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Vy9Vo2 T cells are important effector cells that may play a role in the anti-tumor immune response.
Their capability to exert MHC-nonrestricted lytic activity against different tumor cells in vitro and
their detection among tumor infiltrating lymphocytes in a variety of human cancers have supported
the development of Vy9Vd2 T cell-based immunotherapy in the context of novel treatment against
cancer. Accordingly, promising reports from recent clinical trials support the use of VY9V82 T cells as
immunotherapeutic agents, either via adoptive transfer of ex-vivo expanded Vy9Vd2 T cells or in vivo
activation of VyY9V82 T cells with compounds such as phosphoantigens or aminobisphosphonates. In this

study we have performed a meta-analysis to assess
based immunotherapy. Database including Pubme

the objective efficacy and safety of VyovVé2 T cell-
d, Web of Science and SCOPUS were investigated

to identify relevant studies. Thirteen clinical trials involving patients with advanced or metastatic
cancer were selected. In order to estimate the strength of association between Vy9Vo2 T cell-based
immunotherapy and favorable clinical effect or toxicity grade we used event rate (ER) with 95%
confidence interval (CI). The total effective rate provided significant results (ER = 0.407; P <0.014)
while no correlation was found between serious adverse effects and Vy9Vd2 T cell-based therapy. This
meta-analysis demonstrates that Vy9Vé2 T cell-based immunotherapy improves overall survival and, in
view of its low toxicity grade, provides a proof of principle for its utilization as adjuvant to conventional

therapies for resistant/refractory patients care.

Human vd T lymphocytes comprise two main
subsets defined by the T cell receptor (TCR): one
subset expresses the V&1 chain paired to any Vy
chain and is localized in peripheral tissues, while the
other subset expresses the V52 chain preferentially
paired to the Vy9 chain (here and after referred to
as Vy9Va2 T cells) and predominate in lymphoid

organs and peripheral blood (1-2).

Vy9V32 T cell activation is achieved by
recognition, in  non-major histocompatibility
complex (MHC)-restricted fashion, of non-
peptidic phosphorylated molecules, known as
phosphoantigens (PAgs), produced through the
isoprenoid biosynthesis pathways (3-5). PAgs are
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not stimulatory at physiologic levels, but tumor and
infected cells, produce elevated levels of PAgs that
are able to activate Vy9V32 T cells (6-8). Vy9VS2T
cells can also be activated, through an indirect
mechanism, by aminobisphosphonates (N-BPs),
a class of drugs used to treat bone metastases. that
inhibit farnesyl pyrophosphate synthase and cause
accumulation of endogenous upstream PAgs.

There are several direct and indirect evidences
which support the clinical use of Vy9V82 T cells in
cancer immunotherapy; a): Vy9Va2 T cells perform
non-MHC restricted cytotoxic activity against a broad
variety of cancer cells and produce cytokines with
known anti-tumor activity (9, 10); b): the localization
of yo T cells within epithelia and their capacity
to infiltrate tumors suggest that these cells may
contribute to the surveillance of malignancies (1, 2, 9):
¢): tumor-infiltrating Vy9Va2 T cells have been found
m a broad spectrum of malignancies although their
prognostic value is controversial (11-14). Moreover,
when autologous radiolabeled VY9Vé2 T cells were
injected into patients with advanced solid tumors, they
localized predominantly in the lungs, liver, spleen and
to sites of metastasis (15).

Altogether, these findings have clearly shown that
VY9Vo2 T cells constitute an important component
of immune responses against tumors. Accordingly,
several small clinical trials involving patients
with advanced disease, refractory to conventional
treatments, have been performed to assay the safety
and efficacy of Vy9V32 T cells activated in vivo
with PAgs/IL-2 or N-BPs/IL-2 and of the adoptive
transfer of ex vivo preactivated autologous Vy9Vs2
T lymphocytes (15-27). However, the heterogeneity
of therapeutic algorithms, non standardized cellular
products and the lack of established criteria for
clinical responses have made it impossible to draw
valid conclusions from single clinical trials,

In this study, we used a meta-analysis based on data
from pooled patient samples to obtain a more powerful
estimate of the objective efficacy and side effects of
VY9Vo62 T cell-based immunotherapy in patients with
advanced or metastatic chemotherapy-resistant tumors.

MATERIALS AND METHODS

Literature search strategy
Cancer clinical trials involving Vy9V32 T lymphocytes
and performed from January 2000 to October 2012.

were identified through a search on PubMed. Web of
Science, and SCOPUS using the following keywords:
“gammadelta T cell” or “gamma delta T cell” and
“cancer immunotherapy™ or “tumor immunotherapy™.
The search was performed in accordance to the relevant
criteria from the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement. All
references cited in these studies and published reviews
were examined in order to identify additional works. To
avoid duplication of data the body of each publication and
the names of all authors were examined. The selection
criteria used for the search included: 1): studies written
in the English language and limited to human trials; 2):
removal of case reports, reviews, comparative studies.
opinion, pharmacologic and methodological articles etc:
3); studies adopting randomized and non-randomized
groups including patients in advanced or metastatic stage.

Data extraction

Data extraction was carried out by one reviewer
(SB) and independently checked for accuracy by a
second reviewer (GG). When any discrepancy occurred
the consensus was reached by discussion among the
mvestigators. For each study, the following data were
extracted: first author’s surname, year of publication,
clinical study phase, diagnosis criterion, stage of patients,
number of patients, treatment design, dosage and toxicity.

The clinical outcomes used to evaluate effectiveness
and safety of Vy9Vé2 T cell-based immunotherapy in
advanced or metastatic tumors were progression disease
(PD), stable disease (SD), partial response (PR) and
complete response (CR), defined based on Response
Evaluation Criteria in Solid Tumors (RECIST), with the
exception of the antitumor effects reported by Kobayashi et
al. (22), which were analyzed according to tumor-doubling
time (DT). We assessed the objective immunotherapeutic
response as event rate (SD+PR+CR/N. of patients).

All clinical studies included in this meta-analysis
presented different adverse side effects (AEs) which
were graded using the National Cancer Institute Common
Toxicity Criteria, version 2.0 and 3.0 (31) except AEs
reported by Wilhelm et al. (16), that instead were analyzed
using the World Health Organization (WHO) criteria. We
evaluated toxicity by classifying side effects into three
groups: 1): mild; 2): moderate; 3): severe; and considering
adverse events described in the works as follows: grade 1
plus 2 belonging to the first group, grade 3 to the second
and grade 4 to the third one.

Statistical analysis

The meta-analysis was performed by using
Comprehensive Meta Analysis V2. We used as effect
sizes the event rate reported in each studies measured as
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the number of patients showing a response to the therapy
over the total number of treated patients. Testing the
homogeneity of the effect sizes is an important issue when
meta-analysis are performed since if the effect sizes are
heterogeneous, the calculated Standard Errors (SEs) could
be underestimated. In this context a simple approach relies
on t* indicating the variability on the effect sizes which
is larger than the sampling error. Despite t* cannot be
interpreted directly, Higgins and Thompson (28) proposed
several indices to quantify the degree of heterogeneity.
One of them is the /° index. F statistics is interpreted as the
proportion of total variation contributed by between-study
variation. If there was no statistical heterogeneity among
the studies (/©<50% and P >0.05), the event rate and 95%
confidence interval (CI) would be estimated for each
study in a fixed-effects model. Otherwise, a random-effect
model should be employed. In our analysis we exploited
the /7 statistics to test heterogeneity among studies. In

165 articles identified in search

[

Screening

15 articles selected

Elegibility

I

sensitivity analysis, relative influence of each study on the
pooled estimate was assessed by omitting one study at a
time. Funnel plots were used to evaluate publication and/
or bias. Forest plots were supplemented with the overall
Mantel-Haenszel estimate (fixed effect). All P-values
were two-tailed.

RESULTS

Characteristic of articles in our meta-analysis

A total of 165 studies were identified by the
searches. By scanning titles and abstracts, redundant
publications, reviews, letters, opinion articles and
control or case reports were excluded. After referring
to full texts, we removed 152 studies that did not
meet the selection criteria. As a result, 13 studies
that included a total of 204 patients were selected

150 excluded after abstract or body of text review

9 not human studies

not english studies

57 in vitro studies

18 in vivo studies

9 comparative studies

10 methodological or pharmacological studies
3 case reports

1 control case

1 retrospective study

30 reviews

1 opinion article

2 letters

1 clinical study not involving gammadelta T cells

2 excluded
Did not evaluate PD, SD, PR and CR

13 clinical studies included in meta-analysis l

Included

|

Fig. 1. Flowchart showing record identification, record screening, full text article eligibility and study inclusion process.
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Table 1. Overview of 13 studies included in the meta-analysis (N=204).

Stage of
Source (Reference) | Trial Phase | Diagnosis patients Treatment Dosage No. of patients| % of events/No. of patients  No. of patients with AEs
PD 50 PR CR Mild |Moderate| Severe
Autologous vb T
cells {Innacell 1,48 and 12%10" celisfevery 21
gammadeita TM) + |  days/2X10° IU/m2/2 times for day
Bennouna J, et al. 2008 Phase-| RCC matastatic IL-2 fday 21 to day 28- day 42 to day 48 10 40 B0 B 3 1
1 200mg/m2 forl time in 21 days/ 600,
advanced or BrHPP 1200, 1800 and 2400 mg/m2/every 21
Bennouna J. et al, 2010 Phase-l | solid tumors | metastatic (IPH1101}+IL-2 days/day 1-7/1L-2 1X10" IU/m2/day 18 42,8 26 2
4 mgfevery 21 days/IL-2 0,6X10° 1L/
Dieli F. et al. 2007 (A)] Phase-l HRPC metastatic | Zoledronate + IL-2 every 21 days/for 1 year 9 333 | 445 | 222 B
(8} Phase-1 HRPC metastatic Zoledronate 4 mgfevery 21 days/for 1 year 9 78 11 11 2
metastatic or | Autologous 6 T
Kobayashi H. et al. 2007 Pilot RCC recurrent cells + IL-2 0,7 x10° cells/dayl/ IL-2/week 7 42,8 7
IToladronates
autologous y& T | 4 mg/eells/IL-2 1,4X10" Ul/day/day]-
Kobayashi H. et al. 2011 Phase /11 RCC metastatic calls+ IL-2 5/6 times once every 4 weeks 11 454 | 454 92 10
dmg/dayl every 28 days/ IL-2
RCC, MM or | advanced or 1%10°U/m2/day/day 1-6/ up to a total
Kunzmann ¥V, &t al. 2012 Phase 111 AML metastatic Zoledronate +IL-2 of 6 cycles 21 571 | 286 | 9.5 z1 2
dmg/dayl every 28 days/ IL-2
TH10°U/m2/day/day 1-5, weekly in
Lang .M. etal. 2011 (A)| Pilot RCC metastatic | Zoledronate + |L-2 week 1 through 3 of each cycle 9 11,1 | 444 7 3 3
4mg/dayl every 21 days/ IL-2
1X10°U/m2/day/day 1-5, weekly in
(B]| Pilot RCC metastatic | Zoledronate + IL-2 week 1 through 3 of each cycle 3 100 3 1
4 mg/every 21 days/IL-2 10°IU/ every
Meraviglia 5. &t al. 2010 Phase-| BC metastatic Zoledronate + IL-2 21 days 10 70 20 10 &

Autologous y6 T | fram 1X10" celis up to a maximum

Makajima J. et al. 2010 Phase-i NSCLC advanced cells 1%10" cells/dose/biweekly/for 6 times 10 40 40 3 2
Zoledronate +
Autologous y& T | 1mg/24h before/ 1mg/day1/0,04X10°
Micol AJ. etal. 2011 (A)] Phase-| | solid tumors |  metastatic cells to 2,8X10° cells/for B times 6 66,7 | 33,3 2
Zoledronate +
Autologous y6 T | 1mg/24ah before/ Img/dayl/faverage
{B)| Phase-l |solid tumors |  metastatic cells af 0,9%10" cells/for 6-8 times 9 77,8 | 11.1 3
Zoledronate+
Autologous y& T
cells + other 1mg/24h before/1mg/dayl/average
(C})| Phase-l |solid tumors |  metastatic therapies of 1,2X10" cells/for 7-8 times 3 66,7 | 333 2
Autologous y6 T | average 2,55x10° cells/for three times
MNoguchi A. et al. 2011 {A)| Phase-ll | solid tumors |  metastatic cells every 2-weeks 5 a0 40
Autoclogous 8 T
cells + other | average 2,55x10" cells/for three times
{8)] Phase-Il | solid tumors metastatic therapies every 1-weeks 20 30 5 15 .
metastaticor | Autologous y& T from 1,1x107 to 1,1X10"
Sakamato M. et al. 2011 Phase-| NSCLC recurrent cells cells/biweakly/for 6 times 15 40 40 2 3
NHL MM,
CLL,MZLIC, Pamidronate + 90mg/3h on day1/IL-2 0,25 to
Wilhelm M. et al. 2003 (A)]  Pilot FCL advanced HI/IV IL-2 Ix10"iU/m2/day3 to dayB 10 80 10 8 2
NHLMM,
CLLMZLICF Pamidronate + | 90mg/3h on dayl/iL-2 0,25 to 2x10°
(B)| Pilot (=8 advanced lIL/1V IL-2 IUfm2 /dayl 10 day g 445 | 222 | 333 8

Abbreviations: PD: progression disease; SD: stable disease; PR: partial remission CR: complete remission RCC: renal
carcinoma cancer: HRPC: hormone-refractory prostate cancer; MM: multiple myeloma; AML: acute myeloid leukemia;
BC: breast cancer: NSCLC: non-small-cell lung carcinoma; NHL: non-Hodgkin lymphoma; CLL: chronic lymphocytic
leukemia: MZL: mantle zone lymphoma; IC: immunocytome ; FCL: follicle center lymphoma.

for meta-analysis. The details for the study searching Efficacy of Vy9Vo2 T cell-based immunotherapy

process are shown in Fig. 1 and the comprehensive Fig. 2 lists the results of the meta-analysis and
characteristics of the 13 clinical studies included are ~ heterogeneity test: it shows that the objective anti-
shown in Table 1. tumor response conferred by Vy9Va2 T cell-based
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Model Study name Statistics for each study Event rate and 95% CI
Event Lower Upper

rate limit limit Z-Value p-Value
Bennouna J. et al. 2008 0600 0297 0842 0628 0.530
Bennouna J. et al. 2010 0428 0.261 0613 -0.759 0.448
Dieli F. et al. 2007 (A)0.667 0.334 0889 0.982 0.326
Dieli F. et al. 2007 (B)0.220 0.085 0.577 -1.573 0.116
Kobayashi H. et al. 2007 0428 0.143 0770 -0.380 0.704
Kobayashi H. et al. 2011 0546 0268 0798 0.305 0.761
Kunzmann V. et al. 2012 0.381 0203 0598 -1.080 0.280
Lang J.M. et al. 2011 (A) 0.444 0177 0748 -0335 0.737
Lang J.M. et al. 2011 (B) 0875 0266 0993 1.287 0.198
Meraviglia S. et al. 2010 0.300 0.100 0624 -1.228 0.220
Nakajma J. et al. 2010 0400 0.158 0.703 -0.628 (0.530
Nicol A.J. et al. 2011 (A)0.333 0.084 0732 -0802 0.423
Nicol A.J. et al. 2011 (8)0.111 0.015 0500 -1961 0.050
Nicol A.J. et al. 2011 (C)0.8B75 0.266 0993 1287 0.198
Noguchi A.etal 2011 (A) 0.400 0.100 0.800 -0.444 0.657
Noguchi A.etal 2011 (B) 0.200 0.077 0428 -2480 0.013 ——
Sakamoto M. et al. 2011 0.400 0.192 0652 -0.769 0.442
Wilhelm M. et al. 2003 (A) 0.100 0.014 0467 -2.084 0.037 e
Wilhelm M. etal. 2003 (B) 0555 0251 0823 0329 0.742

Fixed 0.407 0.338 0481 -2.462 0.014 | |
400 050 000 050 1.00
Favours A Favours B

Fig. 2. Forest plot of comparison of Vy9Vo2 T cell-based immunotherapy and clinical response is displaved. The size of
the squares is proportional to the sample size. Horizontal lines denote 95% Cl for single studies, the diamond the 95% CI

Jfor the overall Mantel-Haenszel estimate (fixed effect).

immunotherapy in the overall 13 studies and groups
reaches a significant difference. There was no
evidence of heterogeneity among the overall studies
(I’ = 14.12%), suggesting that fixed effect model
is appropriate. The estimated event rate was 0.407
(P-value = 0.014) for patients with SD or PR or CR.

To further strengthen the confidence for the
results, we conducted a sensitivity analysis. First we
computed the Begg’s Funnel plot and Egger’s test to
access the publication bias of the studies. The shape
of the Funnel plots was symmetrical, suggesting
there i1s no evidence of publication bias among the
studies (Fig. 3). The Egger’s regression intercept was
0.24 (P-value>0.10) demonstrating no evidence for
publication bias. Therefore, this sensitivity analysis
confirmed the stability of the association between

VyOVa2 T cell-based immunotherapy and the lack

of disease progression.

We then measured the relative influence of each
study on the pooled estimate by excluding a single
study from analysis (data not shown). Together
with the above reported results, this meta-analysis
showed significant association between Vy9OVo2 T
cell-based immunotherapy and the progression free
survival.

Two different immunotherapy protocols have
been used in the 13 selected studies (15-27):
VyOVo2 T cells activated in vivo with PAgs/IL-2 or
N-BPs/IL-2 and of the adoptive transfer of ex vivo
preactivated autologous Vy9Vé2 T lymphocytes.
We then compared patients treated with P-Ags
or N-BPs plus 1L-2 in vivo (16-22), with patients
treated with adaptive transfer of ex vivo-expanded
VyoVo2 T cells (22-26) and patients who received
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Standard Error

2.0

R
-3 -2 -1 0 1 2 3
Logit event rate

Fig. 3. Funnel plot showing the association between Standard Errors (SEs) and logit event rate for individual studies.

Model % Study name Statistics for each study Event rate and 95% C!

Event Lower Upper
rate limit limit Z-Value p-Value

Bennouna J. el al 2008 0600 0207 0842 0628 0530
Kobayashi H et al 2007 0428 0143 0770 -0380 0704
Nakajima J et al. 2010 0400 0158 0703 -0628 0530
Noguchi A etal 2011 (A) 0400 0100 0800 -0444 0657
Moguchi A etal 2011 (B) 0200 0077 0428 -2480 0013 ——
Sakarrolo M et al. 2011 0400 0192 0652 0769 0442
Fxed 0384 0271 0510 -1806 00T
Bennouna J. et al. 2010 0428 0281 0613 -0758 0448 |

Dedi F. et al 2007 (A) 0667 0334 0889 0982 036
Dhei F. et &l 2007 (B) 020 0055 O0OS57 -1513 016
Kurzmann V. el al. 2012 0381 0203 0588 -1080 0280
Lang JM etal 2011  (A) D444 0177 0748 -0335 0.737
Lang JM etal 2011 (B) 0875 0266 0983 1287 0198
Meravigiia S. et al. 2010 0300 0100 0624 -1228 0220
WihaeimM at al. 2003 (A) 0100 0014 0467 -2084 0.037 e ——
WiheimM et al 2003 (B) 0555 0251 0823 039 0742

0416 0322 0517 -1633 0102
Kobayashi H et al 2011 0546 0268 0798 0305 0761
NcolAJd etal 2011 (A) 0333 0084 0732 -0802 0423
Nicol A.J et al. 2011 (] 0.111 005 0500 -1961 0.050
NeolAJeta 2011 (G 0B75 0266 0993 1287 0198

5
&
OONONDDNIIDNITTDTPBP P> PP

Fixed D434 0248 0641 0612 0O
Fiwed Overal 0407 0338 0481 -2462 0.014 |
1.00 050 1.00
Favours A

Fig. 4. Forest plot of comparison of three different Vy9Vo2 T cell-based protocols and clinical response is displayved. The
size of the squares is proportional to the sample size. Horizontal lines denote 95% CI for single studies, the diamond the
95% CI for the overall Mantel-Haenszel estimate (fixed effect).
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Fig. 5. Forest plot of comparison of Vy9 V52 T cell-based immunotherapy and adverse effects is displaved. The size of the
squares is proportional to the sample size. Horizontal lines denote 95% CI for single studies, the diamond the 957 ClI for

the overall Mantel-Haenszel estimate (fixed effect)

both treatments (15, 27). As shown in Fig. 4, there
were not significant differences between the three
tested groups (P-value > 0.05).

Vy9Vo2 T cell treatment-related toxicity

Safety analysis was based on the AEs detected by
clinical and laboratory examination in the 13 trials
(15-27). Only two studies have reported severe side
effects: Bennouna et al. (23) reported one instance of
disseminated intravascular coagulation, while Lang
et al. (20) reported 3 instances of severe effects,
clevation in creatinine levels, hyperglycemia and
myocardial infarction, but this last was believed
unrelated to study medication.

Among the reviewed 13 studies, most AEs were
mild or moderate, and included typically flu-like
syndrome, injection-site reaction, gastrointestinal
disorders (abdominal pain, diarrhea) and hypote nsion.

To investigate the potential determinants of these
AEs we then run a simple meta- regression of the
logit event rate on the toxicity. Results (Fig. 5) show
no association between Vy9Vad2 T cell treatment-
related AEs and the immunotherapy efficacy

(P-value > 0.05) indicating that Vy9Vo2 T-cell based

immunotherapy does not correlate with AEs and, in
turn. AEs do not influence or affect Vy9Vo2 T cell-
based immunotherapy

DISCUSSION

A growing body of evidence indicates that gd T
lymphocytes, and in particular their Vy9Vd2 subset,
are important effector cells of the immune system
that may play a role in the anti-tumor surveillance
in peripheral tissues (1, 9, 10). Accordingly, several
clinical trials involving patients with different
advanced disease, resistant to conventional
treatments. have been peformed to assay the safety
and efficacy of Vy9V32 T cell-based immunotherapy
(15-27). However, the heterogeneity of therapy
algorithms, non standardized cellular products and
the lack of established criteria for clinical responses
have made it impossible to draw valid conclusions
from single clinical trials. This has also been due
to the design of clinical trials conducted so far,
most being small phase I/Il or pilot studies with
conventional end points of feasibility. Therefore,
the objective of this meta-analysis was to determine
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whether efficacy and side effects of Vy9V3a2 T
cell-based immunotherapy could be detected. The
established criteria for the articles selection have
allowed the recruitment just a few Vy9Va2 T cell-
based immunotherapy clinical trials presenting high
variability linked to cancer type, treatment type,
concomitant therapy, duration of follow-up period
and general patient demographics.

The 13 selected clinical studies included in this
meta-analysis have adopted two different types of
VYOVo2 T cell-based immunotherapy: the in vivo
activation of Vy9Vé2 T with PAgs/IL-2 or N-BPs/
[L-2 or the adoptive transfer of ex vivo preactivated
autologous Vy9Vé2 T lymphocytes. Nevertheless.
the different therapeutic approaches show the same
final goal, the expansion and activation of Vy9V32 T
cells against cancer.

The patients were affected by several
hematological and solid tumors (e.g. multiple
myeloma, acute myeloid leukemia, non-Hodgkin
lymphoma, hormone resistant prostate cancer, renal
cell carcinoma, breast adenocarcinoma and others)
in advanced or metastatic stage (15-27), with wide
range of age and different demographical origin.

The variability of the different immunotherapy
studies with respect to treatment modality (adoptive
cell transfer vs PAgs or N-BPs and IL-2), number
of treatments (single, repeated), cancer type (solid,
haematological), concomitant therapy, general patient
demographics and length of follow-up period, and the
limitations of the study, should not technically allow
for a meta-analysis to assess treatment outcomes
across such diverse trials. However, this is a general
problem that applies to all rare diseases and small-
scale trials where it 1s impossible to reach sufficient
statistical power.

Nonetheless, we pooled in this meta-analysis
studies including different types cancers, our results
showed no evidence of overall heterogeneity.
Moreover, no significant publication bias existed.
To avoid bias in the identification and selection of
studies, as many non-randomized and randomized
controlled trials as possible were included to improve
the statistical reliability. The literature search strategy
was designed to ensure that all important published
trials were supervised. Finally, estimation of event
rate demonstrated that no statistical inconsistency
existed between the results from each of the original

studies and those of subgroup analyzed, suggesting
that the results of this meta-analysis are valid.

VY9Vo2 T cell-based immunotherapy vs clinical
outcome was evaluated. In all overlooked clinical
studies, cancer immunotherapeutic approach was
always applied after standard treatment modalities.
However, we also included in the analysis patient
groups in which immunotherapy was combined with
conventional therapy after failure of it alone or very
early relapse from its administration.

The results of the overall meta-analysis showed
that immunotherapy is significantly associated with
better clinical outcome, with an estimated event
rate (SD + PR + CR/N. of patients) of 0.407 and a
P-value of 0.014, providing statistically significant
evidence that Vy9Vé2 T cell-based immunotherapy
may give clinical benefit to patients with advanced/
metastatic or drug-resistant tumors who have failed
conventional therapies.

In the selected trials two kinds of immunotherapy
were administrated: in vivo activation of Vy9V32
T with PAgs/IL-2 or N-BPs/IL-2 or the adoptive
transfer of ex vivo preactivated autologous Vy9V§2
T lymphocytes. As the PR rate was higher in the
subgroup of patients receiving in vivo PAgs or N-BPs
and IL-2 (Table I), we also evaluated if differences
existed between patients undergoing the two kinds
of immunotherapeutic regimens; comparison also
included 2 clinical studies (15, 27) in which patients
recetved both treatments. As shown in Fig. 4, our meta-
analysis did not highlight any statistically significant
difference between the three analyzed groups.

VgoVd2 T cell-based immunotherapy induced
treatment-related AEs. Occurrence of a total of 4
severe side effects were reported by two studies (20,
23) (but one of such AEs was believed unrelated to
study medication (20), while the great majority of
AEs were mild or moderate: approximately 40%
of patients treated with i.v. N-BPs manifested an
acute-phase response after the first administration
of the drug (29). This is characterized by a flu-like
syndrome, with fever, fatigue, malaise and myal gia,
arthralgia, and bone pain (29). It is benign and self-
limited and is consequent to the immune response
induced by the N-BP, caused by the release of
cytokines by Vy9Vé2 T cells and macrophages
(29). It has been speculated that the occurrence of
the flu-like syndrome, reflecting overall VY9Vs2 T
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cell responsiveness, should be predictive of further
clinical response in vivo: however, results of this
meta-analysis demonstrate that AEs do not influence
the efficacy of VyY9V82 T cell-based immunotherapy
and v.v.

Vg9Vd2 T cell-based clinical trials have defined
conditions for the safe use of P-Ags and N-BPs
for the activation of these cells in patients in Vivo,
similarly, immunotherapy based on the adoptive
transfer of ex vivo preactivated, autologous VyoVo2l
T lymphocytes is now feasible and safe but
technically more demanding than the former (30).
Clearly, advantages of the adoptive therapy are the
ability to control cell expansion and to modify the
growing cells throughout the culture process, for
example by supplementation of the cultures with
selected cytokines. Moreover, this method makes it
possible to additionally treat patients who cannot or
have failed to respond to injection of PAgs or N-BPs
and TL-2. Furthermore, the lack of MHC restriction
theoretically opens the possibility of expanding ex
vivo allogeneic Vy9Va2 T lymphocytes, to produce
batches of several billion Vy9Va2 T lymphocytes to
re-inject into patients ~ Protocols aimed to combine
chemotherapy and therapeutic monoclonal antibodies
are now rapidly progressing through phase I-1I1
trials. and some clinical successes seem (0 emerge
(30). Therefore, novel regimens that combine such
drugs with Vy9Vo2 T cell-based strategies, should
be taken into consideration.

In conclusion, gd T cell-based immunotherapy
shows a statistically significant advantage for SD,
PR and CR in patients with hematological and
solid malignancies and it also produces a low-grade
toxicity. The results of this meta-analysis, despite
its limitation, confirm that alone or in combination
regimens gd T cell-based immunotherapy can be
used in all patients affected by metastatic resistant/
refractory cancer. Further investigation in phase Il
randomized trials are required to finally demonstrate
the clinical benefit of Vy9Vd2 T cell -based
immunotherapy.
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