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* Study of Cytokine-induced Killer Cell (CIK) Treatment in Patients After Resection of Liver Cancer (HCC-CIK)
* Ex Vivo-Expanded HER2-Specific T Cells and Cyclophosphamide After Vaccine Therapy in Treating Patients

With HER2-Positive Stage IV Breast Cancer
* Infusion of Allogeneic Umbilical Cord Blood-Derived CD19-Specific T Cells
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Regulatory T cells {Tregs) manipulated ex vive have potential as cellular therapeutics in autoimmunity and
transplantation. Although it is possible to expand naturally occurring Tregs, an attractive altemative possibility,
particularly suiled (o solid organ and bone marmow transplantation, is the stimulation of tofal T cell populations with
defined allogencic antigen-presenbing cells {APCs) under condibions that lead 1o the generaienor expansion of
donor-reactive, adaptive Tregs. Here we demonstrate that stimulation of mouse CD4+ T cells by :mmature
allogencic dendritic cells combined with pharmacological inhibition of phosphodicsterase 3 (PDE) resulted in a
functional enrichment of Foxp3+ T cells. Without further manipulation or selection, the resultant population
delayed skin allograft rejection mediated by polyelonal CD4+ effectors or donor-reactive CID8+ T cell receptor
transgenic T cells and inhibiled both effector cell prohferation and T cell pnming for mterferon=y production.
Notably, PDE mhibition also enhanced the enrichment of human Foxp3+ CD4+ T cells drven by allogeneic APCs.
These cells inhibited T cell prohiferaboen mn a standard in vitro muxed lyvmphocyie assay and. moreover. attenuated
the development of vasculopathy mediated by autologous peripheral blood mononuclear cells in a functional
lyrelevant humanized mouse transplant model. These data establish a method for the ex vivo generation of graft-
reactive, functional mouse and human Tregs that uses a clinically approved agent, making pharmacological PDE
inhibition a potential strategy for Treg-based therapies.

>~ Lk Feng G, Nadi , Backada , et al. Functional Regulato ells Proauce nhibitin
Xk Feng G, Nadig SN, Bickdahl L 1. Functional Regulatory T Cells Produced by Inhibiting
S+ i Cyclic Nucleotide Phosphodiesterase Type 3 Prevent Allograft Rejection. Sci Transl Med.
AP 2011,18;3(83).
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Bone mamow transplantation with genetically modified cells may prolong the peniod of cancer-free survival,
suggests a study led by Dr. Vivek Rangnekar, associate director of translational research for the Markey Cancer
Center at the University of Kentucky.

Rone marrow, a spongy tissue inside bones, contains stem cells that produce blood cells, including leukocytes,
erythrocyles and platelets. In the cover story of the July ssue of Cancer Biclogy & Therapy., Rangnekar and his
team explore the transfer of bone mammow from Par-4/SAC-transgenic donor mice to control mice as a means of
transferrimng anb=cancer polenizal.

Par-4 (also known as PAWR) s a tumor suppressor protein that selectively mduces apoplosis in cancer cells,
but not normal cells. This function of Par-4 s mediated by its central core domain, SAC, SAC-transgenic mice are
resistant to the growth of spontaneous and imducible tumors.

After transplantation, the researchers discovered the expression of cancer-killer SAC-GFP activity in bone
marrow cells of the recipient mice, implying the successful transfer and colonization of the anti-cancer tissue from
the donors. In addition, soluble Par-4 or SAC protein injected into mice inhibited the growth of metastatic tumors.

Rangnekar, the Alfred Cohen Endowed Chair of Oncology Research at Markey, says the study shows promise
for treating both primary and metastatic tumors.

"We are excited by the findings of this study as they indicate that secreted Par-4 is systemically active in mice,"
Rangnekar said. "Optimization of the bone marrow transplantation procedure using stem cells that are genetically
modified to systemically secrete potent protein payloads of Par-4/SAC killer activity may offer a new approach to
treat not only primary tumors but also metastatic tumors of diverse origin."

%&JR : Science Daily
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Mesoblast Receives European Green Signal to Conduct Trial of Stem Cell Injection

Australian drug manufacturer Mesoblast has been given the go-ahead signal by the European
Medicines Agency to conduct a trial for its stem cell injection, Revascor, which promises to provide more
efficient treatment for patients who have suffered from acute heart attacks.

Revascor has been developed using stem cells extracted from the bone marrow of healthy young
adults and the company said that initial studies have shown the injection to reduce the damage caused by
heart attacks by more than 50 percent.

The company has been given clearance to conduct the trial in Europe with 225 patients expected to
take part in the study including those from Belgium, England and the Netherlands.

Mesoblast revealed that it expected the product to hit the market within the next five years.
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Blood stem cells, as from a bone marrow transplant, are used to kIR : Fibrocell Science,Inc.
treat serious cancers. Therapies using other types of stem cells, mostly — —
still experimental, are envisioned to help repair damaged organs and to 2 O 1 1 O 6 1 2
treat scourges like diabetes and Parkinson’s disease.

But cell therapy can also have its more trivial applications, like
smoothing wrinkles. The Food and Drug Administration late Tuesday
approved a therapy that uses a person’s own skin cells to help improve the appearance of the smile lines
that can extend from the bottom of the nose to the sides of the mouth.

The treatment, called laViv, was developed by Fibrocell Science of Exton, Pa. It involves taking a
sample of skin cells called fibroblasts, which make collagen, from behind the person’s ear. The sample is
sent to the company’s laboratory, where the fibroblasts are multiplied in cell culture, a process that takes
11 to 22 weeks.

The cells are then sent back to the doctor, who injects them into the smile lines, (or frown lines), which
are technically known as nasolabial folds.

The treatment was evaluated in two clinical trials with a total of 421 patients in which participants
received either three treatments with laViv or three treatments with an injection that did not contain the
cells. Six months after the third treatment. both the patients and their doctors. neither of whom knew
whether the treatmont or control was given, assessed the results,

In one study. 57 percent of the patients whe got laViv theught the appearance of their own wrirkles had
significantly improved. while only 30 percent of those in the control group thought so, according to the
drug s label. In the other study, 45 percent of those who got the treatment and 18 percent of those who got
the control thought the appearance had improved.

Their doclors were a bit more critical. They thought the wrinkles® appearance improved significantly
in only 33 percent of the patients who received LaViv im one study and 19 percent in the other, But those
figures were still higher than the 7 percent improvement in both studies for the control group.

The most common side effect, occurring in two-thirds of patients, were injection site reactions
including redness, bruising, swelling, pain and hemorrhage.

LaViv will compete with various dermal hllers. Fibrocell has not announced a price, but a
spokeswoman said it was expected to be $1.000 to 52,000 to create the personalized cell bank, and then
perhaps $300 to $500 for each of the three treatment scssions.

Lack of funding has hindered development of the treatment, The company pursuing it, once known as
Isolagen, [iled for bankrupicy protection in 2009, but emerged a few months later as FibroCell.
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Chimeric Antigen Receptor—Modified
T Cells in Chronic Lymphoid Leukemia

David L. Porter, M.D., Bruce L. Levine, Ph.D., Michael Kalos, Ph.D.,
Adam Bagg, M.D.,, and Carl H. June, M.D.

Summary

We designed a lentiviral vector expressing a chimeric antigen receptor with specificity for the B-
cell antigen CD19, coupled with CD137 (a costimulatory receptor in T cells [4-1BB]) and CD3-zeta (a
signal-transduction component of the T-cell antigen receptor) signaling domains. A low dose
(approximately 1.5x10° cells per kilogram of body weight) of autologous chimeric antigen
receptor-modified T cells reinfused into a patient with refractory chronic lymphoeylic leukemia
(CLL) expanded to a level that was more than 1000 times as high as the initial ;ngra!’lm-.nl level in
viva, with delaved development of the tumor lvsis syndrome and with complele remission. Apart from
the tumor lysis syndrome, the only other grade 3/4 toxic effect related to chimeric antigen receptor T
cells was lymphopenia. Engineered cells persisted at high levels for 6 months in the blood and bone
marrow and continued to express the chimeric antigen receptor. A specific immune response was
detegted in the bone marrow, accompanied by loss of normal B cells and leukemia cells that express
CD 19, Remission was ongoing 10 months alter treatment. Hypogammaglobulinemia was an expected
chronie toxie effect.

With the use of genctransfer techmques, T cells can be genclically modified (o stably express
antibodies on their surface, conferring new antigen specificily. Chimeric antigen receptors combine an
antigenrecognition domain of a specific antibody with an intracellular domain of the CI)3-zeta chain
or FeyRI protein inte a single chimeric protein.’’ Although chimeric antigen receptors can trigger T-
cell activation in a manner similar 1o that of endogenous T-cell receptors, a major impediment to the

clinical application of this technigue to date has been Iir11i1|_-|.| in vivo expansion of chimeric antigen
receptor T cells and disappointing clinical activity,  Chimeric antigen receptor-mediated T-cell
responses can be further enhanced with the addition of a coshimulatory domain, In ||I1.-l.-|l1'|il.-i'l-1 madels,
we found that inclusion of the CD137 (4-1BB) signaling domain s:lgnliu.antlj. increases antitumor
activity and in vivo persistence of chimeric antigen receptors as compared with tncluston of the CD3-
zeta chain alone.™

In most cancers, tumor-specific antigens for targeting are not well defined, but in B-cell
neoplasms, CD19 is an attractive target. Expression of CD19 is restricted to normal and malignant B
cells and B-cell precursors.” We have initiated a pilot clinical trial of treatment with autologous T cells
expressing an anti-CD19 chimeric antigen receptor (CART19); three patients have been treated. Here
we report on the immunologic and clinical effects of in vivo T-cell treatment with chimeric antigen
receptors in one of the patients, who had advanced, p53-deficient CLL.

From the Abramson Cancer Center (D.L.P., B.L.L., M.K., A.B., C.H.J.), the Department of Medicine (D.L.P.),
the Department of Pathology and Laboratory Medicine (B.L.L., M.K., A.B., C.H.J.), and the Abramson Family
Cancer Research Institute (B.L.L., M.K., C.H.J.), Perelman School of Medicine, University of Pennsylvania,
Philadelphia. Address reprint requests to Dr. Porter at the Division of Hematology and Oncology, University of
Pennsylvania Medical Center, 3400 Civic Center Blvd., PCAM 2 West Pavilion, Philadelphia, PA 19104, or
atdavid.porter@uphs.upenn.edu.

This article (10.1056/NEJMoal103849) was published on August 10,2011, at NEJM.org.

N EnglJ Med 2011.



Case Report

The patient received a diagnosis of stage I
CLL in 1996. He first required treatment after 6
years of observation for progressive leukocytosis
and adenopathy. In 2002, he was treated with two
cycles of rituximab plus fludarabine; this
treatment resulted in normalization of blood
counts and partial resolution of adenopathy. In
2006, he received four cycles of rituximab and f-
ludarabine for disease progression, again with
normalization of blood counts and partial
regression of adenopathy. This response was
followed by a 20-month progressionfree interval
and a 2-year treatment-free interval. In February
2009, he had rapidly progressive leukocytosis
and recurrent adenopathy. His bone marrow was
extensively infiltrated with CLL. Cylogenetic
analysis showed that 3 of 15 cells contained a
deletion of chromoesome 17p, and fluorescence in
situ hybridization (FISH) testing showed that 170
of 200 cells had a deletion involving TP33 on
chromosome 17p. He received rituximab with
bendamustine for one cyele and three additional
cycles of bendamustine without rituximab
{because of a severe allergic reaction). This
treatment resulted in only transient improvement
in lymphocylosis. Progressive adenopathy was
documented by means of compuied tomography
{CT) after therapy.

In December 2009, autologous T cells were
collected by means of leukapheresis and
cryopreserved. The patient then reccived
alemluzumab (an anli=-CD32, mature-
Iymphocyte, cell-surface antigen) for 11 weeks,
with improved hemalopoesis and a partial
resolution of adenopathy. Over the next 6 months,
he had stable discase with persistent, extensive
marrow tavolvement and diffuse adenopathy with
multiple 1- to 3-cm lymph nodes. In July 2010,
the patient was enrolled in a phase 1 clinical trial
of chimeric antigen receptor—modified T cells.

Methods

STUDY DESIGN

The trial (ClinicalTrials.gov number,
NCTO01029366) was designed to assess the safety
and feasibility of infusing autologous CART19 T
cells in patients with relapsed or refractory B-cell
neoplasms. The trial was approved by the
institutional review board at the University of
Pennsylvania. The study was conducted in
accordance with the protocol (available with the

full text of this article at NEJM.org). No
commercial sponsor was involved in the study.

STUDY PROCEDURES

We designed a self-inactivating lentiviral
vector (GeMCRIS 0607-793), which was
subjected to preclinical safety testing, as reported
previously.” Methods of T-cell preparation have
also been described previously.® Quantitative
polymerase-chainreaction (PCR) analysis was
performed to detect chimeric antigen receptor T
cells in blood and bone marrow. The lower limit
of quantification was determined from the
standard curve; average values below the lower
limit of quantification (i.e., reportable but not
quantifiable) are considered approximate. The
lower limit of quantification of the assay was 25
copies per microgram of genomic DNA.

Soluble-factor analysis was performed with
the use of serum from whole blood and bone
marrow that was separated into aliguots [or single
ise and stored at -80°C. CQuantification of
soluble evtokine factors was performed with the
e of Luminex bead-array technology and
reagents from Life Technologies.,

Results

CELL INFUSIONS

Autologous T cells from the patient were
thawed and transduced with lentivirus to express
the CDI1%-specific chimernic antigen receptor
(Fig. 1A). Four davs before cell infusion, the
patient received chemotherapy designed for
depletion of lymphocyies (pentostatin at a dose of
4 mg per square meter of body-surface area and
eyelophosphamade at a dose of 60 mg per square
meter) without rituximab.” Three days after
chemotherapy but before cell infusion, the bone
marrow was hypercellular with approximately
40% involvement by CLL. Leukemia cells
expressed kappa light chain and CDS5, CDI19,
CD20, and CD23. Cytogenetic analysis showed
two separate clones, both resulting in loss of
chromosome 17p and the TP53 locus
(46,XY,del(17)(p12)[5]/46,XY,der(17)t(1
7;21)(q10;q10)[5]/46,XY[14]). Four days after
chemotherapy, the patient received a total of
3x108 T cells, of which 5% were transduced, for a
total of 1.42x10’ transduced cells (1.46x10° cells
per kilogram) split into three consecutive daily
intravenous infusions (10% on day 1, 30% on day
2, and 60% on day 3). No postinfusion cytokines
were administered. No toxic effects of infusions
were noted.

CLINICAL RESPONSE AND EVALUATIONS
Fourteen days after the first infusion, the
patient began having chills and low-grade fevers
associated with grade 2 fatigue. Over the next 5
days, the chills intensified, and his temperature
escalated to 39.2°C (102.5°F), associated with
rigors, diaphoresis, anorexia, nausea, and
diarrhea. He had no respiratory or cardiac
symptoms. Because of the fevers, chest
radiography and blood, urine, and stool cultures
were performed, and were all negative or normal.
The tumor lysis syndrome was diagnosed on day
22 after infusion (Fig. 1B). The uric acid level
was 10.6 mg per deciliter (630.5 umol per liter),
the phosphorus level was 4.7 mg per deciliter (1.5
mmol per liter) (normal range, 2.4 to 4.7 mg per
deciliter [0.8 to 1.5 mmol per liter]), and the
lactate dehydrogenase level was 1130 U per liter
(normal range, 98 to 192). There was evidence of
acute kidney mmjury. with a creatimine level of
2.60 mg per deciliter (2298 pmol per liter)
(baseline level, <1.0 mg per deciliter [<88.4 pmol
per liter]y. The patieni was hospilahzed and
treated with Muid resuscitation and rasburicase.
The wuric acid level returned to the normal range
within 24 hours, and the creatinine level within 3
days; he was discharged on hospital dav 4. The
lactate dehydrogenase level decreased gradually,
becoming normal over the following month.

By day 28 after CARTI19-cell infusion,
adenopathy was no longer palpable. and on day
23, there was no evidence of CLL mm the bone
marrow (Fig. 1C). The karvolype was now normal
in 15 of 15 cells (46, XY), and FISH testing was
negative for deletion TP33 in 198 of 200 cells
examined; this is considered to be within normal
limiis 1in negalive conirols. Flow-cviomelnc
analysis showed no residual CLL, and B cells
were not detectable (< 1% of cells within the CID3
+ CD10 - CD19 + C23 + lymphocyie gate).
CT scanning performed on day 31 after infusion
showed resolution of adenopathy (Fig. 1D).

Three and 6 months after CART19-cell
infusion, the physical examination remained
unremarkable, with no palpable adenopathy, and
CT scanning performed 3 months after CART19-
cell infusion showed sustained remission (Fig.
1D). Bone marrow studies at 3 and 6 months also
showed no evidence of CLL by means of
morphologic analysis, karyotype analysis
(46,XY), or flowcytometric analysis, with a
continued lack of normal B cells as well.
Remission had been sustained for 10 months as of
this writing.

TOXICITY OF CART19 CELLS

The cell infusions had no acute toxic effects.
The only serious (grade 3 or 4) adverse event
noted was the grade 3 tumor lysis syndrome

described above. The patient had grade 1
lymphopenia at baseline and grade 2 or 3
lymphopenia beginning on day 1 and continuing
through the most recent followup visit, 10 months
after therapy. Grade 4 lymphopenia, with an
absolute lymphocyte count of 140 cells per cubic
millimeter, was recorded on day 19, but from day
22 through the most recent followup visit, the
absolute lymphocyte count ranged between 390
and 780 cells per cubic millimeter (grade 2 or 3
lymphopenia). The patient had transient grade 1
thrombocytopenia (platelet count, 98,000 to
131,000 per cubic millimeter) from day 19
through day 26 and grade 1 or 2 neutropenia
(absolute neutrophil count, 1090 to 1630 per
cubic millimeter) from day 17 through day 33.
Other signs and symptoms that were probably
related to the study treatment included grade 1
and 2 elevations in aminotransferase and alkaline
phosphatase levels. which developed 17 days
after the first infusion and resolved by day 33.
Grade 1 and 2 constitutional symptoms consisted
of fevers. chills, diaphoresis, mvalgias,
headache, and fatigue. Grades 2
hypogammaglobulinemia was corrected -with
infusions of intravenous immune globulin

ANALYSIS OF SERUM ANID BONE
MARROW CYTORKINES

The patient’s climical response was
accompanied by a delaved imerease in levels of
inflammatory cytokines (Fig. 2A through 2D),
with levels of interferon-y, the interferon-
v-responsive chemokines CXCLY and CXCL10,
and interleukin-6 that were 160 times as high as
baseline levels. The temporal rise in cytokine
levels paralleled the clinical symploms, peaking
17 to 23 davs after the hrst CART]9=cell
infusion.

The supernatants from scrial bone marrow
aspirates were measured for cytokines and
showed evidence of immune activation (Fig. 2E).
Significant increases in interferon-y, CXCL9,
interleukin-6, and soluble interleukin-2 receptor
were noted, as compared with the baseline levels
on the day before T-cell infusion; the values
peaked on day 23 after the first CART19-cell
infusion. The increase in bone marrow cytokines
coincided with the elimination of leukemia cells
from the marrow. Serum and marrow tumor
necrosis factor o remained unchanged.



Figure 1 (facing page). Clinical Response in the Patient.
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Panel B shows serum creatinine, uric
acid, and lactate dehydrogenase (LDH)
lewels from day 1 to day 28 after the first
CART19-cell Infusion. The peak |evels
colncided with hospitalization for the tumeor
lysis syndromae.

Panel € showi bone marmow=-biopsy
specimens obtained 3 days after
chemotherapy (day -1, before CART1%-ceall
infusion) and 23 days and & months after
CART19-cell infusion (hematoxylin and
goiin). The baseline zpecimen shows
hyp-&ﬂ::“ul-a.r bone marrow (B0%) wi'th
trilineage hematopoiesis, infiltrated by
predominantly interstitial aggregates of
small; mature lymphocytes that account for
40% of total cellularity, The specimen
obtained on day 23 shows residual
Iymphoid aggregates (10%) that were
negative for chronic lymphold lsukemia
{CLLY, with & mixture of T cells and CD5-
negative B cells. The specimen obtained 6
months after infusion shows trilineage
hematopoiesis, without lymphoid
aggregates and continued absence of CLL.

L Bane Marow-Biopty Speciment
Day =1 (baseline)

| |

Panel A shows the lentiviral vector used to infect T cells
from the patient. A pseudotyped, clinical-grade lentiviral
vector of vesicular stomatitis virus protein G (pELPs 19-BB-z)
directing expression of anti-CD19 scFv derived from FMC63
murine monoclonal antibody, human CD8a hinge and
transmembrane domain, and human 4-1BB and CD3{ signaling
domains was produced. Details of the CAR19 transgene, at the
bottom of the panel, show the major functional elements. The
figure is not to scale. 3'LTR denotes 3’ long terminal repeat;
5'LTR, 5' long terminal repeat; Amp R, ampicillin resistance
gene; Bovine GH Poly A, bovine growth hormone with
polyadenylation tail; cPPT/CTS, central polypurine tract with
central termination sequence; EF-la, elongation factor 1-
alpha; env, envelope; gag, group-specific antigen; pol, HIV
gene encoding polymerase and reverse transcriptase; R, repeat;
RRE, revresponse element; scFv, single-chain variable
fragment; TM, transmembrane; and WPRE, woodchuck
hepatitis virus post-transcriptional regulatory element.
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Panel D shows contrast-enhanced CT scans obtained
before the patient was enralled In the study and 31 days and
104 days after the first infusion. The preinfusior CT scan
reveals 1-to-3-om bilateral masses. Regression of axillary
lymphadenopathy occurred within 1 month after infusion
and was sustained. Arrows highlight various enlarged lymph
nodes before therapy and lymphnode responses on
comparable CT scans after therapy.

D Contrasi-Enhamced CT

Expansion and Persistence of Chimeric

Antigen Receptor T Cells

Real-time PCR detected DN A encoding anti-
CDI19 chimeric antigen receplor (CAR19)
beginning on day 1 after the first infusion (Fig.
3A). More than a 3-log expansion of the cells in
vivo was noted by day 21 after infusion. At peak
levels, CARTI19 cells in blood accounted for
mare than 20% of circulating lvmphocyies; these
peak levels coimeided with the occurrence of
constitutional svmploms, the tumor lysis
syndrome (Fig. 18). and clevations in scrum
cytoking levels (Fig. 2A through 2D)). CAKTI19
cells remained detectable at high levels 6 months
after the mfusions, though the values decreased
by a factor of 10 from peak levels. The doubling
time of chimeric antigen receplor T cells in blood
was approximately 1.2 days, with an elimination
halflife of 31 days.

Chimeric Antigen Receptor T Cells in

Bone Marrow

CART19 cells were identified in bone marrow
specimens beginning 23 days after the first
infusion (Fig. 3B) and persisted for at least 6
months, with a decay half-life of 34 days. The
highest levels of CARTI19 cells in the bone
marrow were identified at the first assessment 23
days after the first infusion and coincided with
induction of an immune response, as indicated by
cytokine-secretion profiles (Fig. 2E). Flow-
cytometric analysis of bone marrow aspirates
indicated a clonal expansion of CD5+CD19+
cells at baseline that was absent 1 month after
infusion and in a sample obtained 3 months after

infusion (data not shown)., Normal B cells were
not detected after treatment (Fig. 3C).

Discussion

We report the delayed development of the
tumor lysis syndrome and a complete response 3
weeks after treatment with autologous T cells
genetically modified to target CD19 through
transduction with a lentivirus vector expressing
anli-CDP linked to CD3-zeta and CDIZT (4-
1BB) signaling domains. Genetically modified
cells were present at high levels in bone marrow
for at least & months afier infusion. The
generation of a CD1%-specific immune response
in bone marrow was demonstrated by temporal
release of cytokines and ablation of leukemia
cells that coincided with peak infiltration of
chimeric antigen receptor T cells. Development
of the tumor lysis syndrome after cellular
immunotherapy has not been reported
previously." The finding that chimeric antigen
receptor T cells are capable of extensive
proliferation and cytotoxicity in vivo indicates
the need for caution in the design of clinical trials
when chimeric antigen receptors with new
specificities are tested."

Genetic manipulation of autologous T cells to
target specific tumor antigens is an attractive
strategy for cancer therapy.”* An important
feature of this approach is that chimeric antigen
receptor T cells can recognize tumor targets in an
HLA-unrestricted manner, so that “off-the-shelf”
chimeric antigen receptors can be constructed for
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Figure 2 (facing page). Serum and Bone Marrow Cytokines before and after Chimeric
Antigen Receptor T-Cell Infusion.

Serial measurements of the cytokine interferon-y (Panel A), the interferon-y-stimulated chemokines C-X-
C motif chemokine 10 (CXCL10) (Panel B) and C-X-C motif ligand 9 (CXCL9) (Panel C), and interleukin-6 (Panel
D) were measured at the indicated time points. The increases in these inf lammatory cytokines and
chemokines coincided with the onset of the tumor lysis syndrome. Low levels of interleukin-6 were detected at
baseline, whereas interferon-y, CXCL9, and CXCL10 were below the limits of detection at baseline.
Standardcurve ranges for the analytes and baseline values in the patient, given in parentheses, were as
follows: interferon-y, 11.2 to 23,972 pg per milliliter (1.4 pg per milliliter); CXCL10, 2.1 to 5319 pg per milliliter
(274 pg per milliliter); CXCL9, 48.2 to 3700 pg per milliliter (177 pg per milliliter); interleukin-6, 2.7 to 4572 pg
per milliliter (8.3 pg per milliliter); tumor necrosis factor a (TNF-a), 1.9 to 4005 pg per milliliter (not
detectable); and soluble interleukin-2 receptor, 13.4 to 34,210 pg per milliliter (644 pg per milliliter). Panel E
shows the induction of the immune response in bone marrow. The cytokines TNF-a, interleukin-6, interferon-
y, chemokine CXCL9, and soluble interleukin-2 receptor were measured in supernatant fluids obtained from
bone marrow aspirates on the indicated days before and after CART19-cell infusion. The increases in levels of
interleukin-6, interferon-y, CXCL9, and soluble interleukin-2 receptor coincided with the tumor lysis
syndrome, peak chimeric antigen receptor T-cell infiltration, and eradication of the leukemic infiltrate.

tumors with a wide variety of histologic features.
We used HIV-derived lentiviral vectors for cancer
therapy, an approach that may have some
advantages over the use of retroviral vectors."

In previous trials of chimeric antigen receptor
T cells, objective tumor responses have been
modest, and in vivo proliferation of modified
cells has not been sustained.””” We developed a
secondgeneration chimeric antigen receptor
designed to address this limitation by
incorporation of the CD137 (4-1BB) signaling
domain, on the basis of our preclinical
observation that this molecule promoted the
persistence of antigen-specific and antigen-
nonspecific chimeric antigen receptor T-cells.™
Brentjens and colleagues reported preliminary
results of a clinical trial of CDI19-targeted
chimeric antigen receptors linked to a CD28
signaling domain and found transient tumor
respanses in two of three patients with advanced
CLL16; however. the chimeric antigen receplors
rapidly disappeared from the circulation.

It was unexpected that the very low dose of
chimeric antigen receptor T cells that we infused
would result in & clinically evident amtituimo:
respanse. Indeed, the infused dose of 1.5-10°
chimeric antigen receptor T cells per kilogram
was several orders of magmiude below doscs
used in previous studies of T cells modified to
express chimeric antigen receplors or lransgenic
T-cell receptors.’ " We speculate that the
chemotherapy may petentiate the effects of
chimerie antigen receplor T cells in several wavs,
including increasing engrafiment and migration
to tumor cells.” as well as potentiating the ability
of chimene antigen receplor T cells to Kill
stressed tumor cells that would otherwise survive
the chemotherapy.” ™ Whether the inclusion of
exogenous cviokines would further increase the
activity of chimeric anligen receptor T cells is not
known.

The prolonged persistence of CART19 cells in
the blood and bone marrow of our patient may
result from inclusion of the 4-1BB signaling
domain. It is likely that the CARTI19-
cell-mediated elimination of normal B cells
facilitated the induction of immunologic
tolerance to the chimeric antigen receptor, since
the CART19 cells that express the single-chain
Fv antibody fragment containing murine
sequences were not rejected. Given the absence
of detectable CD19-positive leukemia cells in
this patient, it is possible that homeostasis of the
chimeric antigen receptor T cells was achieved at
least in part from stimulation delivered by early
B-cell progenitors as they began to emerge in the
bone marrow. We speculate that this would be a
new mechanism to maintain “memory” chimeric
antigen receptor T cells.

Although CD19 is an attractive tumor target,
with expression limited to normal and malignant
B cells, there is concern that persistence of the
chimeric antigen receptor T cells will mediate
long-term B-cell deficiency. In fact, in our
patient, B cells were absent from the blood and
bone marrow for at least 6 months after infusion.
This patient did not have recurrent infections.
Targeting B cells through CD20 with rituximab is
an effective and relatively safe strategy for
patients with B-cell neoplasms, and long-term B-
cell lymphopenia is manageable.” Patients
treated with rituximab have been reported to have
a return of B cells within months after
discontinuation of therapy. It is not yet clear
whether such recovery will occur in patients
whose anti-B-cell T cells persist in vivo.

Patients who have CLL with TP53 deletions
have short remissions after standard therapies.”
Allogeneic bone marrow transplantation has been
the only approach that has induced long-term
remissions in patients with advanced CLL.*
However, the resulting potent grafl-versus-tumor
cffect s associated with considerable morbidity
because of the high frequency of chronic graft-
versus-host disease, which i often especially
severe in older patients — those who are typically
affected by CLL.™" Ouwr study suggests that
genelically modified autologous T cells may
circumvent this limitation,

The delaved onset of the tumer lysis
syndrome and eytokine seeretion, combined with
vigorous in vivo chimeric antigen receptor T-cell
cxpansion and prominent antileukemia activity,
points to substantial and sustained effector
functions of the CARTI19 cells. Our early
rescarch highlights the potency of this therapy
and provides support for the detailed study of
autologous T cells genctically modified to target
CI9 (and other targets) through transduction of
a chimeric antigen receptor linked to potent
signaling domains. Unlike antibody-mediated
therapy, chimeric antigen receptor-modified T
cells have the potential to replicate in vivo, and
long-term persistence could lead to sustained
tumor control. Two other patients with advanced
CLL have also received CARTI19 infusions
according to this protocol, and all three have had
tumor responses.”’ These findings warrant
continued study of CD19-redirected T cells for B-
cell neoplasms.
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Figure 3. Expansion and Persistence of Chimeric Antigen Receptor T Cells in Vivo.

Genomic DNA (gDNA) was isolated from samples of the patient’'s whole blood (Panel A) and bone
marrow aspirates (Panel B) collected at serial time points before and after chimeric antigen receptor T-cell
infusion and used for quantitative real-time polymerase-chain-reaction (PCR) analysis. As assessed on the
basis of transgenic DNA and the percentage of lymphocytes expressing CAR19, the chimeric antigen
receptor T cells expanded to levels that were more than 1000 times as high as initial engraftment levels in
the peripheral blood and bone marrow. Peak levels of chimeric antigen receptor T cells were temporally
correlated with the tumor lysis syndrome. A blood sample obtained on day 0 and a bone marrow sample
obtained on day -1 had no PCR signal at baseline. Flow-cytometric analysis of bone marrow aspirates at
baseline (Panel C) shows predominant infiltration with CD19+CD5+ cells that were clonal, as assessed by
means of immunoglobulin kappa light-chain staining, with a paucity of T cells. On day 31 after infusion,
CD5+ T cells were present, and no normal or malignant B cells were detected. The numbers indicate the
relative frequency of cells in each quadrant. Both the x axis and the y axis show a log10 scale. The gating
strategy involved an initial gating on CD19+ and CD5+ cells in the boxes on the left, and the subsequent
identification of immunoglobulin kappa and lambda expression on the CD19+CD5+ subset (boxes on the
right).

Treatment of Metastatic Melanoma with
Autologous CD4+ T Cells against NY-ESO-1

Naomi N. Hunder, M.D., Herschel Wallen, M.D., Jianhong Cao, Ph.D.,
Deborah W. Hendricks, B.Sc., John Z. Reilly, B.Sc., Rebecca Rodmyre, B.Sc.,
Achim Jungbluth, M.D., Sacha Gnjatic, Ph.D., John A. Thompson, M.D.,
and Cassian Yee, M.D.

Summary

We developed an in vitro method for isolat ing and expanding autologous CD4+ T-cel 1 clones with
specificity for the melanoma-associated antigen NY-ESO-1. We infused these cells into a patient with
refractory metastatic melanoma who had not undergone any previous conditioning or cytokine
treatment. We show that the transferred CD4+ T cells mediated a durable clinical remission and led to
endogenous responses against melanoma antigens other than NY-ESO-1.



CD8+ cytotoxic T cells can be harvested from
a patient with cancer, expanded in vitro, selected
for specificity against a tumor-associated
antigen, and infused back into the patient. Such
autologous T cells have been shown in clinical
trials to have a beneficial effect in some patients
with cancer.”” The cytotoxic antitumor effect of
CD8+ T cells depends on CD4+ T cells, which
provide CD8+ T cells with growth factors such as
interleukin-2 and can mediate the destruction of
tumor cells either directly or indirectly.” Growth
factors such as interleukin-2 can act in an
autocrine manner, which in principle would allow
an infusion of CD4+ T cells to proliferate in the
patient and stimulate endogenous antitumor
CD8&+ T cells. Until recently, however, a means of
isolating and expanding antitumor CD4+ T cells
in numbers sufficient for cellular therapy has not
been feasible. The identification of HLA class
Il-restricied epitopes in tumor-associated ant-
igens such as NY-ES0-1 and tyrosinase and the
development of methods for the isolation and
expansion of CD4d+ T cells in vilro gave us the
opportunity to implement a clinical trial to
evaluate the safely, n vive persistence. and
antitumor efficacy of autologous CD4+ T-cell
clones for the treatment of metastatic melanoma.
We deseribe a patient with refractory metastatic
melanoma who had a long-lterm complele
remission after receiving autologous NY-ESO-
|=specific CD4+ T-cell clones.

From the Fred Hutchinson Cancer Research
Center (N.N.H., H.W,, J.C.,, DW.H., J.Z.R., R.R,,
C.Y.) and the University of Washington (
JLA.T., C.Y.) — both in Seattle; and the Ludwig
Institute for Cancer Research (New York
Branch), Memorial Sloan-Kettering Cancer
Center, New York (A.J., S.G.). Address reprint
requests to Dr. Yee at the Fred Hutchinson
Cancer Research Center, Room D3-100, 1100
Fairview Ave. N.. Seattle, WA 98109, or at
cyee@ihcrc.org.

M Engl ) Med 2008:358:269E8-T03,

Case Report

The patient was 52 vears old when he
presented with recurrent melanoma and
pulmonary and left iliac and inguinal metastases.
His tumor had not responded to high-dose
interferon alfa, four cycles of high-dose
interleukin-2, and local excision. Baseline
staging with magnetic resonance imaging of the
brain and computed tomography (CT) of the
chest, abdomen, and pelvis showed metastatic
disease in the posterior right pleura, right hilum,
and left iliac region. There were no central
nervous system metastases. Positron-emission
tomography (PET) of the entire body revealed no
other sites of uptake.

Immunohistochemical analysis that was
performed on a biopsy specimen of the inguinal
tumor revealed uniform expression of melanoma
antigen recognized by T cells (MART-1, also
called melanoma tumor antigen [MelanA]), 3+
staining of melanoma antigen 3 (MAGE-3), 3+
staining of NY-ESO-1, and no detectable
glycoprotein 100. The patient was enrolled in a
clinical trial of autologous T-cell therapy for

meclanoma at the Fred Hutchinsonm Cancer
Research Center in Seattle (protocol 1585). The
study was approved by the instilutional review
board, and the patient provided written informed
consent.

Peripheral-blood mononuclear cells were
collected by leukopheresis, and T cells in the
harvest were cultured. Since the patient’s HLA
genotype included the HLA-DOB1*0401 allele,
CD4+ T-cell clones targeting the DPB1*0401-
restricted epitope of a peptide derived from NY-
ESO-1 were isolated from the culture and
expanded for cellular therapy. In vitro, these
clones responded to the NY-ESO-1 peptide by
producing interleukin-2 and interferon-y. During
a 2-hour period, the patient received a single
infusion of 3.3x10° clonal CD4+ T cells per
square meter of body-surface area, totaling 5
billion T cells. No preinfusion conditioning or
postinfusion interleukin-2 was administered.

Transient lymphopenia, low-grade fever
(maximum temperature, <38.5°C), and myalgia,
all consistent with cytokine release,’ developed

and resolved within 3 days after the
infusion. There were no serious adverse
events, according to the Common Toxicity
Criteria of the National Cancer Institute.
Two months after the infusion, restaging
PET and CT scans revealed complete
resolution of pulmonary and nodal
disease; there was no evidence of
abnormal fluorodeoxyglucose uptake and
no other radiographic or clinical evidence
of disease (Fig. 1). The patient remained
disease-free 2 years later.

Methods

Generation of Antigen-Specific

CD4+ T-Cell Clones

Antigen-specific CDd+ T-cell clones
were generaled in a manner stmilar to that
for CD&+ T cells described previously.™
Briefly, autclogous monocyie-derived
dendnitic cells were pulsed with 40 pg of
the NY-ES0-1 peptide SLLMWITQCFLPVF
per milliliter and cocultured with the
patient’s T ecells at a ratio of 10:1 (T
cells:dendritic cells). Interleukin-2 (12.3
IU per milliliter) and mterleukin=7 (10 ng
per milliliter) were added every 3 days to
maintain the growth of activated anligen-
specifie T ecells. Ome week later, the T cells
were restimulated with peptide-pulsed
autologous mononuclear cells. One week
after the second stimulation, T cells with
specifie reactivily against the NY-ES0-]
peptide were harvesied and cloned at
limiting dilution in the presence of
irradiated fecder cells (mononuclear cells
plus Epstein-Barr virus-transformed B
cells), a monoclonal anti-CD3 antibody,
and interleukin-2. Clones that showed a
specific proliferative response to the NY-
ESO-1 peptide in a thymidine
incorporation assay were expanded in
vitro. A total of four NY-ESO-1 specific
CD4+ T-cell clones were generated from
the patient. The clone that was selected for
infusion could be expanded by a factor of
3000 to 5000 during a period of 18 days
with the use of est ablished methods."
Reactivity against NY-ESO-1 was
confirmed after expansion by performing
assays to detect antigen-specific
proliferation and the release of interferon-
vy (for details, see the Supplementary
Appendix, available with the full text of
this article at www.nejm.org).
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Figure 1. PET Scans Obtained before T-Cell Infusion
and 2 Months after Infusion.

Preinfusion positron-emission tomoaraphy (PET)
revieals h}'pr-rmr'.nbulic lesions in the righl Ium._'.| and 1h=
left inguinal=iliac node that are cansistent with motastases
(arrowheads}: the lesions colocalized to tumor nodules an
computed tomography (CTh After infusion with NY-ESO-
'.—-_.pl_-ciF.'r_ CDd+= T cells, PET scant show thatl tThe fumor
nadules hawve regressed, and no evidence of disease can b=
detected. Uptakes in liver, spleen, and bladder rep-resents
normal background signal and did not colocalize to any
legions on CT scans

Detection of Antibodies against Tumor-

Associated Antigens

An enzyme-| inked immunosorbent assay was used to
detect IglG antibodics against recombinant full-length
MY-ESO-1, MAGE-3, and MART-1 proteins (1 pg per
milliliter), as described previously.” Reciprocal titers
were extrapolated from serial dilutions, and titers of
morg than 100 were considered to be reaclive.
Specificity was determined by companng reactivity with
that of control antigens.

Assay for Antigen-Specific Responses

To evaluate the post infusion T-cell responses to a
panel of melanoma antigens, RNA-transfected
autologous dendritic cells were used as stimulator cells
in enzyme-linked immunospot (ELISPOT) assays.
Melanoma antigens MART-1, glycoprotein 100, NY-
ESO-1, and MAGE-3 were subcloned into the pGEM4Z
vector, flanked by the signal sequence from lysosomal-
associated membrane protein 1 (LAMP-1) to facilitate
antigen sorting to both class I and class II antigen-
presentation pathways (for details, see the
Supplementary Appendix).”” For the inteferon-y
ELISPOT assay, the patient’s mononuclear cells were
cocultivated with RNA-transfected dendritic cells at a
ratio of 2:1 in triplicate filter wells. After overnight
incubation, the plates were treated with a biotinylated
anti-interferon-y-detection antibody, clone 7B61
(Mabtech). Streptavidin HRP (Pharmingen) was added



and developed to produce a color reaction with
the use of the Vectastain AEC substrate kit
(Vector Laboratories). Each spot on the filter well
represented a single antigen-stimulated T cell.
Spots were enumerated and the antigen-specific
T-cell frequency was calculated as a fraction of
the input number of mononuclear cells (see the
Supplementary Appendix for details).

T-Cell Tracking by Quantitative PCR

We detected cells of the NY-ESO-1-specific
CD4+ T-cell clone in the patient’s blood using
primers flanking the CDR3 region of the T-cell
receptor of the clone. Genomic DNA from
mononuclear cells was harvested and used as a
template for a quantitative real-time polymerase-
chain-reaction (PCR) assay. The frequency of the
cells was determined by reconciling the melting
temperature of the sample’s reaction with that
obtained from standards Gtrated with known
[requencies of the CD4+ T-cell clone. This assay
can detect a T-cell ¢lone in peripheral blood at a
sensitivity of 1:100,000 cells,

Results

Persistence of the CD4+ T-Cell Clone

The persistence of the infused NY-ES0-
l-specific CD4+ T-cell clone in vive was
evaluated with the use of a quantitative PCR
assay thal can detectl the clone-specibhic CDR3
region in samples of mononuclear cells. The T-
cell clone was undetectable in preinfusion
samples from the patient. Afler infusion,
however, there was a rapid rise in the frequency
of eells of the clone: they constituted almost 2.0%
of all peripheral blood mononuclear cells on day
3 and remained detectable in the patient’s blood

for more than 80 days (Fig. 2). During this time,
the frequency of cells of the clone fluctuated
between 0.7 and 3.0% of the total number of
mononuclear cells.

Clinical Evaluation

CT and PET scans obtained 2 months after the
T-cell infusion revealed no evidence of disease,
and follow-up after 22 months showed no
evidence of recurrence (Fig. 1). At the time of the
last contact with the patient, 26 months after the
T-cell infusion, he had received no other
treatment and had normal function, with a
Karnofsky performance status of 90 to 100%.
There were no detectable acute or long-term
autoimmune-related toxic effects (e.g., Dermatit-
is, vitiligo, uveitis, andorchitis).

T-Cell Responses to Unrelated
Antigens

Even though only 30 to 75% of the tumor cells
expressed NY-ES0-1, the entire tumor regressed
after infusion of the NY-ESO-1-specific CD4+ T-
ccll clone. This inconsistency led us to postulate
that the infused clone induced am immune
response that was broader than expected. To test
this hypothesis, we evaluated T-cell responses to
two other melanoma-associated antigens that
were expressed by the patient’s tumor, MART-1
and MAGE-3. Using autologous dendratic cells
that were engincered by RNA transfection to
express these antigens, we could detect T cells in
the patient’s blood that responded in vitro to
MART-1 or MAGE-3. These T cells were
undetectable before the infusion of NY-ESO-1-
specific CD4+ T cells but became detectable at a
time that comneided with regression of the tumor
and persisied for at leasi 3 months, We found no
evidence of T cells that could respond to
glycoprotein 100, which was poorly expressed by
the tumor (Fig. 3).

Discussion

We describe an in vitro method for the development of CD4+ T-cell clones with specificity for
a tumor antigen and the use of one such clone for the treatment of a patient with metastatic
melanoma. Development of the method has been difficult, in part because of the paucity of well-
defined immunogenic HLA class II-restricted epitopes of tumor antigens and also because of the
difficulty in isolating and expanding CD4+ T-cell clones to obtain numbers sufficient for clinical
use. The HLA-DP4-restricted peptide epitope of the melanoma-associated cancer-testis antigen
NY-ESO-1 is one of the most immunogenic tumor antigens'"'* and can elicit responses by CD4+ T

cells from patients with cancer who have been immunized with NY-ESO-1.
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Figure 2. Persistence of Transferred NY-ESO-1-Specific CD4+ T-Cell Clones In Vivo.

Quantitative polymerase-chain-reaction (PCR) assay with the use of clone-specific primers flanking
the TCR=-CDR3 mginr. was uted to deteérming the ‘|-I'1,‘:i.'.|l_.|l:'l'll::" al infused CO4+ T-cell clones amaing
paripharal-blood manonuclear cells (PEMCs) In samplas collected befara infusion and at intervals
after infusion until day 90, Results are represented as the number of T-cell clanes per I million PEMCs
and as 4 percentage of the total number of FEMCs a1 peak points and low points. As expected, the NY-
ESD-E—:pucifi: Co4+ T-call clone i+ undetectable m preinfusion PEMCY i-.tn.'..illiwi!:,' of detection.
1;100,000 celis), After infusion, the frequency of the infused CD4+ T-cell clone in vive Increased to
almost 2% of all PABMCs and fluctuated between 0.7 and 3.0% during the next 12 weeks, The I bars

dencte standard efrors.

Using the NY-ES0-1 peptide, we succeeded
in generating NY-ESO-1-specific CD4+ T cells
from the blood of an unimmunized patient with
metastatic melanoma. We were able to expand
these cells to several billion and use them to treat
the patient. Mo exogenous cytokines were
admimistered because these CD4+ T cells, when
stimulated in vitro by the NY-ESO-1 antigen,
produce autocrine-active interleukin-2. After
infusion of the cells, influenza-like symptoms
and lymphopenia, signs of a cytokine release
syndrome, developed. In contrast to transferred
CD&8+ T cells, which survive only briefly (<20
days) in vivo in the absence of exogenous
cytokine,"” the CD4+ T-cell clones that we
administered without any cytokine treatment
were detectable in the patient’s blood for at least
3 months. Therefore, the possibility that in
vitro—derived and clonally expanded T cells were
functionally exhausted'’ was not substantiated by
our results.

Our studies and those performed by others
have shown that immunotherapy with antigen-
specific T cells can eliminate tumor cells that
express the corresponding antigen, but it can also
allow the outgrowth of antigen-loss tumor

variants.” The target antigen in our case, NY-
ESC-1, was not uniformly expressed by the cells
of the patient’s melanoma. yet the tumor
regressed completely. We postulate that the
complete regression of the tumor can be
attributed in part to responses by the patient’s
immune system Lo other antigens displayed by the
tumor. This additional response could have come
about through antigens inapoptotic bodies that
were released from killed tumor cells. When
collected and processed by antigen-presenting
cells, these antigens probably activated a variety
of T cells, thereby broadening the immune
response, a process referred to as antigen
spreading.”™"” The delay of days to weeks in the
development of these additional responses is
consistent with antigen spreading (Fig. 3).

The fact that T cells against glycoprotein 100,
an antigen that was not expressed by the
melanoma, were undetectable indicates the
selectivity of the antitumor immune responses. It
is also possible that the reduction in the tumor
burden relieved immunosuppression in the tumor
microenvironment caused by inhibitory
cytokines and regulatory T cells, thereby
contributing to the broadened T-cell response.
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Figure 3. Augmentation of T-Cell Responses to Melanoma- Associated Tumor Antigens.

Antigen-specific T-cell responses to melanoma antigen recegnized by T cells (MART-1), melanoma
antigen 3 (MAGE-3), NY-E50-1, and glycopratein 100 (GP100) were evaluated in samples of peripheral-
Blaad manonuclear cells (PEBMC:) collected befare infustion and at time paints up 1o 12 wesks after
infusion. Autelogous dendritic cells {DCs) that were transfected with RMNA-encading tumar antigen were
used to stimulate PEMCs in enzyme-linked immunospol assays. The frequency of the antigen-specific
response is presented &s the number of reactive spots per 100,000 PEMCs [squares), Parallel wells with
DCs transfected with control RNA were uied at gach time point (diamonds). Each data point is anaverage
of the values from triplicate wells, After infusion, marked elevations in antigen-specific T-cell responses
wera observed for MAGE-3 (Panal A), MART-1 (Panel BY, and MY-ESO-1 (Panel C) but not for GPL100 {Fanel
D). The [ bars denate standard errars.

IgG antibodies against NY-ESO-1 were detectable in plasma samples from the patient before infusion of
the T-cell clone and remained unchanged in titer after the infusion. The presence of antibodies against
NY-ESO-1 is associated with an increased likelihood that NY-ESO-1—specific CD4+ and CD8+ T-cell
responses will be generated ex vivo.*” Antibodies against MAGE-3 and MART-1 were undetectable
before the T-cell infusion and afterward for up to 87 days (Fig. 1 in the Supplementary Appendix). The
lack of an increase in the titers of antibodies against melanoma antigens despite the appearance of CD4+
T cells against these antigens suggests that the production of such antibodies is independent of T cells.

In summary, we showed that the infusion of a clonal population of CD4+ T cells with specificity for a
single tumor-associated antigen caused complete regression of a tumor. During regression of the tumor,
this clone appears to have induced the patient’s own T cells to respond to other antigens of his tumor.
These findings support further clinical studies of antigen-specific CD4+ T cells in the treatment of
malignant disease.
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* Study of Cytokine-induced Killer Cell (CIK) Treatment in Patients After Resection
of Liver Cancer (HCC-CIK)

Statua @ Reeruiting

Condition ¢ Hepatocellular Carcinoma

Sponsors: Sun Yat-sen University

Climcal Trials. gov [dentifier: NCTOODTA9 106

Phases: Phase |/ Phase Il

Estimated Enrollment: 200

Study Start Date: June 2008

Estimated Primary Completion Date: December 2013

# Ex Vivo-Expanded HERZ-Specific T Cells and Cyclophosphamide After Vaccine
Therapy in Treating Patients With HERZ - Positive Stage IV Breast Cancer

Status @ Nof vel recruiling
Condition ¢ HER2-pesitive Breast Cancer
Male Breast Cancer
slage 'V Breast Cancer
Sponsers: Fred Hatchinson Cancer Hesearch Center
ClinicalTrials. gov Identifver: MCTO121 9907
Phases: Phase |
Estimated Enrollment: 20
Study Start Date: December 20011
Estimated Primary Completion Date: June 2014

* Infusion of Allogeneic Umbilical Cord Blood-Derived CD19-Specific T Cells

Status : Not yet recruiting

Condition : Leukemia
Lymphoma
Sponsors: M.D. Anderson Cancer Center
ClinicalTrials.gov Identifier: NCT01362452
Phases: Phase [/Phase I1
Estimated Enrollment: 24
Study Start Date: August 2011
Estimated Primary Completion Date: August 2014
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