
Assessment of Relapse in Patients with Peritoneal Carcinomatosis
after Cytoreductive Surgery and Hyperthermic Intraperitoneal
Chemotherapy using F-18-FDG-PET/CT

Rezidivdiagnostik nach zytoreduktiver Chirurgie und hyperthermer
intraperitonealer Chemotherapie bei Peritonealkarzinose
mittels F-18-FDG-PET/CT

Authors B. Klumpp1, N. F. Schwenzer1, S. Gatidis1, I. Koenigsrainer2, A. Koenigsrainer2, S. Beckert2, M. Mueller3,
C. D. Claussen1, C. Pfannenberg1

Affiliations 1 Diagnostic and Interventional Radiology, Eberhard-Karls-University Tuebingen
2 General, Visceral and Transplantation Surgery, Eberhard-Karls-University Tuebingen
3 Nuclear Medicine, Eberhard-Karls-University Tuebingen

Key words

●" PET/CT

●" peritoneal carcinomatosis

●" relapse

●" HIPEC

●" cytoreductive surgery

received 23.11.2013
accepted 2.1.2014

Bibliography
DOI http://dx.doi.org/
10.1055/s-0034-1366041
Published online: 2014
Fortschr Röntgenstr 2014; 186:
359–366 © Georg Thieme
Verlag KG Stuttgart · New York ·
ISSN 1438-9029

Correspondence
Bernhard Klumpp
Diagnostic and Interventional
Radiology, Eberhard-Karls-
University Tuebingen
Hoppe-Seyler-Str. 3
72076 Tuebingen
Germany
Tel.: ++ 49/7071/2 9872 17
Fax: ++ 49/7071/58 45
bernhard.klumpp@med.uni-
tuebingen.de

License terms

Abdomen 359

A

Klumpp B et al. Assessment of Relapse… Fortschr Röntgenstr 2014; 186: 359–366

Zusammenfassung
!

Ziel: Die zytoreduktive Operation kombiniert mit
einer hyperthermen intraperitonealen Chemo-
therapie (HIPEC) mit kurativer Zielsetzung bei
Peritonealkarzinose (PK) findet zunehmend Ver-
breitung. Nach HIPEC besteht in der Nachsorge
die Herausforderung in der Differenzierung zwi-
schen therapieassoziierten Veränderungen und
einem Rezidiv. Die Studie untersucht den diag-
nostischen Wert der F-18-FDG-PET/CT bei Pa-
tienten mit Rezidiv einer PK nach HIPEC.
Material und Methoden: 36 Patienten mit einem
Rezidiv nach HIPEC wurden an einem Ganzkör-
per PET/CT-System untersucht (44 Untersuchun-
gen). Die Untersuchung bestand aus einem 3-D-
F-18-FDG-PETund einem Kontrast angehobenen
CT. Die Beurteilung erfolgte durch zwei erfah-
rene Auswerter bezüglich Vorhandensein und
Ausmaßes der PK basierend auf dem Perito-
nealkarzinose-Index (PCI). Die Ergebnisse wur-
den mit dem intraoperativen Befund oder dem
Verlauf korreliert.
Ergebnisse: Bei 40 von 44 Untersuchungen ergab
sich der Verdacht auf ein Rezidiv. Bei 4 Patienten
wurde das Rezidiv mittels F-18-FDG PET/CT nicht
entdeckt, bei 8 Patienten das Ausmaß erheblich
unterschätzt. Die diagnostische Genauigkeit für
den Nachweis der PK betrug Patienten basiert
91%, die Sensitivität 91% und der positive Vorher-
sagewert 100%. Der mittlere PCI betrug für PET/
CT 11,4 ±11,9, für CT 8,4 ± 10,3 und intraoperativ
16,6 ±15. Das Ausmaß der PK wurde mittels PET/
CTund noch stärker im CTunterschätzt (p <0,05).
Schlussfolgerung: Die diagnostische Wertigkeit
der F-18-FDG PET/CT nach zytoreduktiver Chirur-
gie und HIPEC zum Nachweis eines PK-Rezidives
ist gegenüber dem Kontrast angehobenen CT
überlegen. Jedoch ist die Quantifizierung der Tu-
morausdehnung aufgrund posttherapeutischer
Veränderungen begrenzt.

Abstract
!

Purpose: In patients with peritoneal carcinoma-
tosis (PC), cytoreductive surgery combined with
hyperthermic intraperitoneal chemotherapy (HI-
PEC) is an evolving therapeutic approach with
curative intention. The differentiation between
posttherapeutic findings after HIPEC and relapse
of PC is challenging. We evaluated the diagnostic
value of F-18-FDG-PET/CT in patients with re-
lapse of PC after HIPEC.
Materials and Methods: 36 patients with recur-
ring PC after HIPEC were examined on a whole-
body PET/CT system (44 examinations). The
examination included 3D F-18-FDG-PET and con-
trast-enhanced CT. Images were assessed by two
experienced readers regarding the presence and
the extent of PC using the peritoneal carcinoma-
tosis index (PCI). Imaging results were correlated
with surgical findings or follow-up.
Results: Relapse was suspected in 40 of 44 exami-
nations. Relapse was missed by F-18-FDG PET/CT
in 4 patients and significantly underestimated in 8
patients. The diagnostic accuracy for the detection
of PC on a patient basis was 91%, the sensitivity
was 91% and the positive predictive value was
100%. The mean PCI was 11.4 ±11.9 for PET/CT,
8.4 ± 10.3 for CT and 16.6 ±15.0 in the case of surgi-
cal exploration. The extent of PC was underestima-
ted by PET/CT and evenmore by CT alone (p <0.05).
Conclusion: The diagnostic value of F-18-FDG
PET/CT after cytoreductive surgery and HIPEC in
the detection of recurring PC is superior to con-
trast-enhanced CT. However, the quantification
of the extent of PC is limited due to post-thera-
peutic tissue alterations.
Key Points:

▶ Imaging of recurrent PC after HIPEC is challen-
ging due to posttherapeutic tissue alterations.

▶ The extent of recurrent PC after HIPEC is sys-
tematically underestimated by F-18-FDG PET/
CT.



Introduction
!

The prognosis for patients with peritoneal carcinomatosis (PC) is
usually considered poor [1–3]. Recent developments in patient
treatment include total peritonectomy and multivisceral resec-
tion of all involved tissue combined with hyperthermic intraper-
itoneal chemotherapy (HIPEC) as an approach with curative in-
tention [4–6]. Several imaging modalities are used in the
preoperative assessment of tumor extent including ultrasound
[7], computed tomography (CT) [8, 9], magnetic resonance ima-
ging (MRI) [10, 11] as well as F-18-FDG positron emission tomog-
raphy/computed tomography (PET/CT) [9, 12, 13]. Recent studies
indicate good results especially for MRI and PET/CT due to its po-
tential of functional and morphological tissue characterization
[10, 11]. The assessment of recurring PC after HIPEC is even
more challenging than the preoperative evaluation as peritonect-
omy and HIPEC come along with extensive postoperative tissue
alterations often accompanied by inflammatory reaction after
HIPEC. Thus, imaging modalities relying solely on the morpholo-
gic evaluation of the peritoneal cavity may miss either the re-
lapse of PC or mistake postoperative tissue alterations as the re-
lapse of PC after HIPEC [14–16]. The combined functional and
morphological approach with F-18-FDG PET/CT seems promising
to assess relapse-free survival after HIPEC in patients with PC [12,
15–17]. The challenge for PET/CT is that for example inflamma-
tory reaction of the bowel wall after HIPEC is not only reflected
by thickening of the bowel wall but also comes along with in-
creased glucose metabolism. On the other hand, recurring PC
after HIPEC might be of a different, more micronodular pattern
with diffuse spread, which is likely to be significantly underesti-
mated by PET/CT in its extent or might even completely evade de-
tection [18]. However, the accurate assessment of recurring PC is
crucial, as patients might benefit from a second HIPEC, if recur-
ring disease is detected at a stage that has not progressed beyond
resectability [19]. In this context it is not only of importance
to detect PC but also to assess the extent of PC manifestations
reliably.
The aim of our study was to assess the diagnostic value of F-18-
FDG PET/CT in patients with recurring PC after HIPEC in compar-
ison to surgical findings.

Materials and Methods
!

Patient group
36 patients (mean age: 54.7 ± 12.0 years) with relapse of PC con-
firmed by histopathology or follow-up studies after peritonect-

omy and HIPEC were included. Written informed consent was
obtained from all patients. Only patients with primary confirmed
PC were included. This is a retrospective study based on in-house
patient data.
In total, 44 PET/CT examinations were performed in these 36 pa-
tients. 4 patients were examined twice due to a second relapse
after resection of the first relapse, 2 patients were examined
three times due to a third relapse. Patients underwent surgical
evaluation (laparoscopy or laparatomy) if repeated cytoreductive
surgery was considered (22 of 44 PET/CT examinations, 19 of 36
patients).
19 patients (22 PET/CT examinations) patients underwent re-
peated cytoreductive surgery after PET/CT enabling quantitative
correlation of surgical and imaging findings on a patient and seg-
mental basis. For the remaining 22 PET/CT examinations, correla-
tion of imaging findings could only be obtained on a patient basis
by comparison with biopsy results and/or follow-up studies.

Patient preparation
Patients fasted for 12 hours before examination. 350MBq of F-
18-FDG were injected intravenously. After injection patients res-
ted during the uptake time tominimize muscular glucose uptake.
During the resting/uptake time, 1000ml of 2.5 % mannitol solu-
tion were administered orally to provide intestinal distension to
enhance the assessment of the intestinal wall. To reduce misa-
lignment due to intestinal motion, 40mg of butylscopolami-
niumbromide were injected intravenously prior to image acqui-
sition.

Examination protocol
Patients were examined on a 16/128-slice whole-body PET/CT
(Hi-Rez Biograph 16/Biograph mCT, Siemens Health Care, Knox-
ville TE, USA) (32/12 examinations) consisting of a high-resolu-
tion three-dimensional LSO PET and a 16/128 slice multidetector
spiral CT with the following technical parameters: peak voltage
120kV, tube current 120–250 mA, rotation time 0.5 s/0.3 s, colli-
mation 0.75/1.5mm (thorax/abdomen)/0.6mm, table feed 12/
24mm/30.7mm. Images were acquired monophasically in the
portovenous contrast phase after injection of 80–120ml iopro-
midium intravenously (370mg iodine/ml, flow rate 3ml/s, Ultra-
vist 370®, Bayer, Leverkusen, Germany) dependent on patient
body weight followed by a 40ml saline chaser. The contrast-en-
hanced CT images were used for attenuation correction of PET
data. PET covered 6–7 beds dependent on patient size with a
FoV of 128mm/400mm, slice thickness 2mm/2mm, resolution
1.78 ×1.78mm/0.76 ×0.76mm, 4/2 iterations and 8/21 subsets,
Gauss filter 4mm/2mm, algorithm 2D-OSEM/3D-OSEM. The ac-

Kernaussagen:

▶ Posttherapeutische Veränderungen nach HIPEC stellen eine
Herausforderung für die Bildgebung von PK-Rezidiven nach
HIPEC dar.

▶ Das Ausmaß von PK-Rezidiven nach HIPEC wird mittels F-18-
FDG PET/CT systematisch unterschätzt.

▶ Im Vergleich zur Kontrast angehobenen CTweist die F-18-FDG
PET/CT eine verbesserte Sensitivität für Rezidivmanifestatio-
nen einer PK auf.

▶ Die Übereinstimmung hinsichtlich der Tumorausdehnung zwi-
schen F-18-FDG PET/CTund chirurgischer Exploration ist besser
als die zwischen Kontrast angehobener CT und chirurgischer
Exploration.

▶ F-18-FDG PET/CT provides improved sensitivity for recurrent
PC compared to contrast-enhanced CT.

▶ The correlation of the extent of recurrent PC depicted by F-18-
FDG PET/CT and surgical exploration is better than that of con-
trast-enhanced CT and surgical exploration.
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quisition time for each bed was 3min/2min. PET data were ac-
quired one hour after tracer injection. A dedicated PET-CTwork-
station (TrueD, Siemens Health Care, Erlangen, Germany) was
used for image fusion of PET and CT data and reading. CT images
were reconstructed in the transverse plane with a 5-mm slice
thickness and a 5-mm increment and the coronal plane with a
3-mm slice thickness and a 2-mm increment.

Image analysis
Two experienced readers (radiologist and nuclear medicine phy-
sician) evaluated PET/CT and contrast-enhanced CT images inde-
pendently in consensus for the presence and extent of PC using
the peritoneal cancer index (PCI) described by Sugarbaker et al.
(20): 13 peritoneal segments, lesion size score 0–3 for each seg-
ment, range of PCI score 0–39. These segments cover 9 regions of
the peritoneal cavity (0 = central, 1 = right upper abdomen,
2 = epigastrium, 3 = left upper abdomen, 4 = left flank, 5 = left low-
er abdomen, 6 =pelvis, 7 = right lower abdomen, 8 = right flank)
and 4 intestinal regions (9 =upper jejunum, 10= lower jejunum,
11=upper ileum, 12 = lower ileum). Tumor manifestations for
each segment are characterized by the lesion size score (LS
0=no tumor, LS 1= tumor up to 0.5 cm, LS 2 = tumor up to 5 cm,
LS 3= tumor exceeding 5 cm or confluent manifestations). Surgi-
cal and histopathological findings were used as the standard of
reference for quantitative analysis of imaging results and correla-
tion on a segmental basis (PCI score). If confirmed by histopathol-
ogy, segments suspected to be involved in PC by PET/CT were
classified as correct positive, otherwise as false positive.

Statistics
Sensitivity, positive predictive value (PPV), and diagnostic accu-
racy (ACC) were calculated on a patient basis. Negative predictive
value and specificity were not applicable as only patients with
confirmed relapse of PC were included. To assess the accuracy of
PC quantification by PET/CTon a patient basis as well as on a seg-
ment basis, PCI scores of PET/CT and contrast-enhanced CTwere
correlated with intraoperative PCI scores using Spearman’s rank
correlation coefficient. AWilcoxon test was used to test for differ-
ences in PCI scores. Dedicated software was used for statistical a-
nalysis (MedCalc Software, Belgium).

Results
!

In total, 44 PET/CT examinations were performed in 36 patients
with recurring PC (●" Fig. 1). All 36 patients were examined for
the detection of the first relapse of PC after HIPEC. The mean
time between HIPEC and diagnosis of relapse (time to relapse:
time between initial HIPEC and detection of recurring PC (TTR)
given in days) was 341±269 days. The mean PCI as found at the
initial peritonectomy/HIPEC was 18.6 ±10.8 ranging between 2
and 39 according to the peritoneal cancer index (PCI) described
by Sugarbaker et al. [20]. The initial cytoreduction status post HI-
PEC was complete prior to 37 PET/CT and incomplete prior to 7
PET/CT (●" Table 1). The cytoreduction status (completeness of cy-
toreduction, CC) was defined according to Sugarbaker et al. [21,
22] as follows: CC 0: no residual tumor, CC 1: residual tumor tis-
sue of less than 0.25 cm, CC 2: residual tumor 0.25–2.5 cm, CC 3:
residual tumor >2.5 cm. CC 0 and 1 were classified as complete
cytoreduction, CC 2 and 3 as incomplete cytoreduction. Underly-
ing tumor entities for peritoneal carcinomatosis were colorectal
cancer in 13 patients, ovarian cancer in 13 patients, peritoneal

mesothelioma in 3 patients, ileum cancer in 1 patient, endome-
trium carcinoma in 2 patients and appendix carcinoma in 4 pa-
tients (●" Table 2).
Repeated HIPEC was performed in 18 patients at the first relapse.
In 2 of the 18 patients with repeated HIPEC, repeated HIPEC was
also performed when PET/CT detected a second relapse. 3 pa-
tients were treated with systemic therapy at the second relapse.
1 of 2 patients treated with HIPEC at the second relapse also un-
derwent repeated HIPEC when PET/CT detected the third relapse.
The other patient was treated with systemic therapy when PET/
CT detected the third relapse (●" Fig. 1).

Fig. 1 36 patients with proven peritoneal carcinomatosis at baseline (PC
baseline) and recurrent PC after cytoreductive surgery (HIPEC) were inclu-
ded. At the first relapse, 18 patients were admitted to HIPEC and 18 to
systemic therapy (syst. th.). 2 of 18 patients with HIPEC at the first relapse
were admitted to repeated HIPEC when PET/CT detected the second re-
lapse, 3 to systemic therapy. 1 of 2 patients treated with HIPEC at the sec-
ond relapse was admitted to repeated HIPEC when PET/CT detected the
third relapse, the other one to systemic therapy. After initial remission, 1 of
18 patients treated with systemic therapy at the first relapse was admitted
to HIPEC when PET/CT detected the second relapse.

Abb. 1 36 Patienten mit nachgewiesener Peritonealkarzinose zu Beginn
(PC baseline) und mit Rezidiv nach zytoreduktiver Chirurgie (HIPEC) wurden
eingeschlossen. Beim ersten Rezidiv erfolgte bei 18 Patienten eine erneute
HIPEC und bei 18 eine systemische Therapie (syst. th.). Bei 2 der 18 Patien-
ten mit HIPEC während des ersten Rezidives erfolgte eine erneute HIPEC
nachdem mittels PET/CT ein erneutes Rezidiv diagnostiziert wurde, bei 3 er-
folgte eine systemische Therapie. Bei einem der beiden Patienten mit HIPEC
während des zweiten Rezidives wurde eine weitere HIPEC durchgeführt,
nachdem mittels PET/CT ein drittes Rezidiv diagnostiziert wurde. Bei einem
der 18 Patienten, die während des ersten Rezidives mit systemischer Thera-
pie behandelt wurden erfolgte nach initialer Remission eine erneute HIPEC,
nachdem mittels PET/CT ein erneutes Rezidiv festgestellt wurde.

Table 1 Patient characteristics.

Tab. 1 Patientendaten.

patients PET/CT age PCI CC0/1 CC2/3 TTR

36 44 54.7 ± 12.0 18.6 ± 10.8 37 7 341 ± 269

Table 2 Origin of peritoneal carcinomatosis.

Tab. 2 Ursprung/zugrunde liegende Tumorentitäten der Peritoneal-
karzinose.

malig-

nancy

colo-

rectal

ovar-

ian

meso-

thelioma

ileum endo-

metrium

appendix

patients 13 13 3 1 2 4
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18 patients underwent systemic therapy at the first relapse. The
presence of recurring PC in these patients was confirmed by fol-
low up and histopathology.
1 of these 18 patients underwent repeated HIPEC after initial re-
mission when PET/CT detected the second relapse (●" Fig. 1).
In total, 22 repeated HIPEC were performed in 19 patients with
recurrent PC (●" Table 4).
Correlating surgical exploration was consequently available for
22 PET/CT examinations in 19 patients enabling also quantitative
assessment of recurrent PC.
In 22 PET/CT examinations no surgical correlations were possi-
ble. For these examinations recurrent PC was confirmed by biop-
sy in 1 patient, surgically in 5 patients and by follow-up imaging
in 16 patients. For those patients with surgically and histopatho-
logically confirmed relapse of PC, no surgical assessment of the
PCI was available and therefore no correlation on a segmental ba-
sis for quantitative purposes was possible. In those patients with
imaging follow-up, new lesions after initial unsuspicious findings
were regarded as recurrent PC. In these 22 PET/CT examinations,
relapse of PC according to the definition above was confirmed
295±231 days after the initial HIPEC.

Detection of PC – patient-based evaluation
!

PET/CT found recurring PC in 40 of 44 examinations. PET/CT mis-
sed PC in 4 examinations (4 patients) with a surgical PCI of 2–9
(●" Table 3). Imaging findings were interpreted as post-therapeu-
tic tissue alterations and could not be clearly identified as malig-
nant tissue in one patient with regionally increased FDG uptake
of the small bowel and moderate thickening of the bowel wall
(PCI 9, 76-year-old female patient, PC arising from appendix car-
cinoma). In one patient a small manifestation was located in the
pelvis and in one adjacent to the liver, not detected by PET/CT
(PCI 2 in both patients, 60 and 46-year-old female patients, PC
arising from ovarian cancer in each). In one further patient, re-
lapse of PC was histopathologically confirmed in spite of negative
PET/CT but no cytoreductive surgery was performed (55-year-
old female patient, PC arising from ovarian cancer). This patient
could not be included in the segmental analysis as no surgical
PCI was obtained and was classified false negative. Thus, 4 of 44
PET/CT examinations were classified as false negative. The re-
maining 40 PET/CT examinations were rated as correct positive.
Based on 44 PET/CT examinations, the calculated sensitivity was
91%, the positive predictive value was 100% and the diagnostic
accuracy was 91% for the detection of PC. Negative predictive val-
ue and specificity were not applicable.
In 44 examinations in 36 patients, PET/CT suspected PC in 237 of
572 (44 ×13, mean 5.4 ±4.0, range 0–13) peritoneal segments
with a mean PCI of 12.6 ±10.7, range 0–39. The mean PCI in
those 22 PET/CT examinations with surgical correlation was
11.4 ±11.9 and in those 22 PET/CT examinations without surgical
correlation 13.8 ±9.5 which was not found to be a significant dif-
ference (p >0.05).

Quantification of PC – segment-based evaluation (PCI)
!

19 patients (22 PET/CT examinations) underwent repeated cytor-
eductive surgery after the PET/CT examination enabling a pa-
tient-based and a segment-based correlation of the PCI score.
One patient underwent repeated cytoreductive surgery twice,

and one patient three times. In 8 of 19 patients the extent of PC
was significantly underestimated by PET/CT being mistaken as

Table 4 Correlation of the extent of PC depicted by PET/CT (PCI PET/CT re-
lapse), contrast-enhanced CT (PCI CT relapse) and results of surgical explora-
tion (PCI surgery relapse) in 19 patients subjected to repeated cytoreductive
surgery (19 patients, 22 PET/CT examinations): patient number (column 1),
surgically confirmed PCI at the initial HIPEC (PCI baseline, column 2), cytore-
duction status after the initial HIPEC (CC baseline, column 3), extent of re-
current PC depicted by PET/CT at the time of relapse (PCI PET/CT relapse,
column 4), extent of recurrent PC depicted by contrast-enhanced CT at the
time of relapse (PCI CT relapse, column 5), extent of PC found by surgical ex-
ploration for repeated HIPEC at the time of relapse (PCI surgery relapse, col-
umn 6) and cytoreduction status after repeated HIPEC (CC, column 7). Pa-
tients 8 and 16 underwent a second and third PET/CT and cytoreductive
surgery respectively due to second and third relapse of PC (●" Fig. 1).

Tab. 4 Korrelation des Ausmaßes der Peritonealkarzinose in der PET/CT
(PCI PET/CT relapse), Kontrast angehobenes CT (PCI CT relapse) und dem
intraoperativen Befund (PCI surgery) bei 19 Patienten, bei denen eine er-
neute zytoreduktive Operation durchgeführt wurde (19 Patienten, 22 PET/
CT-Untersuchungen): Patientenzahl (Spalte 1), intraoperativ bestätigter PCI
im Rahmen der initialen HIPEC (PCI baseline, Spalte 2), Resektionsstatus nach
der initialen HIPEC (CC baseline, Spalte 3), Ausmaß des Rezidives in der PET/
CT bei Diagnosestellung (PCI PET/CT relapse, Spalte 4), Ausmaß des Rezidives
in der kontrastangehobenen CT bei Diagnosestellung (PCI CT relapse, Spalte
5), Ausmaß des Rezidives intraoperativ im Rahmen der erneuten HIPEC (PCI
surgery relapse, Spalte 6) und Resektionsstatus nach der erneuten HIPEC bei
Peritonealkarzinose Rezidiv (CC, Spalte 7). Bei den Patienten Nummer 8 und
16 wurde eine zweite beziehungsweise dritte PET/CTund HIPEC im Rahmen
eines zweiten beziehungsweise dritten Rezidives durchgeführt (●" Fig. 1).

patient

number

PCI

baseline

CC

baseline

PCI PET/

CT relapse

PCI CT

relapse

PCI

surgery

relapse

CC

relapse

1 17 1 7 11 26 2

2 11 1 0 0 9 1

3 14 1 32 9 31 2

5 15 1 9 5 31 3

6 n. a. 1 10 4 15 3

7 2 0 2 2 2 0

8 16 0 2 2 2 0

8 2 0 24 19 33 3

9 20 2 8 2 39 3

10 8 0 6 4 6 0

11 8 0 0 0 2 0

12 39 3 39 35 39 3

14 10 1 8 8 18 1

16 24 0 2 2 2 0

16 2 0 2 2 2 0

16 2 0 14 6 2 0

19 25 0 13 5 39 3

20 33 1 39 39 39 3

22 10 0 0 3 2 0

23 14 0 12 7 12 3

31 9 0 8 8 12 3

32 33 1 14 11 2 0

Table 3 Diagnostic yield of PET/CT.

Tab. 3 Diagnostische Genauigkeit der PET/CT.

Positive Negative

Correct 40 0

False 0 4
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resectable PC instead of extended irresectable PC. In one patient,
PC was significantly overestimated due to inflammatory tissue
alterations.
These 19 patients subjected to repeated cytoreductive surgery
were found surgically to have a PCI of 16.6 ±15.0, range 2–39.
On preoperative PET/CT, PCI was rated 11.4 ±11.9, range 0–39.
The mean PCI on contrast-enhanced CT alone was 8.4 ± 10.3,
range 0–39. The mean PCI score per segment was 0.88 ±1.2 for
PET/CT, 0.64 ±1.1 for contrast-enhanced CT alone and 1.28 ±1.32
for surgical exploration. The PCI depicted by PET/CTwas system-
atically and significantly lower in comparison to surgical results
both on a patient and a segment basis (p <0.05). Compared to
PET/CT, the PCI assessed on contrast-enhanced CT was signifi-
cantly lower on a patient basis and on a segment basis as well
(p < 0.05).

●" Fig. 2 shows the Bland-Altman plot of PCI scores found in PET/
CT compared to surgical PCI scores. Moderate correlations could
be observed between imaging-based and intraoperative PCI
scores for PET/CT on a patient base (r = 0.641) and on a segment
base (r = 0.624) as well as contrast-enhanced CT on a patient
base (r = 0.553) and on a segment base (r = 0.510). The compari-
son of the correlation coefficients indicates a significantly better
correlation of PET/CT and surgical findings compared to contrast-
enhanced CT and surgical findings (p <0.05).
The extent of PC was systematically underestimated by PET/CT
and even more by contrast-enhanced CT alone. Patient 32 under-
went chemotherapy between PET/CT and surgical exploration
explaining the difference in the extent of PC (PCI PET/CT: 14, sur-
gical PCI: 2). In patient 16, PC was significantly overestimated in
the 3rd PET/CT due to metabolically active inflammatory tissue
mimicking PC (●" Table 4). PC was missed by PET/CT in patients
2, 11 and 22 (●" Table 4). In patient 30 relapse of PC missed by

PET/CTwas confirmed by biopsy but no repeated HIPEC was per-
formed (●" Table 4). In patient 6 no information about the PCI at
the baseline peritonectomy and HIPEC (PCI baseline) was avail-
able. Compared to PET/CT, the PCI depicted by contrast-enhanced
CT was equal or lower in all patients except for patient 1. In pa-
tient 1 multiple calcified small metastases were visible on CT
without significant tracer uptake in PET but masked by back-
ground signal on fused PET/CT images resulting in a lower PCI
on PET/CT than on contrast-enhanced CT. In several patients the
PCI on contrast-enhanced CTwas significantly lower than on PET/
CT as increased FDG uptake along the small bowel representing
micronodular spread of peritoneal carcinomatosis had no mor-
phologic equivalent on contrast-enhanced CT images and thus
evaded detection by sole morphologic assessment.
The second cytoreductive surgery could achieve complete cytor-
eduction in 9 of 19 patients (CC 0: 7, CC 1: 2) and in 1 of 9 patients
also at the second and third relapse (each CC 0). In one patient
with complete cytoreduction after the first relapse, only incom-
plete cytoreduction could be achieved after the second relapse
(CC 3). Complete cytoreduction could not be achieved in 10 pa-
tients after the first relapse (CC 2: 2, CC 3: 8) and 1 patient after
the second relapse (●" Table 4).

Discussion
!

HIPEC combined with peritonectomy and multivisceral resection
is an emerging surgical approach to achieve ultimately complete
cytoreduction in patients with PC. New surgical procedures come
along with new challenges for imaging techniques monitoring
postsurgical results. Patients undergoing HIPEC will have to be
monitored afterwards either for the presence of remaining ma-

Fig. 2 Bland-Altman plot of the extent of PC given as PCI found by PET/CT
(PCI PET/CT) and surgical exploration (PCI surgery): PET/CT underestimates
PCI scores consistently (most points are above the zero level); the correla-
tion coefficient is r = 0.64. Correlation of the extent of PC on a segmental
basis (lesion size score 0–3 per segment) found by PET/CT (PCI PET/CT)
and surgical exploration (PCI surgery): The grayscale matrix reflects the
number of segments with the respective combination of imaging-based
and surgical scores. PET/CT underestimates the PCI score on a segmental
level (most segments are on the lower and right part of the matrix). The
correlation coefficient is r = 0.62.

Abb.2 Bland-Altman Plot des Ausmaßes der Peritonealkarzinose angege-
ben als PCI in der PET/CT (PCI PET/CT) und intraoperativ (PCI surgery): Die
PET/CT unterschätzt das Ausmaß der Peritonealkarzinose (Punktverteilung
mehrheitlich oberhalb der Nulllinie). Der Korrelationskoeffizient beträgt
0,64. Korrelation des Ausmaßes der Peritonealkarzinose auf Segmentbasis
(lesion size score 0–3 pro Segment) in der PET(CT (PCI PET/CT) und intra-
operativ (PCI surgery): Die Graustufen Matrix zeigt die Anzahl der Seg-
mente mit der zugehörigen Korrelation von PCI-Werten in der Bildgebung
und intraoperativ. Die PET/CT unterschätzt den PCI auf Segmentebene (die
meisten Segmente befinden sich im unteren rechten Anteil der Matrix). Der
Korrelationskoeffizient beträgt 0,62.
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lignant tissue in the case of incomplete cytoreduction or to detect
potential relapse of PC [23, 24]. In the case of recurring disease
early detection of relapse is desirable to provide the opportunity
of complete cytoreduction by a repeated HIPEC. The extent of the
remaining tumor is the major prognostic factor and complete cy-
toreduction should be sought above all [25–27]. Monitoring dis-

ease-free survival (DFS) after HIPEC poses several challenges for
any available imaging modality. Due to the extensive surgical
procedure, a variety of postsurgical tissue alterations are found
including nodules and adhesions due to scar tissue as well as
thickening and variably increased glucose uptake of the bowel
wall due to inflammatory reaction [28]. The aim is to differenti-

Fig. 3 Coronal and axial views of a 52-year-old
patient with relapse of PC in the case of appendix
carcinoma with a PCI of 18 (PET/CT). Extensive mi-
cronodular spread along the small bowel is repre-
sented by linear FDG uptake along the enteric wall a
and increased contrast enhancement as well as
adhesion of the small bowel to the abdominal wall
b. Axial views depict extensive involvement of the
small bowel in the middle and lower abdomen in PC
which is not accessible to cytoreductive surgery
c, d.

Abb.3 Koronale und transversale Bilder eines
52-jährigen Patienten mit Rezidiv einer Peritoneal-
karzinose bei Appendixkarzinom mit einem PCI von
18 (PET/CT). Ein ausgedehnter kleinknotiger Befall
des Dünndarmes zeigt sich durch eine vermehrte
lineare FDG-Aufnahme entlang der Darmwand a
und sowohl durch eine vermehrte Kontrastmittel-
aufnahme als auch Adhäsionen zwischen Darm-
wand und Bauchdecke in der CT b. Die transversa-
len Bilder zeigen einen ausgedehnten Befall des
Dünndarmes im mittleren und unteren Abdomen,
welcher einer kurativen Operation nicht mehr zu-
gänglich ist c, d.

Fig. 4 PET/CT images of a 63-year-old patient with relapse of PC 937 days
after peritonectomy and HIPEC reveal tumor-associated stenosis of the
small bowel in the middle abdomen on the right side. Characteristics are
thickening of the enteric wall b and markedly increased segmental FDG
uptake a. In the pelvis there is also micronodular spread along the small
bowel represented by regionally increased FDG uptake c. PCI on PET/CT
images was rated 10, surgically PC was found to be significantly underesti-
mated by PET/CT and beyond resectability due to extensive small bowel
involvement.

Abb.4 PET/CT-Bilder einer 63-jährigen Patientin mit Peritonealkarzinose-
Rezidiv, 937 Tage nach Peritonektomie und HIPEC zeigen eine tumorbe-
dingte Stenose des Dünndarmes im Mittelbauch rechts. Charakteristisch
sind eine Darmwandverdickung b und eine deutlich vermehrte segmentale
FDG-Aufnahme a. Im Becken zeigt sich außerdem ein kleinknotiger Befall
des Dünndarmes durch flächig erhöhte FDG-Aufnahme c. Der PCI in der
PET/CT betrug 10, operativ fand sich jedoch ein nicht mehr resezierbarer
Dünndarmbefall, welcher in der präoperativen PET/CT deutlich unter-
schätzt worden war.
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ate between these postsurgical alterations and remaining or re-
curring tumor manifestations after HIPEC [29].
Due to the promising results in the preoperative assessment of
PC, F-18-FDG PET/CT seems to be an optimal technique to evalu-
ate patients after HIPEC as it is at least comparable if not better
than other imaging modalities in the preoperative setting [12].
One aspect in favor of PET/CT is its ability to assess tissue metab-
olism thus helping to differentiate betweenmalignant tumor and
postoperative scar in patients in whom morphologic assessment
alone is insufficient [30].
Based on our results, PET/CTseems to performwell also in the fol-
low-up after HIPEC with an overall diagnostic accuracy of 91% for
the detection of PC on a patient basis. However, in four patients
the recurring PC was completely missed by PET/CT. In these pa-
tients possible signs of PC were discrete and could be explained
by postsurgical tissue alterations. Taking into account the addi-
tional evaluation of the extent of recurrent PC, PET/CT provided
only moderate correlation with surgical findings and systemati-
cally underestimated the PCI. Compared to preoperative results,
the diagnostic value of PET/CT in the follow-up of patients treated
with HIPEC seems to be reduced and is hampered by different
factors.
First, in some patients extensive post-therapeutic tissue altera-
tions after HIPECmask recurringmanifestations of PC in imaging.
A second reason to be considered is that the pattern of PC mani-
festations might vary after HIPEC with a tendency toward a more
micronodular pattern accompanied by postsurgical tissue adhe-
sions thus evading detection by PET/CT and other imaging tech-
niques [18]. Manifestations of PC are frequently found in the
greater omentum and can be identified there by preoperative
imaging as regional enhancement or masses. In the follow-up
after HIPEC, the greater omentum is resected and therefore
omental masses can no longer be identified. To some extent this
effect can also be observed regarding the visceral peritoneum. In
preoperative imaging, masses could be found along the bowel on
the visceral peritoneum. After peritonectomy, recurring tumor
infiltrates the bowel wall which is much more difficult to identi-
fy. Moreover, adhesions due to preceding surgery might not only
be challenging to differentiate from malignant tissue but also in-
fluence the tumor spread. This is supported by a moderate corre-
lation of PC manifestations depicted by PET/CT and found by sur-
gery (●" Fig. 2). Especially the extent of PC was underestimated by
PET/CT even if the presence could be confirmed reflected by a sig-
nificant difference in the extent of PC on a segmental basis be-
tween PET/CT and surgery (●" Fig. 2).
Compared to sole morphologic assessment by contrast-en-
hanced CT, PET/CT renders superior diagnostic results reflected
by significantly higher PCI values and better correlation with
surgical findings. Especially intestinal involvement is underesti-
mated by contrast-enhanced CT compared to PET/CT. Increased
FDG uptake representing micronodular spread of peritoneal car-
cinomatosis had at least in parts no morphologic correlate on
contrast-enhanced CT images in several patients●" Fig. 3. This
finding is of importance as extensive small intestine involve-
ment may not be accessible for complete surgical cytoreduction

●" Fig. 4. Thus, combined morphologic and metabolic assess-
ment provided by PET/CTyields superior diagnostic results com-
pared to morphologic assessment by contrast-enhanced CT.
The combination with other functional imaging modalities in-
cluding diffusion and perfusion MR imaging as provided by PET/
MRI might result in further improvement of the diagnostic per-
formance in the follow-up after HIPEC [14, 16]. The combination

of PET and dynamic contrast-enhancedMRI might contribute be-
sides metabolic information also information regarding tissue
perfusion which might be useful in the differentiation between
malignant and inflammatory tissue [11]. Diffusion-weighted
magnetic resonance imaging could further enhance tissue char-
acterization in patients with recurrent PC after HIPEC [16]. These
options may contribute to further improvement in the follow-up
period of patients with PC after HIPEC using PET/MRI to assess re-
current PC.
Limitations of our study include heterogeneous primary tumors
which might result in different patterns of tumor spread and
tendency of recurrence as well as differingmetabolic characteris-
tics. Moreover, the effect of preceding or overlapping therapies
might influence results of imaging as FDG uptake might be re-
duced due to decreasing tumor viability. As only patients with
proven recurrence of PC were assessed retrospectively, the statis-
tical power of the results may be restricted due to the lack of true
negative patients. To eliminate the resulting statistical bias and
provide information regarding true negative patients, specificity
and negative predictive value will necessitate periodic relaparot-
omy or at least laparoscopy in all patients after HIPEC to provide a
valid standard of reference for PET/CT in the follow-up period
which was not done in our study. Also the fact that recurrent PC
was known in all patients might result in a bias as uncertain ima-
ging findings might be more likely to be interpreted as tumor
manifestations.
In conclusion, the overall diagnostic value of PET/CT in the detec-
tion and evaluation of recurrent PC is superior to contrast-en-
hanced CT although the extent of PC is underestimated compared
to surgical findings. The quantitative assessment of tumor load is
limited as reflected by the only moderate correlation with surgi-
cal findings. The reasons are extensive post-therapeutic tissue al-
terations and changes in the pattern of tumor spread after HIPEC
which reduce the performance of PET/CT in detecting malignant
lesions.
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