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bokgnuidi Peritoneal mesothelioma is Bi rare : peritoneal malignancy, representing approproatcly 
one~third of all mesotheliomas. It is regarded as tuniverwlly foul cancer with few treatment options. 
MoUtodwRecords of: 33: patients with peritoneal mesothelioma were : reviewed retrospectively. 
Demographic, clinical: and quantitattveprognostic indicators werecvaluateri and anafysedstatistiglly 
using survival as endpoint- Patients were treated by a uniform strategy iwolving cytoreductive surgery 
with peritoneotomy procedures and perioperative intruperitoneal chemotherapy (cisplatin,
doxorubicin)...... ................. ........... ............... ....
ReatiHei There were ten women and 23 men; mean age w«S3>0 years-Asbestos exposure was recorded 
in five patients and a family history of cancer in 13. Presentation was mainly abdominal distension Mid 
pain. Median survival was 31,0 months; overall projected survival at 3 yean waa 56 per cent The most 
significant positive predictive factor* of survival were*, female sex (P»0-003), low prior surgical score 
(?■ 0*002), completeness of cyttrreduetkm £P* 0*0002) and second-look surgery (P« 0*019). The 
morbidity rate for this combmed^iraatmeiit was 33 per cent and:the perioperative: mortalityrate was 3 
percent,
Conclusion: Although peritoneal: mesotheliomais rareiprogress in its managem cut b^s occurred - 
Survival has been extended and selection filters by which patients may be allocated to aggressive 
management strategies have been defined:
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introduction

Mesothelioma is 3 neoplasm originating from the mesothe- ■ 
lial surface liinng cells of the serous human body cavities. 
MeSOtheliotna may involve the pleura, less frequently the 
peritoneum end* rarely, the pericardium, and the tunica 
yagjnal& cestis. Peritoneal mesothelioma is usually s rapidly: 
fatriperitoneal surface malignancy with a median survival of 
iessthan 1 year1. Itrepresents*boutone-third of all forms of 
mesothelioma1*3;: Several articles have appeared; in the 
medical literature on the asbestos-mesothelioma aetiolo­
gies) liplr since Wagner ttalf" first described this important 
relationship in I960; Implication ofa$besto$exposureinthe : 
causation of peritoneal mesothelioma is far less obvious 
than in pleural mesothelioma1'*. This report describes an 
experience with 33 patients with peritoneal mesothelioma, 
and analyses their dbucopathoiogical features. Treatment 
consisted ofacombined approach of extensive cytoreduc-

-;ip^o66 .$iii&iwLtd ' ■ • ’V: ::

rive:,surgety:*ritb;:peritonectomyprocedures.and intraper- 
itoneal perioperanve-i -chemotherapy®^.. This- ■? aggressive 
therapeutic approach:-resulted in: successful palliation of 
ascites and long-term survival was seen in some patients: A 
search was made for selection factors associated with an 
improved quality of life and a prolonged survival for patients 
with peritoneal mesothelioma.

tatlinla and methods

-Patients ■■■■■■■ .

The records of 58 patients-with primary peritoneal- surface 
malignancy surgically treated between 1989 and 1999 were 
renewed retrospeerively. Thirty-seven patients with peri­
toneal mesothelioma were identified together with 13 
patients with primary peritoneal adenocarcinoma and eight 
padentswithpapillaryserouscarciiioma of the peritoneum.:
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This report was restricted to 5 J patients with mesothelioma ■ 
involving exclusively die peritoneum, free; from distant 
metasasis&tfoetimeofinitialtxeamjenratthisinstitodon.

Pathology .

Pathological procedures mduded ^examination of haems- 
toxylin mdeasfo-stamtd actions; routine histochemistry . 
aftdjWheurequiredvspecialiMd imKiUnohistocheraicat tests 
for differentiation from other peritoneal surface maligium-. 
cits; The immunohistochemical stains included: mueicar- 
min aldan : blue, monoclonal antikeratin antibodies 
CAMS.2 and AE1/3, epithelial membrane antigen, carci- 
noembryogenic ajidgen (GEAi. cardntigenic antigen l^S 
(CA125), tiwootir-sssodared glycoprotein B72J, mono­
clonal antibody Ber-E?4, aniimyelomonocytic antibody 
Leu-Mi, placental alkaHne phosphatase and acid calcium- 
conjugated S-tOO protein. -

Clinical features analysed

The following-data were retrievedfrom the patient records; 
and analysed for their impact on survival: age it surgery, sex, 
race, personal and familial medical history, exposure :to

■ asbestos, and use of tobacto and akohol. Fromother 
institutions were gathered date and character of first 
presenting symptom, date of first diagnosis, previous 
surgery andadjuvanttreatments before referral. - - - ■ ■ :

A scries of quantitative prognostic indicators for perito­
neal surface malignancy was used in an aitemptto identify 
selection factors for treatment: the prior surgical score, the 
peritoneal cancer index and the completeness of eytoredoc- 

: tion score. All these indicators used survival as an endpoint. 
The prior surgical score has been described previously9 and 
ranged from aero to 3 fO, no previous surgery; I, one 
abdominopelvic region dissected; 2, two to four regions 
dissected; 3y five or more abdominal regions). The 

. ^peritoneal cancerindexvisually flssessedthe mass of tumour 
present within the abdomen and pelvis at the time of 
abdonunal eaploranon.i:lt has :also been described pre-r 
viausly^. ft quantified die tumour in 13 abdominopehic 
regions by a lesion site score; the sire of the largest nodule

■ and not the number of (esions: was scored. The lesion she 
was from zero to 3 fl ; lesion smaller than 0*5 cm; 2; lesion 
smaller than 5 cm; 3, lesion larger than 5 cm or layering of 
mesothelioma in the region); the maximum peritoneal 
Cancer index was 39 (3 X13). The completeness of 
cytoreductkm score is another quantitative visual assess­
ment of tumour volume left on the peritoneal surface8. In 
contrast to the peritoneal cancer index, which was scored 
during abdominal exploration, this scoring occurred alter 
the surgical efforts had been completed. The score ranged

from zero to 3 (0; no tumour; 1, nodules smaller than; - 
0*2 5 cm; 2, nodules smaller than 2-5 cm; 3, nodules larger 
than 2*5 cm remaining after surgery qr confluent tumour}; 
complete cytoreduction was reflected by a score of 0 or 1. 
Performance statuswas assessed using tiieZubrod*-Eastem 
Co-operative Oncology Group (ECOG) scale from zero to 
5, with zero indicating a normal level of functionw- The 
following data were recorded from patients1 chart? and 
follow-up notes: physical examination and operative find­
ings, surgical procedures, intraoperative and postoperative 
inmperironeal chemotherapy treatments, postoperative.;., 
course and treutJnentSMckding systemic chemotherapy 
and radiation, second-and third-look operative procedures, 
tumour marker levels, presence or absence of metastasis, 
survival status, date and cause of death. -

Treatments .

The goal of the treatment was to use both surgery and 
regionalchemotherapy maximally: ineverypatient; to: the 
limits of patient tolerance11. Nine patients with extensive 
ascites were orated before surgery with induction intraper- 
itoneal chemotherapy ttsfog oispJatin-'(Elating;: Bristol . 
Mj'ers Squib Cfompariy, PenningtotiyNew Jersey, USA.) at .; 
ISntg per m? per day and; tioxorubiein {Adriatnyetn; * 
BenVemie Laboratories, Bedford, Ohio, USA) atdmg per 
m? per day. Each cycle of treatment was for 5 consecutive 
days; given once a month for 3 months. After the induction . 
intraperitoneal chemotherapy the patients Went on to 
cytoreductive surgery. The other;: 24 patients' Initial , 
treatment at this institution was cytoreductive surgery, 
which included all or part Qf thefollowing five peritoneot­
omy procedures, which have been described previously', 
greaterand lesser omentectomy, right and left subphrecic 

iperitonectotny and complete pelvic peritoneotomy8. 
Visceral resections were often required for complete 

: :cyxofeduction, During the surgical procedure the patients 
had intraoperative intraperitoneal chemotherapy with 
risplatjn 50 mgAtl2 and doxorubicin 15 mg/m3, heated to . 
41-41 ■S’C.11. Patients whohad a moderate-to-large volume 
ofmesotheliorna left behind after surgery were treated with 
additional cycles of postoperative intraperitoneal die-1 : 
mothenpy, with a similar dose and schedule to the 
induction treatment. Toxicity was recorded and graded 
accojding to the National Cancer Institute Common 
Toxicity Criteria15. Follow-up was updated until 15 
August 1999.

Statistical analysis ;.

Survival was retained as endpoint for all statistical analysis, 
and was determined from the time of initid diagnosis. The :
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survival curves were obtained using the Kaplan-Mejer 
: jnethodandcompatison of survival was bylog rank testS’15.?; 
Two-tailed P< U-05 was considered statistically significant.

Result •

Demographic and epidemiological data
The significant data are summarized in TkMr h The m can : 
age was 53-0 (range 17-79) years. There was a statistically 

: significant advantage in survival for women:: median 4i 
?7i?rwl6monthsTbr:men(i,t0'003).Thirty-OnepatiM»r5 
were Caucasian; there was one African American and one 
Asian American, Twelve patientshad no history of exposure 
to asbestos, five had a positive history (two worked in a 
shipyard* one in a cement faccorv, one with insulation and 
one as an electrician) and there were no data on Id patients. 
Sixpatients were tobacco userid Thealcoboleonsumption: 
rate was low (four patients) and no patient used recreational 
drugs, Thirteen pacientshad a famih’history of cancer (in a 

. parent or: sibling), five: of whom had more than one first* 
degree relative with a malignancy.

Symptoms, signs and diagnosis

■ -. .The commonest initial complaints fof peritoneakdiesotheT.
Homa, isolated or combined, were an increasing abdominal

■ girth (2? patients), abdominal pain (nine) and weight loss: 
(six). Ascites was present at time of diagnosis in 22 patients ■

.. and was debilitating in six(7oWe:/:). Unusual presentations.
included aCuie abdomen (one) and rectal bleeding (one).

. Thc tncan interval from onsetof symptoms to diagnosis was 
' 5 (range &r33) months. The mean interval from diagnosis tq 

definitive cytoreduction was 9 (range 1—48) months, 
Diagnosis of peritoneal mesothelioma was made by 

■ laparotomy in :18 :patients, by laparoscopy in ten, and by 
a bdominal puncture and cytology ip five patients. ■ :■ ■

: Treatments before definitive cytoreduction and :- 
: intraperitoneal chemotherapy ■ ' .

Sixteeiipatientsreceivedchemotherapybefore cytoreduc* 
tive surgery: intraperitoneaj (nine), systemic (seven) and: 
both (two). These, chemotherapy treatments: before and 

■: after cytoreductive:surgery were not part of ft: systematic 
perioperative approach, but reported as treatments received 

: at different iastitutions.:No patient underwent kradiation. 
Induction intraperitoneal chemodierapy was successfol in 
eight of nine patients butthert was no significant impact on 
survival (TuWe 2). The performance status before cyto-. 
reduction w*s2eroor 1 in 2 (patients and 2r4in 12 patients; 
their median survival was;29 and: 17 months respectively
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Tab)* i Significant epidemiological and: clinical data ott33
patients vdth peritoneal mesothelioma
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(P - 0-02 9). The prior surgical score was zero ini 8 patients; 
and 1-3 in IS patients; the median survival was 41 and 
16 months respectively (P-0'G02)(7hM> J).

Treatment data

Significant data regarding treatments are shown in TtfWr 2. 
Between 1989 and 1999,47 cytoreductive procedures were 
performed on 33 patients with peritoneal mesothelioma by 
the Same surgeotiv 33: as a first procedure , M as second-look 
and three as third*k>ok surgery. Twenty of die 33 patients 
had the first cytoreduction after 1993. Twenty patients 
received a major first cytnreduction involving four or more , 
abdom in op el vie regi on s.Thi rteefl patients, with high 
comorbidity or kreseetable peritoneal mesothelioma, had: 
a- less extensive defaulting procedure; a comparison of 
survival approached statistical significance in fjvour: of 
major cytpredbction (P-0-07), Mean operating time was 
<5-8 (range 2-13<5)h; mcamastiits volume was 24(rangt Os: 
14) litres; mean blood requirement was 2 (range 0-8} 
units. For the initial 33 cytoreductions the mean peritoneal 
cancer index was 29. For patients with a score of 0-28 the 
median survival was 34momhs compared -with only 
Id months for patients with a score between 29 and 39;
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Tabki2 Significant treatment data on 33 patients -with peritoneal 
mesothdlotna '
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the peritoneal cancer index wfts a statistically sijpiificant 
predictor of: survival (P-0-026), The completeness of: 
cytoreduetion score was 0-2 in 17 patients and 3 in 16 
patients, with -a median survival of 41 and 13 months 
respectively (P -0-0002); Twenty-eight patients: received 
perioperative imraperitoneal chemotherapy (heated intra- - 
Operative treatment, postoperative treatment orboth) and 
rive patients did not; their median survival was 28 and 
18months respectively (P-0-1J), Eleven patients had a 
scheduled aecondelook cymreduction:6-? tnonthsafter. the 
first Operation, combined with perioperative incraperito- 
neal chemotherapy in ten. Three patients had a third-look 
operation; .Medtansurvival was 35,momhs inthetl patients: 
who hadsecond-Iook surgery compared with 1 S mooths in 
the other 22 patients; this was statistically significant 
(P-0-002), although the survival advantage may have 
resulted from selection factors inherent to that group of 
patients.

Morbidity and mortality
There were U patients with grade H3-4V complications, 
giving an overall morbidity rate of 33 per cent Four patients

TaU*a Pathology of peritoneal mesothelioma
.................. ""' """ ......
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requked reoperatioti for persistent bile leak from the liver 
surface (one), small bowel fistula (one) and late intra­
abdominal bleeding (two). There was one perioperative 
death from sepsis that occurred 33 days after surgery.

Pathological features :

Thirty-three patients retained a diagnosis of peritoneal 
mesothelioma {Tahiti)-. 30 malignant, two low-grade 
malignantmulticystic mesotheliomas and one multicenmc 
aggressive adenomatoid mesothelioma. The malignant 
mesothelioma subtypes were epithelial in 27 patients, 
subdivided into ten epithelioid and 17 tubulopapyiary 
lesions, biphasic or mixed in two patients and sarcomatous 
in one. AU three patients with mesothelioma of low 
malignant potential are free from disease; the three patients 
with an aggressive subtype have died from the disease, and 
patients with epicbelial histology showed® mixed response 
to treatment. .

Follow-up and survival
The median follow-up after cytoreduetion was 21-3 (range 
1-7?) months. No patient was lost to follow-up. During 
follow-up distant metastasej were later diagnosed in Seven 
patients-, liver (one), mediastinum (one), lung, (two) and 
pleural cavity (diree), All patients who developed distant 
metastasis havedied from the disease. Twenty-one patients 
had no metastasis and there were no data on five patients 
(Table 2), The occurrence of metastasis decreased survival 
significantly (P- C-001).
, Fifteen padents:died -froteitbe disease and 18 patients are 
still alive (Tabit 2), Ten are alive with disease and eight have 
no evidence of disease by imaging, tumour markers and 
second- or third-look surgery. The median survival: from 
diagnosis, was 31-Qmonthsi The KapJan-Meier survival 
curve for this group is shown In F»g. 1, Theprojected overall 
survival at 1, 3 and Sycars is 77, 56 and 47 per cent 
respectively.
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Discussion .

Peritoneal mesothelioma has evolved over almost 100 years 
from a clinical oddity to an established rare disease of ... 
increasing importance. In 1908 Miller and Wynnls first 
described1 ‘...a malignant tumour arising from: the en­
dothelium of theperitoneum and producing mucoid ascitic : 
fluid,’ In 19f)9 Adami)? first used die tetiumesothelioma to.:: 
refer to a highfy malignant rumour of the serosal 
membranes involving: mostly the pleura and the perito- : 
nevun, end less often the pericardium and tunica: vaginalis 
testis. Mesothelioma. isnot specifietohiiriiansand i; also::. 
found in other mammalian species, including horse, 
monkey, dogand cow19'”. The link between mesothelioma 
and exposure to asbestos is widely accepted; its incidence is: 
increasing: in the industrialiaed nattons*1^.. Peritoneal: 
mesothelioma represents 20-37 per cent of all mesothelio­
mas1"5! because of its rarity and the small size of published 
setfes, an estimation can only bemade of200-400new cases 
annually in the USA, Four histological types of malignant 
peritoneal mesothehoma are recognized: epithelial (75 per : 
:cerLt)(sarcomatous,mixedorbiphasic:andpoorlydiffer-:: 
entiated; multicystie and multicentiic adenomatoid perito- 

: neal mesothelioma has a malignant potential23'15.
In a review of the literature no dominant therapeutic 

. guideline forpcritonerimcsotheliorna was found* Few 
i-arrideswere: dinicopathologicalretrospiccdverevittvsand: 
most were case reports compiling disparate and deceptive 
therapeutic experiences, including use of systemic che­
motherapy* whote abdomen irradiation, and intraperitoneal 
treatments with .compounds- such as colloidal radioactive

5*P and mAu, fhbtepa and bleomycin3 |2W7. More recent 
reports show n more systematic approach to peritoneal 
mesothelioma, with debulking surgery and systemic: 
chemotherapy with paclitaxel, dsplatin alone ;or doxos 
rubidnJfrJS. A phase I trial with 1® patients repented a 
similar approach to the present one, with promising 
preliminary results51. The prognosisis grim after diagnosis 
Of peritoneal mesothelioma: survival of 7-13 *5 months and 
Only* few long-term survivors are reported1’5,24’52’53. The*

: median: survival ■ in-thjs ; group was M‘ftmonths from 
diagnosis, with.a projected.3.-yearsurvival of S6 per cent 
These results need to be tempered by the relatively 6hott 
follow-up after cytoreduction, -: .

In this study,>pnsitive predictive fectors of: survival were 
identified % univxriate.analysis: (1) female sex (2); good 
health status, (3) minimal previous surgery* (4) low 
peritoneal cancer index, (5> low completeness ofeytoreduc- 
tjon score and (6) setOnd-look surgery (for selected 

- patients); these factors eomlated witbbnprovcd survival,:: 
There was a suggestion that partial debulldiigor resection 
of mesothelioma in the absence of intraperitoneal che­
motherapy may jeopardize subsequent: treatment. Patients: 
who had a high prior surgical score were not as likely to 
survive long teem. The peritoneal surface malignancy may 
be moved more rapidiy to an invasfve process ifanatomicai 
defences are destroyed by surgery. In patients who had 
trocar-site tumoor progression, the abdominal wall masses 

■ progressed: roore rapidly^thaniresidtml itumour..in the. 
abdomen,
:: Patients: in whom major: resection of the mesothelioma 
was possible, reflected by a lowcompletenese ofcytoreduc- 
tion score, survived statistically longer. Patients with 
minimal or no progression of disease and no systemic 
componentofmesothelioma were: candidates for a second- 
look reoperation. In this selected group the survival was 

: significantly prolonged. These findingssuggest, but do not 
confirm, that aggressive Cytoreductive surgery is of value in 
this group of patients and should be recommended.

: There was no stadsrical indication that intraperitoneal
chemotherapy resultedin survival benefit Ittspossibletfcat 
selection, factors: were importantitr this evaluatiomibecause-. 
patients with a large volume of mesothelioma after 
cytoreductiOh were usually not given intraperitoneal 
chemotherapy. However, it may be unwise to conclude 
that intraperitoneal chemotherapy may be eliminated from 
the treatment regimen . Compared with previorjs experi ence: 
::withthisdisease,the benefitsofmtraperitoneaichemothtr-: 
apy inpaJlianoti were thought tube substantial, Alllntt One: 
patient had no further symptoms from ascites* after 
tytoreduenon : and perioperativeintraperitQtieal chemo­
therapy. In the group of patients with resection of gross 
disease (completeness of cytareduction score 1 or 2)
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intreperitoneal chemotherapy may have bean an essential . 
component of the treaandnt that resulted in long-term 
survival. 'With die current state of knowledge, a recom­
mendation for mtraperittneatwplatinand dastotubiem as a 
standard treatment for peritoneal mesorhebonja, Combined 
with cytoreductive surgery, m»>’ be worthy of considers- 
tion. - ' ■
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