informa

healthcare

Acta Oncologica, 20125 51: 112-121

ORIGINAL ARTICLE
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Abstract

Background. The costs for loco-regional treatment of peritoneal carcinomatosis from gastric cancer are not well investigated.
The aims of this study were to evaluate the costs and clinical outcome of systemic chemotherapy followed by cytoreductive
surgery and intraperitoneal chemotherapy compared to systemic chemotherapy only in patients with peritoneal carcino-
matosis from gastric cancer. Material and methods. Ten patients were scheduled for systemic chemotherapy followed by
loco-regional treatment. A reference group of 10 matched control patients treated with systemic chemotherapy only were
used and both groups were evaluated with respect to clinical outcome and cost. Results. The mean overall cost in the loco-
regional group was $145 700 (range $49 900-$487 800) and $59 300 (range $23 000-$94 800) for the control group.
The mean overall survival for the loco-regional group was 17.4 months (range 6.0-34.3), and 11.1 months (range 0.1-24.2)
for the systemic chemotherapy only group. The gain in life-years was 0.52 and in quality-adjusted life-years 0.49, leading
to incremental cost per life-year and quality-adjusted life-years gained of $166 716 and $175 164, for loco-regional group
compared to systemic chemotherapy. Discussion. Treatment of peritoneal carcinomatosis from gastric cancer is costly irre-
spective of treatment modality. If the survival benefit from adding loco-regional treatment to systemic chemotherapy
indicated from this comparison is true, the incremental cost is considered high.

Peritoneal metastasis from gastric cancer (GC)
implies poor prognosis, with survival of three to four
months, and treatment remains a challenging prob-
lem [1,2]. After resection of the primary tumour, the
median overall survival in patients with peritoneal
carcinomatosis (PC) from GC is 9-10 months and
there is no survival at five years [1,3]. Randomised
studies indicate that palliative systemic chemother-
apy extends median survival by three to nine months
compared to best supportive care [4-6].
Cytoreductive surgery (CRS) followed by
intraperitoneal chemotherapy, for example as hyper-
thermic intraperitoneal chemotherapy (HIPEC) and/
or early postoperative intraperitoneal chemotherapy
(EPIC), have been studied in patients with GC and

PC and produce a median survival ranging from
8.0 to 11.5 months [7-9].

There are only a few studies on costs and
cost-effectiveness of CRS and HIPEC in patients
with PC, mainly from colorectal cancer [10-14],
and there are no studies of CRS and HIPEC in
patients with PC from GC only. Since this treatment
is resource consuming and health care resources
limited, it is essential to analyse its potential cost-
effectiveness.

The aims of this study were to evaluate the costs
and clinical effectiveness of CRS + HIPEC + EPIC
added to primary chemotherapy in patients with
PC from GC compared with palliative systemic
chemotherapy alone.
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Patients and methods

Between January 2005 and July 2007, 10 consecutive
patients with PC from GC were scheduled for
neoadjuvant chemotherapy followed by CRS+
HIPEC + EPIC at Uppsala University Hospital,
Uppsala, Sweden. Demographic- and basic clinical
patient data are summarised in Tables I and II.

The costs and clinical outcome of the treatment
for these patients were compared with 10 patients,
matched according to age, gender, performance
status, tumour extent, American Society of Anaes-
thesiologists (ASA) classification grade =2, and
treated at the same time period with systemic
chemotherapy only. The regional ethics committee
approved the study and informed consent was
obtained from each patient. The eligibility require-
ments for treatment for both groups were histological
confirmed diagnosis of primary GC; histological
and/or radiological confirmed PC diagnosis; no dis-
tant metastases; adequate renal-, haematopoietic-
and liver functions; and WHO performance status
(WHO) of =2. Analyses of all patients included
were done with intention to treat.

For grading of therapy-related adverse events,
the National Cancer Institute common toxicity
criteria (NCI-CTC) version 3.0 was used [15].

CRS + HIPEC + EPIC group

The first 10 patients (five female and five male)
from an ongoing prospective phase II-study at
Uppsala University, with a mean age of 59 years
(39-72) were included in the study and treated for
three (range 2-4.5) months with systemic chemo-
therapy. Four weeks after last chemotherapy patients
without clinical and radiological signs of tumour
progression underwent laparotomy, aimed at per-
forming CRS + HIPEC followed by EPIC for five
days. Patients with clinical and radiological signs
of tumour progression during the systemic chemo-
therapy did not undergo the local treatment but
continued with palliative systemic chemotherapy.
Data on patient characteristics are summarised in
Tables I and II.

Neoadjuvant chemotherapy. The intention was to
treat the patients with combination chemotherapy
for three months. The choice of chemotherapy
was individualised, but all patients received optimal
drug combinations suitable for good performance
patients with metastatic gastric cancer.

Eight patients were treated with an intravenous
(i.v.) infusion of irinotecan (180 mg/m? body surface

Table I. Demographic- and basic clinical data for patients in CRS + HIPEC + EPIC group.

Pat. Age (years) Gender (M, male; F, female)

Clinical characteristics

Diagn. lap.:tumour-growth in gastric serosa + little PC, Dec 2004.
Gastroscopy: linitis plastica. Diagn. lap.:PC at left diaphragm + left paracolic gutter,

Gastroscopy: advanced distal tumour. Diagn. lap.:PC (diaphragm + lig.teres hepatis),

Gastroscopy: rigid wall distally, no cancer in autopsy. Diagn. lap.: distal gastric
tumour + spread PC, Nov 2005.

Gastroscopy: large central tumour-ulcer, cancer in autopsy. Diagn. lap.: gastric tumour
with serosal growth + spread PC (small intestine meso, gallbladder, liver, pelvis),

Gastroscopy: cardiac tumour, cancer in autopsy, Nov 2004. Expl. laparotomy: gastric
tumour with serosal growth + spread PC (small intestine meso, lesser omentum,
falciform lig.,hepatoduodenal lig., gallbladder) + asciites, Feb 2005.

Diagn. lap.:tumour-growth in gastric serosa + little PC (greater omentum +
gallbladder), Apr 2005.

Intention to CRS + HIPEGC, but expl. laparatomy: extensive tumour growth on the
entire small intestine serosa.

Diagn. lap.:tumour-growth in gastric serosa + PC (left and right diafragm), Dec 2006.

Intention to CRS + HIPEGC, but expl. laparatomy: extensive tumour growth on the
entire small intestine serosa.

Gastroscopy: cardiac tumour, cancer in autopsy, Dec 2006. CT: large prox. tumor
on minor-side, enlarged lymph nodes at minor-side and spleen; Diagn. lap: little PC
(falciform lig.), Jan 2007.

1 58 F
72 M
Jun 2005.
3 48 F
Jul 2005.
4 70 F
5 57 M
Dec 2005.
6 67 F
7 60 M
8 57 F
9 38 M
10 57 M

Gastroscopy: bleeding corpus tumour, cancer in autopsy,. Diagn. lap:PC (left and
right diaphragm, falciform lig.) + asciites, Dec 2006. Progress during neo-adjuvant
chemo.

CRS, cytoreductive surgery; HIPEC, hyperthermicintraperitoneal chemotherapy; EPIC, early postoperative intraperitoneal chemotherapy;PC,

peritoneal carcinomatosis.
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Table II. Demographic- and basic clinical data for patients in systemic chemotherapy treatment group.

Pat.  Age (years) Gender (M, male, F, female)

Clinical characteristics

Gastectomy + splenectomy (scirr. cancer), no PC, 2004.

CT Oct 2004: PC in greater omentum + enlarged lymph node at the place for

Gastectomy + splenectomy (pT2NOMO), no PC, 2003.

CT Jan 2005: residual tumour in the anastomose with growth to environment +
enlarged paraaortic lymph nodes.

Subtotal gastectomy: PC in greater omentum, all small intestine serosa and

transvers colon, Jan 2005.

Gastroenteroanastomosis + enteroenteroanastomisis, tumourgrowth to pancreas,

PC in colon serosa + meso, Apr 2006.
Withdrawal of informed concent three weeks after inclusion: chemotherapy beside

Gastroscopy: prox. strictured tumour, CT: PC in greater omentum + paraaortic
lymph nodes, Dec 2006
Gastroscopy: large tumour, CT: generally thick gastric wall + PC on right urether,

Gastroscopy: generally strictured tumour, CT: enlarged lymph nodes close to
gastric great curvature + paraaortic lymph nodes, Feb - Mar 2007

Gastectomy + PC in colon meso, Jun 2005

Subtotal gastectomy, R1-resection (not radical at duodenum), pT2NOMO, Nov 2001.

Ultrasonic guided autopsy: PC, Dec 2005. CT: tumour at pancreas with growth
into large vessels + tumour dorsal of v. porta, Feb 2006.

11 59 F
splenectomy.
12 61 F
13 55 M
14 58 M
the protocol.
15 72 M
16 60 M
Mar 2007
17 74 M
18 66 M
19 76 M
20 40 F

Gastectomy (pT2bN2MO), no PC, Sep 2005.

Expl. laparotomy: pelvic PC + ascites, May 2007. CRS + HIPEC Oct 2007. CT +
Scint: skeletal met., Jan 2008 (also in a review seen at CT scan Sep 2007).

PC, peritoneal carcinomatosis.

area day 1) with either the bolus 5-fluorouracil
(FLIRI, 5-FU, 500 mg/m? days 1 and 2) leucovorin
(LV) (60 mg/m? days 1 and 2) q 2 weeks [16] or
with a modified deGramont schedule (FOLFIRI,
bolus 5-FU 400 mg/m?, LV 200 mg/m? 2 h infusion
day 1 followed by 2400 mg/m? during 44 h) q 2
weeks. One of those patients was also treated with
docetaxel (45 mg/m? day 1) with 5-FU/Lv.
Two patients were treated with EOX (epirubicin
50 mg/m? day 1, oxaliplatin 130 mg/m? day 1 and
capecitabine 1250 mg/m?/d) q 3 weeks. Treatment
details are summarised in Table III.

Routine clinical controls and blood sampling
were done every treatment cycle. In order to rule
out patients with progressive disease and distance
metastasis, abdominal and thoracic computer tomog-
raphy (CT)-scan evaluations were performed prior
to surgery.

Surgical  treatment. CRS was performed as
described by Sugarbaker [17]. Briefly, depending
on disease extent, one or more of the following
surgical procedures was carried: total or subtotal
gastroectomy with D2 lymphadenectomy; greater
omentectomy; * cholecystectomy and dissection of
duodenal-hepatic ligament; = splenectomy; *+ parietal
peritonectomy; = right and left upper quadrant
peritonectomy; = colon and small bowel resection; =

pelvic  peritonectomy =* rectosigmoid resection =
hysterectomy. Immediately postoperatively, tumour
load and completeness of cytoreduction for PC
were recorded with the Peritoneal Cancer Index
(PCI) [18] and Completeness of Cytoreduction
score (CC) [19]. The PCI (range 1-39) consists of
lesion size scores in 13 different regions of the abdo-
men: 0 =no tumour seen, 1 =tumour up to 0.5 cm,
2=tumour up to 5 cm and 3 =tumour .>5 cm.
The CC score is based upon the size of tumour left
after cytoreduction: CCO = no peritoneal seeding vis-
ible, CC1 =nodules up to 2.5 mm, CC2 =nodules
up to 2.5 cm and CC3 =nodules> 2.5 cm.

HIPEC and EPIC. HIPEC was administrated
according to the Coliseum technique [20] and was
combined with EPIC for five days. For HIPEC
five patients received cisplatin at a dose of 50 mg/m?
combined with doxorubicin 15 mg/m?. The carrier
solution used for these drugs was low calcium peri-
toneal dialyse solution PD4 [Dianeal 13.6 mg/ml
(Baxter, USA)]. The duration of the treatment
was 90 min. Two patients received oxaliplatin
460 mg/m? + concomitant i.v. 5-FU 500 mg/m? and
i.v. LV 60 mg/m? during 30 min, based on previous
findings by Elias et al. [21]. The carrier solution for
oxaliplatin was 50 mg/ml glucose i.v solution. Before
perfusion, the patients were cooled to 35°C with a
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cooling blanket (Allon®). The intra-abdominal
temperature during perfusion ranged from 42°C to
44°C. Four intra-abdominal drains were left in place
after surgery and EPIC was given daily during the
first five postoperative days. Six patients received
EPIC, five with 5-FU (550 mg/m? daily) and i.v. LV
(60 mg/m? daily) and one with paclitaxel (20 mg/m?
daily). One patient did not receive EPIC-treatment
due to chemotherapy-related toxicity. Six patients
received postoperative systemic chemotherapy,
three in the adjuvant setting and three in the pallia-
tive setting.

Systemic chemotherapy group

Ten patients (three female and seven male, mean age
62 years, range 40-76), were selected as matched
control patients from a randomised clinical trial
(GATAC) [22]. The selection was made without
any knowledge of treatment response or survival.
Data on patient characteristics are summarised in
Table II.

According to the GATAC protocol, patients
were randomised between two groups. In group A,
patients were treated with four two-week cycles of
docetaxel at a dose of 45 mg/m?, 5-FU 400 mg/m?,
LV 200 mg/m? day 1 and 5-FU 2400 mg/m? 44 h
infusion days 1+2, followed by four two-week
cycles of irinotecan 180 mg/m? day 1+ 5-FU/LV
as above days 1 and 2. In group B, patients were
treated as above but started with the irinotecan
containing regimen. Before randomisation, and
after every fourth cycle, an abdominal CT-scan was
preformed. The treatment was stopped if there
was a tumour-progression, unacceptable side effects,
or withdrawal of informed consent.

Six patients received the entire treatment
and four received reduced treatment as detailed in

Table IV. Four patients received chemotherapy
subsequent to the study treatment. One received
irinotecan + 5-FU and LV + radiotherapy, one
received irinotecan +5-FU and LV, one received
FLOX (5-FU/LV with oxaliplatin 85 mg/m?) and
one received EOX (see above).

Costs

A detailed collection of resource use was conducted
by a retrospective review of medical records.
Resource use during assessment (pre-treatment)
period, treatment period, and post-treatment period
were collected and registered separately. Resource
use was collected from the date of diagnosis
(GC with PC) until death. All information on hos-
pitalisations, diagnostics/other investigations, any
type of treatments, and consultations were collected
(Table V).

Unit costs for resources were based on data
from Uppsala University Hospital, Uppsala, Sweden,
and the Swedish National Pharmacy 2008 pricelists.
All costs are presented in US Dollars (US$) at
2008 values with an average exchange rate between
Swedish krona (SEK) and US$ for the period
1 January 2008 until 31 December 2008 [23]
(1 US$=6.94 SEK). No discounting of costs or
effects was made, as survival times for these patients
were too short to make discounting relevant.

Survival

Overall survival was calculated for all patients
from the date of first preoperative chemotherapy-
cycle for the CRS + HIPEC + EPIC group, or from
the date of inclusion in GATAC for the chemother-
apy only group. The longest living patient died in
May 2009.

Table IV. Treatment characteristics of the 10 patients in the systemic chemotherapy treatment group.

Surgery before inclusion

Surgery before inclusion

Chemotherapy drugs during GA-TAC study

Pat. (type) (months) (number of cycles)
11 TGE, SE 4 Docetaxel/5SFU/LV (4) + Irinotecan/5FU/LV (4)
L 2
12 TGE, SE 20 Docetaxel/5FU/LV (4) + Irinotecan/5FU/LV (1)
13 SGE 1 Docetaxel/5SFU/LV (1)
14 GE 1 Docetaxel/5FU/LV (4) + Irinotecan/5FU/LV (4)
15 No surgery - Docetaxel/5SFU/LV (4) + Irinotecan/5FU/LV (4)
16 No surgery - Docetaxel/5SFU/LV (4) + Irinotecan/5FU/LV (3)
17 No surgery - Docetaxel/5SFU/LV (4) + Irinotecan/5FU/LV (4)
18 TGE 2 Docetaxel/5SFU/LV (4) + Irinotecan/5FU/LV (2)
19 SGE, CE 51 Docetaxel/5SFU/LV (4) + Irinotecan/5FU/LV (4)
20 TGE, SE 4 Docetaxel/5SFU/LV (4) + Irinotecan/5FU/LV (4)
L 7
L 0

5FU/LYV, 5 fluorouracil/leucovorin; TGE, total gastrectomy; SGE, subtotal gastrectomy; GE, gastrojejunostomy + enteroenterostomy; SE,

splenectomy; L = laparotomy; CE, cholecystectomy.
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Table V. Costs collected in the study.

Outpatient physician visits (primary care, surgical, oncology etc)
Gastroscopies

Broncoscopies

CT (thorax, abdominal, head etc)
Endoscopies

Laparoscopies

PET investigations

Ultrasounds

Minutes of anaesthesia

Minutes of surgical time

Days at wards (surgical, oncology etc)

PAC insertions
PAC removals

Chemotherapy (high-cost only)
Antibiotics (high-cost only)

Other surgical interventions Phlebographies

Hours in postoperative unit MRI

Hours in ICU care X-rays

ICU drugs Pulmonary angiographies
CT (thorax, abdominal) Oesophagus stents

ECG Days of rehabilitation
Radiotherapy Dietician visit

Almoner visits Disposables

ECO Spirometries

PAC, Porth-a-Cath; CT, computer tomography; MRI, magnetic resonance image; ICU, intensive care unit; PET, positron emission

tomography; ECG, electrocardiography; ECO, echocardiography.

Qualiry-adjusted survival

An impact of a disease can be measured in quality-
adjusted life-years (QALY), which includes both the
quantity and quality of life. QALY is calculated as
survived years multiplied with health utility weights
(HUW). One year with perfect health is QALY 1.0
whereas one year with 50% health is QALY 0.5.
Thus, in order to estimate QALYs in the two
groups, values for health utility of the patients must
be estimated. Since there are no data available on
health utility in these patients, HUW was estimated
and derived for the two groups based on the WHO
performance status or Karnofsky Performance Score
(KPS). KPS directly converts to HUW by a linear
scale where HUW = KPS/100. WHO performance
status was converted to KPS with a conversion sys-
tem based on a modification of the recommendation
by Buccheris et al. [24], and the WHO International
Classification of Functioning, Disability and Health.
Thus, WHO 0 was converted to HUW 0.980; WHO
0-1 to 0.955; WHO 1 to 0.855; WHO 1-2 to 0.755;
WHO 2 to 0.630; WHO 2-3 to 0.505; and, WHO
3 to 0.275. If data were missing, HUW was based
on an estimated utility weight, for example HUW
0.3/120 for every 10th of a month when a patient was
hospitalised; 0.40/120 for every 10th of a month in
hospice; 0.45/120 for every 10th of a month when
assistance by medical staff at home was indicated;
0.50/120 for every 10th of a month with parenteral
nutrition; 0.60/120 for every 10th of a month if too
tired for outpatient care; 0.70/120 for every 10th of
a month first month postoperatively, if iatrogenic
addicted to morphine, in periods with many side
effects, fever or fatigue; 0.80/120 for every 10th of
a month second month postoperatively, if pain or
last month alive; 0.90/120 for every 10th of a month
three months postoperatively, if diarrhoea or vomiting
and 1.00/120 for every 10th of a month without resid-
ual tumour and more than three months postopera-
tively or information in journal like “feel very good”.

The cost per life-year gained was defined as
the difference in costs for the two groups divided
by the difference in life-years for the two groups and
cost per QALY gained as the difference in costs for
the two groups divided by the difference in QALY
for the two groups.

Statistical methods

Survival was calculated by the Kaplan-Meier
method. Confidence interval around mean costs
was estimated with Bootstrap resampling method.
The computer software package STATISTICA AXA
version 8.0 (StatSoft, Tulsa, USA) was used for
statistical evaluation of survival data, and Stata 9
(StataCorpLP, College Station, TX, USA) for boot-
strap analyses.

Results

Treatment outcome

CRS + HIPEC + EPIC group. Seven of the 10 patients
scheduled for CRS-+HIPEC +EPIC actually
received it; CCO was achieved in six patients and
CCl1 in one patient. Three patients did not undergo
CRS + HIPEC. In one patient due to tumour pro-
gression during the systemic chemotherapy and in
two patients due to extensive tumour growth on the
entire small intestine serosa, observed at laparotomy.
Five patients had AE grade III-IV related to
chemotherapy, five patients had AE grade III-IV
related to surgery, one patient had more unspecific
AE grade III-1V, and one patient died within 90 days
of surgery. The three patients not undergoing
CRS + HIPEC + EPIC had no AE grade III-IV.
The mean hospitalisation period was 57 days
(range 13-215). The mean number of outpatient
physician visits was 12 (range 8-15). Mean overall
survival from start of systemic chemotherapy was
17.4 months (range 6.0-34.3), and median overall



118 B. Hultman et al.

survival was 14.3 months (Figure 1). For the seven
patients receiving the entire treatment, the mean
overall survival was 20.5 months (range 6.0-34.3),
and median overall survival was 15.3 months. Mean
follow-up time was 18.9 months and median
follow-up 16.1 months.

Systemic chemotherapy group. Mean overall survival
from the date of inclusion was 11.1 months (range
0.1-24.2), and median overall survival was 10.4
months (Figure 1). One patient died within 90 days
of treatment onset. Five patients had AE grade
III-IV. Mean hospitalisation period was 26 days
(range 0—46) and mean number of outpatient physi-
cian visits was 15 (range 3-28). The mean follow-up
time was 13.1 months and the median follow-up
time was 12.0 months. The overall survival for this
subgroup in the GATAC study was in line with all
patients in GATAC [22].

QALYs

The average HUW was higher for patients in
the CRS + HIPEC + EPIC group than for patients
in the chemotherapy only group. As patients in the
CRS + HIPEC + EPIC group generally spent more
days in hospital than patients in the systemic chemo-
therapy alone group, the total difference in HUW
for the two groups was small. Mean HUW in the
CRS + HIPEC + EPIC group was calculated to 0.84,
and mean HUW in the systemic chemotherapy
group to 0.82.

o Complete
1,0 . . .

09 — Systemic chemo |
’ -—. CRS+HIPEC+EPIC

08+
0,7
06+
0,5}
04}
0,3}
0,2}

0,1}

Cumulative Proportion Surviving (Kaplan-Meier)
Cumulative Proportion Surviving

0,0

0 5 10 15 20 25 30 35
Overall survival (months)

Figure 1. Overall survival in the CRS + HIPEC + EPIC group and

systemic chemotherapy treated group. CRS, cytoreductive surgery;

HIPEC, hyperthermic intraperitoneal chemotherapy; EPIC, early

postoperative intraperitoneal chemotherapy; Systemic chemo,
systemic chemotherapy treated group.

Since start of treatment the mean number of
QALYs in the CRS+ HIPEC + EPIC group was
1.268 and 0.774 from the date of inclusion in the
systemic chemotherapy only group, i.e. a difference
of 0.52 in life-years and 0.49 QALYs (Table VI).

Costs and cost-effectiveness

The mean cost per patient in the CRS+
HIPEC + EPIC group was $145 700 (95% CI $91
500-$245 000) and $59 300 (95% CI $45 500-%$73
800) for the systemic chemotherapy only group. The
distributions of the costs are presented in Figure 2.
The CRS + HIPEC + EPIC group had much higher
treatment and post-treatment costs. The main drivers
of costs during the assessment (pre-treatment)
period are diagnostic examinations like gastrosco-
pies, CTs and laparatomies/laparascopies. During
treatment period, the neoadjuvant chemotherapy
($6300, 4% of total costs), the surgical procedure
($29 300, 20% of total costs) and associated
intensive care ($24 100, 17% of total costs) were the
most important costs sources in the CRS+
HIPEC + EPIC group. In the systemic chemother-
apy only group, the chemotherapy ($8700, 15% of
total costs) and associated visits ($5500, 9% of total
costs) were the most important cost sources. In
the post-treatment care, palliative chemotherapy
and hospitalisations were key sources of costs, in
particular in the surgical ward in the CRS+
HIPEC + EPIC group. Table VII presents the main
drivers of the cost during treatment period.

Table VI presents the difference in cost, life
years, and QALYs, and the associated incremental
cost. The cost per life year gained from CRS +
HIPEC + EPIC compared to systemic chemotherapy
only was estimated to $166 716 and the cost per
QALY gained was estimated to $175 164.

The mean survival for the seven patients that
were actually treated with CRS + HIPEC + EPIC
was 20.5 month and mean cost $182 082 with a
cost per life year gained of $157 396 and cost per

Table VI. Cost per life-years gained and per QALY gained.

CRS + HIPEC + EPIC Chemotherapy Difference

Cost ($) 145 728 59 314 86 414
Life-years 1.45 0.93 0.52
QALYs 1.27 0.77 0.49
Cost per 166 716
life-years
gained (§)
Cost per 175 164
QALY
gained (§)

QALY, quality-adjusted life-years; CRS, cytoreductive surgery;
HIPEC, hyperthermic intraperitoneal chemotherapy.
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Figure 2. Mean costs for the CRS + HIPEC + EPIC group and
systemic chemotherapy treated group. CRS, cytoreductive
surgery; HIPEC, hyperthermic intraperitoneal chemotherapy;
EPIC, early postoperative intraperitoneal chemotherapy.

QALY gained $166 681. Thus, the estimated costs
and cost-effectiveness were essentially unaffected
by a ‘per protocol’ analysis. The mean survival for
the three patients that were not treated with
CRS + HIPEC + EPIC was 13.4 month and means
cost $60 901.

Sensitivity analyses

If all patients in the CRS + HIPEC + EPIC group
had got the intended treatment, based on the
costs for the seven patients that were actually treated
with CRS + HIPEC + EPIC, the mean cost per
patient in the CRS + HIPEC + EPIC group should
have been $173 100. This is 19% higher than
the observed mean cost per patient in the CRS +
HIPEC + EPIC group.

If the patients in the CRS+ HIPEC + EPIC
group should have had 50% less (or more) complica-
tions, the reduction (or increase) in the mean cost
per patient in the CRS+ HIPEC + EPIC group

Table VII. Main drivers of the cost during the treatment period.

CRS + HIPEC + EPIC  Chemotherapy

Cost drivers (% of total costs) (% of total costs)

Neoadjuvant $6300 (4%) -
chemotherapy
(medicals)

Surgical procedure

Associated intensive
care

Chemotherapy -
(medicals)

Associated visits -

$29 300 (20%) -
$24 100 (17%) -

$8700 (15%)

$5500 (9%)

should have been $12 400 (8% of the mean cost
per patient). The calculation is based on the princi-
ple, that 50% change of complications accordingly
makes a 50% change of the main drivers of the cost
for complications (radiological examinations and
time in ICU and at ward).

Discussion

PC from GC is an extremely aggressive tumour-
disease and with best supportive care, the disease
is often fatal within a few months [1,2]. With current
knowledge, this patient group is mostly treated
with chemotherapy [5,25,26] and sometimes in
combination with radiotherapy [27]. A growing
treatment option for PC is CRS + HIPEC + EPIC,
with promising results if from colorectal cancer [28]
and pseudomyxoma [19]. However, there is still a
lack of data on the benefit of CRS + HIPEC + EPIC
in patients with PC from GC and there is ongoing
debate whether this treatment should be used in
routine care [3].

Results from cost and cost-effectiveness analy-
ses are important in deciding the allocation of
health-care resources. Such analyses are therefore
increasingly used in health-care decision making
and the concept cost-effectiveness thresholds (i.e. a
maximum accepted cost per unit of health gain)
are proposed and wused in resource-allocation
decisions [29].

This is to our knowledge the first health-economic
study on CRS + HIPEC + EPIC treatment in patients
with PC from GC only. The number of patients
possible to include was small and non-randomised
comparisons are inherently hazardous. However,
the controls were matched and treated during the
same time period within the same geographical area
as the CRS + HIPEC + EPIC group.

The results indicate a prolonged survival for
the combined treatment approach compared to sys-
temic chemotherapy only, but at considerably higher
costs and with a very high incremental cost per
QALY gained. This leads to an incremental cost
per additional life-year gained above what is usually
considered cost-effective in Sweden and many other
countries [29]. A treatment like the one assessed
here that adds a cost of about $86 000 per patient
would probably need to also add at least one
additional life-year (i.e. have an incremental cost per
QALY gained below about $70 000-$80 000), to
be considered reasonably cost-effective compared
to other health care interventions available.

One patient in the CRS + HIPEC + EPIC group
had a very high treatment cost, $487 756 due to
complications with re-operations including a pro-
longed postoperative period at the intensive care



120 B. Hultman et al.

unit. Although there now and then will always be
patients with costs much higher than average, it is
difficult to draw a definite conclusion to which extent
this could occur from a small number of patients as
in this present study. It could therefore be interesting
to also assess the outcome after exclusion of such
patients, if assumed to occur with a very low fre-
quency in a larger patient population or at similar
frequency in the two groups. With the patient who
had the very high treatment cost excluded, the dif-
ference between groups CRS + HIPEC + EPIC vs
systemic chemotherapy would be $48 411, gain in
survival 0.56 years, the cost per life-years gained
$86 938, and cost per QALY gained $86 292
which still is a fairly high incremental cost, but
more in accordance with currently accepted cost-
effectiveness thresholds in Sweden [29].

The mean cost of treatment with CRS+
HIPEC + EPIC in patients with PC has previously
been estimated in a prospective study by Chua et al.
[14], in a retrospective study by Baratti et al. [10], in
a retrospective study by Bonastre et al. [12] and in a
prospective study by Spiliotis et al. [11]. Chua
had an estimate of $58 378 per procedure over six
financial years for 136 patients, Baratti had an
estimate of $53 073 per patient for 376 patients,
Bonastre had an estimate of $37 229 per patient,
based on all procedures during a two-year period for
73 patients and Spiliotis a mean cost estimated
from 24 patients of $23 700 per patient (range $12
800-$51 200). In the present study, the mean
cost of treatment was considerably higher, maybe
due to the longer follow-up time and a longer mean
hospital stay (57 days), compared to 33, 24 and
28 days, respectively, in the Chua, Baratti and
Bonastre study. In the Chua, Baratti and Spiliotis
studies only costs from the primary hospital stay
were included. Longer hospital stay in our study was
probably due to higher morbidity rate. However, a
learning curve is not the plausible reason for the
morbidity rate, as dedicated surgeons have preformed
CRS with good results in Uppsala [30,31] during the
past two decades.

Three = CRS + HIPEC + EPIC  studies on
patients with GC and PC have been presented.
One prospective [7], one non-randomised with case
control patients [8], and one retrospective [9].
Perioperative morbidity rate in the present study was
higher for patients with extensive CRS (71%) than
the 47%, 35% and 43% for comparable patients
in the previously published studies. In our study,
CRS was extensive due to advanced tumour growth,
and the only reason for refraining from surgery was
widespread PC in the small bowel. This could explain
the extended duration of surgery (mean 9.1 h includ-
ing HIPEC-time compared with 5.2 h excluding

HIPEC-time for Glehen [7], and probably increased
morbidity. Moreover, higher morbidity with the use
of platinum-based HIPEC could be expected, and
this could be one reason for higher morbidity in our
cohort, as both Glehen and Hall used Mitomycin C
[7,8,30]. Another reason for higher costs in this
study was the use of neo-adjuvant treatment and
EPIC, and it is possible this extra chemotherapy
raised the morbidity-rate in this patient-group and
the perioperative chemotherapy directly affected
the costs. In the present study, all major costs during
the entire follow-up period were calculated at micro-
costing level whereas this was not the case in the
comparable studies.

There are a number of limitations with the
present study. Thus, the comparison was based on
small numbers of patients not being randomised
to their treatments and there was also no QoL data
collected. There was also another selection in the
CRS + HIPEC + EPIC group, since the most severe
cases, with tumour progression during the neo-
adjuvant treatment and extensive tumour growth on
the entire small intestine serosa, did not proceed to
the surgical intervention.

In conclusion, the results of this study indicate
that treatment of PC from GC is costly, irrespec-
tive of treatment modality. If the slightly prolonged
survival from the CRS + HIPEC + EPIC treatment
compared to systemic chemotherapy only is correct,
the incremental cost per QALY gained has to be
considered too high in most public health-care
systems. However, for new surgical procedures it
is likely that the intervention may be optimised
over time, with more experience and knowledge
and better patient selection leading to improved cost-
effectiveness.
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