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i SUMMARY

Background. Platelet (PLT) gel has been successfully used in tissue regeneration of diabetic and surgical wounds through
the releasing of growth factors such as basic fibroblast and PLT-derived growth factors. Based on this background, our
previous clinical trial have assessed the feasibility and efficacy of PLT gel for the treatment of muco-cutaneous lesions
related to graft versus host disease (GvHD) after allogeneic haematopoietic stem cell transplantion (HSCT). The promis-
ing results reported in a small series of 6 patients, of whom 1 with oral ulcers, represent the rationale of the present study.
Materials and methods. The aim of this study was to verify the efficacy and safety of PLT gel for treating oral ulcers due
to chronic GvHD. Allogeneic hemocomponents were used to obtain PLT gel with an automated system for the on-site prepa-
ration and application of patient (autologous) or healthy blood donor (allogeneic)-derived fibrin sealant or PLT-rich fibrin
(Vivostat system, Vivostat A/S). Ten patients with multiple oral lesions related to chronic GvHD underwent allogeneic PLT
gel as local therapy alone or in combination with systemic therapy in half of the cases.

Results. After the second PLT gel application, all patients resumed the feeding and a significant improvement of the oral
pain was observed. After a median of five PLT gel applications (range, 2-15), 7 out of 10 patients showed a complete re-
sponse. No side effects were documented.

Conclusion. These data confirm that the PLT gel may be used as a safe and effective tool, alone or in combination with
systemic therapy, for the treatment of mucosal lesions of mouth related to cGvHD.
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= Introduction

Allogeneic haematopoetic stem cell transplanta-
tion (HSCT) represents a potentially curative
treatment for several haematological disorders, re-
gardless the stem cell source and the donor’s type

ORAL & Implantology - Anno X - N. 4/2017

(1-6), but its success is still hampered by the onset
of the graft versus host disease. Graft-versus-host
disease (GvHD) is a major complication of allo-
geneic HSCT, associated with significant morbid-
ity and mortality. Balancing the benefits and dis-
advantages, GVHD enhances survival by decreas-
ing the risk of disease relapses counterbalanced by
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an increase of mortality due to life-threatening in-
fections or organ failure events (7). Age and
donor/recipient HLA matching, intensity of the
conditioning regimen, source of stem cells and
quality of the graft are the main risk factors influ-
encing the incidence and seriousness of the side
effects related to the transplant procedure, includ-
ing the GvHD (8-12).

GvHD reflects a complex pathological interaction
between the innate and adaptive immune systems
of the host and donor. Over the past decades there
has been a tremendous advancement in under-
standing of the cellular and molecular underpin-
nings of this disease, including novel extracellular
mediators of inflammation, immune subsets, intra-
cellular signal transduction, post-translation mod-
ifications and epigenetic regulation (13). More-
over, many recent changes in transplant practice
have led to changing the clinical patterns of
GvHD. These include the introduction of alterna-
tive donor sources, reduced intensity conditioning
and novel prophylaxis for GvHD. However, skin
and oral mucosa manifestations represent the most
frequent localization of acute and chronic GvHD,
respectively, occurring with an incidence ranging
between 20 and 70%. In particular, the most of pa-
tients who develop ¢cGvHD with oral cavity in-
volvement presents dysgeusia, salivary glands hy-
pofunction, xerostomia, lichenoid lesions and at-
rophy of buccal mucosa, tongue and lips whereas
scleroderma, ulcers and mucocele occur in a mi-
nority of cases. Painful oral wounds may heavily
impair the feeding function and quality of life of
this setting of patients (7). To improve the man-
agement of these symptoms, in addition to the sys-
temic therapy, several “ancillary therapy and sup-
portive care therapies,” including immunosup-
pressive or anti-inflammatory topical efforts, have
been administered (14). The oral cavity supportive
care consists of dexamethasone and other corti-
costeroid rinse formulations that are held and
swished in the mouth for 4 to 6 minutes and then
expelled without swallowing, four to six times per
day. In addition, topical analgesia with viscous li-
docaine may be helpful when symptomatic mu-
cosal GvHD impairs nutrition or communication.
Some oral mucosa manifestations are refractory to

the combination of the systemic therapy with the
above-mentioned ancillary cares so that the inves-
tigation of novel therapeutic agents is required.
The role of platelet (PLT) gel is well known in tis-
sue regeneration of difficult diabetic/surgical
wounds through the releasing of several growth
factors (GFs) (15). In fact, wound healing is a
complex process mediated by interacting molecu-
lar signals and regulated by a pattern of events in-
cluding coagulation, inflammation, formation of
granulation tissue, epithelization and tissue re-
modeling which allow regeneration. These events
are mediated and modulated by interacting molec-
ular signals, primarily cytokines, and GFs. The
main factors of tissue repair are represented by a
series of GFs: PLT-derived growth factor (PDGF),
insulin-like growth factor (IGF), epidermal
growth factor (EGF), vascular endothelial growth
factor (VEGF), and fibroblast growth factor
(FGF). Several experimental clinical trials have
shown that chronic wounds may be related to the
deficiency of the abovementioned GFs involved in
the healing process by way of decreased produc-
tion, impaired release, trapping, excess of degra-
dation or a combination of these mechanisms.
During the epithelial ulcers’ repair, the pivot role
of the release of PLT alfa-granules, has been
demonstrated by several studies. These granules
containing many GFs like PDGF, EGF, IGF-1 and
-2, transform growth factor-beta, and VEGF (16,
17). As a matter of fact, re-epithelization, angio-
genesis by mesenchymal cell recruitment and ex-
tracellular matrix synthesis depends on the content
of these granules. All this information led to the
development of a PLT gel to facilitate the regener-
ation of tissues damaged by ulcers. The main clin-
ical application of this gel has been indicated to
treat chronic injuries of vascular, surgical and dia-
betic patients. Moreover, our previous experiences
have shown the efficiency of fibrin glue and PLT
gel in the treatment of two severe complications of
allogeneic HSCT such as the hemorrhagic cystitis
and muco-cutaneous lesions related to the GvHD,
respectively (18-20).

Based on biological rationale and previous clinical
data, the aim of this prospective cooperative study
was to confirm the efficacy and safety of topical
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use of PLT gel in clinical management of cGvHD
oral ulcers in patients who underwent allogeneic
HSCT for hematological malignant diseases.

[ Materials and methods

From January 2006 to date, 10 patients with a
median age of 48.5 years (39-61), affected by
hematological malignancies, received an allo-
geneic HSCT at Rome Transplant Network of
“Tor Vergata” Hematology and developed
cGVvHD. The Rome Transplant Network is a JA-
CIE (Joint Accreditation Committee of ISCT and
EBMT) accredited Metropolitan Transplant Pro-
gram that performs about 70 allogeneic HSCT
for year, according to an established policy for
the donor identification and standard transplant
procedures (21, 22). All patients developed ex-
tensive (N=5) or limited (N=5) cGvHD with oral
involvement characterized by painful ulcers and
impairment of feeding function. They received
the same myeloablative (n=7) or reduced inten-
sity (n=3) conditioning regimen, according to
patient’s age or comorbidity index (23), consist-
ing of thiotepa, single daily dose of i.v.busul-
phan and fludarabine (5), including ATG in
matched unrelated transplant. As GvHD prophy-
laxis, cyclosporine and methotrexate combina-
tion was given. As stem cell source, all patients
received peripheral blood stem cells from HLA
identical sibling or unrelated donor in 6 and 4
cases, respectively. For grading cGvHD, Nation-
al Institutes of Health Consensus was used (24).
Platelet gel application alone or in combination
with immunosuppressive agents was used ac-
cording to the severity of cGvHD. Limited oral
cGVvHD ulcers were treated with PLT gel alone,
whereas the most part of extensive ¢cGvHD re-
ceived PLT gel in association with steroids. Ul-
cers affected buccal mucosa, tongue, lips or
mouth’s floor. Pre-treatment parameters were
considered oral mucosa injuries, spontaneous
widespread pain worsened by swallowing or
feeding and microbiological contamination of
lesions. Response to the treatment has been eval-
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uated in relation to the pain’s involution, feeding
function’s recovery and the ulcers’ disappear-
ance. Complete response was defined as the res-
olution of oral ulcers and symptoms whereas
partial response was classified as pain improve-
ment associated with persistence of ulcers after
8 gel applications.

The Vivostat system (Vivolution A/S, Alleroed,
Denmark) is an automated system for the on-site
preparation and application of patient (autolo-
gous) or healthy blood donor (allogeneic) de-
rived fibrin sealant or PLT-rich fibrin (PRF)
(25). Platelet gel used in this study, is produced
as final product of an aliquot of 8 ml with
platelets concentration of 2x1076/ul, from hemo
components with Vivostat system. Vivostat is a
device used for preparation and delivery of
Platelet gel and fibrin sealant (also called fibrin
glue). It takes 23 minutes to produce an homolo-
gous or autologous concentrate form 120 ml of
whole blood. This system has 3 components: a
processor for platelet gel preparation, one unit
for quality control and one unit for delivery.
Thanks to Vivostat system, platelets concentra-
tions is 7-10 time higher when compared to
blood donor. The first step of Vivostat procedure
consists of the reaction amongst 60 mL of plas-
ma and batroxobin for 10 minutes at 37°C. Ba-
troxobin acts on plasmatic fibrinogen to catalyze
the release of fibrin peptide A. The result is fib-
rin [ polymer soluble in acid-ambient without
the activation of Factor XIII. The next step con-
sists of fibrin I polymer isolation by centrifuga-
tion and its addition to sodium acetate buffer at
the concentration of 0.2 mol/L at pH 4. The pu-
rified fibrin I solution may be transferred to the
applicator including a syringe of 1 ml of carbon-
ate/bicarbonate buffer at the concentration of
0.75 mol/L (pH 10). In presence of Ca2+ at neu-
tral pH, the final product of PLT gel is obtained:
in these conditions, endogenous prothrombin is
converted to thrombin cleaving the fibrinopep-
tide B from fibrin I to fibrin II. The resulting fi-
nal product cannot be frozen, while the fibrin I
solution could be cryopreserved at -40°C for
next using or may be stored at ambience temper-
ature to be used within 6 hours. The Vivostat ap-
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plication system has an electromechanical inno-
vative design incorporating a reusable applicator
that houses the mechanical and electronic work-
ings of the system and a disposable, single-use
spray pen. On finger activation of the pen but-
ton, fibrin I and neutralizing solution are deliv-
ered at a controlled rate through separate tubes
of a multi-lumen tube to the tip of the spray pen;
on emission from the tip they mix in a stream of
a compressed air to form a fine low-pressure
spray of fibrin sealant. The distance between the
spray pen and the target site was 2 to 2.5 cm and
the application occurred by centripetal rotation
at a delivery rate of 1.4 mL/min and at a pressure
of 30 bar.

In a multidisciplinary context, first oral ulcers eval-
uation was performed by transplant physicians.
dentists performed oral biopsy, if necessary, while
the PLT gel preparation and application was carried
out at Blood Bank. The PLT gel was applied on oral
GvHD ulcers twice a week, away from meal in or-
der to enhance activated platelets actions.

= Statistical analysis

Patient characteristics and data are summarized
using descriptive techniques, including absolute
and relative frequencies for categorical variables,
while continuous variables are expressed as medi-
an and range.

= Results

The patients enrolled in this trial showed cGvHD
characterized by either oral lesions alone or asso-
ciated with macular-papular rash, sclerodermia or
other organ involvement such as eyes, liver or
lung. Table 1 describes patients’ and ulcers’ char-
acteristics while Table 2 shows the timing of oral
lesions’ occurrence after the allogeneic HSCT, the
duration of ulcers prior to the PLT gel procedure,
the number of gel applications and the response
for each patient. The median time between the on-

Table 1 - Patients’ characteristics.
Patient Sex/Age Haematological Status disease Ulcer occurrence Localization Number
Number disease at HSCT (months) of oral ulcers of oral ulcers
1 M/47 ALL 1t PR 4 Tongue, Buccal 3
mucosae
2 F/39 CML CR 10 Gum, Mouth’s 2
floor
3 F/4a4 AML PR 6 Buccal mucosae 2
4 M/49 NHL 3“CR 18 Tongue 1
5 F/56 NHL 3“PR 19 Buccal mucosae 2
6 F/41 ALL Resistant 6 Tongue 1
7 M/43 AML 1t CR 10 Lip, Tongue 3
Buccal mucosae
8 F/59 AML 1t CR 9 Buccal mucosae 3
Mouth’s floor
9 M/58 AML Resistant 11 TonguelLip 3
10 M/61 AML 39CR 9 Tongue, Buccal 3
mucosae
HSCT = Haematopoietic Stem Cell Transplantation; M = Male; F = Female; ALL = Acute Lymphoblastic Leukemia; CML = Chro-
nic Myelogenous Leukemia; AML = Acute Myeloid Leukemia; NHL = Non Hodgkin Lymphoma; CR = Complete Remission; PR
= Partial Remission.
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Table 2 - cGvHD grading, therapy and response.
Patient Type of cGvHD cGvHD treatments Ulcer duration before Number of gel Response
number gel (days) application
1 Extensive PDN*, Rituximab* 14 5 Complete

PLT Gel, Photoferesis

2 Extensive PDN 10 2 Partial
3 Limited PLT Gel 7 9 Partial
4 Extensive PDN, PLT Gel 3 2 Complete
5 Limited PLT Gel 5 2 Complete
6 Extensive PDN, PLT Gel 9 15 Complete
7 Limited PLT Gel 9 5 Complete
8 Extensive PDN, PLT Gel 9 2 Complete
9 Limited PDN, PLT Gel 11 7 Partial
10 Limited PLT Gel 7 5 Complete
c¢GvHD = Chronic Graft versus Host Disease; PDN = Prednisone; PLT = Platelets; * = treatment before PLT gel starting.

set of cGvHD ulcers and allogeneic HSCT or gel
application was 9 months (4-19) and 9 days (3-
14), respectively. The microbiological assessment
before the PLT gel application resulted negative in
all cases except for one. After the second PLT gel
application, all patients showed a significant im-
provement of the oral pain and resumed the feed-
ing. After a median of five PLT gel applications
(range, 2-15), 7 out of 10 patients showed a com-
plete response, using only the PLT gel in 4 of them
affected by a limited form of cGvHD character-
ized by oral injuries alone. Only one patient with

limited oral cGvHD required a combination of lo-
cal gel application and steroids to achieve com-
plete remission. The other 5 patients who experi-
enced extensive cGvHD received steroids and
PLT gel for oral ulcers in 4 cases, showing a com-
plete oral response in 3 of them. Finally, the Figure
1 documented the outcome of oral ulcers in a case
of extensive chronic GvHD refractory to 2 previ-
ous lines of therapy. No side effects were observed
during the procedure except for a burning sensa-
tion and/or itching on the involved sites, meanly
referred during the first application. On the follow-

Figure 1

a: Oral mucosal lesions pre-PLT
gel applications; b: Oral mucosal
lesions after 5 PLT gel applications.
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up, no in situ recurrence of ulcers was observed.
Moreover, the multidisciplinary approach includ-
ing transplant, transfusion physicians and dentists
allowed a quick diagnosis and a rapid planning/
start up of this therapeutic procedure.

O Discussion

Platelets have a key role not only in hemostasis
processes but also in tissue regeneration and
wound healing (15). It’s known that fibroblasts
and mesenchimal cells promote neo-angiogenesis
and are stimulated by PDGF, VEGF, bFGF, IGF,
PF and EGF released by the o granules of
platelets. For this reason, in the last 2 decades an
increasing interest for the non transfusional use of
hemocomponents has been reported. Nowadays,
platelet gel is used in maxillofacial, reconstruc-
tive-plastic, orthopedic, cardiovascular and der-
matologic surgery with the aims to improve and
accelerate healing processes (16, 17). Moreover,
PLT gel is used as local therapy for the treatment
of chronic cutaneous ulcers, typical manifestations
of diabetic vasculopathy or arterio-venous insuffi-
ciency. Some reports have also shown the ability
of platelets to accumulate in the liver and promote
tissues regeneration, after hepatectomy. This pro-
liferative effect seems due to the direct contact be-
tween platelets and hepatocytes, that starts trans-
duction signaling with subsequent release of sev-
eral growth factors such as the Hepatocyte growth
factor (HGF) and IGF. More recently, three pilot
studies have demonstrated the reparative effect of
fibrin glue and PLT gel on the bladder mucosa of
patients who developed refractory hemorrhagic
cystitis and muco-cutaneous lesions related to the
GvHD, respectively, after allogeneic HSCT (18-
20).

Nowadays, several devices able to produce fibrin
glue or PLT gel with different viscosity, elasticity
or plasticity are available (Vivostat, PCCS, Har-
vest, Fibrinet, Autogel Process Cytomedix, Mag-
ellan Medtronic, Plateltex). Methods of PLT gel
preparation highly influence the physical and bio-
logical characteristics of the final product with im-

pact on the therapeutic efficiency. First of all, the
platelet concentration. It has been observed that
platelets count is related with the PDGF release
and several studies have shown that platelets con-
centration is lower with the test tube technique
comparing with the other methods (25). Great im-
portance has GFs concentration in platelet de-
rivates. Several studies analyzed differences be-
tween existing technique for gel preparation, relat-
ed to GFs concentration (25-27). However, all
GFs (PDGF-AB, PDGF-BB e TGF-beta in partic-
ular) seems to be in the same proportion despite
the preparation’s method whereas there is a differ-
ent white blood cells contamination. Contaminat-
ing cells are mostly mononucleated cells, like
monocytes or lymphocytes and their role is un-
clear. Some studies suppose an antiseptic action in
the site of wounds, due to the release of pro-in-
flammatory cytokine and myeloperoxidase
(MPO), reducing risks of infection (27). Using
Vivostat or Fibrinet, the contamination of final
product is three Log less than with other tech-
niques. On these biological and clinical evidences,
the aims of our study was to confirm the feasibili-
ty and efficiency application of PLT gel (Vivostat
system) for healing the oral ulcers related to
cGvHD in patients undergoing an allogeneic
HSCT. The major advantages of PLT gel are rep-
resented by its safety, prompt availability and lim-
ited cost. According to the Italian policy, the
preparation of PLT gel is on behalf of the blood
banks, so that it is accessible to nearly all trans-
plant Centers. The machine of Vivostat System is
small and easily transferable so that also critical
patients may be treated inside the sterile room.
The prompt availability is due to the short time of
its preparation (30 minutes) and to the possibility
of activation immediately before the clinical ap-
plication that requires just one hour. Further, the
PLT gel would be an important tool to reduce the
infections from saprophyte germs of the oral cav-
ity linked to the presence of ulcers. In fact, the oral
wounds represent an entry site of bacterial infec-
tions on which the PLT gel application may act
through two different mechanisms: 1) closing the
door to entry for microbiological agents by fibrin
clots and 2) exploiting the local anti-infective ef-
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fect of substances, as myeloperoxidasis, released
by leukocytes included in the gel preparation. The
clinical confirmation of this feature of PLT gel is
represented by the absence of septic events during
the treatment period. Finally, the lack of systemic
pharmacologic properties of PLT gel represents an
additional advantage of this procedure in the man-
agement of ulcers related to GVHD. In fact, neither
early nor long term side effects were observed and
the ulcers resolution could lead to a faster with-
drawal of the immuno-suppressive therapy, reduc-
ing the infective risk.

= Conclusions

Our data show that all patients treated with PLT
gel for cGvHD oral ulcers reached a quick im-
provement of pain in the oral cavity and food in-
take, after 2 gel applications. Moreover, the
achievement of complete response in 70% of cas-
es, using PLT gel alone in 4 out of 5 patients af-
fected by limited cGvHD, supports its use in the
limited form of this allogeneic HSCT’s complica-
tion. The absence of ulcers relapse in the site of
previous PLT gel application confirms that the
content rich in growth factors makes it is a useful
tool to maintain a long term tissue repair.

In conclusion, the results of our study are particu-
larly promising and induce to recommend the PLT
gel as a safe and effective therapeutic instruments
for the management of oral ulcers related to chron-
ic GvHD.
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