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Abstract

Rationale: Patients receiving an allogeneic stem cell graft from cytomegalovirus (CMV)
seronegative donors are particularly prone to CMV reactivation with a high risk of disease and
mortality. Therefore we developed and manufactured a novel vaccine and initiated a clinical phase
| trial with a CMV phosphoprotein 65 (CMVpp65)-derived peptide.

Methods: Ten patients after allogeneic stem cell transplantation received four vaccinations at a
biweekly interval. All patients were monitored for CMVpp65 antigenemia. Flow cytometry for
CMV-specific CD8" and v T cells as well as neutralizing anti-CMV antibodies were correlated to
clinical parameters.

Results: The vaccination was well tolerated. Seven of nine patients cleared CMVpp65 antigenemia
after four vaccinations and are still free from antigenemia to this day. Two patients with CMV
reactivation showed persisting CMV antigenemia. One patient received prophylactic vaccination
and did not develop antigenemia. An increase of up to six-fold in frequency of both CMV-specific
CD8" T cells and/or Vd2negative Y5 T cells was detected. Titers of neutralizing antibodies
increased up to the tenfold. Humoral and cellular immune responses correlated with clearance of
CMV.

Conclusion: In summary, CMVpp65 peptide vaccination for patients after allogeneic stem cell
transplantation at high risk for CMV reactivation was safe, well tolerated and clinically encouraging.
A study in solid-organ transplant patients is ongoing.
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Introduction

Reactivation of cytomegalovirus (CMYV) after
allogeneic hematopoietic stem cell transplantation
(HSCT) occurs in more than 60% of CMV-seropositive
patients and remains a major cause of morbidity
despite improved antiviral drug therapy [1-3]. Besides
ganciclovir and foscarnet [4] novel antiviral drugs like
maribavir [5] and letermovir [6] are under
investigation in phase III clinical trials to reduce the
incidence of active CMV infection and disease.
Although CMV disease is rare under current
pre-emptive antiviral treatment, CMV reactivation
still has a remarkably unfavorable impact on the
outcome after HSCT [1, 2].

Prolonged antiviral therapy, however, can cause
pronounced side effects, particularly
myelosuppression and nephrotoxicity. Therefore
prophylaxis against CMV is no longer in use [7, 8].
Moreover early preemptive antiviral therapy may
lead to an increase of CMV disease after day 100 post
transplantation [9]. In the immunocompetent host,
sufficient immune effectors prevent active infection
after reactivation of herpes viruses including CMV.
Beyond humoral immune response, cell-mediated
immune response is essential for the control of CMV
infection and disease [10, 11]. Studies have
demonstrated that patients are protected against
CMV disease once a detectable T cell response against
CMV has been mounted [12].

Both phosphoproteins (pp)65 and pp150 contain
highly immunogenic CMV antigens that are
recognized by CD8* T cells[13-15]. Induction of a
CMV-specific CD8* cytotoxic T cell response plays a
crucial role in the control of viral replication of CMV
[16]. Protective immunity against CMV can at least
temporarily be achieved by infusions of CMV-specific
CD8* cytotoxic T cell clones of the donor [175 18].
CMVpp65 peptide-specific T cells have been selected
by streptamers [19] and successfully administered to
patients resulting in the enduring clearance of CMV
load [20]. Vaccination with dendritic cells loaded with
a CMVpp65-derived peptide resulted in both
immunological and clinical responses [21, 22].
Moreover, phase I and II trails were successfully
conducted by Nakamura et al. and Kharfan-Dabaja et
al., demonstrating a clinical response to the chosen
vaccine formulation [23, 24].

The hypothesis of this study is that by
vaccination with this liposomal system, CMV specific
immune responses can also be enhanced in
CMV-seropositive patients - even in those with a
CMV-seronegative donor - by vaccination with
CMVppb65-derived peptides without administration
of T cells.

Materials and Methods

Samples from patients before/after allogeneic
hematopoietic stem cell transplantation

All samples were taken from patients treated in
this clinical study (EudraCT number: 2010-018884-40).
Peripheral blood mononuclear cells (PBMC) from
patients were prepared by Ficoll (Biochrom, Berlin,
Germany) separation and tested freshly or after
cryopreservation in FCS serum (PAN Biotech,
Aidenbach, Germany) containing 10% DMSO (Sigma
Aldrich, Steinheim, Germany) and stored in liquid
nitrogen. Samples were collected from all patients
before the 1st (T1), after each vaccination (T2 to T5),
and approximately one (T6) or three months (T7) after
the 4th vaccination whenever possible.

Study design

This clinical study entitled UL-CMV-1 (EudraCT
no.: 2010-018884-40) was approved by the local ethical
committee (IRB no.: 15/06) as well as by the Federal
Regulatory ~Authority, the Paul-Ehrlich-Institute,
Langen, Germany (PEI registration no. 1232/01) to be
performed at the University Clinics of Ulm and
Heidelberg. Informed consent was obtained from all
patients. 300 pg of CMVpp65-derived peptide
(495-NLVPMVATV-503, Bachem Distribution
Services, Weil am Rhein, Germany) was emulsified
with  incomplete Freund’s adjuvant ISA-51,
Montanide® (Seppic, Paris, France) and administered
subcutaneously four times in the proximal upper leg.
A dose of 75 png GM-CSF (Leukine®, Berlex,
Richmond, CA) was administered subcutaneously in
the vicinity of the peptide vaccine on the day of
vaccination, as well as two days before and two days
after peptide vaccination, i.e. five times per peptide
administration. The primary aim of this phase I
clinical trial was to test the safety and feasibility of this
peptide vaccination. Secondary aims were the
evaluation of cellular and humoral immune responses

to the virus and the assessment of the CMV
antigenemia status before and after peptide
vaccination.

Patient inclusion and exclusion criteria

The inclusion criteria for patients were as
follows: status after allogeneic hematopoietic stem cell
transplantation, HLA-A2 expression positivity,
patient CMV seropositive, CD4* T cell number >50
cells/ pl, Karnofsky Index 270% or ECOG-Status 0-11,
expected survival time at least six months, liver and
kidney function tests below the twofold of the normal
upper values, no active infection except CMV, and
intake of steroids less than 30 mg prednisolone per
day. Patients with florid GvHD grade 2-4 were
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excluded from participation in this study. We have
screened all of our patients for eligibility into our
CMYV vaccination study, thus with this respect they
were consecutive patients.

Vaccine preparation

All 40 doses of the CMVpp65 peptide vaccine
were produced under sterile conditions in clean
rooms grade A in B in full compliance with European
Community Good Manufacturing Practice (GMP)
requirements. The vaccine was manufactured in
compliance with standard operation procedures
(SOPs) entirely developed by our team. The entire
manufacturing process was developed and validated
by our group. Manufacture licenses to the GMP
production sites in Ulm and Heidelberg were issued
by the control center drug monitoring at the local
federal = regulatory  authority.  Briefly, the
CMVpp65195.50NLVPMVATV peptide (N9V;
HLA-A2) lysate was resolubilized in DMSO and
further dissolved in phosphate buffered saline with
ethylene-diamine-tetraacetic acid (PBS /EDTA).
Thereafter the mixture was drawn into a syringe with
a total volume of 2,800 pl. An equal volume of ISA
51/Montanide™, was drawn into a second syringe,
then both syringes were connected and a water-in-oil
emulsion was produced by mixing the components
slowly followed by fast mixing. The quality of the
vaccine was determined by an optical control under
the microscope and a control of the correct viscosity
by dripping one drop of the mixture on sterile PBS.
Thereafter the emulsified vaccine was filled into a
fresh syringe for the patient and controls were taken
for sterility, determination of peptide content and
retention samples. Aliquots of the vaccine were sent
to external laboratories for the assessment of sterility
(L+S AG, Bad Bocklet, Germany) and the content of
peptide in emulsion (C.A.T. GmbH, Tibingen,
Germany).

All release criteria like weight and volume,
visual control, drop test for consistency, microscopy
for homogeneity of micellular structure were fulfilled.
In validated post vaccination tests all vaccines tested
sterile according to Ph. Eur. 2.6.1, and the content of
peptide in emulsion was in the range of 300 pg +/-
20% per injection as measured by gas
chromatography followed by mass spectrometry
using the enantiomer labeling method.

Detection of CMV antigenemia and titers of
CMV-specific antibodies

For the quantitative CMVpp65 antigenemia
assay 500,000 leukocytes were carefully spun on a
slide using a cytospin centrifuge. Cells were fixed and
stained with an anti-CMVpp65 mouse monoclonal

antibody, then washed and further incubated with an
anti-mouse IgG FITC-labeled antibody. Slides were
analyzed using immunofluorescence microscopy and
CMVpp65 antigen-positive cells were counted.
Generally, CMVpp65 antigenemia results in
immunofluorescence testing (IFT) correlate well with
results for CMV-DNA in qPCR [25].

Besides CMVpp65 antigenemia, CMV-specific
antibodies, i.e. the CMV immunoglobulin G index
was assessed by standard assays (Enzygnost
anti-CMV IgG/IgM, Siemens, Eschborn, Germany). In
addition to commercially available assays sera were
also employed in a cell-based assay for neutralizing
antibodies to evaluate the inhibition of CMV infection
of fibroblasts as described earlier [26]. The amount of
CMYV positive cells after 72 hrs was counted by using
an immunofluorescence microscope.

Antiviral therapy

Peripheral = blood was  monitored by
immunofluorescence test (IFT) for CMVpp65 on a
weekly basis for out-patients and twice weekly for
in-patients. Preemptive antiviral therapy with
valganciclovir orally or ganciclovir intravenously was
started when CMV antigenemia was > 1/500,000
counted white blood cells (WBCs) in IFT as described
above. In case of thrombocytopenia < 30 G/L foscavir
was given intravenously until the viral load was
cleared.

When CMV was absent in two subsequent IFT
tests, (val)ganciclovir or foscavir was discontinued
and replaced by acyclovir prophylaxis.

Assessment of toxicity of CMVpp65 peptide
vaccination

Side effects were documented according to
Common Terminology Criteria for Adverse Events
v3.0 (CTCAE; http://ctep.cancer.gov). Before and
three weeks after the fourth vaccination physical
examination, body weight, ECOG performance score,
laboratory tests (WBC count, kidney and liver
function tests, electrophoresis, electrolytes, CRP,
LDH, and coagulation tests), chest x-ray,
electrocardiography, urine analysis and ultrasound
examination of the abdomen was performed. Before
each vaccination physical examination, laboratory
tests (WBC, differential blood count, kidney and liver
function tests, electrolytes, CRP, LDH, coagulation
tests and urine analysis) were performed.

Tetramer staining

The frequency of CMV-specific CD8* T
lymphocytes was determined by staining with
anti-CD8* APC antibody (BD, Heidelberg, Germany)
and HLA-A2/CMV-tetramer*PE as described earlier
[27].
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A positive immunological response  of
CMV-specific CD8* T cells was defined in case of an
increase of specific CMV-tetramer*/CD8* T cells of
more than 100% during or after vaccination. Cells
were analyzed on a FACS ARIA or BD LSR II™ flow
cytometer. Data were analyzed using the FACS
Diva™ software.

Interferon y ELISPOT assays

ELISPOT assays to measure the release of
interferon vy (IFNy) were performed as previously
described[28, 29] to determine reactivity of CMVpp65
peptide pulsed cells according to the manufacturer's
instructions (BD, San Diego, USA) as described
earlier.

70 T cell analysis

Antibodies used for flow cytometry included:
yOSTCR*APC (allophycocyanin, clone B1l, BD),
ySTCR*PE (phycoerythrin, clone IMMU510, Beckman
Coulter), ydTCR*FITC (clone 11F2, BD), V&2*PE and

*FITC (clone B6, BD), VSI*FITC (fluorescein
isothiocyanate, clone R9.12, Beckman Coulter),
ofTCR*PE-Cy5  (IP26A,  Beckman  Coulter),
CD3*eFluor450 (clone OKTS3, eBioscience),

CD3*pacific blue (clone SP34-2, BD), CD4*PE-Cy7
(clone RPA-T4, BD), CD8B*PE (clone 2ST8.5H7, BD),

All samples were processed with FACSCanto-II or
LSR-II flow cytometers (BD) and analyzed using the
FACS Diva™ software (BD) as described earlier[30].

Results

Clinical observations

The ten patients included in this clinical phase I
study (EudraCT no.: 2010-018884-40) were 34 to 69
years old (median: 62 years) at the time of first
vaccination, comprising nine male patients and one
female. Table 1 depicts the underlying hematological
malignancies of the patients along with the
CMV-serostatus of recipient (R) and donor (D),
respectively. All patients but one received peripheral
blood stem cells, patient #003 received a bone marrow
graft. Grafts were donated from HLA-matched sibling
or unrelated donors as indicated in Table 2, with the
exception of patient #005 and #010 who received
grafts from DQB1 or DRB1 mismatched unrelated
donors. Patient #001 obtained the classical
myeloablative conditioning regimen with 12 Gy total
body irradiation (TBI) and cyclophosphamide
(120mg/kg BW). All other patients were conditioned
with fludarabine-based reduced intensity
conditioning (RIC) regimens as indicated in Table 2.

Table 1. CMV Clearance and Immunological Responses of the Patients

Pat# Gender/Ageat Underlying Time from transplant CMV  Enduring =~ CMV-specific = IFNy Neutralizing Vd2ysT Immune
Vaccination disease to first vaccine (days) status clearance CD8* Tcells % release antibodies cells % response (p*)
(years) of CMV (ELISPOT) (normalized)
001  f/51 ALL 273 R+/D- Yes 0.08->0.11 0->0 1->1 1.7->44  1/4-yes
002 m/34 AML 125 R+/D+ Yes 0.53->1.32 23->19 1->1 1.7->1.0 1/4-yes
003 m/68 FL 503 R+/D- Yes 0.20->0.20 4>13 1->10 85->11.0 3/4-yes
004§ m/67 TPLL 190 R+/D- No 0.15->0.05 4->0 1->1 1.7->1.0 0/4-no
005  m/69 CLL 183 R+/D+ Yes 0.23->0.07 15->2 1->4 3.0->19 1/4-yes
006 m/62 CLL 119 R+/D- Yes 2.00->1.40 161->186 1->2 2.2->13.7 3/4-yes
007  m/58 CMML 76 R+/D- Yes 0.03->0.73 0->0 1->1 2.6->104 2/4-yes
008t m/64 AML 61 R+/D- NAt 0.00->0.00 7->0 1->2 0.5->0.9  2/4-yes
009 m/56 PMF 77 R+/D- Yes 0.33->1.05 3->76 1->1 1.0->0.8 2/4-yes
010§ m/64 MDS 62 R+/D- No 0.36->0.19 2->0 1->1 0.4->02 0/4-no

ALL: Acute lymphoblastic leukemia; AML: Acute myeloid leukemia; CLL: Chronic lymphocytic leukemia; CMML: Chronic myelomonocytic leukemia; D: Donor; f: female;
FL: Follicular lymphoma; m: male; MDS: Myelodysplastic syndrome; NA: Not applicable; PAT: Patient; PMF: Primary myelofibrosis; R: Recipient; TPLL:

T-cell-prolymphocytic leukemia; §All response parameters negative, clinical non-responder; tnot applicable, since prophylactic vaccination; all other vaccinations were

preemptive; p=0.01 (*; yes compared to no)
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Table 2. Clinical Characteristics of the Patients

Pat# Gender/ Underlying Clearance Skin Stem cell Conditioning Stem cell c¢GVHD before /after Disease status before
Age (years) disease of reaction Source regimen donor vaccination / after Tx
CMV (time of onset after 1st vaccine)  (Donor Chimerism)
001 f/51 ALL Yes No PBSC TBI 12 Gy/ MRD LD skin, resolved/none CR/CR (100%)
Cy (brother)
002 m/34 AML Yes Yes PBSC TBI 12 Gy/Thio/ MRD None/LD skin, CSA, Steroids, ~ CRi/CR (100%)
Flu (brother) ECP, MMF, sirolimus (30d)
003 m/68 FL Yes No BM Treo/Flu/ATG MUD LD skin resolved/none PR/CR (100%)
004 m/67 TPLL No No PBSC Flu/Bu/Cy MUD none/LD skin, CR/CR (100%) dead
resolved (86d) from MOF
005 m/69 CLL Yes Yes PBSC Treo/Flu/ATG MMUD none/LD skin, CRu/CR (100%)
(DQB1) resolved (75d)
006 m/62 CLL Yes Yes PBSC Treo/Flu/ATG MUD none/none CR/CR (100%)
007 m/58 CMML Yes Yes PBSC TBI 8 MUD none/none PR/CR (100%)
Gy/Flu/ATG
008 m/64 AML NAt Yes PBSC TBI 2 Gy/Flu MUD none/LD skin, CR/CR (100%)
resolved (99d)
009 m/56 PMF Yes No PBSC Treo/Flu/ATG MUD none/LD mucosa, resolved PD/CR (100%)
(124d)
010 m/64 MDS No Yes PBSC Bu/Flu/ATG MMUD none/none PR/CR (100%)
(DRB1)

ALL: Acute lymphoblastic leukemia; AML: Acute myeloid leukemia; ATG: Anti-thymocyte globulin; BM: Bone marrow; Bu: Busulfan; (c)GvHD: (Chronic) Graft-versus-host
disease; CLL: Chronic lymphocytic leukemia; CMML: Chronic myelomonocytic leukemia; CR: Complete remission; Cri: Complete remission with incomplete blood count
recovery; Cru: Complete remission unconfirmed; CSA: Cyclosporine A; Cy: Cyclophosphamide; ECP: Extracorporeal photopheresis; f: female; FL: Follicular lymphoma; Flu:
Fludarabine; Gy: Gray; LD: limited disease; m: male; MDS: Myelodysplastic syndrome; MMUD: Miss-matched unrelated donor; MOF: Multiple organ failure (sepsis,
non-transplant related mortality); MRD: Matched related donor; MUD: Matched unrelated donor; NA: Not applicable; PAT: Patient; PBSC: Peripheral blood stem cells; PMF:
Primary myelofibrosis; PR: Partial remission; TBI: Total body irradiation; Thio: Thiotepa; TPLL: T-cell-prolymphocytic leukemia; Treo: Treosulfan; tnot applicable, since

prophylactic vaccination; all other vaccinations were preemptive

Chronic graft-versus-host disease (cGvHD) was
observed in seven out of ten patients. In two out of
these seven cases cGvHD had developed prior to
vaccination with no aggravation by vaccination. In
five cases cGvHD-developed post vaccination. In all
seven patients cGvHD was graded limited disease
(LD) and was responsive to steroids or calcineurin
inhibitors. Only patient #002 required additional
immunosuppressive therapy with mycophenolate
mofetil (MMF), sirolimus and extracorporeal
photophoresis (ECP). Three patients did not show any
signs of GvHD, before or after vaccination.

Six patients were transplanted in CR, patients
#003, #007 and #010 in PR and patient #009 with
myelofibrosis was refractory to prior treatment. After
transplantation all patients reached full donor
chimerism and remained in CR with the exception of
patient #004. This patient suffered from a severe
immunodeficiency resulting in recurrent infectious
complications, i.e. several episodes of CMV
reactivation and severe norovirus infection with
grade IV diarrhea. Cumulative nephrotoxicity from
both calcineurin inhibitors and antiviral therapy
resulted in renal insufficiency which required
hemodialysis. The patient eventually died from
multi-organ failure. This was not considered to be
related to vaccination.

All ten patients received all four vaccinations.
The time point of the first vaccination was dependent
on the inclusion criteria CD4* cells > 50/ ul, absence of
florid GvHD and prednisolone < 30 mg/d. The time

from allogeneic stem cell transplantation to first
vaccination ranged from 61 to 503 days (mean: 168d
and median: 125d). As characteristic for
Montanide™-based vaccines [31, 32] no side effects
were observed with the exception of CTC (common
toxicity criteria) grade I rash and induration of the
skin at the site of injection. These side effects resolved.
No other toxicities were observed.

Seven of nine patients with CMVpp65
antigenemia cleared the virus after four vaccinations
and have been free from antigenemia (maximum 2.5
years) despite cessation of antiviral prophylaxis (Fig.
1, A to G).The patient receiving prophylactic
vaccination never developed antigenemia (Fig. 1 H).
Two patients were not able to clear CMV antigenemia
(Fig. 2).

The time point of inclusion showed a broad
range because the CD4* cell count needed to be
>50/ul. Besides that, because of all the inclusion
criteria heterogeneity was inevitable. Moreover the
patients had dismal prognosis owing to diverse
mutations and a high percentage of the patients had
GvHD in their course, associated with a high risk of
CMYV reactivation.

Immunological Responses

Immunological responses to CMV infection or
reactivation are complex. T cells recognizing
CMVpp65 derived epitopes are considered to play a
key role. Neutralizing antibodies are also important
for the clearance of the viral load.
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Figure 1. Clinical responders to preemptive vaccination and prophylactic vaccination in patients with a high risk for reactivation of CMV. (A)-(G)
Seven of nine patients with CMVpp65 antigenemia assessed by immune fluorescence tests (IFT) responded to a sequence of four repetitive preemptive
CMVppb65-peptide vaccinations by permanently clearing CMV despite cessation of antiviral therapy. (H) One out of ten patients received a sequence of four repetitive
prophylactic CMVpp65 peptide vaccinations due to a high-risk constellation for CMV reactivation soon after transplantation. The patient did not develop CMV
viremia. Antiviral drugs were administered over the time periods indicated by horizontal bars in the upper part of the respective panel: blue bars — valganciclovir and
green bars — foscavir. Immunosuppressive drugs were given over the time periods indicated by yellow bars — cyclosporine A, pink bars — mycophenolate mofetil and
olive green bars — tacrolimus.
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Figure 2. Clinical non-responders to preemptive vaccination. (A, B) Two out of nine patients with CMVpp65 antigenemia assessed by immune fluorescence
tests did not respond to a sequence of four repetitive preemptive CMVppé5-peptide vaccinations. CMVpp65 antigenemia could not be cleared by the patients’
immune system. Antiviral drugs were administrated over the time periods indicated by horizontal bars in the upper part of the respective panel. Blue bars —
valganciclovir, red bars — ganciclovir, green bars — foscavir. Inmunosuppressive drugs were given over the time periods indicated by orange bars — cyclosporine A,

pink bars — mycophenolate mofetil and olive green bars — tacrolimus.

Of ten vaccinated patients, eight patients
responded clinically: seven cleared the viral load and
one patient never developed a virus reactivation after
prophylactic vaccination (Fig. 1). In all of the eight
clinical responders immune responses were observed
(marked in red in Table 1; Fig. 3 to 5). In contrast,
cellular or humoral immune responses could not be
detected in the two non-responder patients #004 and
#010 (Table 1; Fig. 2, 4 and 5). These two patients had
multiple episodes of CMV reactivation, even after
four vaccinations.

Classical CMV-specific T cells and
CMV-specific neutralizing antibodies

Classical CMV-specific o CD8* T cells (Fig. 3
and 4; Fig. S1), yd T cells (Fig. 4 and Fig. S2) and
CMV-specific neutralizing antibodies (Fig. 4 and Fig.
S3) were assessed.

Patient #008 (receiving a  prophylactic
vaccination) never developed a population of
CMV-specific T cells. The other patients already had a
measurable frequency of CMV-specific T cells before
vaccination. The frequency in patients #003, #004 and
#005 ranged below 0.3% with no definite increase
during vaccination. In patients #002, #007 and #009
the frequency of CMV-specific T cells clearly
increased after vaccination. This increase was
observed after at least two vaccinations. In patient
#010 - a clinical non-responder, i.e. a patient with
recurrent antigenemia - the initial frequency of 0.3%
CMV-specific T cells decreased to zero. Patient #006
showed a fluctuation of the CMV-specific T cell
subpopulation as displayed in Fig. 4 and Fig. S1.

In two patients the increase in frequency of
CMV-specific T cells assessed by tetramer-based flow
cytometry was paralleled by an increase of IFNy
release as demonstrated in ELISPOT assay (Fig. 4 and
5), thus indicating that these T cells were activated.
Fig. 3 (Patient #009) shows a representative increase
in frequency of IFNy secreting CMV-specific T cells
over the vaccination period.

¥3 CD3* T cells were assessed in general as well
as divided into V82* and V82 subpopulations. An
increase in total number of y8 T cells was observed in
patients #001, #006 and #007, while the frequency of
this population was fluctuating in patients #003, #004
and #010, and decreasing in patients #002, #005, #008
and #009 (blue lines Fig. S2). The subpopulation of
V62-/V31* cells (red lines in Fig. 4, Table 1) is of
particular importance for the clearance of the CMV
load [33]. These cells increased in patients #001, #003,
#006 and #007, decreased in patients #002, #004 and
#005, and did not show distinct dynamic changes in
all other patients.

As for humoral immune responses, all nine
patients enrolled in the preemptive arm of this study
tested CMV-seropositive in standard commercial
assays. These titers did not show any kinetics. To
further assess humoral immune responses against
CMYV, an additional cell-based assay for neutralizing
antibodies was established as described in the
Methods section. Patient #003 showed robust
neutralizing responses, nevertheless also in patients
#005 and #008 an increase was seen. In patient #006
the titer of neutralizing antibodies fluctuated. Patients
#003, #005 and #006 with increasing titers cleared the
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virus while patient #008 received prophylactic this, Meyers et al. demonstrated that there is not
vaccinations and never developed a viremia. The necessarily an antibody response involved in the
most pronounced increase was observed in patients  protective mechanisms in allo-HSCT recipients [12,
#003 and #005 who interestingly did not show either  34].

of or yd T cells effective against CMV. In line with
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Figure 3. Increase of CMV-specific CD8+ T cells during vaccination. (A: dot plots, B: histogram) Multi-parametric flow cytometry revealed a several-fold
increase of CD8*+ / HLA-A2 CMVpp65-specific tetramer-positive T lymphocytes over the course of repetitive preemptive CMVpp65 vaccinations in patient #009
corresponding to a clearance of CMV. (C) ELISPOT assays for the release of IFNy were performed after stimulation with the HLA-A2 restricted CMVpp65 peptide.
Stimulation with CEF (CMV/EBV/FLU) control peptide pools served as a positive control, no peptide stimulation as a negative control. Peptide-specific T cell activity
was measured by IFNy and showed accordingly an increase over the course of vaccinations in patient #009. Wells were performed in triplicate for each group in the
ELISpot assay.
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antibody titers (purple curves) were assessed over the course of CMV peptide vaccination as described in the Materials & Methods section. Time points of
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#003 and #008 the vd T cell frequency increased. Increasing titers of neutralizing antibodies were observed in patient #003, #005, #006 and #008.
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When taking these three parameters aff and y5 T
cells synoptically together with neutralizing
antibodies (Table 1) we could differentiate three
categories of immune responses: 1) a clear increase of
CMV-specific afp CD8* T cells in three patients (#002,

#007 and #009), 2) a clear increase in V52 y3 T cells in
four patients (#001, #003, #006 and #007) and 3)
increasing titers of neutralizing antibodies in four
patients (#003, #005, #006 and #008). Both categories
of immune responses 1) plus 2) overlapped in patient
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#007, as well as types 2) plus 3) in patient #006. Early
responses after one to two vaccinations were observed
in patients #001, #002 and #003. In all other patients
clinical and immunological responses were observed
at later time points. Patients #004 and #010 were
clinical and immunological non-responders without
cellular or humoral responses. All patients showing at
least a response in one of these three categories of
immune responses also had a clinical benefit.

Discussion

Our group designed and manufactured a novel
CMYV peptide vaccine. The major finding of the phase
I clinical trial employing this vaccine was that 80% of
the vaccinated patients cleared the virus and showed
positive results in immunomonitoring for vy T cells,
CMV-specific of T cells and neutralizing antibodies.
Antiviral drugs could be discontinued and the control
of CMV was enduring (Fig. 1, Table 1). In contrast the
two non-responders did not clear the virus and did
not show any immune response (Fig. 2, Table 1).

The example of two non-responders (Fig. 2) is
quite paradigmatic for patients at highest risk with
the CMV sero-constellation R(ecipient)+/D(onor)-:
these patients are prone to multiple reactivations;
cessation of immunosuppressive drugs might not
necessarily improve this situation. Multiple
reactivations cause repetitive or continuous use of
antiviral drugs resulting in myelosuppression
opening the door for further infectious complications.
In this situation, antiviral drug therapy does not result
in enduring clearance of the virus, but may select for
resistant viruses.

Humoral and cellular immune responses play a
role in the clearance of the CMV load [2, 14, 35].

The induction of such multifactorial responses is
highly desirable. Despite the fact that we used solely
nonamer peptide derived from CMVpp65 we were
able to induce both cellular and humoral immune
responses. It is of particular note that eight of ten stem
cell donors were CMV seronegative and therefore at
particularly high risk to CMV reactivation. This
R+/D- combination could not be sufficiently treated
by any adoptive transfer of CMV recognizing T cells
so far. Third party donor lymphocytes reactive to
viruses were often rejected by the recipient.

Hitherto, no commercial vaccine against CMV is
available. Several products are under current
investigation in phase I to phase III clinical trials
including attenuated viruses, truncated proteins as
well as DNA vaccines [23, 36-38]. Despite the fact that
we used a mere peptide vaccine, we observed good
clinical effects in 80% of our patients after vaccination.
Compared with 25 to 50% immune responses to other
vaccines comprising truncated pp65, IE1 and gB

proteins or DNA encoding these viral proteins under
current development [23, 36-38], our results are very
promising.

Our study is an early phase I trial including only
ten patients. However, this small cohort groups
patients at highest risk for CMV reactivation after
allogeneic HSCT. The risk constellation of the
serostatus is R+/D- in eight of ten patients. These
patients normally develop a deep and long lasting
lymphopenia, with an absence of CMV-specific T cells
and even B cells, particularly after administration of
antibodies against CD20 and CD52 as in patients #005
and #006. Administration of antiviral drugs is
temporarily effective, but CMV antigenemia returns
immediately after cessation of the antiviral drug
therapy. Moreover, these drugs are myelo- and
nephrotoxic. The fatal outcome of patient #004
illustrates this dilemma of anti-CMV drug therapy.

Interestingly standard care with antiviral and
immunosuppressive drugs did not hamper the
development of a CMV-specific immune response.
This is in line with recent in vitro observations [39].
Moreover cessation or reduction of
immunosuppressive drugs in patients #003 and #007
did not automatically result in a cessation of CMV
antigenemia. Under continuous immunosuppression
in patients #002, #006 and #009 CMV antigenemia
was eventually cleared after four vaccinations. These
findings clearly demonstrate the impact of peptide
vaccination on the clearance of the virus.

We assumed that a vaccination only with the
nonamer epitope peptide derived from CMVpp65
would not be sufficient to elicit specific T cell immune
responses to our vaccine. However, emulsification
with Montanide® and adding GM-CSF as a second
adjuvant might even elicit or augment cellular or
humoral immune responses against CMV in the
whole context/immunological environment.

In our study very limited side effects occurred as
one would expect in the context of Montanide®-based
peptide vaccines [40]. This is in keeping with the lack
of adverse events (AE) we observed when vaccinating
patients with RHAMM-R3 [32, 41, 42]. Our CMV
vaccine was used rather as a therapeutic vaccine (at
least in 9 of 10 patients). Only one patient received the
vaccine prophylactically. The problem after allo-stem
cell transplantation is that viral drugs of CMV
reactivated patients have strong toxic effects
(myelosuppression, nephrotoxicity and mortality)
and CMYV vaccination avoids these, therefore there is
a high medical need for such therapeutic approaches
as these spare the patients many strong and adverse
side effects.

Immunological responses corresponded with
clinical responses. As shown in Table 1 the
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development of CMVpp65-specific T cell responses
was preceded or coincided by y8 T cell responses.
CMV-specific CD8* T cells were functional as
demonstrated in ELISPOT assays.

At the time of the first vaccination, patients #003,
#004, #005, #006 and #010 had already experienced
multiple episodes of CMV reactivation despite the
presence of CMV-specific CD8* T cells at least at low
frequency. This observation underlines that CD8* T
cell responses might not be sufficient in all cases and
other mechanisms might help to clear the virus from
the bloodstream.

Next to the adaptive immune system the innate
immune system in form of y8 T cells can also
contribute to clearance of CMV load [30]. The
traditional view is that a peptide vaccine if successful
would elicit a/p T cells. Exact mechanisms for
stimulating y/8 T cells and neutralizing antibodies
still need to be elucidated. There is an increasing body
of evidence that y/6 T cells do play a role in this
setting [43].

Montanide and GM-CSF generally activate class
IT long peptide epitope recognition leading to CD4+
helper T cell and subsequent B cell activation
resulting in class switch from IgM to IgG antibodies
eventually leading to neutralizing antibodies. Only
patients with CD4+ T cell recovery > 50/ul were
eligible to participate, it is possible that this is an
important factor to take in account to explain the
results. y/8 T cells are also activated through the
adjuvants Montanide and GM-CSF.

In four of ten patients we also observed humoral
responses augmented under vaccination. This is in
line with reports from Spanish colleagues [35] who
described a synergy of humoral and cellular immune
responses against the virus.

There is an ongoing debate on the issue that in
cancer patients both immune responses against CMV
and tumor/leukemia were observed [44]. This might
suggest a cross-reactivity of T cells. As recently
overlapping  epitopes of CMVpp65  and
tumor/leukemia antigens could be detected, the basis
of this twofold immune response might rather be the
T cell stimulatory milieu created by T cell reactivity
against the virus and thus also stimulate
anti-leukemia T cell clones. Of note all patients in our
clinical trial remained in CR.

In responsive patients four vaccinations were
needed to elicit cellular or humoral responses. For
non-responders a higher number of vaccinations
should be considered for further trials in line with
observations made in the field of therapeutic cancer
vaccines [38].

Modulations of the immune system like CMV
vaccination employing general activation of the

immune system like GM-CSF or Montanide® might
elicit GvHD. Nemunaitis demonstrated that even
doses of up to 500pg/d GM-CSF over three to four
weeks after allo-HSCT did not result in a higher
frequency or intensity of GVHD in the patients [45].

In our cohort of ten patients we saw seven cases
of GvHD, five of them occurring after transplantation
(Table 2). All GVHD cases had limited disease (LD)
and were responsive to steroids alone or in
combination with calcineurin inhibitors. Only patient
#002 required more and complex GvHD treatment.
Because of the onset 30 to 124 days after the first
vaccination an effect of the vaccine on GvHD cannot
be completely ruled out. But GvHD might also be
caused in these cases by CMV reactivation per se or by
the reduced intensity conditioning (RIC) regimen
where we see GVHD in up to 70% of the cases.
Incidence of this frequency and intensity of GvHD
should not hamper further testing of our vaccine in
larger cohorts.

Taken together, administration of CMVpp65
peptide in Montanide™ plus GM-CSF as vaccination
was safe and well tolerated in all patients with
allogeneic stem cell transplantation. The clinical
effects were very encouraging. We were able to detect
an expansion of activated CMVpp65-specific CD8* T
cells as well as yd CD3* T cells, as well as an increase
in titers of neutralizing antibodies. This indicates that
our approach of peptide in water-in-oil emulsion can
induce multiple immune responses even in
immunocompromised CMV-seropositive patients
transplanted from seronegative stem cell donors.
Therefore, our (peptide) vaccine constitutes a
promising option for patients at risk for CMV
reactivation warranting further studies, even in the
field of solid organ transplantation. We have therefore
already initiated a phase I trial in patients before
kidney Tx. Currently we are planning a phase II trial
in which we will incorporate a placebo group.

Supplementary Material

Supplementary figures.
http:/ /www.thno.org/v07p1705s1.pdf
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