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Abstract

Introduction: Cutaneous adverse events are among the remaining problematic issues of current oncology. The term
peritoneal carcinomatosis (PC) refers to the advanced cancer stage. The innovative treatment of PC includes the
use of pressurized intraperitoneal aerosol chemotherapy (PIPAC).

Aim: To present a preliminary report from an initial trial aimed at an overall clinical and trichoscopic analysis per-
formed in patients who underwent PIPAC treatment due to PC.

Material and methods: For all steps of this study we obtained the consent of the local bioethics commission
#KB 196/2018. Three different hair assessment methods were used in our study: 1) general clinical and patient
self-feeling assessment; 2) hair pull test; 3) and trichoscopic analysis.

Results: No hair or scalp disorders were noted in the observation period. In the self-feeling test assessment the
vast majority recognized their hair as being of comparable quality or even better in quality compared to previous
forms of chemotherapy they had undergone. In all patients we observed a reduction of hair loss in the pull test
in the hospitalization period. In trichoscopic analysis we found all determinants and signs of hair disorders in the
assessed group.

Conclusions: The PIPAC is safe and is not a burdensome or aggressive form of therapy, especially according to the
very important factors influencing the potential quality of hair and hair loss. The authors, however, realize that to
obtain comprehensive results and evaluate this novel and promising method we need to perform more research
without any limitations like those in our study.

Key words: hair loss, chemotherapy, pressurized intraperitoneal aerosol chemotherapy, drug delivery, peritoneal

carcinomatosis.

Introduction

The incidence of different types of cutaneous adverse
events occurring after implementation of several types
and schemes of chemotherapy is one of the remaining
problematic issues of current oncology, surgical oncol-
ogy and dermatology [1, 2]. This multidisciplinary unre-
solved clinical problem is also associated with the very
frequently diagnosed chemotherapy-induced hair loss
(CIA) [3]. Anagen effluvium (AF) is considered synony-

mous with CIA [4]. Such type of effluvium means active
hair loss of more than 100 hairs/day over a time period of
2-4 weeks. Many authors describe AF as a consequence
of direct toxicity to the highly proliferative matrix kera-
tinocytes, as well as the follicular pigmentary system. It
is hypothesized that hair matrix and dermal papilla are
very sensitive to toxins, and some chemotherapeutics
may lead to rapid apoptosis [5]. This clinical issue is very
important because it is estimated that around 8% of pa-
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tients reject chemotherapy to avoid this distressing fac-
tor strongly influencing quality of life [6]. Not only hair
loss and chemotherapy-induced alopecia (CIA), which has
been studied since the early 1960s, is the main adverse
toxic effect of a large group of currently used oncostatic
agents. The other adverse events include direct macro-
scopic and microscopic changes, from the hair condition,
color or texture to specific changes of hair follicles and
hair structure [7-9]. Currently many such changes could
be analyzed in assessment of qualitative and quantita-
tive parameters very often supported by evaluation of tri-
chological parameters [10]. To date there are many pub-
lished data presenting potential pathobiological factors
playing a role in CIA and other chemotherapy-induced
hair disorders as well as papers focusing on possible
preventive or therapeutic strategies, but both topics still
remain unexplained [6, 11, 12]. The other problem is the
fact that most published data refer only to the different
aspects of hair quality in patients who underwent classic
intravenous (i.v.) forms of chemotherapy, but there is still
a lack of publications related to the other medical forms
of chemotherapeutics delivery [13, 14].

A very specific group of oncological patients includes
those suffering from peritoneal carcinomatosis (PC), in
which mainly the different types of intraperitoneal forms
of chemotherapy implementation to achieve a higher
drug concentration in the peritoneal cavity are used [15].
One such treatment technique in recent years, proposed
by the scientific team of Prof. Reymond, is the innovative
pressurized intraperitoneal aerosol chemotherapy (PIPAC)
[16]. The method involves the combination of laparoscop-
ic miniinvasive surgical techniques with a modern way of
delivering the drug in the form of appropriately dispersed
drops of aerosol under pressure [17].

Aim

The aim of our study was to present the scientific pre-
liminary report from the initial trial aimed in our center
at an overall clinical and trichoscopic analysis performed
in patients who underwent PIPAC treatment due to di-
agnosed peritoneal carcinomatosis. The patients quali-
fied for PIPAC therapy very often have advanced stage IV
cancer in which all of the aspects of quality of life related
to the used therapeutic method play a key role in their
treatment [18, 19]. Therefore in our study we focus on
a very important aspect related to the detailed assess-
ment of hair condition and its potential loss after PIPAC
therapy.

Material and methods
Patients

Our study included patients with clinically confirmed
PC. All patients were in a good clinical condition without
any contraindications for PIPAC treatment. All patients
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were always consulted by a clinical oncologist before
procedure implementation. All patients had undergone
concomitant neo-adjuvant systemic therapy and expe-
rienced hair loss in the past. All patients gave voluntary
and informed consent to the planned treatment, and the
study was performed in accordance with the precepts es-
tablished by the Declaration of Helsinki. For all steps of
this study we obtained the consent of the local bioethics
commission # KB 196/2018.

PIPAC procedure

The PIPAC procedure was performed in all patient
under general anesthesia. Always two double secured
blunt trocars (Kii Balloon Blunt TIP — Applied Medical,
CA, USA) were used after previously performed standard
12 mm Hg capnoperitoneum using a Veress needle. In all
cases diagnostic laparoscopy combined with local peri-
tonectomy and sample collection for pathology assay
was performed after previous PCl index measurement.
After full diagnostic assurance that the PIPAC procedure
could be safely performed and after checking the com-
pleteness of the equipment, the micro-pump/nebulizer
(Capnopen, Capnomed, Villingendorf, Germany) was pre-
cisely inserted into one trocar, and a standard 10 mm 30°
laparoscopic camera (Olympus, Japan) was inserted into
the opposite second trocar to achieve control visualiza-
tion. In all patients the standard chemotherapy regimen
recommended by other PIPAC centers was used. A pres-
surized aerosol containing chemotherapy agents — cispla-
tin (7.5 mg/m?in 150 ml 0.9% NaCl) immediately followed
by doxorubicin (1.5 mg/m?in 50 ml 0.9% NaCl) agents
—was implemented via a nebulizer. We always used the
6- to 8-week mean time period between standard che-
motherapy and PIPAC [20, 21].

Clinical and trichoscopic analysis

In our study we performed three different types of tri-
chological analysis. The first one was the general clinical
hair macroscopic inspection including the assessment of
hair quality, dye, scalp quantity and distribution as well
as patient self-feeling and subjective hair assessment.
The second assay was based on the hair pull test. This
part of the assessment always included pulling 50-60
hairs using slow traction from the frontal, parietal and
temporal area.

The study material in these two sections was ana-
lyzed at admission to the hospital and after PIPAC treat-
ment implementation when the patient was discharged
from the hospital. The study limitation in our protocol
was the fact that in our initial study we performed the
trichoscopic assessments only after 2 weeks, not in 4,
because of the Polish PIPAC program organization.

The last, third diagnostic method was associated
with performance of the trichoscopy using the LED der-
matoscope (HEINE DELTA 20 T — Heine Germany) — (40x
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magnification). This part of the assessment was always
performed on the day of discharge from hospital. The
research methodology was based on modern literature
data, recommendations and current guidelines [22].

Results

A total of 6 patients (n = 6/100%) were analyzed in
our study. The gender distribution was equal — 3 men
and 3 women (50 : 50) with an average age equal to
52 years (range: 41-68 years). The median value of the
measured Karnofsky index (KI) in this group was around
86 points (range: 59-98 points). In all patients the peri-
toneal carcinomatosis index (PCI) was measured during
the procedure. The mean value of PCl was 19 points and
the range was 1726 points. All of the patients analyzed
in the study suffered from PC of gastric cancer origin.
None of the analyzed patients had undergone a previ-
ous gastrectomy or any radical type of curatively targeted
therapy and had been classified as non-resectable. All of
the patients have in their medical history undergone con-
comitant neo-adjuvant systemic therapy. In all treated
patients ascites has been diagnosed. The mean amount
was around 867 ml (range: 51-3198 ml). Detailed patient
characteristics are presented in Table 1.

In all patients the PIPAC procedure was performed
successfully. During all procedures all of the steps were
performed according to the PIPAC standards and guide-
lines. No intraoperative or postoperative complications or
adverse events were observed. The median hospital stay
after the procedure was 3 days (min./max.: 3-5). In all
cases the general hospitalization time was around seven
days. All the patients were discharged from hospital in
a good general condition.

Clinical and trichoscopic analysis

In the first part of the analysis the general clinical
hair macroscopic inspection was always performed by
the same physician. No pathological changes were noted
in the standard general clinical assessment between ad-
mission and home discharge time in hair quality or hair
color, and no alarming symptoms were observed accord-
ing to the scalp quality and its disorders or in general
(first-line) macroscopic hair distribution analysis. In this
part of the study patient self-feeling and subjective hair
assessment were considered very important aspects of
the analysis. The patients completed the seven-point vi-
sual scale in which they assessed subjectively the quality
of their hair on admission and at discharge. Two patients
classified their hair as in very bad condition (33.4%), two
as in bad condition (33.4%), one as hair in which no
changes were noticed to the condition before the cancer
diagnosis (16.7%), and one person classified their hair as
in good condition (16.7%). In comparison, in the same
test performed after the PIPAC procedure implementa-
tion on the day of patient discharge, in 2 patients no
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changes were noticed (33.4%), 3 (50%) patients stated
that they were in good condition compared to previous
forms of drug delivery, and 1 person reported that her
hair was in very good condition (16.7%) (Table 2). From all
the patients in the group of women (50%), better subjec-
tive opinions about their hair were expressed than in the
group of men.

In the second assay based on the hair pull test the
extracted hairs were counted excluding broken hairs.
In the assessment performed just after admission in
2 (33.4%) patients positive results were obtained (10 and
17 points). The same number of patients obtained posi-
tive results (11 and 10 points). In all patients there were
more than 2 hairs found before and after treatment in
each assessment. In all patients we observed reduction
of hair loss in the pull test in the hospitalization period.
Detailed results are presented in Table 3.

In the performed trichoscopic analysis telogen alo-
pecia was observed in 1 (16.7%) case. In this case all
clinical and dermatosopic findings related to alopecia
including hair density with presence of empty follicles

Table 1. Patients’ (n = 6) characteristics treated by
pressurized intraperitoneal aerosol chemotherapy (PIPAC)
for advanced peritoneal carcinomatosis

Parameter Value
Gender:
Female 3 (50%)
Male 3 (50%)
Age:
Median 52
Range 41-68
Karnofsky index:
Mean 86
Range 59-98

Peritoneal carcinomatosis index (PCl) measured during PIPAC
procedure:

Mean 19

Range 17-26

Cancer origin:

Gastric cancer 6 (100%)
Previous gastrectomy/radical (curative) 0 (0%)
surgery
Concomitant neoadjuvant systemic therapy 6 (100%)
Ascites [ml]:

Mean 867

Range 51-3198
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Table 2. Patient self-feeling and subjective hair assessment test

A
]

The worst Very bad Bad Nothing Good Very good Best
0% 33.4% 33.4% 16.7% 16.7% 0% 0%
B
The worst Very bad Bad Nothing Good Very good Best
0% 0% 0% 33.4% 50% 16.7% 0%

Patient self-feeling and subjective hair assessment test, performed just after admission (A) and after PIPAC procedure implementation on the day of patient

discharge (B).

Table 3. Hair pull-test analysis

Number of Measurement Measurement

patient performed just after ~ performed after PIPAC
admission (all areas) (all areas)

1 6 4

2 9 8

3 10 (positive) 11 (positive)

4 4 1

5 9 6

6 17 (positive) 10 (positive)

The second trichologic assay was based on the hair pull test. This part of
assessment has always included pulling of 50-60 hairs using slow traction
from the frontal, parietal and temporal area — where the extracted hairs were
counted excluding broken hairs: — just after admission and after the PIPAC
procedure on the day of discharge from hospital.

Table 4. Trichoscopic analysis

Alopecia 16.7%
Thinning hairs 66.8-83.5%
Tapering hairs 83.5%
Regrowing hairs 16.7%
Pohl-Pinkus hairs 40-83.5%
Exclamation mark hairs 16.7%

In trichoscopic analysis alopecia was observed in 16.7% of patients. Thinning
hair was observed 66.8-83.5%, tapered hair in 83.5%, regrowing hairs in
16.7%, Pohl-Pinkus constrictions in 40-83.5%, and exclamation mark hairs
in 16.7% of patients.

as well as absence of hair shaft diameter variation and
peripilar halo were found. Thinning hair was observed
in 66.8-83.5% of patients (Figure 1 A), tapered hair in
83.5% (Figure 1 B), regrowing hairs in 16.7%, Pohl-Pinkus
constrictions in 40-83.5%, and exclamation mark hairs in
16.7% patients respectively. All the obtained results are
presented in Table 4.
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hairs; B — tapered hairs. LED dermatoscope (HEINE DELTA
20 T — Heine Germany)

Discussion

The term peritoneal carcinomatosis refers to the
metastatic phenomenon of uncontrolled, rapid tumor
growth within the peritoneal cavity most often of ovar-
ian or gastro-intestinal (as well as a representative group
of ‘other’) origin including primary types of cancer 23,
24]. Usually PC has a very poor prognosis and it is in-
variably terminal [25]. It may be diagnosed during post-
oncological treatment as a form of rapid cancer progres-
sion or in many cases it can be diagnosed at the same
time as detection of the primary cancer [26, 27]. The PC
is mainly manifested by several clinically important signs
and symptoms such as ascites, diarrhea, abdominal pain,
bloating, weight loss, high risk of bowel obstruction and
possible perforation. The PC could also lead in time to
profound cachexia and inanition [28, 29]. For many years
PC has been one of most problematic issues of surgi-
cal oncology and oncology. That is why, especially for the
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last three decades since Lambert and latterly Sugerbaker
described the combination technique of cytoreduction
(CRS) and hyperthermic intraperitoneal chemoperfusion
(HIPEC), the topic of effective peritoneal carcinomatosis
treatment is still increasingly developing globally [30].
Despite the fact that CRS + HIPEC in many types of PC is
currently a gold standard, there is still a group in which
this method could not be used mainly because it is too
aggressive, because of the poor clinical patient condition
or too extensive disease progression (measurable using
e.g. peritoneal cancer index — PCl) [31-33]. For these pa-
tients for many years only palliative systemic chemo-
therapy was available, which was considered to have
many adverse effects including pathological skin mani-
festations or hair loss and their different structure and
quality disorders [34, 35]. That is why currently more of-
ten in this group of patients PIPAC surgical drug delivery,
first implemented in November 2011 in Herne, Germany
by Nowacki et al., is used and recommended [36]. PIPAC
drug delivery, based on a mini-invasive type of surgery
(laparoscopy), has several described potential benefits
for patients including better inner organs, peritoneal cav-
ity and tumor tissue penetration and lower chemothera-
peutic doses than those used in other forms of delivery,
resulting in significantly lower toxicity. The PIPAC therapy
could be finally implemented safely as multiple form of
therapy in 1 patient [37].

To date, to our best knowledge there are no published
data specifically aiming at aspects of hair loss and hair
disorders in patients who underwent PIPAC surgery. As
mentioned before, the quality of life is in the group of pa-
tients with diagnosed PC one of the key points and main
aspects of any potentially planned course of treatment
[38]. Therefore in our study we focus on a very important
aspect related to the detailed hair condition assessment
and its potential loss after PIPAC therapy. That is why we
have focused on overall trichoscopic analysis supported
by simple but effective clinical tests including clinical in-
spection and the pull test. All of these tools are currently
recommended and by many authors are considered as
indispensable tools in differential diagnosis of hair and
scalp diseases [39, 40].

At the beginning of our study we found one problem-
atic point of our evaluation, i.e. the fact that almost all
patients with PC are patients who have a previous on-
cological treatment history including mainly, as in our
case, different i.v. forms of therapy [41]. The potential
result masking effect was limited in our study due to the
use of “sandwich” forms of therapy in our center pro-
posed in the literature by Alyami et al., which is based
on multimodal treatment scheduled in the time intervals
allowing one to assess only the condition after the PIPAC
treatment [42]. However, this problem was limited due to
the fact that patients were diagnosed at admission and
at discharge to home. In our initial study we assessed
6 persons suffering from PC of gastric cancer origin in an
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advanced stage (PCI 17-26). None of these patients had
previously undergone any type of radical (curative) form
of surgical treatment.

Very interesting preliminary results were obtained in
the patient self-feeling and subjective hair assessment
test in which patients subjectively recognized a better
general hair condition than after immediate post-treat-
ment stages not related to the intraperitoneal drug de-
livery. This situation could have resulted from the better
drug concentration and local dose enhancement in the
peritoneal cavity with simultaneous lower general toxic-
ity after PIPAC treatment proved by many other authors
[43-45].

In the hair-pull test we found that in all patients the
number of extracted hairs was slightly lower after PIPAC
therapy than on the day of patient admission to the hos-
pital. In our opinion it is not an argument for the state-
ment that PIPAC therapy improves the hair quality and
limits its loss, but we consider this situation with normal
hair loss stabilization observed in time periods where
i.v. chemotherapy is not implemented [46, 47]. We can
however conclude that PIPAC therapy is safe and does
not negatively affect the normal process of hair regrowth
after previous systemic chemotherapy.

Although trichoscopic features indicating an active
dystrophic mechanism of hair loss were seen in all pa-
tients, this is probably the effect of previous standard in-
travenous chemotherapy. Based on clinical assessment
and improvement in the pull test, it can be concluded
that PIPAC therapy does not aggravate dystrophic hair
loss caused by previous intravenous chemotherapy. We
confirmed in our study all kinds of signs and diagnostic
images found in standard trichoscopy criteria including
alopecia, thinning hairs, tapering hairs, regrowing hairs,
Pohl-Pinkus hairs, and exclamation mark hairs [48, 49].
This situation could be related to the fact that PIPAC
therapy is a safe form of local chemotherapy delivery
but still it is a form of treatment using highly cytotoxic
compounds.

Our study is one of the first in which the topic of PIPAC
treatment and important aspects of hair loss and hair dis-
orders are discussed. The authors are aware of all of this
trial’s limitations, in particular related to the small number
of patients, relatively short time of observation the mask-
ing effect of earlier stages of systemic treatment as well as
limitations in available trichoscopy produceres. However,
we are sure that these initial results will fully contribute to
further more advanced work on this subject.

Pressurized intraperitoneal aerosol chemotherapy
treatment is a very promising form of therapy in pa-
tients suffering from peritoneal carcinomatosis who do
not have a possibility for any other form of therapy. In
our initial trial we also found that PIPAC is safe and is not
a form of burden or aggressive therapy especially accord-
ing to the very important factors influencing quality of
life after oncological intervention, including the potential
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quality of hair and hair loss. The authors, however, realize
that to obtain comprehensive results and evaluate this
novel and promising method we need to perform more
research in particular on wider groups and the analysis
of many other factors without any limitations like those
in our study.
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