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Abstract

Multicenter/institutional studies have been the basis for the confirmation of Hyperthermic
Intraperitoneal Chemotherapy as a therapeutic option for selected patients with Peritoneal Surface
Malignancies. Starting from this model, using our experience in the implementation of a Diagnostic
Laparoscopy for Abdominal Cancer database in surgical departments in Cluj-Napoca, we aimed to
create a extended database, serving for Hyperthermic Intraperitoneal Chemotherapy. By coding the
parameters of Hyperthermic Intraperitoneal Chemotherapy, which is a complex treatment both in
terms of the equipment and techniques used and through the integration of different ways of
approach (surgery, cytostatics drugs, hyperthermia), a Microsoft Access database was developed
and implemented. The adoption and use of this database, followed by the implementation of a
registry, will create the conditions required for the “coagulation” of individual experiences in
Romania.

Keywords: Hyperthermic Intraperitoneal Chemotherapy; Peritoneal surface malignancies; Patient
database; Treatment registries

Introduction

Hyperthermic Intraperitoneal Chemotherapy (HIPEC) preceded by Cytoreductive Surgery
(CRS), represents a treatment standard for selected patients with Peritoneal Surface Malignancies
(PSM) [1-4]. This approach has been confirmed by several multicenter studies (with the
participation of hundreds of patients) [5-9] and by a few randomized clinical trials [10-12].

HIPEC treatment is concentrated in specialized centers in USA [3,13], Australia, Japan [14],
France [5,9], Netherlands [11], Germany [15], Italy [8], Greece. The achievement of standards
required by this therapeutic procedure is confirmed by the results obtained in reference centers,
based on the ratio between risks (morbidity, mortality) and outcomes (survival, disease-free
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interval). In these centers, there are registries for HIPEC, which have allowed
multicenter/institutional collaborations at national and international level.

The implementation of HIPEC treatment in Romania should be adapted to the existing
particularities. There are initiatives regarding this therapeutic approach, but experience with it is just
beginning. The treatment of PC by HIPEC is limited to the university centers in Constanta [16],
Targu-Mures, Brasov, Bucharest, and, more recently, Cluj-Napoca. The team led by Sarbu had the
merit of introducing HIPEC in clinical practice in Romania [16], using the ANTIMETA device.
Clinical experience with HIPEC is complemented by experimental and laboratory approaches [17-
19].

Based on our previous experience with the implementation of a Diagnostic Laparoscopy for
Abdominal Cancer database [20] - Diastal database [21], in all surgical clinics in Cluj-Napoca, we
coded the particularities of HIPEC treatment and transferred them to a local database. The next
step will be the implementation of a national registry, based on the data contained in local
databases.

Particularities of HIPEC treatment

Eguipment and technigne of HIPEC

There are several types of devices for HIPEC [22, 23], but most of the equipment is based on
the principle and the technical scheme proposed, as early as 1980, by Spratt [24]: heat exchanger,
thermal sensors, pump, reservoir and tubing to ensure the cytostatic solution circuit. There are a
number of international companies that produce HIPEC equipment (Table 1), all having high costs
(around 100,000 euro).

Table 1. Equipment for HIPEC

HIPEC devices Manufacturer/Reptesentative

ThermoChem HT-2000 Therma Solutions (USA); www.thermasolutions.com

Performer HT RanD SRL (Italy); info@rand-biotech.com

Cavitherm Soramedical (France); www.cavitherm.com

SUNCHIP GamidaTECH (France); www.gamidatech.com

EXIPER Medica S.p.A. (Italy); www.menfis.it

Belmont HyperthermiaPump | Belmont Instruments (USA); www.belmontinstrument.com
VERATHERM Thermal Therapeutic Systems (USA); www.thermaltherapeutics.com

Regarding the technical modality [25,26] for approaching HIPEC, there are two possibilities:
after closing the abdomen (closed technique) or before closing the abdomen (open technique). The
principal aim of the latter is to give the surgeon access to the peritoneal cavity. The major
difference between the two techniques involves the increased risk of exposure to cytostatics for the
staff in the operating room in the case of the open technique [27]. Several variants of the open
technique, aimed at reducing this risk, have been described [28,29].

Specific CRS-HIPEC Training

The therapeutic approach of patients with PSM requires special training of the medical staff.
The most important prognostic factors that are significantly correlated with the survival of patients
treated by HIPEC are the “Peritoneal Cancer Index” (PCI) and the ”Completeness of
Cytoreduction” score [11,12]. These refer to the intraoperative staging of peritoneal tumor nodules
(depending on the number of affected anatomical regions and on the size of nodules) and to the
size of residual tumors after CRS. Both evaluations require the acquisition of the learning curve [30]
by surgeons involved in CRS and HIPEC. The same is true about surgical techniques specific for
PSM, generically termed “peritonectomies” [31]. A series of complementary procedures, such as
hepatobiliary [32] and urinary procedures [33], have also been included in the arsenal of CRS.
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The surgeon is not only responsible for surgery itself, but he must also have the skills required
for conducting and supervising HIPEC, regardless of the technique used (closed or open). The
efficiency of treatment depends on the maintenance of an intraperitoneal temperature between 41-
43°C and on the “washing” of the entire peritoneal serosal surface with cytostatic solution [34]. In
the case of the open technique (or its variants), the surgeon directly performs the thermal and
spatial homogenization of the cytostatic solution in the peritoneal cavity, while in the closed
technique, this mechanism is achieved by the control of the inflow and outflow of the cytostatic
solution, by abdominal “assage” or by changing the position of the operating table [35,30].

The doctors of the anesthesia and intensive care team have to respond to multiple challenges.
Thus, strict monitoring is required: invasive hemodynamic (Swan-Ganz catheterization,
transesophageal Doppler echocardiographic monitoring); monitoring of respiratory flow, urinary
flow, and of laboratory parameters (coagulation, thrombocytes, electrolytes, blood gases) [37,38].

HIPEC Variables

A number of variables have been described, which condition the obtaining of the expected
results of HIPEC: intraperitoneal temperature; the intraperitoneally administered dose of cytostatic
drugs; the type and volume of the cytostatic solution, the duration of contact between the cytostatic
and the peritoneum, the use of vasoactive agents, and macromolecules [34]. Temperature is
monitored in the petitoneal cavity in a variable number of sites, as well as at the entrance/exit of
the cytostatic solution to and from the peritoneal cavity. Core body temperature is monitored at
esophageal or at urinary bladder level. The time allocated to HIPEC varies between 30-90 minutes,
depending on the cytostatic used.

The Multidisciplinary Team in the PSM Treatment

The treatment of patients with PSM by HIPEC has not been free of controversies. The point of
view of oncologists, followers of systemic chemotherapy, considered that for HIPEC, risks
exceeded benefits [3]. In reality, HIPEC and systemic chemotherapy are not competitive
treatments, the best results are obtained by integrating the two modalities [39], so that therapeutic
decision for patients with PSM should be made by multidisciplinary teams.

Registry of HIPEC Treatment

Coding of HIPEC parameters

In centers specialized in HIPEC, there are different approaches to this treatment, which involve
all the mentioned aspects (equipment, technique, clinical parameters, variables, integration of
systemic chemotherapy). Moreover, new research directions have emerged which are aimed at
developing laparoscopic HIPEC [40,41], as a method for the prophylaxis of secondary PMS [42]
and as an iterative method for the treatment of PMS recurrences [43].

Only for colorectal cancer, consensus regarding the clinical parameters of HIPEC treatment [44]
and HIPEC variables [45] has been reached. Thus, if certain parameters can be coded in order to be
included in database (Table 2), for others, “text” variables were used.

Table 2. Coding of HIPEC parameters for inclusion in database

HIPEC treatment Coding

Previous surgery pop-down lists (absent; optimal; suboptimal)
Previous systemic chemotherapy pop-down lists (absent; optimal; suboptimal)
Perioperative neoadjuvant systemic “yes/no” value

chemotherapy

Bidirectional systemic chemotherapy
Postoperative intraperitoneal chemotherapy
HIPEC treatment pop-down lists (radical; prophylactic; iterative)
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Karnofschy Performance Index (%) “number” value (0-100)

Weight (kg) “number” value

Height (cm)

Ascites (ml)

Peritonectomies parietal; pelvic; omental bursa; right diaphragmatic; left
diaphragmatic: “yes/no” value

Particular topographies liver capsule; mesentery; small intestinal serosa; stomach

serosa; falciform ligament; subpyloric space; hepatic pedicle:
“yes/no” value

Visceral resections greater omentum; lesser omentum; rectosigmoid; ovaries;
uterus; right hemicolon; left hemicolon; gallbladder; spleen;
pancreas; stomach; liver; bile ducts; urinary bladder; ureter;
other: “yes/no” value

Anastomoses colo-rectal; colo-colic; entero-colic; entero-rectal; entero-
enteral; gastro-enteric: “yes/no” value

Ostomies colostomy; enterostomy: “yes/no” value

Equipment “text” value

Technique pop-down lists (closed; open; open variants)

Peridural catheter “yes/no” value

Swan-Ganz catheter

Transesophageal Doppler echocardiography

Intraperitoneal thermal sensors “number” value

Core temperatute urinary bladder; endoesophageal: “yes/no” value
Intraperitoneal pressure sensor “yes/no” value

Pleural drainage

Cytostatic drug 1, dose prescribed (mg) “text” value

Cytostatic drug 1, dose prescribed (mg)

Circulating solution type, volume (ml)

Vasoactive agents “yes/no” value

Macromolecular agents

Homogenization (for the closed technique) | abdominal massage; change of the operating table position;
flow variation: ”yes/no” value

Peritoneal Cancer Index “number” value (0-39); calculation function implementation
”Completeness of Cytoreduction” score pop-down lists (0; 1; 2; 3)

Start/end of sutrgery “data” value

Start/end of HIPEC

The Peritoneal Cancer Index (PCI), established at the time of surgery, according to a protocol
developed by Sugarbaker [45], is a synthesis of both the distribution (in 13 predefined
abdominopelvic regions) and the size of peritoneal metastases (based on the lesion score).

At the level of the abdominal wall, 9 regions (0-8) are delimited, by establishing two transverse
planes and two sagittal planes. The upper transverse plane is located at the lower border of the
costal margin, and the lower transverse plane is at the level of the anterior superior iliac spine. The
sagittal planes divide the abdomen into three equal sectors. Thus, nine compartments are
evidenced, which are numbered clockwise: 0 — center of abdomen, 1 — right upper region (right
hypochondrium), 2 - epigastrium, 3 — left upper region (left hypochondrium), 4 — left flank, 5 — left
lower region (left iliac fossa), 6 - pelvis, 7 — right lower region (right iliac fossa), 8 — right flank. The
regions from 9 to 12 divide the small intestine into upper jejunum and lower jejunum, and upper
ileum and lower ileum, respectively.

From each region, lesion score (LS) represents the largest diameter of peritoneal nodules: LS 0 —
no malignant deposits are visualized; LS 1 — tumor nodules smaller than 0.5 cm; LS 2 — nodules
between 0.5 and 5 cm; LS 3 — tumor nodules larger than 5 cm or confluence of tumor nodules. The
primary tumor and the local recurrences that can be completely removed are excluded from the
evaluation. LS are calculated for each of the 13 abdomino-pelvic regions, and the sum of the LS is
PCI, whose values may range between 0 and 39 (Table 3).
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Table 3. Coding and implementation of PCI

Regions Coding Lesion Score ‘
Region 7, 7€ {1,2,3,...,13} “number” value (0,1,2,3) v,i€{1,23,...,13}
PCI “numbet” value (0-39) >, o)

PCI = Peritoneal Cancer Index

HIPEC Database

In the first stage, the HIPEC database (“DB-HIPEC Treatment”) was developed using the
Microsoft Access 2000 engine, the reason being that its flexible structure makes the database easy
to adapt to the requirements of each particular doctor. This is the reason for the choice of this
software. In addition, the great majority of doctors are currently acquainted with the Microsoft
Office package, so that it's use should not pose particular problems.

The fields/lines of the database (HIPEC parameters) were defined based on the coding in Table
2. “True/false” fields were mainly used, and “pop-down lists” were predefined. As HIPEC is
implemented and standardized, “text” or “number” fields will be replaced by predefined fields.

This is a multi-table database with a hierarchically subordinate structure: “DB-HIPEC
Treatment” is included in the database of patients with PSM (“DB-PSM”), which in turn is
included in a database of patients with malignancies (“DB-patient”). The relationships between the
main table, containing the patient’s identification data, and the other tables were defined in the
majority of the situations as “One-To-Many”, given the fact that the contained parameters are
dynamically monitored. “One-To-One” relationships were also defined for tables containing
information about “family doctors”, “location”, and “staging”, with the mention that these can in
turn undergo changes in dynamics (the relationships will have to be redefined as “One-To-Many”,
Figure 1).

1 potien
DB-patient
Patient-ipfirst name. lastrume  sex  birth date

267 lonescu Popeseu t 11/1980

patient contact  family doctor contact | primary tumer primary

epicrisis  Images
data data location tumor stage T .

systemic chemotherapy/ post-therapeutic

dmissis tigatio thol
admission Investigation surgery |pathology adlotherapy [

e Peritoneal Surface Malignancies

Figure 1. Multi-table structure and relationships in the “DB-patient”; “DB-patient” design

The design is based on a view of the main “DB-patient”, from which specific details found in
the relational databases: in a first stage, “DB-PSM” (Figure 2) and subsequently, “DB-HIPEC
Treatment” (Figure 3), can be reached through buttons (the names suggest the destination).

5
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Pacient-ID  careinomatoza  locallzare studiu  medic bservator
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AMP - .
- Afectiuni Maligne data diagnostic  Intrare studiu  etapo/final studiu  status
censored -
S vy
laparoscopie diagnostics

chirurgie paliativé chimioterapie sistemici | best suportive care

CHIP

Tratament CHIP IPC
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Figure 2. “DB-PSM” design, integrated in "DB-patient”
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Figure 3. “DB-HIPEC Treatment” design, integrated in "DB-PSM”

The calculation of PCI required the implementation of a function, according to Table 3. This
required the creation of a PCI database (“DB-PCI”) included in “DB-HIPEC Treatment”, for
which a “One-To-One” relationship was defined (for each HIPEC treatment, a single PCI is
calculated, Figure 4).

|
BD-Afectiuni Maligne ale Peritoneului

Paclent-iD  corcinomatoza  focalizore studly  medf "
267 sincroma - CF . Pacient-D 267
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" 5 —infericars stingd
cHIp - pelvis
“ Tratament CHIP IPC o terioars drvarth
8~ flanc drept
9~ jejun superior
10 - jejun inferior
11 - ilean superior
12 - ilean inferior

B H OO O R NNEDOO R

PC
A e seam

Figure 4. “DB-PCI” design, integrated in "DB-PSM”

At the local level of the database in the clinic, the security groups are those classical for relational
databases: administrator and authorized user.

HIPEC Registry

In a second stage, for the management and processing of data coming from different centers,
the team will develop, in SqlServer, a global registry, situated in cloud. This registry benefits from
the many advantages offered by this technology: performance, safety, scalability, accessibility. Being
a registry, it does not contain all information collected by doctors in the local databases (Table 4).
This is also a necessary condition for security reasons. The patients’ identification data will not be
entered in the registry. In contrast, each entry in the registry will have a unique identifier, based on
which, with the required authority, the patient’s record can be identified at local level, for detailed
consultation.

Synchronization between the local databases and the global registry will be performed by
automatic procedures, which will run at determined time intervals, avoiding in this way the
overloading of the system.

For the global registry, there are two categories of users: specific procedure users, which will be
used in the case of automatic synchronization procedures, between local databases and the registry;
and users corresponding to the persons involved in the use of the registry. If in the first case,
procedure users will have the right to perform only predefined command sequences, person users
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will have access rights corresponding to the function of each.

Table 4. Coding of HIPEC treatment, for inclusion in the registry

»” Autonumber” value;

Patient-ID related to local database patient

Name of treatment supervisor “text” value

Phone number of treatment “number” value

supervisor

Mail adress of treatment supervisor “text” value

Hospital of treatment supervisor “text” value

Locality of treatment pop-down lists (Cluj-Napoca; Brasov; Targu-Mures; Bucuresti;
Constanta; altele)

Date of HIPEC treatment “data” value

Primary tumour pop-down lists (peritoneum; colon; appendix; ovary; rectum;
stomach; pseudomyxoma peritonei; other)

Equipment “text” value

HIPEC treatment pop-down lists (first; iterative)

HIPEC approach pop-down lists (open; laparoscopic)

Cytoreductive sutgety “yes/no” value

Previous surgery pop-down lists (absent; optimal; suboptimal)

Previous systemic chemotherapy pop-down lists (absent; optimal; suboptimal)

Perioperative systemic chemotherapy | “yes/no” value

Results and Discussions

In Romania, the approach of PMS by HIPEC is available, but the access of patients to treatment
is extremely limited. In Germany, the treatment and monitoring of patients with PMS are
performed with the financial implication of the Health Insurance Authority, according to
therapeutic guidelines, within national registries [15]. Non-governmental organizations also
participate in the financial support of CRS-HIPEC treatment [40].

Due to the specific pathology, the access to the information contained in the registry will be very
well controlled. Access to the registry will be automatic (through synchronization procedures) or by
authentication. A policy to stipulate the exact conditions under which information can be made
available to accredited users and what information can be made available, as well as the steps to
follow and the documentation to complete for each procedure will be required.

The “DB-HIPEC Treatment” model (treatment module) will be used to code and develop the
other specific modules within “DB-PSM”:  “clinical examination”, “investigations”,
“posttherapeutic evolution”.

The development of “DB-HIPEC Treatment” and “DB-PSM” can be achieved by three
directions: pathway (1) - by integration in “DB-patient” (data base of patients with malignancies),
after its development (Figure 5: A=>B=C); pathway (2) - by integration in the hospital database
(Figure 5: A=>B=C=D); pathway (3) - by import of data, like intraperitoneal temperature,

solution flow, from the equipment used (Figure 5: C=>A). The most accessible of these is pathway
(1), the other two being dependent on the collaboration with proprietary licensed software
companies.
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“Figure 5. Opportunities for the development of “DB-PSM” and “DB-HIPEC Treatment”
(A=“DB-HIPEC Treatment”’; B=“DB-PSM”; C=“DB-patient”’; D=hospital database; E= HIPEC
equipment)

Although the chosen technology allows access to databases using mobile equipment, the
purpose of developing this registry (to provide a specific data source for those who are interested in
this problem and authorized to obtain these data) makes the probability of access by using such
equipment relatively low. In addition, the emerging stage of implementation of data access
standards between different mobile technology manufacturers makes the implementation of these
functions difficult.

Similarly to the registry development for the HIPEC treatment of PSM, applications can be
developed for Liver Metastases or locally advanced Abdominal Cancers
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Conclusion

The database of HIPEC must be adopted, used, and verified in Romanian centers involved in
the administration of this treatment, in order to facilitate collaborations with a common starting
point. Thus, significant data will be collected, which will allow assessing therapeutic results and
standardizing HIPEC. These will also the base for the implementation of national/regional
registries, which, under the conditions of dedicated health care management of HIPEC, will allow
the approach of patients with PSM to move to a higher level in Romania.
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