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ABSTRACT

Prognosis of refractory childhood cancers despite multimodal treatment
strategies remains poor. Here, we report a single center experience encountered
in 18 patients with refractory solid malignancies treated with adoptive cellular
immunotherapy (ACI) from haploidentical or matched donors following hematopoietic
stem cell transplantation. While seven patients were in partial and six in complete
remission (CR), five patients suffered from relapsed diseases at the time of ACI.
1.5-year probabilities of overall survival (OS) and progression-free survival (PFS)
were 19.5% and 16.1% for all patients. Patients in CR showed estimated 1.5-year
OS and PFS of 50.1% and 42.7%, respectively. CR was induced or rather sustained
in ten children, with two still being alive 9.6 and 9.3 years after ACI. Naive, central
and effector memory T-cells correlated with responses. However, the majority of
patients relapsed. Cumulative incidence of relapse was 79.8% at 1.5 years. Acute
graft versus host disease (aGVHD) occurred in nine of 18 patients (50%) with aGVHD
grade I-II observed in six (33%) and aGVHD grade III seen in three (17%) patients,
manageable in all cases.

Altogether, study results indicate that donor-derived ACI at its current state
offers palliation but no clear curative benefit for refractory childhood cancers and
warrants further improvement.

INTRODUCTION

Prognosis of pediatric patients with intermediate-
or even high-risk sarcomas such as rhabdomyosarcoma
(RMS) synovial sarcoma (SS), or Ewing sarcoma (ES)
as well as with neuroblastoma (NB), hepatoblastoma
(HBL) or nasopharyngeal carcinoma (NPC) has improved
dramatically over the last decades by first line treatments
[1-5].

However, adolescents and young adults with
metastatic alveolar subtype RMS including bone or bone
marrow involvement still are incurable [6]. Likewise,
prognosis for patients with primary metastatic SS (North
American Intergroup Rhabdomyosarcoma Study Group,

IRS group IV tumor) remains dismal [7], and the overall
survival (OS) rate of ES patients diagnosed with primary
metastases is below 30% as well [3].

The International Neuroblastoma Risk Group
(INRG) defined 16 different patient risk categories based
on the INRG stage, tumor histology, and grade of tumor
differentiation, MYCN status, 11q status, ploidy, and
anaplastic lymphoma kinase amplification [8]. More than
half of high-risk patients (International Neuroblastoma
Staging System (INSS) stage 4 and INRG stage M
patients >18 months of age and all NB-patients with a
MYCN amplification) die from disease despite intensive
multimodal treatment, including chemotherapy, surgery
and myeloablative chemotherapy with autologous stem cell
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rescue, as well as 131-metaiodobenzylguanidine therapy or
external beam radiation. The combination of the ch14.18/
SP2/0 anti-GD2 antibody (Dinutuximab), CSF2 (colony
stimulating factor 2), interleukin (IL)-2 and isotretinoin
may be provided in case of refractory disease [9].

HBL patients who present with metastases as well
as older patients (>8 years old at diagnosis) and patients
with low alpha-fetoprotein levels (<100 ng/mL) have also
unfavorable outcomes. Pre- and post-op chemotherapy,
resection of metastases, liver transplantation, or
transaterial chemoembolization has been effective in
some very high risk HBL patients. However, conventional
treatments are not successful in case of disease recurrence
[10]. Altogether, subgroups of solid tumor patients still
face poor prognosis [3, 6, 7]. Therefore, novel therapeutic
strategies are required for these patients.

Immune checkpoint inhibitors have not yet shown
efficacy in refractory pediatric solid tumors likely due to
low mutational burden and the tumor microenvironment
involved in acquired resistance of tumors. Although
not yet a standard of care, targeted cancer therapies that
interfere with specific molecules involved in cancer
growth, spread and survival may represent the next
generation of cancer treatment. Hence, panel sequencing
of drug-able molecular alterations and gene expression
profiling are or will be assessed in current or upcoming
clinical trials. However, the lack of ideal targets or the
fact, that drugs are not yet approved for clinical use in
childhood tumors are limiting this strategy.

Replacing the immune system by an allogeneic
hematopoietic stem cell transplantation (HSCT) performed
on a compassionate use basis in refractory solid malignancies
at many pediatric transplant centers has been proposed as
a potentially curative therapy due to its presumable graft
versus tumor (GVT) effect [11] in patients with metastatic
and relapsed ES [12], NB [11, 13, 14], and HBL [15],
accompanied with moderate treatment-related toxicity.

Based on these promising data, we additionally
performed consecutive donor-derived ACI in allogeneic
HSCT-patients with refractory or relapsed solid
malignancy to further increase anti-tumor efficacy after
transplantation. ACIs comprised of donor lymphocyte
infusions (DLI), natural killer (NK) cell [16] or cytokine-
induced killer (CIK) cell infusions [17] generated from
the original stem cell donors. Here we present safety and
efficacy data as well as immune monitoring data and
outcome of allogeneic HSCT-recipients undergoing donor-
derived ACI.

RESULTS

Patient characteristics

Between October 1st, 2003 and January 1st, 2014,
a total of 18 patients were enrolled in this single center
prospective study, conducted in Frankfurt/Main, Germany.

Eight patients with RMS, one patient with SS, two patients
with ES, five patients with NB, one patient with HBL, and
one patient with NPC were enrolled (Table 1). The median
age at diagnosis was 11.8 years (range, 1.8 — 25.1 years)
and the median time from diagnosis to transplantation
20.0 months (range, 6.5 — 78.3 months). Hence, median
age at allogeneic HSCT was 13.2 years (range, 3.2 — 27.2
years). Of note, patient no. 16 developed a secondary
acute myeloid leukemia (AML) and received an allogeneic
HSCT for secondary AML 21 months after being
diagnosed with ES. This patient relapsed 46 months after
the primary ES diagnosis and received donor-derived ACI
for relapsed ES a long time (1123 days) after allogeneic
HSCT (Supplementary Table 1). More than one third of
the remaining patients enrolled in this study had achieved
complete remission (CR) before HSCT (7 of 17, 41%),
while another seven of 17 (41%) patients had obtained
at least very good partial or partial response (VGPR or
PR), and three patients (18%) suffered from relapsed or
refractory diseases at the time of transplantation.

After long lasting consultation, it was considered
problematic to use volunteer unrelated donors for such
an experimental approach not knowing whether patients
might benefit from allogeneic HSCT at all. Therefore,
family donors, parents and adult siblings, were allowed
to be donors for these patients. Sixteen of 18 (89%) cases
were grafted from haploidentical donors with 5 of 10
human leukocyte antigen (HLA)-mismatches, whereas
the remaining two cases (11%) had matched family or
matched unrelated donors (Table 1).

Thirteen of 18 (72%) cases received uniform
conditioning consisting of fludarabine, thiotepa,
melphalan, and muromonab-CD3 (OKT-3%). After OKT-
3® was no longer available in January 2011, conditioning
regimen had to be switched to fludarabine, thiotepa,
melphalan, and anti-thymocyte globulin (ATG) in two of
18 (11%) patients. Another two (11%) patients enrolled in
this study received a conditioning regimen consisting of
clofarabine, etoposide, and cyclophosphamide, followed
by fludarabine, thiotepa, melphalan plus alemtuzumab
(Supplementary Table 1).

ACI treatment and response

ACT started at a median of 54 days (range, 3—1123
days) after allogeneic HSCT. Of note, patient no. 16 had
received allogeneic HSCT for secondary AML 1123 days
before donor-derived ACI was given for relapse of ES.
DLI was applied in five patients, NK cell treatment was
offered to another six patients of whom four suffered
from NB, while CIK cell therapy was given to seven
patients. Most of the CIK cell treatments were applied
during relapsed disease (5 of 7 cases, 85%), while DLI
and NK cell treatment were given either during CR or PR.
Median follow up (FU) after ACI was 8.5 months (range,
1.5 — 115.2 months). Best response to ACI was (sustained)
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Table 1: Patient characteristics, n = 18

Gender
female
male
Median age, y (range)
at diagnosis
at allogeneic HSCT

Median time to transplantation, m (range)

from diagnosis
Disease, n
Rhabdomyosarcoma
Ewing sarcoma
Synovial sarcoma
Neuroblastoma
Hepatoblastoma
Nasopharynx carcinoma
Disease status before transplantation, n
CR1
CR2
CR>2
VGPR
PR
rlps
Donor, n
MEF/UD
MMFD
Conditioning regimen, n
flu/thio/mel + OKT3
flu/thio/mel + ATG
clo/eto/cyc + flu/thio/mel + campath
n. a.
Median follow-up after ACI, m (range)
Best response to ACIL, n
CR
SD
rlps

4
14

11.8 (1.8-25.1)
13.2 (3.2-27.2)

20.0 (6.5-78.3)

_— = W = N0

A O = = W W

16

13
2
2
1

8.5 (1.5-115.1)

1

Abbreviations: HSCT, Hematopoietic stem cell transplantation; CR, complete remission; VGPR, very good partial
remission; PR, partial remission; SD, stable disease; rlps, relapse; MF/UD, matched family/unrelated donor; MMFD,
mismatched family donor; flu, fludarabine; thio, thiotepa; mel, melphalan; clo, clofarabine; eto, etoposidem; cyc,
cyclophosphamide; y, year; m, month; ACI, adoptive cellular immunotherapy.

CR in ecight of 18 (44%) patients (DLI, 1 of 5 patients;
NK, 2 of 6 patients; CIK cell infusions, 5 of 7 patients),
and stable disease in nine of 18 (50%) cases (DLI, 4 of
5 patients; NK, 3 of 6 patients; CIK cell infusions, 2 of 7
patients), while only one patient with NK cell infusions
(5.5%) showed no responses to ACI (Tables 1 and 2 and

Supplementary Table 1).

Relapse and survival

In summary, 1.5-year overall survival (OS) estimate
was 19.5% and 1.5-year progression-free survival (PFS)
estimate was 16.1% (Figure 1A and 1C). The vast majority
of events observed in this study were relapses and disease
progressions that appeared within the first five months
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Table 2: ACI and outcome, n = 18

ACI DLI NK CIK

Number of pts. n=15(28%) n=06(33) n="7(39%)

Cumulative dose of immune cells 241 + 4.80 39.64 + 29.93 19.92 + 16.77

x10%kg

Median number of infusions/pts. 2.33 2.60 2.29

aGVHD

Grade I-11 n=1(5.5%) n=4(22%) n=1(5.5%)

Grade IIT none n=1(6%) n=2(11%)

GVHD therapy CsA, MMF CsA, MMEF, Steroids, CsA, MMF, Steroids,
MSC, ECP

Best response

CR 1 (5.5%) 2 (11%) 5(28%)

SD 4 (22%) 3 (17%) 2 (11%)

Rlps/progression 1 (5.5%)

Last FU

CR 1 (5.5%) 1 (5.5%)

Rlps 4 (22%) 5 (28%) 5(28%)

NRM 2 (11%)

Abbreviations: CR, complete remission; SD, stable disease; rlps, relapse; NRM, non-relapse mortality; ACI, cellular
immunotherapy; NK, natural killer cells; DLI, donor lymphocyte infusion; CIK cells, cytokine-induced killer cells; FU,
follow up; GVHD, graft vs. host disease; CsA, cylosporine A; MMF, mycophenolatmofetil; MSC, mesenchymal stroma

cells; ECP, extra corporal photopheresis.

after donor-derived ACI. Most of the patients succumbed
shortly thereafter. Of note, two of the 18 patients enrolled
in this study are still alive and in CR 9.3, and 9.6 years
after ACI (one patient with SS and DLIs, and one patient
with NB and NK cell therapy; Supplementary Table 1 and
Table 2), respectively. Both patients were in CR at the time
of allogeneic HSCT as well as at the time of ACIL. Another
patient with NB, who received his allogeneic HSCT in
partial response to conventional treatment, responded to
allogeneic HSCT and was offered cellular immunotherapy
treatment with IL-2 stimulated NK cells in CR. Of note,
this patient did not relapse until 5.8 years after ACI. CIK
cell infusions from haploidentical donors induced CR in
another five children with RMS, ES, and NPC. Three had
active diseases, one patient was in a VGPR and another
one in CR at the time of ACI. One patient with relapsed
RMS and one patient with relapsed ES remained in CR
for 11 and 2 months without any signs of acute graft
versus host disease (aGVHD), respectively. One patient
with NPC died due to respiratory failure in the context
of pneumonia, and one with RMS due to multiple organ
failure in the context of cumulative toxicity, and viral
infection after successful immunosuppressive treatment
of aGVHD grade III, both were still in remission.
Furthermore, another patient with RMS and aGVHD grade
[T remained in remission as long as signs of aGVHD were
present but relapsed after initiation of steroid treatment.
Despite induction of CR by CIK cell infusions, this did not

result in improved survival of respective heavily pretreated
patients (Figure 2). Altogether, disease status at allogeneic
HSCT did not influence outcome after ACI, but differences
were observed by comparing the status of diseases at the
time of ACI. Relapse, PR/VGPR, or CR at the time of ACI
resulted in an median time to disease progression of 2.0
months (range, 1.0-11 months), 4.5 months (range, 0.5—
9.0 months), and 37.9 months (range, 2.4-115.2 months)
(P =0.0136), while patients were followed by a median
of 4.6 months (range, 1.5-14.8 months), 8.0 months
(range, 0.5-10.2 months), and 46.3 months (range, 4.7-
115.2 months), respectively (P = 0.0051). Hence, patients
in CR at the time of ACI showed 1.5y-OS and 1.5y-PFS
probabilities of 50.1 and 42.7% (Figure 1B and Figure
1D), patients with relapse, PR or VGPR at the time of ACI
progressed within 0.5 to 11 months and finally died two
to 15 months after first ACI. In summary, probability of
cumulative incidence of relapse (CIR) was 79.8% at 1.5
years after ACI (Figure 1E).

Immune cell dose, infusion-related toxicity and
GVHD

Immune cell doses applied by DLIs ranged from
0.025 x 10° to 0.29 x 10%kg in the mismatched and from
1.0 x 10° to 10.0 x 10%kg T cells in the matched donor
setting, respectively (Supplementary Table 1 and Table 2).
Applied NK and CIK cell doses were significantly increased
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(NK, P=0.0003; CIK, P <0.0001) and ranged from 1.3 x
10° to 45.1 x 10%kg NK cells and from 1.0 x 10° to 19.3 x
10%kg T cells among CIK cells, respectively (Figure 2E).
Cumulative doses of immune cells were 2.4 + 8.8 x 10/
kg, 39.6 £ 29.9 x 10%kg, and 19.9 + 16.8 x 10%kg applied
with a median number of 2.33, 2.60 or 2.29 DLI, NK or CIK
cell infusions, respectively.

All infusions were well tolerated, and no acute
toxicities were seen (Table 2). In the FU period, aGVHD
occurred in nine of 18 patients (50%) with aGVHD grade
I-1T observed in six (33%) and aGvHD grade III seen in
three (17%) patients (Table 3). Grade I-1Il aGVHD was
seen in one patient with DLI, in five patients with NK and
in three patients with CIK cell treatment. Grade | aGVHD

was also observed in one CIK cell treated patient, while
another two patients developed grade III aGVHD. Of
note, aGVHD was manageable in all patients. Treatment
of aGVHD including mycophenolatemofetil (MMF) or
cyclosporine A (CsA). Patients with aGVHD grade 111 also
received steroids and in two cases multiple administrations
of mesenchymal stromal cells (MSC), while one of
these two patients furthermore received extra corporal
photopheresis (ECP) as GVHD-therapy.

Non-relapse mortality

The overall observed non-relapse mortality (NRM)-
rate was 11% (2 of 18 patients) with a 1.5y-predicted rate

Years after ACI

B
-t Relapse
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8 50_:'5 1.5y-0S, 50.1 (10.9 - 80.6) m
40- :"Ii |
304
2
10 g P=0.0682
c L) L] L) L] 1 L] 1 T 1 L)
01 2 3 4 5 6 7 8 9 10
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Figure 1: Estimates of overall survival rate (OS), event free survival (EFS), relapse and non-relapse mortality (NRM).
Patients at risk, n = 18. Probability of overall survival (pOS) (A) and progression-free survival (pPFS) (C) of all patients (n = 18) 1.5
years after adoptive cellular immunotherapy (ACI): pOS, events, n = 16; 0.16 (95% CI, 0.04-0.37); pPES, events, n = 16; 0.16 (95% ClI,
0.03-0.37). Probability of overall survival (pOS) (B) and progression-free survival (pPFS) (D) of patients in CR at the time of ACI (n = 6)
1.5 years after ACL: pOS, events, n = 4; 0.50 (95% CI, 0.11-0.81); pPFS, events, n = 5; 0.43 (95% CI, 0.1-0.75). (E) Cumulative incidence
of relapse (CI-R, n = 18; events, n = 14; 0.80; 95% CI 0.65-0.90) and (F) NRM (CI-NRM, n = 18; events, n = 2; 0.13; 95% CI1 0.0-0.63)

is given at 1.5 years after ACI for all patients.
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of 13.3% (Figure 1F). One patient died due to respiratory
failure in the context of pneumonia, and one due to
multiple organ failure in the context of cumulative toxicity,
and viral infection after successful immunosuppressive
treatment of aGVHD. Hence, NRM in both cases was not
clearly due to ACIs.

Immune reconstitution monitoring

Overall, immune reconstitution (IR) was rapid with
leukocytes recovery starting 11 days after allogeneic
HSCT (Figure 3). Reconstitution of all cell types (T, NK,
T-NK, and B cells as well as monocytes) was increased or

stabilized after ACI including helper (T4) and cytotoxic
(T8) T cells. Immune cell reconstitution was further
increased by ACI, when T cell numbers in the peripheral
blood were below 1000/ul at the time of infusions (patient
#1,4,6,7,8,9,10, 14, 17, and 18). However, improved
immune cell engraftment-controlled diseases in most cases
but was not correlated with improved PFS or OS.
Interestingly, we observed lower numbers of
regulatory T cells at day 100 (P = 0.039) and higher numbers
of naive, central memory (CM), and effector memory (EM)
T4 and T8 cells in patients with effective and sustained
immune responses 200 days after allogenecic HSCT
compared to patients without responses, but differences
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Figure 2: Estimates of overall survival rate (OS), event free survival (EFS), relapse and non-relapse mortality (NRM)
with regard to type of ACL. Patients at risk, n = 18. Subanalysis of probability of overall survival (pOS) (A) and progression-free
survival (pPFS) (B) of patients 1.5 years after cellular immunotherapy (DLI; NK, CIK cell therapy): pOS DLI, events, n = 4; 0.21 (95%
CI, 0.02-0.38); pOS NK, events, n = 5; 0.33 (95% CI, 0.15-0.52); pPFS DLI, events, n = 4; 0.20 (95% CI, 0.0-0.58); pPFS NK, events, n
=5;0.33 (95% CI, 0.05-0.69). (C) Cumulative incidence of relapse (CI-R, DLI events, n = 4; 0.71; 95% CI 0.43-0.89; CI-R, NK events,
n =5;0.66; 95% CI 0.33-0.87) and (D) NRM occurred in 2 patients with CIK cell treatment but was not clearly related to immune cell
infusions. (E) Immune cell doses applied by DLI, NK and CIK cell therapy shown as floating bars (min to max, with line at median). NK

and CIK cell doses were significantly increased compared to DLI.
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Table 3: Infusion-related toxicity

Total number of patients

n =18 (100%)

Acute toxicity

aGVHD

none

Grade I-1I

Grade II1

Grade IV

¢GVHD

limited
Infusion-related deaths

none
n="9(50%)
n=6(33%)
n=>3(17%)
none
n=1(5%)

No clear infusion-related deaths

Abbreviations: GVHD, graft vs. host disease; aGVHD, acute graft vs. host disease; cGVHD, chronic graft vs. host disease.

were not statistically significant. Of note, early and late
activated T4 and T8 cells were significantly increased in
patients without sustained immune responses (Figure 4).

DISCUSSION

Despite prognosis for pediatric patients with solid
tumors has improved substantially over the last years
[1, 3] outcome of patients with relapsed or refractory
diseases remains poor [3, 6, 7]. There is no clear and
convincing evidence yet to support allogeneic HSCT,
and therefore the role for donor-derived ACIs in children
and adolescents suffering from these cancers. However,
various preliminary clinical studies indicated a potential
GVT effect in patients with metastatic or relapsed ES,
NB, and HBL undergoing allogeneic HSCT, accompanied
by moderate treatment-related toxicity. Potent antitumor
responses were suggested to be provided by the newly
established donor-derived immune system [18]. Based
on these promising, preliminary reports, 18 patients with
refractory or relapse childhood cancers in this study were
offered allogeneic HSCT and in addition donor-derived
ACIs to further increase GVT.

In our previous report of allogeneic HSCT in soft
tissue sarcoma patients, event-free survival and OS at three
years were 12% and 20%, respectively [19]. Outcome in
most cases was limited by relapse. This might be due to
the clinically aggressive nature of the analyzed diseases
[1, 3,6, 7]. Indeed, four of 18 patients in this actual study
showed disease progression after HSCT, another two
patients had improved, and the remaining 12 patients had
stable diseases when starting ACI. Predicted 1.5y-PFS
and 1.5y-OS were 19.5% and 16.1%, respectively. Of
note, 1.5y-PFS and 1.5y-OS increased to 50.1% and
42.7% in patients that were in remission at the time of
ACI. Although these patients certainly represent a heavily
preselected group, these observations support a potential
role of ACI for control of minimal residual disease states.

Conditioning and serotherapy which was altered
for patients enrolled after January 2011, still might have

been present by the time of ACI. Therefore, ACI in median
was started 54 days after allogenic HSCT. IR of NK cells,
T cells or T-NK cells was improved in patients who
showed anti-tumor responses. This effect was even more
pronounced in patients with low lymphocyte numbers at
the time of ACI, indicating that persisting lymphopenia
may have facilitated immune cell recovery in respective
patients. Interestingly, patients with CR showed significant
lower numbers of Tregs at day 100 compared with patients
that experienced relapse. Furthermore, higher numbers of
naive, CM, and EM T4 and T8 cells were observed in
patients with effective and sustained immune responses
compared to patients without responses in whom early
and late activated T4 and T8 cells were significantly
increased. Lower circulating immune populations in
patients with immune responses may reflect clearance of
the tumor and a contracted effector population whereas in
those with relapse there might have been a tumor-driven
‘inflammatory’ state. Therefore, delayed IR that might
have resulted in temporary impaired immune surveillance
of the tumor—despite or before ACI—could not
completely explain the high rate of relapses observed in
this study. Furthermore, high tumor burden, as well as the
histopathological structure, the lack of immunogenicity,
and the complex immunosuppressive microenvironment of
solid tumors, capable of suppressing even strong immune
responses may as well have limited anti-cancer cellular
therapy.

Refractory tumors showing no or only low major
histocompatibility complex (MHC) surface molecules
combined with the expression of the NKG2D-target MICA,
in principle can be treated by NK [20, 21] and CIK cells.
However, existing clinical scale NK cell manufacturing
protocols lack sufficient expansion rates, are time,
personnel and cost extensive, impeding repetitive donor-
derived NK cell therapy in the early post-transplant period.
In contrast, clinical expansion of CIK cells with diverse T
and NK cell receptor specificities [22] is robust and easy,
and therefore once available at our center on August 11,
2011 CIK cell treatment was offered to all consecutive
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Figure 3: Immune recovery after allogeneic HSCT. Available data are shown. All patients were full donor chimerism. Immune
recovery (IR) of leukocytes was rapid after allogeneic HSCT. Furthermore, occurrence of CD3'CD56 (T cells), CD3-CD56* (NK cells),
and CD3"CD56" (T-NK cells), CD19" B cells, as well as CD14* monocytes was monitored. Reconstitution of all cell types was increased or
stabilized after IT (indicated by vertical lines) including helper (CD3*CD4") and cytotoxic (CD3*CD8") T cells. Immune cell reconstitution
was increased when T cell numbers in the peripheral blood were below 1000/ul at the time of infusions (patient #1, #4, #6, #7, #8, #9, #10,
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Figure 4: T cell effector subpopulations. This shows results of T cell effector subpopulations at 100 days and 200 days after
transplant as bars (Mean with SEM). 5 of 18 patients hadn’t received ACIs by day 100 and, 6 of 18 patients received NK cells, without
impacting T cell subpopulations. We observed lower numbers of regulatory T cells at day 100 (P = 0.039) and higher numbers of naive,
CM, and EM T4 and T8 cells in patients with effective and sustained immune responses 200 days after allogeneic HSCT compared
to patients without responses, but differences were not statistically significant. Of note, early and late activated T4 and T8 cells were
significantly increased in patients without sustained immune responses. Lower circulating immune populations in patients with immune

responses may reflect clearance of the tumor and a contracted effector population whereas in those with relapse there might be a tumor-
driven ‘inflammatory’ state.
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patients. The situation is certainly more clear in a similar
paper by Schobrt ef al. [23] as it focuses on ES and RMS
only, treated only with DLI and is thus able to draw the
conclusions, that HLA-mismatched DLIs were associated
with a trend towards increased survival after allogeneic
HSCT and increased post-relapse survival compared to
HLA-matched DLI (23 versus 3 months). However, a
subdivision of the current paper into the separate disease
entities or the different types of ACIs to enable a clearer
message due to the low number of patients and the
diversity of tumors treated with different conditioning
regimens and matched as well as mismatched donors from
the statistical point of view was not reasonable.

Five of our patients received DLI, six patients were
given NK cell infusions, and seven patients were offered
CIK cell treatment. Interestingly, four of seven patients
with relapse or VGRP treated with CIK cells achieved
CR, which in one patient lasted up to 11 months clearly
indicating the anti-tumor potential of CIK cells, while
another two of six patients who received NK cells showed
a noteworthy long-lasting response. One patient is alive
9.3 years after HSCT whereas the second patient remained
in CR for 5.8 years. However, two of the only surviving
patients in this study had received DLI and NK cell
treatment while being in CR. Hence, the potential anti-
tumor benefits in these patients may have been also due to
the HSCT and not only due to the respective ACI.

All infusions were well tolerated, and no acute
toxicities were seen, demonstrating that cell therapies
are feasible and safe and can be given as an outpatient.
Furthermore, study results confirmed a remarkably
low incidence of GVHD, which was manageable in all
cases. Yet, of the 18 patients three developed severe
grade III aGVHD involving the gut. Two of these three
patients had received CIK cell and another NK cell
treatment, both associated with limited risk for GVHD
induction. However, occurrence of grade III aGVHD
may have been promoted by the haploidentical stem cell
transplantation setting per se. Another six patients who
received DLI, NK cell, and CIK cell treatment developed
grade I-II aGVHD. Two of these are the only surviving
patients in this study indicating that GVT was mediated
by GVHD. Both patients with severe grade 11l aGvHD
remained in CR until either immunosuppressive treatment
was started (including steroids) or death due to NRM
occurred. Hence, the potential anti-tumor benefits may
have been mitigated by immunosuppressive drugs and
not necessarily by lack of efficacy of the respective ACI.
NRM was observed in another patient in CR treated with
CIK cells who showed mild signs of aGVHD (grade I).
However, due to the low number of patients and the heavy
anti-tumor pretreatment combined with viral infection
or reactivation, both influencing toxicity, no conclusion
on safety and efficacy could be drawn from this study.
Nevertheless, evidence was provided that CIK cell
treatment could protect patients from relapse at the cost of

increased toxicity when being combined with allogeneic
HSCT.

In summary, the results of this study indicate that
ACI in its current state offers palliation, but no clear
curative benefit compared to established standard therapies
[24]. However, there may be subsets of patients who may
benefit from ACI, and biomarkers are sorely needed to
identify these patients. We identified that CIK cells caused
or sustained CR in five of seven and NK cells and DLI
led to a response in two of six and one of five patients,
respectively, suggesting repeated infusions early after
HSCT with prudent dose escalation may be needed. Also,
the use of steroids for GVHD may have unintentionally
impaired IR and anti-tumor efficacy, suggesting steroid-
sparing regimens are needed to complement ACI. Severe
side effects of an allogeneic HSCT such as aGVHD
further increased by allogeneic cellular therapy have to
be taken into account although the NRM observed in this
study was low with 11%. Furthermore, this approach of
allogeneic HSCT followed by ACI is vastly intricate and
costly. Hence, further efforts have to be taken to improve
prognosis of pediatric patients with relapsed or refractory
solid tumors, such as ACI combined with antibodies e. g.
dinutuximab or chimeric antigen receptor T cells directed
against for example HER2/neu (ErbB2) expressed on
some pediatric tumors [25] or CIK cells [22, 26], both
administered in the autologous setting.

MATERIALS AND METHODS

Patients

Allogeneic HSCTs were conducted at our transplant
center between October 1, 2003 and January 1, 2014 after
approval by the regulatory authorities (Paul-Ehrlich-Institute,
Langen, Germany (EudraCT 2006-000393-76)), and the
local ethics committee (no. 87/06). Subsequent ACIs were
applied on a compassionate use basis, after written informed
consent, and case-by-case evaluation by the regional board
(Regierungsprésidium Darmstadt, Germany). Written
informed consent for ACIs was given by the patient and/
or the representative in law before starting the cell infusion.

Chemotherapy conditioning

A reduced intensity conditioning regimen including
fludarabine (5 x 30 mg/m?), thiotepa (2 X 5 mg/kg),
and melphalan (2 x 70 mg/m?) was administered. From
January 2014 on, the condition regimen in some patients
included an additional three-day course of clofarabine
(3 x 40 mg/m?), etoposide (3 x 100 mg/m?), and
cyclophosphamide (3 x 400 mg/m?).

Serotherapy

A monoclonal anti-CD3  antibody (Ab)
(muromonab-CD3, Orthoclone OKT3®, Janssen-Cilag)
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was employed until December 2010. Since January 2011,
ATG Fresenius (3 x 10 mg/kg) was administered instead
of OKT-3®. From January 2014 on, the above-mentioned
chemotherapy regimens were followed by a five-day
course with monoclonal anti-CD52 Ab (alemtuzumab,
Campath®, 5 x 0.1 mg/kg).

Graft manipulation

The haploidentical graft was engineered by CD3/
CD19-depletion using microbeads and the Clinimacs®
system (Miltenyi Biotec, Bergisch Gladbach, Gemany).
Stem cell proportion in the graft was intended to be more
than 7 x 10° CD34" cells per kg recipient body weight and
the graft was supposed to contain less than 1 x 105 CD3*
T cells per kg recipient body weight.

Adoptive cellular immunotherapies and
treatment stratification

DLI, NK and CIK cell infusions were generated as
described before [27-29]. In brief, allogeneic NK cells
were generated from unstimulated leukapheresis by a two-
step purification procedure (CliniMACs, Miltenyi Biotec,
Bergisch Gladbach, Germany) using immunomagnetic CD3
T cell depletion, followed by NK cell enrichment (CD56")
with or without in vitro IL-2 stimulation and expansion for
9-14 days [28, 29]. 50-100 mL blood of the respective stem
cell donor was used for CIK cell generation: Peripheral
blood mononuclear cells were isolated and activated by in
vitro cytokine stimulation (INF-y, anti-CD3, IL-2 and IL-
15) an expanded over 1012 days [27].

Due to the imminence risk for disease recurrence
or progression, start of ACIs was recommended within 60
days after HSCT in consideration of the circumstances that
patients were complete chimeras, and showed no or only
mild signs of aGVHD not exceeding grade [ aGVHD in
parallel to leucocyte recovery. ACIs included DLI or NK
cell infusions between October 1, 2003 and August 11, 2011.
Since then, CIK cell infusions were given preferentially. The
recommended starting dose of DLI was 1 x 10° T cells/kg
in cases of HLA-matched related donors, and 0.25 x 10°
T cells’kg in cases of HLA-haploidentical donors. The
recommended starting dose of NK or CIK cell therapy was
10 x 10° NK cells/kg or 5 x 10° T cells/kg, respectively.
Considering the risk for GVHD, the interval between
respective ACI doses included a minimum of 3-4 weeks.
A doubling of ACI doses was considered for subsequent
infusion, if no additional signs of aGVHD had appeared.

Response and disease-related follow-up analysis

FU analysis was performed according to the
guidelines of the respective treatment protocols:
Ultrasound (tumor site, regional lymph nodes, abdomen
pelvis, initial metastases) or MRI/CT scan was performed
every three to four months (alternating, if applicable) in

the first year and every six months thereafter. Additional
investigations (chest-X-ray/CT scan) were performed
every six months if applicable.

Monitoring of immune reconstitution

Flow cytometric analyses for immune monitoring
were performed as previously described [30]. In brief,
immune reconstitution monitoring of CD3'CD56- T
cells, CD3"CD8" cytotoxic T cells, CD3"CD4" helper T
cells, CD3-CD56" natural killer (NK) cells, CD3"CD56*
T-NK cells, CD19* B cells, and CD14" monocytes was
performed for all patients. Furthermore, CD3*CD8"CD69*
early activated cytotoxic T (T8) cells, CD3*CD8"HLA-
DR" late activated T8 cells, CD3"CD8"CD45RA'CD62L*
naive T8 cells, CD3*CD8"'CD45RO"CD62L EM T8 cells,
CD3*CD8'CD45RO*CD62L CM T8 cells, CD3"CD4*CD69*
early activated helper T (T4) cells, CD3"CD4"HLA-DR*
late activated T4 cells, CD3'*CD4'CD45RACD62L"
naive T4 cells, CD3'"CD4'CD45RO'CD62L- EM T4
cells, CD3"CD4'CD45RO'CD62L" CM T4 cells, and
CD3"CD4"CD25™CD 1274 regulatory T cells (Treg)
were assessed 100 + 50 and 200 + 50 days after allogeneic
HSCT. As childhood blood values strongly depend on age,
each patient’s longitudinally determined measurement
was calculated from its corresponded age-matched norm
published by Huenecke et al. [31] to allow the comparison
among cell counts from patients of different ages.

Statistical analysis

PFS and OS was calculated from date of first
infusion to date of disease progression or event, which
for OS was relapse, death, or NRM, whichever occurred
first, and for survival date of event was date of death
from any cause. PFS and survival curves were estimated
according to Kaplan—Meier and compared according to
Mantel-Cox-Test (log rank-test). Cumulative incidence
curves for relapse were estimated adjusting for competing
risk of other events. T-tests were two-sided, with a 0.05
significance level. Analyses were carried out using Graph
Pad Prism Version 6.

Abbreviations

ACI:  adoptive cellular immunotherapy; OS:
overall survival; PFS: progression-free survival;
CR: complete remission; CIK: cytokine-induced
killer; NK: natural killer; DLI: donor lymphocyte
infusions; aGVHD: acute graft versus host disease;
RMS: rhabdomyosarcoma; SS: synovial sarcoma;
or ES: Ewing sarcoma; NB: neuroblastoma; HBL:
hepatoblastoma; NPC: nasopharyngeal carcinoma;
INRG: North American Intergroup Rhabdomyosarcoma
Study Group; IRS: International Neuroblastoma Risk
Group; INSS: International Neuroblastoma Staging
System; CSF2: colony stimulating factor 2; IL:
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interleukin; IFN: interferon; HSCT: hematopoietic stem
cell transplantation, GVT: graft verus tumor; VGPR:
very good partial remission; PR: partial response; HLA:
human leukocyte antigen; ATG: anti-thymocyte globulin;
FU: follow up; CIR: cumulative incidence or relapse;
MMEF: mycophenolatemofetil; CSA: cyclosporine A;
MSCs: mesenchymal stromal cells; ECP: extra corporal
photopheresis; CMV: cytomegalovirus; NRM: non-
relapse mortality; IR: immune reconstitution, CM:
central memory; EM: effector memory; MHC: major
histocompatibility complex; Ab: antibody; Treg:
regulatory T cells.
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