate different 
dosage schemes in order to optimise MMC dosing during HIPEC. Chapter eight deals with 
the evaluation of heat penetration in the abdominal wall during HIPEC. Temperature meas-
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urements were taken at 5 levels in the abdominal wall. Core temperature and room tempera
ture were also measured. At the start of perfusion, the temperature was estimated on average 
to be 40.6°C at the first level, then it decreased by 1.7°C (SD 1.0°C, p=0.0001) in the first 
mm. In outward direction, it decreased by a further 1.5°C per cm (SD 0.3°C/cm, pO.0001). At 
the end of perfusion, the temperature was estimated on average to be 40.1 °C at the first level, 
then it decreased by 0.8°C (SD 0.7°C, p=0.011) in the first mm. In outward direction, it de
creased by a further 1.7°C per cm (SD 0.4°C/cm, p=0.0001). Hyperthermia used during 
HIPEC shows a limited penetration depth. The slope in temperature seems related to core 
temperature. Chapter nine shows the pathology and the relation between pathological fea
tures and survival of patients with pseudomyxoma peritonei (PMP). Pathology was classified 
as disseminated peritoneal adenomucinosis (DPAM) or peritoneal mucinous carcinomatosis 
with intermediate or discordant features (PMCA-I/D). Sixty-two patients with PMP (24 
M/38 F) were included in this study. The appendix was normal in 1 patient (2%), adenoma
tous mucosal changes were present in 31 patients (50%) and the appendiceal status was un
known in 30 patients (48%). In females, the ovaries were normal in 5 patients (13%), 
pseudomyxoma ovarii was present in 20 patients (53%) and the ovarian status was unknown 
in 13 patients (34%). Of the patients with minimal atypia (n=52), those with 1% focal prolif
eration or less (n=38) had a better survival (p=0.0008) than those with more focal prolifera
tion (n=14). Patients with DPAM (n=38) had a better survival (p=0.0002) than patients with 
PMCA-I/D (n=24). Chapter ten provides interesting new data on the prognostic value of 
baseline and serial CEA and CA19.9 measurements in patients with PMP treated with 
cytoreductive surgery and HIPEC. The tumour markers CEA and CA19.9 of 63 patients were 
collected before therapy and at 3-monthly intervals during follow-up. Preoperative CEA and 
CA19.9 levels were elevated in respectively 75% and 58% of the patients. Baseline tumour 
marker values were related to the extent of tumour. Immediately after HIPEC both tumour 
markers decreased markedly (pO.0001). CA19.9 was shown to be a more useful tumour 
marker than CEA for follow-up. During follow-up, a high absolute CA19.9 level (p=0.0005) 
is predictive for imminent recurrence. Patients who never attain a normal CA19.9 level show 
a higher recurrence rate at 1 year (53%, SE 15%) in comparison to patients who do so (6%, 
SE 4%). The median lead-time of elevated CA19.9 to recurrence was 9 months. CA19.9 
showed to be a prognostic factor predicting recurrent disease. Chapter eleven discusses 
some of the remaining unsolved problems. Cytoreductive surgery and HITHOC showed 
discouraging survival figures for MPM. Possible adjustments could include increasing the 
cytostatic dose, adding systemic chemotherapy or hemithorax radiotherapy. However, it 
seems also likely that removing all gross tumour was not reached. Pleural thymoma has an
other consistency and may be easier to resect, and adjuvant HITHOC may be valuable in 
these patients. Larger series with more follow-up have to be awaited. Concerning HIPEC, this 
thesis contributes to the knowledge on hyperthermia and the pharmacokinetics of MMC. 
Furthermore the value of measuring CA19.9 in PMP patients treated by cytoreduction and 
HIPEC for follow-up purpose is stressed. With CA19.9 the frequency of performing 
CT-scans can probably be lowered. The question if HIPEC really takes account for improved 
survival in patients with peritoneal carcinomatosis of colorectal origin or that aggressive sur-
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gery alone is the most important part of the multi-modality treatment could be subject for fu
ture studies. 
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Een introductie en overzicht van dit proefschrift worden gegeven in hoofdstuk een. Zowel 
Hypertherme IntraPEritoneale Chemotherapie (HIPEC) als Hypertherme IntraTHOracale 
Chemotherapie (HITHOC) worden uitgebreid besproken. Het voordeel van hypertherme in-
tracavitaire chemotherapie is de mogelijkheid om een hoge lokale dosis van de cytostatica te 
verkrijgen met daarbij weinig systemische opname. Hyperthermic wordt gebruikt om de cy-
totoxiciteit van de gebruikte cytostatica te verbeteren en deze middelen dieper in het tumor
weefsel te laten doordringen. Daarnaast heeft hyperthermic zelf ook een tumorcel-dodend 
effect. Omdat de penetratiediepte van de cytostatica beperkt is, is voorafgaande cytoreductie-
ve chirurgie noodzakelijk. Hoofdstuk twee geeft een overzicht van de chirurgische behande
ling van maligne pleuraal mesothelioom (MPM) zoals tot nu toe in de literatuur vermeld. 
MPM is een ziekte van de pleura en blijft lange tijd een locoregionale aandoening voordat het 
metastaseert. De meest voorkomende kenmerken zijn pleurale verdikking, nodulariteit en 
pleuravocht. Het groeipatroon wordt gekenmerkt door betrokkenheid van de gehele pleura en 
de ruimte tussen de longkwabben. De mediane overleving is minder dan een jaar indien on
behandeld. Chirurgie alleen, bestaande uit pleurectomie of pleuropneumonectomie, gaat ge
paard met een hoog recidief percentage. Radicale resectie is bijna onmogelijk, bijna altijd 
blijven microscopische tumorresten achter. Systemische chemotherapie is uitgebreid getest, 
maar MPM blijkt tamelijk chemotherapieresistent te zijn en als er al een respons is, is de duur 
daarvan kort. Radiotherapie heeft geen plaats als een curatieve therapievorm voor MPM; de 
tumoruitbreiding is hiervoor te groot en de nabij gelegen organen zoals de slokdarm, de long 
en de lever beperken de dosis die gegeven kan worden. De laatste jaren wordt meer de nadruk 
gelegd op combinatietherapieën in de vorm van chirurgie gecombineerd met een adjuvante 
therapievorm om zo ook tumorresten te vernietigen. Chirurgie gevolgd door bestraling van de 
hemithorax, door intrathoracale chemotherapie installatie of door photodynamische therapie 
laat alleen bij een kleine geselecteerde groep overlevingsvoordeel zien. Er is een tekort aan 
goed georganiseerde, prospectief gerandomiseerde studies. Intrathoracale chemotherapie is 
slechts in een paar centra onderwerp van studie geweest. Mede door onze ervaring met HI
PEC zijn we ertoe overgegaan ook hypertherme intrathoracale chemotherapie perfusies uit te 
gaan voeren. Hoofdstuk drie laat de eerste resultaten zien van de uitvoerbaarheid en toxi
citeit van cytoreductieve chirurgie en HITHOC. In deze studie werden zowel patiënten met 
een MPM als met een pleuraal gemetastaseerd thymoom opgenomen. Cisplatina en adriamy-
cine werden toegediend gedurende 90 minuten perfusieduur onder milde hypertherme condi
ties (40-41°C). Cisplatina als toepassing bij perfusie is reeds uitgebreid beschreven in de 
literatuur. Voor adriamycine werd gekozen vanwege de verbeterde werking onder hyperther
me condities alhoewel de penetratiediepte beperkt is. Om littekenrecidieven tegen te gaan 
werd radiotherapie (3x8 Gray) op het thoracotomielitteken en drainagetrajecten gegeven. De 
behandeling blijkt uitvoerbaar maar gaat gepaard met aanzienlijke toxiciteit. De langste over
leving van een MPM patiënt zonder ziekte is tenminste 8 maanden, bij patiënten met thy
moom bedroeg deze periode tenminste 31 maanden, echter wel na behandeling van een 
lokaal recidief met bestraling. Deze gunstige resultaten leidden ertoe een fase II studie te star-
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ten om deze behandelingsmethode verder te testen. De resultaten hiervan bij 20 HITHOC 
procedures in PMP patiënten worden gepresenteerd in hoofdstuk vier. De groep bestond uit 
19 mannen en 1 vrouw met een gemiddelde leeftijd van 57 jaar (uitersten 38-67). De ge
middelde duur van de operatie bedroeg 7 uur (uitersten 5-8,5). Het verrichten van een pneu-
mectomie was noodzakelijk bij 8 patiënten (40%). Cytoreductieve chirurgie was optimaal bij 
vijftien patiënten (75%). Het gemiddelde bloedverlies was 1,8 liter (uitersten 0,4-4,6). De 
mediane opnameduur bedroeg 17 dagen inclusief 4 dagen verblijf in de intensive care afde
ling. Er was geen peri-operative sterfte; significante complicaties werden bij 13 patiënten 
waargenomen (65%). Deze bestonden uit bronchopleurale fistels, diafragmarupturen, een 
wonddehiscentie, persisterende luchtlekkage en chyluslekkage. Er werd geen haarverlies of 
leukopenic waargenomen. De mediane follow-up duur bedroeg 14 maanden. De mediane 
overleving volgens de Kaplan-Meier methode was 11 maanden met een 1-jaarsoverleving 
van 42%. De meeste recidieven traden in de ipsilaterale hemithorax op. Mede door het hoge 
complicatiepercentage en de tegenvallende overlevingsresulaten kan op dit moment cytore
ductieve chirurgie en HITHOC in de huidige vorm niet worden aanbevolen als therapie voor 
MPM patiënten. Verhoging van de concentratie chemotherapeutica in het perfusaat, toevoe
ging van systemische chemotherapie of hemithorax bestraling kunnen overwogen worden in 
een poging de resultaten de verbeteren. Hoofdstuk vijf behandelt de farmacokinetiek van de 
gebruikte cytostatica adriamycine en cisplatina. Tussen 1998 en 2001 werden 24 perfusies 
met deze middelen uitgevoerd. De dosis was in eerste instantie gebaseerd op het lichaamsop
pervlak in vierkante meters, terwijl in latere studies een vaste concentratie per liter per-
fusievloeistof werd gehanteerd. Er werden monsters van bloed en perfusievloeistof 
afgenomen voor het bepalen van de adriamycine concentratie. De penetratiekarakteristieken 
van adriamycine in de intercostale spieren werden bepaald met behulp van fluorescentiemi-
croscopie. De gemiddelde AUC rfMm/AUCibma ratio voor adriamycine en cisplatina bedroeg 
respectievelijk 99 en 59. Gedurende de perfusie daalde zowel de concentratie adriamycine als 
de concentratie cisplatina in het perfusaat volgens eerste-orde eliminatie kinetiek met half-
waardetijden van respectievelijk 74 en 138 minuten. Aan het einde van de perfusie werd on
geveer 35 en 52% van respectievelijk de dosis adriamycine en cisplatina teruggevonden in het 
perfusaat. Een patiënt ontwikkelde een graad II nefrotoxiciteit. Na verbetering van de per-
operatieve hydratietoestand werd deze complicatie niet meer waargenomen. Adriamycine liet 
penetratie zien in de intercostale spieren, echter met een aanzienlijke variatie. 

Hoofdstuk zes laat een overzicht zien van de farmacokinetiek van MMC, het cytostaticum 
dat wordt gebruikt tijdens HIPEC. Na toediening van MMC intraperitoneaal wordt het peri-
toneale oppervlak bloot gesteld aan een hoge concentratie chemotherapie, terwijl de syste
mische toxiciteit beperkt blijft. Het is lastig MMC farmacokinetiek gegevens uit 
verschillende analyses met elkaar te vergelijken aangezien de gebruikte perfusietechnieken 
divers zijn. Dosering gebaseerd op milligrammen per vierkante meter lichaamsoppervlak 
blijkt de beste methode te zijn. Drie chemotherapiegiften gedurende anderhalf uur zijn te ver
kiezen boven een eenmalige gift. Verder wordt in dit hoofdstuk ingegaan op diverse andere 
aspecten van de farmacokinetiek van MMC gedurende intraperitoneale chemotherapie perfu-

162 



Samenvatting 

sie. De populatie farmacokinetiek en de farmacodynamiek van MMC worden beschreven in 
hoofdstuk zeven, waarbij 47 patiënten werden bestudeerd. De geobserveerde concentratie
tijd profielen werden gebruikt om een populatie farmacokinetiek model te ontwikkelen met 
behulp van een computerprogramma genaamd 'nonlinear mixed-effect modelling' (NON-
MEM). De area under the curve (AUC) bleek gerelateerd te zijn aan de hematologische toxi
citeit. Concentratie-tijd profielen van MMC in perfusaat en plasma konden adequaat 
beschreven worden middels respectievelijk een 1- compartiment en een 2-compartiment mo
del. De samenhang tussen de AUC in plasma en de mate van leukopenic kon worden be
schreven door middel van het sigmoidale Emax model. In deze serie werd 28% graad III/IV 
leucopenie waargenomen. De farmacokinetiek van MMC gedurende HIPEC kon met succes 
worden beschreven in een multi-compartiment model. Het op deze wijze ontwikkelde farma-
cokinetiek-farmacodynamiek model kan gebruikt worden om verschillende doseringssche
ma's te simuleren om zo te komen tot de optimale dosis die gegeven moet worden voor 
intracavitaire perfusie. Hoofdstuk acht behandelt diverse aspecten van hyperthermic zoals 
die wordt toegepast tijdens HIPEC. Temperatuurmetingen werden verricht op 5 punten in de 
buikwand, terwijl ook de lichaamstemperatuur en de kamertemperatuur werden gere
gistreerd. In het begin van de perfusie was de temperatuur gemiddeld 40,6°C op het eerste ni
veau gerekend vanuit de buikholte en daalde daarna met 1,7°C (SD 1,0°C, p=0,0001) in de 
eerste millimeter. Verder naar de oppervlakte daalde deze verder met 1,5°C per cm (SD 
0,3°C/cm, pO.0001). Aan het eind van de perfusie bedroeg de temperatuur gemiddeld 40,1°C 
op het eerste meetpunt en daalde daarna met 0,8°C (SD 0,7°C, p=0,011) in de eerste milli
meter. Verder naar de oppervlakte daalde de temperatuur verder met 1,7°C per cm (SD 
0,4°C/cm, p=0,0001). De penetratiediepte van hyperthermie bleek dus beperkt te zijn, waar
bij de helling van de temperatuurscurve gerelateerd leek te zijn aan de lichaamstemperatuur. 
In Hoofdstuk negen wordt bij patiënten met pseudomyxoma peritonei (PMP) de relatie be
schreven tussen pathologische kenmerken van deze aandoening en de overleving. De patho
logie werd geclassificeerd als gedissemineerde peritoneale adenomucinose (DPAM) of 
peritoneale mucineuze carcinomatose met intermediaire of discordante kenmerken (PMCA-
I/D). Tweeënzestig patiënten met PMP (24 mannen, 38 vrouwen) werden opgenomen in de
ze studie. De appendix was normaal bij 1 patiënt (2%) en toonde adenomateuze mucosale 
veranderingen bij 31 patiënten (50%). Bij 30 patiënten (48%) kon de histologie niet achter
haald worden. Bij vrouwen waren de ovaria normaal bij 5 patiënten (13%), toonden een 
pseudomyxoma beeld bij 20 patiënten (53%) en bij 13 patiënten (34%) kon de histologie niet 
achterhaald worden. Van de patiënten met minimale atypie (n=52), toonden degenen met 
minder dan 1% focale proliferatie (n=38) een betere overleving (p=0,0008) dan degenen met 
meer focale proliferatie (n=14). Patiënten met DPAM (n=38) hadden een betere overleving 
(p=0,0002) dan patiënten met PMCA-I/D (n=24). In Hoofdstuk tien worden nieuwe gege
vens gepresenteerd over de prognostische waarde van de tumormerkers CEA en CA 19.9 bij 
patiënten met PMP die behandeld werden met cytoreductieve chirurgie en HIPEC. Het CEA 
en het CA 19.9 van 63 patiënten werden bepaald voor de behandeling en met 3-maandelijkse 
intervallen erna gedurende de follow-up. Preoperatieve CEA en CAI9.9 waarden bleken ver
hoogd te zijn bij respectievelijk 75% en 58% van de patiënten. De hoogte van de tumormer-
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kers bleek gerelateerd te zijn aan de tumoruitbreiding, waarbij CA 19.9 een meer bruikbare 
tumormerker is dan CEA. Een absoluut gezien hoge CA 19.9 waarde tijdens follow-up is zeer 
voorspellend voor een recidief op korte termijn (p=0,0005). Patiënten die na therapie geen 
normale CA 19.9 waarde bereiken laten een hoger recidief percentage zien na 1 jaar (53%, SE 
15%) in vergelijking met patiënten die wel een normale waarde bereiken (6%, SE 4%). De 
mediane iead-time' vanaf het moment van een verhoogd CA19.9 tot een recidief was 9 
maanden. Geconcludeerd kan worden dat CAI 9.9 een belangrijke prognostische factor is met 
betrekking tot het ontdekken van een recidief na HIPEC voor PMP. Hoofdstuk elf behandelt 
nog onopgeloste problemen met betrekking tot intracavitaire chemotherapie. De combinatie 
cytoreductieve chirurgie en HITHOC liet teleurstellende overlevingsdata zien voor MPM pa
tiënten. Mogelijke aanpassingen die tot verbetering zouden kunnen leiden zijn: verhoging 
van de chemotherapiedosis, toevoeging van systemische chemotherapie en toevoeging van 
radiotherapie gericht op de aangedane hemithorax. Echter, het grootste probleem wordt ge
vormd door het feit dat het waarschijnlijk niet mogelijk is alle tumor weg te nemen. Pleuraal 
gemetastaseerde thymomen zijn wat dat betreft beter te reseceren en adjuvante HITHOC lijkt 
bij deze patiëntengroep in studieverband wel op zijn plaats. Grotere series met langere fol-
low-up zijn wenselijk. 

Getracht is om met dit proefschrift de kennis op het gebied van hyperthermic bij HIPEC te 
vergroten. Hetzelfde geldt voor de farmacokinetiek van MMC, wanneer deze wordt toegepast 
bij deze methodiek. De tumomerker CA 19.9 bleek bij PMP van belang voor het opsporen van 
recidief tumorgroei. Hierdoor kan de frequentie van het verrichten van CT onderzoek worden 
verminderd. Tot slot blijft de vraag of het de HIPEC procedure of de agressieve cytoreductie 
is geweest die resulteerde in de vermelde gunstige overlevingscijfers van patiënten met peri
tonitis carcinomatosa van colorectale oorsprong. Meer onderzoek hiernaar is gewenst. 
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