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ARTICLE INFO

ABSTRACT

Paurposes Cold ammospheric presurs plasma (CAP) is well known for inactivating microbial pathogens and st-
mulation of tisue regeneration in chrmic wounds. Several suthors have reponted the sffsctivensss against
cancer in different =1 lines and animal models. This is the first repont of patients with real dinial benefit
following appli@ton of CAP, nat just visible change of the tumar surface but lasting partial remision The
authors disouss the CAP trestment approach and the efficacy for inopemmahble head and neck cameer patients.
Methode: The trial ennolled six patients with locally advanced (pT4) squamaous =11 carcinoma of the oropharym
suffering from open infected ulcerations. Patients wene trested with a jet plasma source (kKINPen MED, neoples
toals GmbH, Greifswakl, Gemany) in cycles of 3 single appl ications (1 rr|.'ir|.-."l:|1'|.J from a distance of § mm) within
1 wesek, each followed by an intermittence of 1 wesk.

Rl CAP trestment resubted in a reduction in odor and pain medication requirements, in improvemsnt in
sacial function and a positive emotional affed. Purther observance revealed partial remizsion in two patients for
at least nine month. ncisional biopsies at remission demomrstimae a modemte amount of apoptotic mmor «lk
and a desmoplestic reaction of the connedive tismue.

Conclugnn The trial demonstrates the clinical relevances of CAFin @incer treatment. Thene are thres approsches
for disossion of tumar remdssion: (i) the mole of myeloid cells, (id) the ROS/ANS mode] of cellular impact and
{iii}) the immumnogenic cell death model of canoer trestment, and there & a reflection on non-swustainable wmaor
repanse due to sdapted wmor microenvinonmesnt.

1. Introd uetdon

plasma components for medical purposes From the clindeal point of
view the approval of the Arst plasma sources for medical treatment

The development of sources providing physical plasma at body purposes in 301 3 has been based upon thelr well-known effec tivenesss
tempermiure and under atmosphenc presamre has opened the we of not only o stimulate (Bswe egenemtion but also against microblal
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pathogens. Cold atmospherie pressure plasma (CAF) has shown to be
effective in cancer as well Schlegel and coworkems in 2013 were the
fArst to list the antitemor act ivity of CAP. The antitumor of effect of CAP
has also been demonstrated In vadouws types of cancer cell lines in vitro,
auch & melanoma, glioblastoma, lung cancer, oolon cancer, pancreatic
cancer, breast cancer, leukemia, thyrold cancer, and head and neck
cancer. Several studies in experimental andmal model have underdined
thiz notion wsing eg. melanoma, colon cancer, pancreatic cancer, en-
dometrial adenocarcinoma, and ovarlan cancer cells [1].

‘We have olserved from our clinleal experience that many patienis
with locally advanced squamous cell carcinoma of the ompharynx
auffer severely from microblal contamination and odorous infection of
their tumor wleerations After approval of the CAP device we began
lecal application of CAP for decontamination. Palliation themapy by
CAP was effective in the redue ton of the strong fetld odor and pain [2].
En passant, application of CAP has been observed to cause vighle
changes of the tumor surface similar to small and local regresslon [3]
that was not accompanied by serlous side effects [4].

This paper & documenting and dBowssing six patients” clinical CAP
treatment results in terms of surdval time, course of diease, umor
rembsion and safety. The approved indicatbon was antimicrobial con-
ol as part of a sandard treatment protocel for palltation.

2 Material and methods

The pmtocol was designed a5 a prospective treatment observation
{proteeel H) including & patents (H1 - Ha)

21, Complionce with ethical sandands

All procedures including assesing data from the patients were in
acoordance with the ethical standands of the Instintional and national
research commit tee and with the 1964 Helsinki declaration and its later
amendments. All patlents gave written informed consent before inch-
son in the shady.

22 Pabent recritvment

Patlents suffering from locally advanced cancer of the ompharynx
(pT4) with contaminated temor ulcerations and with no lastng re-
misshon following curative intended temor treatment were offered CAP
treatment {Table 1). Recrultment, treatment and follow-up of all pa-
tents were performed at the department of oral and maxllofacial
aurgery, Grelfswald University Medicine, between Janwary 2015 and
March 2017.

23 hecheion, excheion and dropowst crilerie

Appropriate Indicatons for CAP treatment were infected cancer
ulcerations, easily and dependably accessible for CAP hand plece and
Jetstream. The linguistie, phydcal and mental ability to understand the

Table 1
Fagents enrd bad

mature of CAP treatment and to participate in the study was necesary.
Nospecial exclusion criterta despite the mamsfactures |nstructons wene
applied. Dmopouwt ceriterts were the oocurrence of undesired effects and
aggravation of the microbial contaminatiomn,

2 4. Therapy

CAP was made applicable by a jet plasma soure (KINPen MED,
neoplas tools GmbH, Greifswald, Germany), a medical device pre-
viowdy deseribed in basic technical detall [5]. The device consists of a
hand-leld unit that discharges plasma under aimospheric cond itons,
requiring a DC power undl and Argon gas reservolr. In the center of a
ceramic capllary (inner diameter 1.6 mm) a pindype electrode {1 mm
diameter) & mounted. The needle & powered by a mintanrized RF
generator producing a simsoddal voltage wavelorm mnges from ZkV o
3KV amplinsde peak at a frequency of 1 MHz and modulated with
2 5kHz and a plasma duty cycle of 1:1.

The plasma is generated at the tp of the central slecirode and ex-
pands into the surounding alr ouislde the nozzle. The system works
with argon gas and fow rate of 5 slm. During operation, the length of
the plasma jet {effleent) extends 10 mm from the cemmic capilary.
Under these conditons, the maximum temperatere of the plama jet
contacting the skin surface i3 38C. The physical effects of plasma
genermted by this device are well within a safe range for medical ap-
plications. The device & portable, allowing treatments to take place ina
dantal chalr.

With regard to the study protocol CAP was delivered in eyeles of 3
single treatmenis within 1 week, followed by an intermittence of 1
week without CAP exposure CAP treaiment proceeded by repeatedly
scanning the area of the tumor with the visble plama efflvent for
1 minsem” from a distance of 8mm vertically from naturally modst
tsmue. Technical compliance with the study protocel was difficult in
rugged and fssured ulceratlons Total treatment tme increase to more
than 30 min for patlents with large weerations exceeding 30 square
centimeters.

Tumaor development was evaluated by calculating the total area of
the umor wleemton wnder treatment monthly and comparing the ac-
teal sze with the starting sze. Progressive disease means obviowsly
increasing area of tumor srface. Mo mesponse means there wa no
change of slze of the cancer ulceration following CAP. Partial rembssion
means reduction of tumor area

2.5, Chileoitse Paraimelers

As parameters of clinleal outecome were documentad (1) the swurvival
time of the patents from the beginning of CAP treatment, (i) the pa-
tents’ mports concerning effects on coniaminaton, tumor growth,
need of pain medication, dde effects and benefit of palliation in terms
of quality of life, (i) shrinking or growing of the umor area under
treatment, calculated and documented as difference { +~ %) Lo the
bazeline (central O-ine).

wemmen avalable, CAP-rrearment for palliation (miarobial sonmal)
memmen avaiable, CAP-trearment for palliation (miarobial conmal)
memmen avalable, CAP-treatment for palliation {miaroblal conmal)
memmen avalable, CAP-trearment for palliation {miaroblal conmal)

wemment avaflable, CAT et for pallianien {mderobdal conmad)
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76 ¥, £ berallly advanced ness-oro pharyngeal cancer (pT4) with commminged mmor ol cemvion, 5o |aming ren baion by surgery, mdlton and cemothenpy, oo cratve
55, L boally advanced oro-pharyngel cancer (pT4) with contaminased tomer oleerarion, no lsting rembsion by surgery, mdiation and chemorherapy, no comtive
72y, m, beally adwneed oroptaryngel cances (pTE) with oot inawed toreos obesmion, no listng rem kson by surgery, radiason and chemotherapy, no coradve
56, L lemlly advanced oro-pharyngel cancer (T4} with contamdrawd tomer pleeraian, oo listing rembsian by surgey, mdlarian and chemohapy, Do onrve
53y, m, bocally adwinced oropharyngeal cancer (pT4) with cootam inated tureos wheraion, oo lastng rem bson by surgery, radiasen and chemeabherapy, no coragive

56y, m, loall hstng ¥ advanced one-pharyngeal cancer (pT+4) with comaminased mmor uleeragon, no lasting remision by surgery, radiaion and chemothenpy, m
curazwe tretmet available, CAPIeamnernt for palliaten (miembid aonmal)
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For labomatory investigations, tisue blopsies of the tumaor site were
taken and embedded in OCT™, and Spm thin cryo-sections {Leica,
Germmany) were generated. To detect myelokd cells, Muomscently la-
beled antbCD1 1b monoclonal antibodies {BioLegend, UK) were in-
cubated on the tsswe for 1k af room temperatune, and images were
acquired wwing confocal lser scanning micmscopy (Lelea). Apoptotic
cells were detected by TUNEL - assay employing in situ death detection
kit (Roche, Gemany). Proliferating cells were visualized staining with a
primary antibody to KI6T (DAKD, Germany) followed by an Alexa 594
labeled secondary antibody incuba ton ( Life Technolegles, USA). Nuclel
counterstaining was achleved wing DAPL (4 6-Diamidin-2-phen v
lindad). Images were captured on an AxoObserver £1 microscope
(Zels, Germany).

3. Resulis
31. Swrvival dme

5 of the patients pased away between 1 month and 12 months of
CAP-treatment. One patlent & siill under contrel and recelving treat-
ment by now for more than 9 months (Fig 1), This result corresponds to
expectal ions: With regand to the very limited ltermture available, the
median survival time of patients with advanced camcer of ompharynx
Just under palllative treatment amouwnts to 7.5 months [&].

Table 2
mdcal agperss of teamens efies

L5 B sureiva v oroephanipeal cancer

3.2 Chndeal resulis

Table 2 s demonstmating the individieal benefit of CAP treatment
from the clindeal point of Wew. Five of six patents were enjoying a
reduction of odor as obvious effect of decontamination. Four of sx
patients presented with less demand of pain medication under CAP
ireatment. There were no deaths related to the applicaton of CAP.
There were no sde effects in two patlents, four patients complaimed of
fatigwe and dry mouth lke symptoms. We attributed these sympioms
resulted from the long lasting CAP applcation in the treatment of large-
area tumor and the alflow of the plama jei. Four of the patents
consldered CAP treatment as a notceable palliation in terms of quality
of life, in particular fatdgee, nauwsea, vomiting, soclal functon, emo-
Homality and cogritve functions. The individual apprecation corme-
aponds with the individual outcome conceming umor growth. Viewed
from the other side, the two patlents with no obviows palllation were
sulfering from no effect on thelr demand of pain medication as well,
some ai least mild side effects, in one case no reduction of edor and,
cauging a lot of distress, no notioeable effect on umor growith. In one
patient CAP treatment falled in every category and the patlent died
after one month.

3.3 Tumor developrmen
Six curves are following the individial cowrses of umor surface sze

development of the sx patents { Fig. 2). Patlent H3 was su fering from a
fast growing carcinoma that increased jis size in 1 month by 50%, and

Eiffect om eommmin abon Effie om jpain madi cagen Side affems Tallarion Fifec on momcr gewth
H1 Raduedan of ador Ma Pain, sxhammon MNa Mo e
H2 Reduedan of adar Less demand Exlawton, (bleading), slaloerhea, dry mood Rediad Progresive dismse
HE Mo mdnedon Ma Fderna of dhe ek, (Bldeading), dry momh - TProgresive dismse
H4 Reduedan of adar Less demand Mo Rediad Progresive dismse
H5 Raduedan of ador Less demand pain } Rl Pardal rem ksion
H& Reduedan of adar Less demand ] Redid Pardal rem besion
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he pased away after just one cycle of CAP treatment very soon. The
temor of patent H2 was responding to CAP treatment in terms of
dower growth at the beginning, however between month 3 and 4 and
independent from steady treaiment the spead of tumor grow th became
the same as in patent H3. Patent H4 was sulfering from a tumor that
was not as fast growing. However, there was never a partial remissdon
o be documented. At the time of exitus letalis following 12 moniths of
increasingly unseady CAP treatment the umor had expanded by S0%.
Patient H1 is presenting a tumor gaying at the same slze under CAP
treatment for many months, She considered this as an encouraging
course of cancer. However, when the tumor started to dowly grow after
& month, the pailent gave up and died.

Patlent H5 experienced a sirong response o the treatment for abowt
7 month and e wimesed B0%% reduction of mmor surface (Fig. 3).
How ever, tumor shrinkage did not reach total remission of 100% and
the tumdr started growing immediately with the same velocity as in
patients H3 and H2, cutting the base line after 10 month and ending
with extusletalis shorly afier. Patlent HS non-complaint with the rigid
treatment protocol. Patlent He B enjoying almost the same speed of
tmor reduction & patient HS for many months, and the shrinkage is
contimsous. He i stll under CAP treatment alming for 100% redsct on
that means total remision.

From a clindcal point of view, it is important to plck the winners
when considering CAP for tumor treat ment more than palliation. From
a sclentific point of view patlent HS kB most interesting because he
garted a3 a winner and then for no reason known became failing. The
question as to why tumor remission for 7 month tumed suddenly to
tmor progression wihile stll wnder const ant wnmodifled CAP treatment
has to be further investigated.

1 7

3.4, The case of patient HS

In February 2015, a 51-year-old Cawcasian male patlent presented
with a well-differentiated squamous cell camimoma of the orophanng.
The pathent's medical history was sgnificant for long-term tobacco
addiction of more than 25 years. The patient underwent curatively in-
tended tumor resection and neck disecton on both ddes The tumor
was found 1o be ANC stage I (pT2 pHD ¢MO pLO pV0 p RO G1).

In June 2015, CT-scan indicated a large contrast enlancing mass in
contact with the extemal left camtid artery and operative fndings re-
vealed tumaor tssue infiltating the vascular wall of the external carotid,
which prevented RO {full resection ). The umor recumrence was clasi-
fed as large lymph node metastagds of a well 1o moderately differ-
entlated squamous cell carcinoma at AJNC stage IVh (pT2 pN2e ¢MO
pL1 pV1 pR2Z GZ) Between July and August 2015 the patient under-
went palliative radiotherapy with a dally dosage of 2 Gy up 1o a total
radiation dosage of 66.0 Gy and 2 cycles of ckplatin chemotherapy.

In October 2015, the tumor was chamcierized by an extended
bacterally contaminaied ulceraton (Fig 3a) Due to the vulnerability
of the underlying carotid artery, wound care was difficult. In January
2016 patient H5 was enmlled into the study and a supportively in-
tended palllative cancer treatment stared, applying CAP acoording to
the tral protocol

3.5, Clindcal response

Efficacy against pathogens: Within the plasma treated zones in-
e ted necmtle tumor appears to be cleaned of cell detrites and bactera
{Fig. 3c). Microblological examination reveals a redwetion of bacterial

Fig. 3. Clinical course of paiens HS.



H5: Decontamination (CD11b+)

HS5: Apoptosis (TUNEL)

HS5: Desmoplasia (HE)

HS5: Proliferation (Ki67)

Fig. 4. Riopay resuls of paless H5.

colonization, significantly anserobic bacterda like bacteroides spp.,
which leads 1o decrease of bacterial decomposition products and wound
odor, t00. Decrease of local and perifocal inflammation resulted in
significant reduction of vulnerability and wound algesia,

Tumor response: A significant reduction of wound area is obvious
(Fig. 3a-c) with the ulcerated rumor area being reduced to one-quarter
of its original size. Margins and center of the wound are sclerosed and
calloused. A physiological fibrin coating coats the wound bed. Despite
infiltrating of the vascular wall of the underdying external carotid,
carotid artery & still intact and sonographic Investigation reveals a
regular blood flow without thrombosis.

3.6. Blopsy resuls

Incisional biopsies were performed to verify changes at the cellular
level. Similar to healthy skin, immunofluorescence staining of CD11b*
cells in the plasma-treated tumor reveak an only minor presence of
myelaid cells whereas high numbers of CD11b* cells were found in
tissue sections of other patients that did not recelve physical plasma
(Fig. 4a). TUNEL analysis demonstrated a moderate amount of apop-
totic tumor cells (Fig. 4b). Furthermore, a desmoplastic reaction of the
conjunctive tissue by an increased production of extracellular matrix is
histologically visible (Fig 4¢), whereas proliferating cells remain very
sparse (Flg. 4d).

In summary, CAP induced tumor reduction and significant im-
provement in tumor decontamination and tumor mass (Fig. 3). The
main plasma effect seems to be a combination of a superficial cancer
cell interaction, apoptosts and a deep desmoplastic kind of a scar for-
mation. The tumor remission by CAP appears to be promising, however
it turned out, that this remision has not been lasting.

4. Discussion

The number of clinical reparts conceming CAP treatment of cancer
areas is small, and s0 is the understanding of what might explain the
clinical anticancer effect in this case and maybe the later koss in con-
trast. There are especially three specific approaches as food for dis-
cussion to understand at least the mechanism of action in cancer.

4.1. The role of myeloid cells

In healthy skin, myeloid cells such as tisve-resident macrophages
usually reside around epidermal ridges in the papillary layer of the
demis [7], and accordingly (D11b* cells have been detected In this
region. Like in other cancer entities such as breast cancer (8], prostate
cancer [9], or endometrial cancer [10], large numbers of tumor-asso-
clated macrophages are asociated with a poor prognosis also in head
and neck cancer [11]. Interestingly, tumor tissue of the patients that
had received frequent plasma treated was almost devoid of myeloid
cells, which is generally assoclated with a good prognosis in progressive
head and neck cancer [12]. It can only be speculated whether this was
either a direct consequence of the plasma treatment or a secondary
effect due to a plasma-assisted decrease in bacterial burden of the in-
fected cancer tissue.

4.2. The ROS/RNS maodel of understanding the clinkal effea

It s intriguing to see that CAP had a profound effect both on bac-
terdal and on tumor growth. Assuming that ROS/RNS (reactive oxygen
species/reactive nitrogen species) contained In CAP were the most
likely responsible effector molecules during therapy, the question may
be raised whether the species that caused the antibacteral effect were
the same as those that caused the antitumor effect. In a recent study,
Wu and coworkers have demonstrated that the dominating



antbacterial sffect of CAP was due to snglet oxygen (*0:) and that
hydrocy] radicals contributed to 8 minor degree [13]. Singlet oxypen,
an excited state of molecular oxygen, is not only contained in CAP, but
in addition, it can be generated from cerain CAP components [14].

Importantly, model experiments with a defined source of singlet
oxygen showed that extracellular application of dnglet oxygen had a
srong and selective apoptisinducing effect on tumor cells, but did
ot affect nonmalignant cells In contrast, intracellular genemtion of
singlet oxygen caused nonselective cell death in both cell fypes. The
detalled analysts of this proces showed that extracellular singlet
oxygen Inactivated membrane-asociated catalase, which is chamcter-
lsthe of temorcells [15]. In add idon, temor cells show sustained actvity
of membrane-ataos ated NADPH oxidaze-1 that generates extrace]helar
superoadde anlons These are required for main taining proliferaton and
the malignan i state of tumor cells, but ako drive two intercellular ROS/
RMS-dependent apoptods-inducing dgnaling pathways. Membrane-as
apctated catalage of umor cells interferes with intercellular apoptosis
Indscing sgnaling. Local inactivation of membrane-asociated catalase
prevents decompoaition of HyO, and peroxyniirite. As a result, these
species Interact In a complex reacton chain and genemte secondary
singlet oxygen that inactivates additdonal catalase molecules This au-
toamplification of singlet oxygen generation, originally triggered by
exogenously applied singlet oxygen, Anally depletes the tumor cells of
thelr protective membrane-asociated catalase and causes their selee-
tve death through ROS/RNS signaling-mediated apoptosis induct lon.

In a recent analysk, these data obtained from model expedments
were oompared to data related to the potential effects of other CAP-
derived ROS/FMNS. Ths allowed to eonclude that singlet oxygen from
CAP seemed to be the most likely primary candidate to explain selective
apopiods induction in mmor cells in vito and temos o vivo
Therefore, if the data related to the connection between NOX1 and
catalase In tumors can be translated to human temors inoa clindeal s
teation, It seems reasonable to consider that the benefictal effects of
CAP for the pailent presented in this manuscrpt might be due to the
smame biochemical and cell biological scenario, dependent on an initial
anglet oxygen-dependent step.

A rigid amalysk s required that is suitable to determine whether
application of CAP on tumor celk can be fully explained by simnglet
oxygen, In analogy to the model experiments described earier. This
analyds will not be trivial, as it will require 1o differentiate between the
effects of CAP-derived snglet oxygen, singlet oxygen generated by CAP
components, singlet oxygen potentally generated in plasma activated
medium [16] and secondary snglet oxygen generated by targeted
tumor cells

I the anticipated scenado can be proven to be troe, these Andings
should open ways o optimize CAP treatment of tumors thmugh mod-
ulatiomn of the CAP components, e. g. favorng a relatvely high content
of singlet oxygen. Based on the high standard of the physics of CAP,
such modulations seem to be feasible in due course [17].

However, the experimental elucldation of the pimary CAP-derived
species that triggers the onset of the selective cascade of death inducing
elffects in umor cells should not prevent us from reflecting on oo-ap-
plication of ather species durng treatment. For example, though snglet
oxygen s discussed as primary antilumor agent in CAP in a recent
analyds [14], and NOD at moderate concentrations was found not o
have the potentlal for effective inital interacton with the protective
aystem of umor cells against ROS ANS signaling, the application of NO
in paralle]l to dnglet oxygen might enhkance the steps that follow cata-
laze inactivation by singlet oxygen. These steps are generation of sec-
ondary singlet oxygen through the interaction between HzOp and per-
oxynltrite as well as apoptodds indwction through formation of
peroxynirows ackd. More examples of such weful and enhancing in-
teractions have already been experimentally establshed.

I singlet oxygen inactivation of tumer cell pmtected catalase can be
dhown to be indeed the driving force for selective tumor therapy in
wive, the established knowledge on the optimization of singlet oxygen-

dependent apoptosts induction in tumor celk should allow u to define
regimens that utllize mechanism-based synergy effects. In this way, the
required doses for CAP might be lowered. This mechankm then might
open the way for effective treatment of tumors throwgh microdnvasive
CAP generators.

A concerted sclentific actlon, based on work in vitre and animal
madels in vive, focusing on future thempeu te applications to patients,
is therefore required. The intellectual and technical bask required to
achieve this goal is available and should be further activated and en-
oouraged.

4.5 The immunogeni cell deah modd of ancer rearmen

Tumors employ several immunose ppressive smtegles 1o escape the
basy's normal immune survelllance and elimination. Recent advances
in our undersianding of mechanisms involved in tumor immunity have
led to incresed efforts in development of immunotherapeutics for
cancer [17]. One such modality relles on exposure of new antigens on
mor cells via the immunogenic cell death (1¢1D) pathway [1E,149].
Since several steps in this pathway are ROS5 dependent, plasma is a
viable candidate for this type of oncolmmunotherapy [20].

As such, plasma effects are largely mediated by ROS, but it is the
concentration of ROS that Influences the kind of biclogical effects
achieved [21]. Rapld delivery of large amounts of toode specles causes
cells to die. In context of cancer treatment, this would result in a quick,
ablative debulking of umor mas, a5 is seen in the patlent case sady
presented here. The smaller tumor may then become more manageable
by the compromised immumne system. In additdon, plasma decontami-
mation of the exulcemtion further meduces the burden on the already
drained immune system o combat multiple, different asauliz A si-
multanemes redecton in the immunosuppressive cell population in the
temor microenvimnment can be an additonal beneficial outcome. It is
belleved that once dendritle cells (DC) are committed, their im-
munesuppressdve nature cannol be reversed. Hence, thelr elimination
may be the only option and plasma at these ablative regmes can do
that, as shown in this case sudy. Together, the debulking of tumors,
decontamimation of open ulers and removal of Immunosuppressive
cells provides symptomatic relief to the patient and perhaps increased
life expectancy.

Another method plasma may be employed for active im-
munttherapy of cancer |5 treatment in the ICD-causing regime. Soter
than the ablative plasma regime, it operates by inducing endoplasmic
stress pathways that result in genemtion of several molecules called
damage asociated molecular patterns (DAMP) that include ATP, cal-
reticulin (CRT), HMGEL, HEPTO, HEPG0 ete. [15,22, 23], cells follow a
canomical pathway where they release ATP a5 a “find me” signal for
antigen presenting cells (APC) Immediately after plasma exposime
[24,25]. This signal brings abowt the recrultment of APCs lke DO and
mac rophages o the local area [26]. Soon after, (AT is extemalized on
the membran e of plasma-stresed cells [24] to act asthe “eat me” signal
for the mecruited APCs to phagocyiose and destroy these cells [23]. The
tumor cell laden APCE travel to dmining lymph nodes to present the
negantgens exposed during this process o comate T-celk. The umor
specific T-cells thus generated travel to the tumors (plsma treated or
unireated, metastatic masses) and destroy them through productiom of
cytotoxic moleculeslike TNFa [ 27 ]. Hence, tumaors are destroyed by the
highly selective natural defense pathways of the body. Another ad-
vantage of this ICD-inducing plasma regime is that it actively recrulis
and stimulates APCs instead of destroying them [24 28], Therefore, we
achieve tumor debulking throwgh concomitant stimulation of immiume
s R

Cancer |5 a complex d ease and it is wnlikely that a single treatment
modality will sueccessfully cure patents. Perlaps, a combination
thempy with plasma - fra plasma kit in ablative regimes followed by
ICD-inducing regime - would be the ldeal way to treat tumors with
plamma Altermatvely, better optimizaton of plmma sysems may



achieve both outcomes. In a recently completed small clinleal trial, we
show thai actinle keraiosis lesions resolved with a single nanosecond
pulsed dielectric barrier discharge (DBD) plasma treatment. This system
is adaptable for teatment of different surface amas by altering elec-
tmed e geometry. A few of these patients reported overall clearing of skin
and reduced inc id ence of new lesons at the 4-month fdlow-up. None of
the patients reported immediate or late adverse effecia

While these small studles highlight the promise that plasma has in
the feld of oncolmmun otherapy, further exploration of mechaniams,
both plasma and biological, amre required to achieve consstently re-
oo weibile results [29-31].

4.4, Reflecions on non<ustanghle nomor regponse

In patient HS, the tumor remision by CAP appeared to be promising
for several monthe What might be the reasm why it tumed out that
thizs remission has not been sustain able?

The los of effectiveness under long-term plasma treatment of
canoer Hssue opens questions about plasma application and protocol At
fmst, it must be consid ered that the treated ama s morphologically and
chemically changing over the time, from activated surrounding to more
normal tsses which are less humid and bacterologically cleaner. This
implied that over the time ther is a modification of the tumor micro-
envirmment and of the thsuwe conductivity that can greatly affect the
plama composition jsell and the plasma induced processes mentioned
in the discusdon. It & known from lterature [32-34] that for any type
of plasma jet, the mature of the target, and specially lis conductivity,
influ ences the production (not only concent mtlons but also production
zones in the jet) of reactive species, such as NO, OH, Hy0, and others,
which play a direct role in the observed resuliz Concentration can in-
crease by onders of magnitude and zone of prosdse ton can change from
plasma column volume to near target surface when the target char-
acteristies change from near nslator to highly conductive material.
Themione, it can be expected that changes will occur in the ROS/MANS
prod uction between the start of the treatment and the treatment after
few months dive to tssve modificatons, in the present cate most
probably leading to a decrease in the reactive species produc tion. This
will also affect the potential diffision of specles through the tasuwe
upper layers, then change the cell signaling pathways and thus the
triggering of the immune system that has been evoked earlier in this
paper. This may also affect the potential role of the plasma jet gener-
ated electric Aeld since penetration is also clearly related to the tmue
chameteristics and can play on local cell permeabiltation important for
the exchanges through the cell membmanes. Other possible changes
oocurring durng the overall treatment are the tBsue oxygenation and
local blood flow that have been shown to vary under plasma action
[35-37]. This last mechankm can consequently affect all other pro-
oesges previowsly mentloned in this paragraph in a way that cannot be
determined yet. It cleardy appears that tssue modifications all along the
treatment may play a delaterdows mle that reduces plasma efficacy and
then parily explains the non-sustainsble remision. All of this would
imply to pay exireme attention to posible modifications of the plasma
chamcterdstics durng treatment over months, which & not easy o
realize in real conditions. In a first step, it would be nice toadd simple
spectrosc ople measrements (realized with the we of a fAber optic
conmected 1o a compact spectrometer) in the plama zone near the
treated surface at different stages of the patlent treatment to follow
probable plasma emision modifications leading 1o a qualitative eva
leation of charges in the excited radical species producton. This will
not lead to a direct evaluation of the treatment efficacy, but will po-
tentfally help to modify the reatment protocol by varying single frac-
Hon treatment time accordingly. In the future, in a specific study, it will
be helphul to follow the treated tssue modifications to go deeper into
the comprehension of the involved meclkanisms in the observed mealis.

5. Conclusion

Clinical observation indicates a relevance of CAP in cancer treal-
ment. Canoer patients under palliation with CAP resulted in a reduetion
of odor a8 obvious effect of decontamination, and less demand of pain
medication, and very mild side effects. Four of the six patents enrolled
in this observation consldered CAP treatment as a noticeable palliation
in terms of quality of life, in particular Btgee, social function and
emotiomality. Following thelr individual cowrses of tumor development,
twio patients were sulfering from fag growing carcinoma, another two
from slow or during longer perlods not growing tumors and two pa-
Hents enjoyed a strong response o CAP, one still persistent, the other
having experienced a sudden relapse. Inc Blonal biopsies of this nemor
at the tme of remision revealed minor presence of myeloid cells, a
maoderate amownt of apoptotic umor celk, a desmoplastic reaction of
the conjunctive tsae by an incressed production of exd meelular ma-
trix, whereas proliferating cells remained very spame. To explain the
clinical anticancer effect, there are three approaches for wnd erstanding:
1) the role of myelodd cells, (1) the ROS/ANS model of cellular impact
and (UD) the immuncgenic cell death model of cancer treatment
Reflections about why some fumaors are responding very well 1o CAP
and why some do not, and why some change thelr reaction under
constant treatment are of outstanding clinical imponance to plck the
winmers when considering CAP in the future for lemor treatment mome
than palliation.
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