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ARTICLE INFO ABSTRACT

Large number of studies was published about predictive value of cytokines for graft-versus-host disease (GVHD)
after allogeneic stem cell transplantation. Recently, there has been a growing interest in GVHD prophylaxis with
post-transplant cyclophosphamide (PTCy). Clinical data on the dynamics of proinflammatory cytokines with this
prophylaxis is lacking. In this study, we have measured the levels of IL-17, IL-6, IL-8, IFN-y and TNF-a in plasma
on days —7, 0, +7, +14 and after engraftment in 20 patients with acute GVHD and 40 matched control patients
with PTCy-based prophylaxis. Low levels of IL-8 (p = 0.04) on day +7 and IFN-y (p = 0.03) after engraftment
were associated with grade II-IV acute GVHD. The same pattern was observed for severe acute GVHD. Low IFN-y
after engraftment was also associated with increased non-relapse mortality (p = 0.014). No impact of cytokine
levels on overall survival and relapse incidence was observed (p > 0.05). In conclusion, the dynamics of IL-8
and IFN-y in GVHD patients after PTCy was different from previously reported after conventional prophylaxis.
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1. Introduction

Acute graft-versus-host-disease (GVHD) remains one of the most
serious complications of allogeneic hematopoietic stem cell transplan-
tation (HSCT). The frequency of acute GVHD after HSCT using standard
prophylaxis is roughly 35-50% [1]. Despite the substantial research on
the treatment of acute GVHD, it remains one of the main causes of non-
relapse mortality after HSCT [2,3].

The release of cytokines leading to activation of alloreactive T-cells
in the early period after transplantation is an important step in the
pathogenesis of acute GVHD (aGVHD). The first immunological events
in GVHD occur in the first several weeks after graft transfusion [4,5].
This is the reason why many researchers try to identify predictive
biomarkers for GVHD and its severity. A considerable number of studies
have been focused on identifying the most predictive biomarkers.
Several of them have demonstrated an increase of the soluble IL-2 re-
ceptor in patients with acute GVHD [6-9]. Elevation of TNF-alpha
serum levels prior the development of GVHD was first described in
1990 [10], and the correlation between the level of TNF-alpha/TNFR1
and aGVHD was demonstrated thereafter [11-13]. Malone et al. re-
ported increased plasma levels of IL-6 before the clinical manifestations
of GVHD [14]. The correlation between the level of IFN-y, IL-12 and

* Corresponding author.
E-mail address: dr.pirogova@gmail.com (O.V. Pirogova).

http://dx.doi.org/10.1016/j.cyto.2017.08.016

GVHD corresponds to the traditional view on the development of GVHD
as they trigger Th1l immune response [15-17]. IL-7, IL-15, IL-17 were
also shown to have predictive value for acute GVHD [18,19]. Pro-in-
flammatory cytokines, including TNF-a, IL-6, IL-1f3, IL-8, IL-17 and
others are involved in the immune processes of chronic GVHD [20].
The majority of studies on cytokines in allogeneic HSCT were con-
ducted with conventional GVHD prophylaxis consisting of non-specific
immunosuppressive agents like calcineurin inhibitors, methotrexate,
mycophenolate mofetil, antithymocyte globulin, and others. With this
type of prophylaxis almost in all the studies published, higher levels of
pro-inflammatory cytokines are associated with the development of
acute GVHD, while lower levels indicated the success of im-
munosuppressive agents in abrogation of alloreactive response [21,22].
In many transplantation centers there has been a recent growing
interest in the novel approach to the prevention of GVHD based on post-
transplant cyclophosphamide (PTCy). A number of studies, including a
study carried out by our research group, have been conducted with the
use of PTCy for related, unrelated and haploidentical grafts [23-26].
The mechanism of action of PTCy, which is administered at days +3,
+4 after HSCT, is based on selective depletion of alloreactive T-cells
that proliferate without immunosuppression during the first three days
after graft infusion [27]. In addition, PTCy facilitates rapid Treg
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expansion, compared to conventional GVHD prophylaxis [28]. Cur-
rently, there is no data, whether the dynamics of cytokines after PTCy is
similar to the situation of classical GVHD prophylaxis. It is also unclear
if well-known predictive biomarkers retain their value after PTCy-based
prophylaxis.

Trying to answer these questions, we have conducted a pilot study
to determine the dynamics of plasma cytokines in patients undergoing
HSCT with PTCy as GVHD prophylaxis. For our pilot study, we have
selected five cytokines, IL-17, IL-6, IL-8, IFN-y, and TNF-a, which were
shown to have predictive value for acute GVHD [10-20], and compared
their levels in the patients who developed acute GVHD to those in the
patients who did not.

2. Patients and transplantation procedures

Out of 192 adult patients transplanted at Pavlov First Saint
Petersburg State Medical University with PTCy between 2014 and
2015, 20 cases were identified with acute GVHD and plasma samples
available. These patients were matched in the ratio 1:2 to the patients
who did not develop acute GVHD. The matching criteria in the order of
decreasing priority were the type of the donor, the graft source, the
intensity of the conditioning, diagnosis, and disease status. Thus, the
study group was comprised of sixty adult patients with hematological
malignancies who underwent HSCT. Exclusion criteria were the de-
velopment of veno-occlusive disease and septic shock. All the patients
signed informed consent forms for the collection of blood samples and
the use of their personal data for the research purposes. The study was
approved by the Ethical Committee of Pavlov First Saint Petersburg
State Medical University.

Twenty-eight percent of the patients were grafted from a related
donor, 72% — from an unrelated. The patients received either myeloa-
blative conditioning (MAC) with oral busulfan 16 mg/kg and cyclo-
phosphamide 100 mg/kg or reduced-intensity conditioning (RIC) with
oral busulfan 8 mg/kg and fludarabine 180 mg/m? All the patients
received PTCy-based GVHD prophylaxis. For 10/10-HLA matched un-
related donor (MUD) recipients GVHD prophylaxis consisted of the
combination of cyclophosphamide 50mg/kg on days +3, +4, tacro-
limus with target concentration 5-15ng/ml starting on day +5
through day + 120, and mycophenolate mofetil (MMF) 30 mg/kg, or 45
mg/kg for 8-9/10 mismatched unrelated donors (MMUD) starting day
+5 through day +35. For matched related donor (MRD) with bone
marrow as the graft source GVHD prophylaxis was single-agent cyclo-
phosphamide 50 mg/kg on days +3, +4.

The patients were followed prospectively for a median of 540 days
(range, 98-818 days).

3. Definitions of clinical outcomes

Time to disease relapse, aGVHD, moderate to severe chronic GVHD
(cGVHD), non-relapse mortality (NRM) and overall survival (OS) was
defined as the time from transplantation to the event. Incidence of
aGVHD was calculated at 125 days after HSCT, and the time frame for
the other outcomes was 2 years. The patients were censored at the time
of last contact or a second transplantation for all outcomes. Disease
relapse was defined as morphologic or cytogenetic evidence of disease
with pretransplantation characteristics. Restaging evaluation, including
bone marrow biopsies, was routinely performed on days + 30, + 60,
+100, +180, and + 365 post-transplant.

The Consensus Conference criteria and National Institutes of Health
criteria were used for aGVHD and cGVHD grading, respectively
[29,30]. The GVHD " group included all acute GVHD grades (I-IV).
GVHD involving two or more organs was regarded as multiorgan
GVHD. All cytokines were measured before aGVHD clinical onset.
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4. Blood sampling and laboratory methods

Ten mL of whole blood was obtained from the patients on days —7,
0, +7, +14. The fifth time point varied between day +21 and day
+ 28 to represent the sample after engraftment, but before the onset of
acute GVHD. Blood was collected in EDTA-containing tubes. The tubes
were centrifuged for 15 min at 1000g and 4 °C within two hours after
collection, and the plasma samples were stored in aliquots at —80 °C
until the day of the assays. Five plasma biomarkers were studied: IL-
17A, 1L-6, IL-8, TNF-a and IFN-y. Plasma levels were measured by
ELISA using commercially available kits (Cytokine, Saint-Petersburg,
Russia). All assays were performed in compliance with the protocols
provided by the kit manufacturers. Concentrations were determined
without knowledge of clinical data. The sensitivities of I IL-17 A, IL-6,
IL-8, TNF-a, and IFN-y were 250-10,000, 10-500, 9.75-1250, 5-250
and 50-2000 pg/ml, respectively. Samples with concentrations above
the calibration curves were re-tested in dilution.

4.1. Statistical analysis

Differences in patient characteristics between GVHD + and GVHD —
groups were determined using t-test for age, and Fisher's exact test for
all categorical variables. The Mann-Whitney U test was used to compare
cytokine profiles according to the occurrence of GVHD. The post hoc
correction for multiple group comparisons was implemented using
Bonferroni method. Correlations between numerical variables were
assessed using the Spearman rank test. Differences were considered
statistically significant when P < 0.05. The cut off points for cytokine
levels were determined using receiver operating curves (ROC) analysis.
The survival distributions for overall survival and event-free survival
were calculated using Kaplan-Meier methodology. The comparisons
were made using the log-rank test. The analysis of relapse incidence and
non-relapse mortality was performed using Gray test. Relapse and NRM
were accounted as competing risks.

5. Results

Out of 60 patients included in the study, 20 experienced aGVHD
(grades I-IV). Ten (50%) of these 20 patients developed grade I, 7 (35%)
patients — grade Il aGVHD, 5 (25%) patients — grade Il aGVHD, 6 (30%)
patients developed multiorgan aGVHD. Thirteen patients (21.6%) had
chronic GVHD. Detailed patient characteristics and the analysis of dif-
ferences between the groups are presented in Table 1. There was no
difference between GVHD " and GVHD ~ groups in any of the clinical
parameters. The median time of engraftment for all patients was
21 days (range 9-43). The median time to aGVHD was 30 days (range
23-92).

Neither of the cytokine levels was significantly different in the pa-
tients with grade I-IV aGVHD and the patients without GVHD. The
dynamics of cytokines in these groups is presented in Fig. 1A.

However, for patients with grade II-IV aGVHD we found that low
levels of IL-8 on day +7 (126.83 = 43.794 vs 276.89 + 310.51 pg/
ml, p=0.04) and IFN-y on day +21-28 (34.70 + 23.71 vs
60.96 + 41.37 pg/ml, p = 0.03) were associated with increased risk
of GVHD (Fig. 1B). The ROC analysis was performed to determine the
cut off values for IL-8 — 133.56 pg/ml (AUC = 0.714) and IFN-y —
35.94 pg/ml (AUC = 0.720). The incidence of grade II-IV aGVHD was
significantly higher in the patients with the levels of cytokines lower
than cut off (40% vs 5.7%, p = 0.008 and 43.7% vs 8.6% p = 0.003 for
IL-8 and IFN-y, respectively).

The same pattern was observed for the patients with grade III-IV
aGVHD. Low levels of IL-8 (96.12 + 39.79 vs 303.52 *+ 346.19 pg/
ml, p = 0.008) and IFN-y (21.69 + 14.78 vs 58.80 + 39.92 pg/ml,
p = 0.012) on day + 28 were especially predictive. The cut off values
for IL-8 was 147.09 pg/ml (AUC = 0.869) and for IFN-y — 25.71 pg/ml
(AUC = 0.858). The incidence of grade II-IV aGVHD was also
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Table 1
Patient characteristics.

GVHD™* GVHD "~ P value

(n = 20) (n = 40)
Age 37.5 (22-56) 29.5 (18-55) 0.50
Diagnosis 0.96
AML 8 (40%) 17 (42.5%)
ALL 4 (20%) 11 (27.5%)
CML 4 (20%) 7 (17.5%)
MDS 2 (10%) 2 (5%)
HD 2 (10%) 3 (7.5%)
Salvage 4 (18.2%) 7 (17.5%) 0.63
Donor 0.89
MRD 6 (30%) 11 (27.5%)
MUD 14 (70%) 29 (72.5%)
HLA matching 0.42
10/10 matched 15 (75%) 32 (80%)
9/10 matched 5 (25%) 8 (20%)
Conditioning 0.47
MAC 3 (15%) 8 (20%)
RIC 17 (85%) 32 (80%)
GVHD prophylaxis 0.89
Single agent PTCy 6 (30%) 11 (27.5%)
PTCy + Tacro+MMF 14 (70%) 29 (72.5%)

Age = median age in years (range); AML = acute myeloblastic leukemia; acute lym-
phoblastic leukemia = ALL; CML = chronic myeloid leukemia; MDS = myelodysplastic
syndrome; HD = Hodgkin’s disease; MRD = matched related donor; MUD = matched
unrelated donor; MAC myeloablative conditioning; RIC reduced intensity con-
ditioning; Tacro = tacrolimus; MMF = mycophenolate mofetil.

significantly higher in the patients with the levels of cytokines lower
than cut off (p = 0.004 and p = 0.0006 for IL-8 and IFN-y, respec-
tively).

In additional comparative analysis in groups with multiorgan
aGVHD and without GVHD we have observed lower levels of several
cytokines in patients who developed GVHD. Reduced plasma levels of
IL-8 (98.73 + 39.46 vs 276.87 *= 261.34pg/ml, p = 0.006 for
GVHD + and GVHD-, respectively) and IFN-y (22.69 = 16.34 vs
59.98 + 38.54 pg/ml, p = 0.004 for GVHD + and GVHD-, respec-
tively) on day +28 were the significant risk factors for multiorgan
aGVHD occurrence. The cut off values for IL-8 was 147.09 pg/ml
(AUC = 0.859) and for IFN-y — 47.05 pg/ml (AUC = 0.872). The in-
cidence of multiorgan aGVHD was significantly higher in patients with
low levels of IL-8 (p = 0.002) but was not predicted by IFN-y levels.

There were no differences in clinical characteristics between sub-
groups of the GVHD patients that could explain the differences (sup-
plement 1, table 1). Also neither of the other inflammatory complica-
tions, like mucositis and febrile neutropenia, were affecting the levels of
IL-8 and IFN-y at the specified time points (supplement 1, table 2).

For chronic GVHD only a higher level of IL-17 at day +28
(209.17 = 329.59 vs 106.06 + 210.65 pg/ml, p = 0.037 for the pa-
tients with and the patients without GVHD, respectively) was sig-
nificantly predictive.

We also found that a lower level of IFN-y after engraftment and a
higher level of TNF-a on day O were associated with 2-year TRM after
HSCT (p = 0.04 and p = 0.014 for IFN-y and TNF-a, respectively). No
association between the level of cytokines and overall survival, event-
free survival and relapse incidence (p > 0.05) was observed.

6. Discussion

Although the results of more than one thousand transplants with
PTCy as GVHD prophylaxis have been published [31,32], human data
regarding the immunological mechanisms facilitating its efficacy is
limited. In vitro studies have demonstrated that cyclophosphamide
depletes both conventional T cells (Tcon) and regulatory T cells (Tregs)
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[33] and impairs the immunosuppressive function of the latter [34].
Thus, cyclophosphamide is proposed to be used as the potentiating
agent for T cell responses and immunotherapy [35]. However, in HSCT
mouse models antigenic stimulation early post transplant is proposed to
cause alterations in Treg gene expression profile, resulting in high al-
dehyde dehydrogenase expression and resistance to PTCy of this sub-
population. The subsequent rapid expansion of Tregs is considered to be
the basis of anti-GVHD activity of PTCy [36,37]. It has also been de-
monstrated that PTCy in mice induces expansion of myeloid-derived
suppressor cells (MDSC) [38]. These two events may be linked together
via the ability of MDSC population by itself to initiate expansion of
Tregs [39].

Our pilot study is the first to our knowledge to have evaluated the
dynamics of pro-inflammatory cytokines in patients treated with PTCy
and assessed the association of their levels with GVHD. We have de-
monstrated that not higher, but lower levels of IL-8 and IFN-v early post
transplant are associated with the development of clinically significant
acute GVHD. These results are completely different from the studies
with conventional immunosuppression for GVHD prophylaxis, when
elevation of these cytokines was predictive for acute GVHD [14,21].
The contradiction with the previous studies supports the preclinical
data on the immunological mechanisms of PTCy. IL-8 (or CXCL8) is the
chemokine that induces migration, functional control of MDSCs, and
might potentiate their immunosuppressive properties [40]. IL-6 is an-
other cytokine that augments function of MDSC [41]. The absence of
significant differences of IL-6 levels in GVHD patients may be explained
by low specificity of this cytokine. It is upregulated in patients with
febrile neutropenia [42] and oral mucositis [43], which occur in the
majority of HSCT recipients. Therefore, it is unlikely that it could be
used as GVHD biomarker after PTCy. IFN-y, on the other hand, is the
key cytokine that facilitates Treg activity against experimental GVHD
[44], so its low level after engraftment may represent either functional
or quantitative defect of Treg population after PTCy.

The absence of IL-8 and IFN-y predictive value in the whole cohort
of acute GVHD patients is not unexpected. In the studies with classical
GVHD prophylaxis, it was demonstrated that grade I acute GVHD is
associated with only subtle changes of cytokine levels that can rarely
result in statistically significant differences [21]. This makes further
clinical studies of predictive GVHD biomarkers after PTCy even more
difficult, because severe acute GVHD is observed in only a small per-
centage of patients [23-26], and future studies will need to enroll more
than 200 transplants to comprise a representative group with severe
GVHD.

Our results regarding the predictive value of IL-17 level after en-
graftment for the development of chronic GVHD coincide with the
previous reports that this cytokine and Th17 cells play an important
role, particularly in scleroderma and lung GVHD [45,46]. Thus IL-17
could be tested in larger studies to claim that its level may serve as a
biomarker for chronic GVHD after PTCy.

In conclusion, in this pilot trial we have demonstrated that the dy-
namics of cytokines after GVHD prophylaxis with PTCy may be dif-
ferent from the conventional one, and well-known predictive bio-
markers might not work after PTCy. Further large prospective trials are
warranted to elucidate reliable biomarkers for GVHD after prophylaxis
of this type.
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Fig. 1. Level of cytokines in patients with graft-versus-host
disease. A. Grade I-IV acute GVHD. B. Grade II-IV acute GVHD.
Solid lines are mean concentrations in patients with GVHD.
Doted lines are mean concentrations in patients without
GVHD. Grey bands represent 95% CI of concentrations.
Overlapping bands represent non-significant results before
post hoc correction. The p-values for each time point were
calculated with Mann-Whitney test and post hoc correction for
multiple comparisons.
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