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ABSTRACT
Purpose: This was a phase I/II adoptive T cell trial in 7 locally advanced and metastatic pancreatic cancer 
patients using 3–8 infusions of anti-CD3 x anti-EGFR bispecific antibody armed activated T cells (BATs) to 
determine safety, the maximum tolerated dose (MTD), immune responses, time to progression (TTP), and 
overall survival (OS). Study Design: T cells obtained by apheresis were expanded and armed with EGFRBi, 
cryopreserved for infusions. In a phase I dose escalation, five patients received three weekly infusions of 
10–40 × 109 BATs/infusion followed by a booster infusion 3 months later, and 2 patients received 8 
infusions twice weekly for 4 weeks in a phase II. The trials were registered at http://www.clinicaltrials.gov, 
NCT01420874 and NCT02620865. Results: There were no dose-limiting toxicities (DLTs), and the targeted 
dose of 80 × 109 BATs was met. The median TTP is 7 months, and the median OS is 31 months. Two 
patients had stable disease for 6.5 and 25+ months, and two patients developed complete responses (CRs) 
after restarting chemotherapy. Infusions of BATs induced anti-pancreatic cancer cytotoxicity, innate 
immune responses, cytokine responses (IL-12, IP-10), and shifts in CD4 and CD8 Vβ repertoire with 
enhanced cytoplasmic IFN-γ staining in the Vβ repertoire of the CD8 subset that suggest specific clonal 
TCR responses. Conclusions: Infusions of BATs are safe, induce endogenous adaptive anti-tumor 
responses, and may have a potential to improve overall survival.
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Introduction

Chemotherapy (chemo) for locally advanced pancreatic cancer 
(LAPC) and metastatic pancreatic cancer (MPC) is associated 
with poor response and grim survival rates. Progress has been 
dismal with incremental results since 1997 when gemcitabine 
(gem) was approved for first-line treatment.1 By 2013, nab- 
paclitaxel (nab) and gem had improved overall survival (OS) 
to 8.5 months from the 6.7 months for gem alone.2 

FOLFIRINOX (5-FU, leucovorin, irinotecan, and oxaliplatin) 
regimen further improved the median OS to 11.1 months3 

with increased toxicity. Other combinations with gem failed to 
provide benefit.1,4-14 OS after second line therapy using various 
combinations ranges from 4.5 to 11.4 months.15-20 These dismal 
results drive the need to develop novel and innovative therapies.

Although cetuximab was approved for metastatic colon cancer, 
gem and cetuximab failed in clinical trials for PC.21 Arming anti- 
CD3 activated T cells with anti-CD3 x anti-EGFR bispecific anti-
body (EGFRBi) turns each activated T cell into a specific cytotoxic 
T lymphocyte.22 Our preclinical studies showed that EGFRBi- 
armed ATC (BATs) killed PC cancer cell line MiaPaCa-2, secreted 
cytokines, and inhibited tumor growth.22 Engaging the T cell 
receptor on the redirected T cell with EGFRBi triggers activation, 
proliferation, cytokine/chemokine synthesis, and non-MHC 
restricted cytotoxicity while the anti-EGFR targets tumors.22

This series asks whether BATs are safe and induce adaptive 
cellular responses that provide anti-tumor activity. Seven 
LAPC and PC patients from phase I and II trials highlight the 
exceptional clinical outcomes.

Materials and methods

Production of bispecific antibody

Bispecific antibodies (BiAbs) were produced by chemical het-
eroconjugation of muromonab which is, murine IgG2a anti- 
CD3 monoclonal antibody (OKT3) and cetuximab which is 
a IgG1 chimeric anti-epidermal growth factor receptor (EGFR) 
(Erbitux®, ImClone LLC., Branchburg, NJ) or OKT3 
and Herceptin (a humanized anti-HER2 IgG1, Genentech 
Inc., South San Francisco, CA) using sulfo-succinimidyl 
4-(N-Maleimidomethyl) cyclohexane-1-carboxylate (Sulfo- 
SMCC) and Traut’s reagents as described previously.23

Expansion, generation, and arming of activated T cells 
(ATC)

T cells from the pheresis product were activated with 20 ng/ml of 
OKT3 and expanded in 100 IU/ml of IL-2 for 14 days in RPMI- 
1640 supplemented with 2% human serum as previously 
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described.24 Harvested ATC were armed with bispecific anti-
body anti-CD3 x anti-EGFR [EGFRBi] at a pre-optimized con-
centration of 50 ng/106 ATC as previously described.22 Armed 
ATC were washed twice to remove unbound EGFRBi and cryo-
preserved in four or eight equal aliquots until they are thawed at 
the bedside. The EGFRBi armed ATC (EGFR BATs) were qual-
ity controlled to be pathogen and mycoplasma free with accep-
table endotoxin levels as described.22-24

Study population, enrollment, and eligibility
The phase I protocol WSU 2011–025 entitled “Treatment of 
Advanced Colorectal or Pancreatic Cancer with anti-CD3 
x anti-Erbitux® Armed Activated T cells (Phase Ib)” 
(NCT01420874) and a phase II protocol WSU 2015–100 
entitled “Phase Ib/II Treatment of Advanced Pancreatic 
Cancer with anti-CD3 x anti-EGFR-Bispecific Antibody 
Armed Activated T-Cells (BATs) in Combination with Low 
Dose IL-2 and GM-CSF” (NCT02620865) were approved by 
Wayne State University Institutional Review Board and the 
FDA. The trials were conducted at Barbara Ann Karmanos 
Cancer Institute (KCI) and monitored by the KCI data safety 
monitoring committee. All patients enrolled had pathological 
confirmation of their disease at the time of diagnosis. The 
primary endpoint of the phase I study is safety and feasibility 
of multiple infusion of EGFR BATs in PC and CRC patients. 
The phase I trial targeting colorectal and pancreatic cancer with 
BATs included 5 PC and 6 colorectal cancer (CRC) pts who 
received up to 78.8 × 1010 (median of 43, range 20.4–78.8 × 109) 
BATs in 3–4 doses given once per week for 3 weeks. Three 
weeks before immunotherapy, one treatment of modified 
FOLFOX6 was given as bridging therapy. Immune depletion 
therapy followed a standard 3 + 3 dose-escalation of 10, 20, and 
40 × 109 BATs/infusion (Figure 1a). The same dose was given 
after 3 months if the patient was stable or better. Patient 
IT20091 with PC in phase 1 was treated twice (IT20103).

The primary endpoint in the phase II was to confirm safety 
and estimate clinical efficacy. In the phase 2, 2 MPC patients, 
after receiving bridging chemotherapy, received eight BATs 
infusions twice weekly in combination with low dose IL-2 
(300,000 IU/m2/day) and granulocyte-macrophage colony- 
stimulating factor (GM-CSF) (250 µg/m2/twice per week) for 
4 weeks (Figure 1b). The CRC patients were included only for 
evaluation of toxicities. Toxicity scoring was done with 
CTCAE v4.0.

Immune evaluations

Specific cytotoxicity25 and IFN-γ EliSpots were assessed using 
fresh patient PBMC exposed to MiaPaCa-2 cells (PC-line) and 
K562 (NK activity).24 Phenotyping, serum cytokine and che-
mokine levels, cytoplasmic IFN-γ staining Vβ repertoire, IgG 
antibodies to pooled CEA, HER2, and EGFR peptides were 
evaluated.26

Statistical analyses

Immune responses were compared to each time point from 
pre-study IFN-γ Elispots and differences between cytotoxicity 
directed at PC cell line were tested using Wilcoxon signed-rank 

test. Log-rank tests GraphPad Prism was used to generate the 
Kaplan–Meier curves.

Results

Clinical toxicities

The common toxicities grade 1–3 side effects were chills, head-
ache, hypertension, hypotension, and fatigue (Tables 1 and 2). 
There were no persistent grade 3 (>72 hours) or grade 4 and no 
DLTs as previously described for treatment of metastatic breast 
cancer.24 The chemical heteroconjugation of OKT3 (anti-CD3 
mAb) with Erbitux (anti-EGFR mAb) has been described.22 

There was no change in the manufacture of BATs between the 
two protocols. The infusions were performed in the outpatient 
setting without any dose reductions. Hospital admission or 
ICU supportive care was not required for any of the patients.

Clinical responses in phase I/phase II patients

The age, disease status, prior chemotherapy, BATs doses, time 
to progression (TTP), overall survival (OS), clinical status, and 
clinical course is shown for seven patients with LAPC or MPC 
in Table 3. The median OS is 31.0 months for 7 patients with 
TTP of 7.0 months (Figure 1c).

Patient IT20087 (#1) was a 58-year-old white man with T4 
disease and multiple liver metastases, who was receiving 
FOLFIRINOX before immunotherapy (IT) with EGFR BATs. 
He progressed after IT and expired 13.6 months after enrollment.

Patient IT20091 (#2) was a 63-year-old white man with 
extensive metastases to liver post-Whipplee procedure. He 
was treated with only 9.3 × 109 total BATs in 8 divided doses 
after he had developed minimal residual disease after 26+ cycles 
of FU, Leukovorin/5 FU, and FOLFIRINOX. His disease had 
recurred, and he was restarted on FOLFIRINOX, which 
induced a CR at 9 months. He (IT20103) was given another 
course of 4 infusions of BATs totaling 78.8 × 109 BATs. Patient 
eventually progressed and expired at 31 months.

Patient IT20092 (#3) was a 64-year-old white man with T2b 
disease with abdominal lymph nodes, who received gemcita-
bine, 5 FU, and radiation. Patient was treated with 36 × 109 

BATs. He developed an acute abdomen with an inflamed 
appendix that showed metastatic pancreatic cancer and expired 
at 14.5 months.

Patient IT20102 (#4) was a 57-year-old African American 
man presented with a pancreatic mass and multiple liver 
lesions that were positive for CK7, CK19, and CK20 associated 
with an elevated serum CA19-9. After 14 cycles of 
FOLFIRINOX, he was switched to FOLFOX. After receiving 
three infusions of 18.9 × 109 BATs/infusion, and received 
a boost 3 months later. Patient IT20102 had a minor response 
(↓27%) based on response of target lesions in the liver using 
sum of diameters compared to baseline that persisted for 
6.5 months (Figure 1d).

Patient IT20104 (#5) is a 51-year-old African American 
woman with T4 disease and a mesenteric lymph node that 
was stable for 1 year on capecitabine. Her pretreatment scan 
(Figure 1e, upper left) shows a mesenteric node that increased 
in size after three infusions (Figure 1e, upper right) from 
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1.0 × 0.7 cm to 1.5 × 0.9 cm. Treatment was stopped due to 
“progression,” and the same dose of capecitabine was restarted. 
Follow-up scans shown in Figure 1e (lower left and right) 
showed no evidence of disease. She remained free of disease 

until 54 months after enrollment (24 months off all therapy) 
when disease recurred, she received radiation therapy.

In the phase II study, patient IT20120 (#6) was a 72-year-old 
white female with T4 disease with abdominal nodes, who had 

Figure 1. (a). The protocol schema for the phase I, which included colorectal cancer and pancreatic cancer patients, is shown with infusions of EGFRBi armed T cells 
(BATs) with restaging 4 weeks after the last infusion of BATs and a boost of BATs. 1b) Protocol schema for the phase II with 2 infusions per week for 4 weeks in 
combination with low dose IL-2 and GM-CSF. 1 c) The overall survival and time to progression for the 7 patients. 1d) CT scan of patient IT20102 before immunotherapy 
(upper and lower left panels) and after immunotherapy (upper and lower right panels) with stable disease and a decrease in size by 27%; 1e) CT scan of patient IT20104 
before immunotherapy, persistence of the lesion after 5 months of immunotherapy, and complete response by 7 months post immunotherapy that persisted almost 2 
years; 1 f) CT of patient IT20121 shows stable disease before IT to 25 months after enrollment.
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received FOLFIRINOX and radiation. He received 80 × 109 

BATs but progressed and expired at 12.2 months. Patient 
IT20121 is a 54-year-old African American man with stable 
disease for 25+ months at his last scan at 22+ months. He is 
clinically well at 38.5 months (Figure 1f).

Immune evaluations

The specific cytotoxicity shown in Figure 2a (upper left panel) 
for all seven patients increased significantly (p < 0.01) from 
baseline mean±SD of 11.5 ± 6.5 (range 3–22%) to 24 ± 6 (range 
13.9–31.9%) after immunotherapy at an effector:target (E/T) 

ratio of 25:1. Similarly, the specific IFN-γ EliSpots directed at 
MiaPaCa-2 cells for all seven patients increased significantly 
(p < 0.03) from a baseline mean±SD of 364 ± 122 (range 
93–1033) to 1408 ± 376 (range 310–3203) EliSpots/106 PBMC 
after IT (Figure 2a, lower left panel). Innate immune responses 
measured by cytotoxicity directed at the NK target K562 by 
specific 51Cr release increased significantly (p < 0.04) from 
baseline mean±SD of 5.3 ± 5.0 (range 0–12.4%) to 13 ± 6.8 
(range 1.6–18.2%) after IT at an E/T of 25:1 and IFN-γ EliSpots 
increased from pretreatment mean of 273 EliSpots/106 PBMC 
(158–542) to a mean level of 686 EliSpots/106 PBMC (342–-
1208) after IT (p < 0.07). Figure 2b compares the cytotoxicity 

Figure 1. (Continued).
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and IFN-γ Elispot responses against PC specific MiaPaCa-2 
and NK target K562 cells at preIT and postIT time points 
(postIT time point that showed the highest anti-tumor 
response).

Interestingly, IFN-γ induced chemokine IP-10 [CXCL10] 
levels (Figure 2c, left panel) increased significantly (p < 0.04) 
from a mean preIT of 434 ± 130 pg/ml (range 261–590) to 

a mean post IT of 1992 ± 1108 pg/ml (range 896–3687). IL-8 
levels decreased significantly (p < 0.01) from a mean level preIT 
of 3369 ± 3239 pg/ml (range 80–8956) for IL-8 (Figure 2c, right 
panel) to a mean level post IT of 59.9 ± 73.1 pg/ml (range 
0–180) 2 weeks after the 3rd infusion (p < 0.01). There were no 
significant changes from baseline at the designated time points 
for serum levels of IL-2, IL-2R, IL-6, IL-12p40p70, TNFα, 

Figure 2. (a).PBMC from all seven PC patients were tested for direct cytotoxicity and IFN-γ Elispots responses against MiaPaCa-2 and five phase I patients were tested 
against NK cell targets K562 for cytotoxicity and IFN-γ Elispots responses; 2b) Shows the highest specific (MiaPaCa-2) and innate (K562) cytotoxic and IFN-γ Elispots 
responses postIT compared to preIT base line responses; 2 c) IP-10 and IL-8 tested before and after immunotherapy in 7 patients; 2d) PBMC of patient IT20091 obtained 
at various time points were left unstimulated (background), stimulated with MiaPaCa-2, or K562. Data are expressed as number of IFN-γ Elispots per million PBMC plated 
at pre-IT; post BATs infusion #1, #3, and #4; 2 and 4 weeks after infusion #3; pre infusion #4; and post boost infusion at 2 and 4 weeks.
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IFNα, IFN-γ, GM-CSF, MIP1α, MIP1β, Eotaxin, RANTES, and 
MCP-1 (data not shown).

Phenotyping of the clinical product and pre- and postIT 
PBMC from seven patients at the designated time points are 
summarized in Tables 4 and 5. Phenotyping for pre- and post 
IT PBMC was performed for the proportion of CD4+/CD8+ 

T cells, effector memory T cells (CD45RO+/CD45RA−), 
T regulatory cells (CD4+/CD25+/CD127−) and MDSC 
(CD11b+/CD33+/HLA-DR−) (Table 5). IT20102 and IT20104 
appear to have higher proportions of CD8+ T cells in ATC and 
higher proportions of CD8+ T cells in PBMC after IT.

In a pilot screen of the Vβ repertoire of PBMC from 
IT20091 before and after IT, there was a suggestion that there 
were shifts in the repertoire that could be detected (Figure 3a). 
In a subsequent Vβ repertoire study on IT20121, we asked 
what members of the Vβ clonal repertoire in CD4+ T cells 
(Figure 3b) and CD8+ T cells (Figure 3c) would respond to 
stimulation with MiaPaCa-2 by producing cytoplasmic IFN-γ 
before IT, in the middle of IT, and after IT. There were no 
changes seen in the CD4+ T cell Vβ repertoire; however, there 

were enhanced cytoplasmic IFN-γ producing clones (Vβ1, 2, 4, 
5.1, 13.6, 17, 22) in responses to MiaPaCa-2 cells in the CD8+ 

T cells after IT. Other Vβ clones were either decreased (Vβ 
13.2) or there were no change in Vβ clones after IT. Specific 
antibody levels measured by antigen-specific antibody ELISAs 
to CEA, HER2, and EGFR peptides in IT20103 (serum col-
lected after second BATs treatment of IT20091) and IT20121 
increased after treatment from levels seen prior to IT (Figure 
3d). These results complement the high anti-MiaPaCa-2 IFN-γ 
EliSpot responses seen for IT20121.

Discussion

This study provides encouraging clinical results in a heavily 
pretreated heterogeneous group of patients with disease ran-
ging from no measurable disease to bulky multiple viscera 
lesions in the liver or surrounding vital structures, with most 
patients having bulky disease. There were no DLTs or cytokine 
storm. The most frequent side effects of chills, headache, 
hypertension, hypotension, and fatigue, were grades 1–3, with 

Figure 2. (Continued).
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Figure 3. (a) In a pilot screen of the Vβ repertoire of PBMC from IT20091 before and after IT, there was a suggestion that there were shifts in the repertoire that could be 
detected; 3b) In a subsequent study on IT200121, we asked what members of the Vβ repertoire in CD4 cells would respond to stimulation with MiaPaCa-2 by producing 
cytoplasmic IFN-γ before IT, in the middle of IT, and after IT. There were no changes seen in the CD4 Vβ repertoire; 3 c) With IT200121, we again asked what members of 
the Vβ repertoire, this time in CD8 cells, would respond to stimulation with MiaPaCa-2 by producing cytoplasmic IFN-γ before IT, in the middle of IT, and after IT. 
Enhanced cytoplasmic IFN-γ responses in CD8 cells were seen in Vβ1, 2, 4, 5.1, 13.6, 17, 22, with decreased responses seen in 13.2 after IT. 3d) Serum IgG antibody titers 
to EGFR, CEA, and HER2 doubled above baseline but were not significant.
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no persistent grade 3 (>72 hours), and no grade 4 or 5. The 
phase I dose schedule of one infusion per week for 3 weeks 
followed by a boost at 3 months, and phase II dose schedule of 
biweekly infusions for 4 weeks, were safe, and the targeted dose 
was technically feasible. The addition of low dose IL-2 and 
GM-CSF to the phase II regimen did not increase toxicities.

The remarkable median OS for 7 PC patients is 31 months 
with a median TTP of 7.0 months, with 2 patients alive at 54 and 
38 months. Notably, everyone survived beyond a year, and one 
patient was stable at 25+ months and is alive at 38 months. The 
two patients (IT20091 and IT20104) who developed complete 
responses after restarting chemotherapy had robust specific IFN- 

γ EliSpots directed at MiaPaCa-2 and K562 cells (Figure 2a). The 
remarkable median OS for 7 PC patients is 31 months with 
a median TTP of 7.0 months, with 2 patients alive at 54 and 
36 months. Notably, everyone survived beyond a year. IT20121 
showed increased IFN-γ Elispots stimulated with MiaPaCa-2 
from a mean of 267 (±38)/106 PBMC to a mean of 3203/106 

PBMC post-therapy. It is not clear why IT20102 had a minor 
response with stable disease up to 6.5 months without making 
systemic immune responses. Since we evaluated the five patients 
in the phase I trial and the 2 patients in the phase II, the small 
numbers only permit a descriptive comment. Intriguingly, out of 
the total of seven patients, there were two CRs and one minor 
responder in the phase I trial and one responder in the phase II 
trial who developed long-term stable disease off all therapy for 
more than 48 months.

There was a higher proportion of CD8+ cells in ATC product 
in the PBMC of IT20104 and IT20121 that was associated with 
higher cytotoxicity and IFN-γ EliSpots after as few as 3 infusions 
of BATs. The PBMC from IT20104, IT20121, and IT20091, who 
were long-term survivors at 56, 38, and 31 months, showed 
elevated and persistent cytotoxicity and IFN-γ EliSpot responses 
with concomitant increases in NK cell activity post immunother-
apy. The IFNγ responses in Vβ1, 2, 4, 5.1, 13.6, 17, 22 clones 
strongly suggest endogenous specific TCR clonal responses 
developed during therapy directed at multiple tumor antigens. 
Furthermore, changes in serum IP-10 and IL-8 suggest that the 
clinical responses may be associated with a systemic Th1 type 
shift in the patients that led to clinical responses and/or the 
maintenance of stable disease.

The MHC class I expression plays a critical role in T-cell 
mediated immune response.27 In pancreatic tumor cells, HLA 
class I expression was associated with increased cytotoxic T-cells 
infiltration and a favorable prognosis in patients. Likewise, 
increased infiltration of CD3+, CD8+, and CD20+ tumor- 
infiltrating lymphocytes correlated with improved PFS and OS in 
human pancreatic carcinoma in the univariate analysis.28 

Although in this study EGFR expression, MHC class 
I expression and T cell infiltration in tumor biopsies are not 
known due to inaccessibility of tumor biopsies, but we have pre-
viously shown23,26 that BATs can target breast cancer cells even 
with low HER2 expression and that BATs mediated cytotoxicity is 
non-MHC mediated.23,26

The mechanism for the enhanced chemotherapy responses 
following the infusion of BATs in IT20091 and IT20104 is unclear; 
however, multiple infusions and larger doses of BATs may 
increase trafficking to and persistence of cytotoxic BATs in solid 

Figure 3. (Continued).

Table 1. Toxic reaction incidence and grade by dose level in phase I study.

Total # of Episodes by 
Grade

Dose Level Reaction
# Patients Affected 
(% at Dose Level) 1 2 3 4

Level 1 Nausea 2 (67%) 3
(n = 3)a Vomiting 1 (33%) 2

Chills 3 (100%) 6
Fatigue 3 (100%) 10
Fever 1 (33%) 1
Headache 3 (100%) 6
Hypertension 2 (67%) 1 1 3
Hypokalemia 1(33%) 1
Infections 1(33%) 1
Muscle weakness 1(33%) 1
Paresthesia 1(33%) 1
Anorexia 1(33%) 1

Level 2 Nausea 2 (67%) 2
(n = 3) Chills 3 (100%) 6 1

Fatigue 1 (33%) 3
Fever 1(33%) 1
Headache 2 (67%) 5

aOne patient was treated twice.

Table 2. Toxic reaction incidence and grade by dose level in phase II study.

Total # of Episodes by Grade

Reaction

# Patients Affected 
(% of total) 

n = 2 1 2 3 4

Nausea 2 (100%) 5
Vomiting 2 (100%) 2
Chills 2 (100%) 9
Fatigue 2 (100%) 12 2
Fever 1 (50%) 1 4
Headache 2 (100%) 3
Hypotension 1 (50%) 1
Myalgia 1 (50%) 7

8 L. G. LUM ET AL.



tumors. In an earlier report, multiple infusions of mesothelin- 
specific chimeric antigen receptor (CAR) mRNA-engineered 
T cells induced anti-pancreatic cancer tumor activity in 2 patients, 

with evidence of epitope spreading, resulting in stable disease in 1 
patient for 6 months and for 77 days in the other patient.29 The 
multiple infusion strategy may help overcome T cell exhaustion 

Table 3. Patient characteristics.

Patient Age Disease Prior ChemoTx
BATs 

(x109) TTP (mos)
OS 

(mos)
Clinical 
Status Comments

IT20087 58 T4, Mets to liver FOLFIRINOX 47 6.2 13.6 D Progressed
IT20091 
IT20103

63 T3 N1 Mets to liver 
Post Whipple

5FU, Leucovorin/5FU 
FOLFIRINOX

9.3 
78.8

4.6 31.0 D FOLFIRINOX Induced CR after immunotherapy 
Retreated with BATs and PR after RF ablation

IT20092 64 T2b Abd Nodes, 
post Whipple

Gemzar, 5FU, 
Radiation

36 7.0 14.5 D Appendicitis 
With tumor infiltrating lymphocytes

IT20102 56 T4, Mets to liver, 
lungs

FOLFIRINOX 74 7.6 46.0 D Minor Response (27% decrease at 6.5 months

IT20104 51 T4, Abd Nodes FOLFOX stable 1 year 
then capecitabine

72 2.4, 53 56.6 A Chemo induced CR after IT; CR off all medications until 
recurred at 54 months, receiving radiation therapy

IT20121 72 T4, Abd Nodes FOLFIRINOX 
Radiation

80 - 12.2 D Progressed

IT 20121 54 T3 N1 Abd Nodes, 
post Whipple

FOLFIRINOX 80 25+ 48 A Stable scans at 25 months and clinical stable at 48 months, off 
all medications

+Indicates patients who have not progressed at the last time of follow-up scan.

Table 4. Phenotype and characteristics of the apheresis and harvest product.

Patient ID IT 20087 IT 20091* IT 20092 IT 20102 IT 20103* IT 20104 IT 20120 IT 20121

Days of Culture 12 9 12 10 13 10 13 13
Pheresis 
MNC (x109)

35.6 15.2 29.0 33.3 19.5 36.0 18.0 20.7

Pheresis 
%CD3

76 69 76 90 58 89 79.0 70.0

Pheresis 
%CD4

49 46 58 59 37 55 43.0 56.0

Pheresis 
%CD8

23 19 20 30 22 34 30.0 9.0

Total 
Harvest

62.3 12.3 47.0 115.9 96 120.5 82.0 102.0

Harvest 
% Viability

86.7 73.1 76.3 83.9 90.7 82.9 71.0 87.5

Harvest 
%CD3

83.6 72.9 88.9 88.7 93 90.4 93.0 89.2

Harvest 
%CD4

74.1 60 53.4 42.7 69.7 30.8 40.6 70.9

Harvest 
%CD8

14.9 13.1 32.6 50.7 22 64.4 56.4 27.2

Harvest %CD4/CD8 5.0 4.6 1.6 0.84 3.17 0.47 0.71 2.61
% Cytotoxicity 
BATs at (25:1 E/T Ratio)

51.5 42.4 56.9 41.6 43.6 25.2 - 52.8

E/T: Effector to Target ratio; *: Indicates that patient was treated twice.

Table 5. Phenotype of pre and post IT T cell subpopulations and myeloid-derivedd suppressor cells.

Patient ID Time Point
% 

CD4
% 

CD8 % CD4/CD8
% Memory 

(CD3+/45RA−/45RO+)
% Tregs 

(CD4+/CD25+/CD127−)
% MDSCs 

(CD11+/CD33+/HLA-DR−)

IT20087 PreIT 55.9 9.9 5.6 58.42 2.47 8.01
Pre inf# 3 56.2 9.4 6.0 58.28 1.8 9.3
2 wk post inf#3 23.9 12.9 1.85 28.27 2.86 5.92

IT20091 PreIT 53.9 11.9 4.5 20.96 3.15 0.39
Pre inf# 3 62.0 8.4 7.4 43.18 4.50 0.33
2 wk post Inf# 3 43.5 9.64 4.5 34.14 3.57 0.20

IT20092 PreIT 56.4 7.3 7.7 34.9 3.10 3.73
Pre inf# 3 68.1 4.2 16.2 50.3 0.63 1.08
2 wk post Inf# 3 49.5 6.6 7.5 30.06 0.49 1.5

IT20102 PreIT 69.2 17.6 3.9 35.22 3.2 0.22
Pre inf# 3 60.5 23.5 2.6 37.63 1.94 0.53
2 wk post Inf# 3 61.6 19.4 3.2 32.07 1.06 0.42

IT20103 PreIT 55.5 14.6 3.8 46.84 2 0.97
Pre inf# 3 58.1 12.5 4.6 51.21 NA 1.19
2 wk post Inf# 3 51 10.5 4.8 42.65 3.74 2.66

IT20104 PreIT 56.8 16.3 3.5 39.44 NA NA
Pre inf# 3 52.3 18.8 2.8 37.86 1.46 0.41
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seen in CAR therapy for solid tumors.30–32 Multiple infusions of 
BATs not only lyse tumors releasing tumor-associated antigens, 
but also provide multiple local bursts of Th1 cytokines that over-
come T cell exhausting, leading to in situ immunization of the 
endogenous immune system as seen in our phase I trial using anti- 
CD3 x anti-HER2 bispecific antibody armed ATC.24 Furthermore, 
modulation of the tumor microenvironment may make it more 
effective for chemotherapy to penetrate the tumor. BATs “immu-
nosensitization” may damage transporter pumps, alter cell mem-
brane integrity, or modulate tumor stromal so therapeutic agents 
can penetrate and be effective. Secretion of Th1 cytokines and 
chemokines upon repeated BATs infusions may modify the apop-
totic signaling pathways of the tumors or attenuate the expression 
of PD-1, PDL-1, or CTLA-4; the secretion of immunosuppressive 
cytokines such as IL-8, IL-10 or TGF-β; or other immunosuppres-
sive circuits in the tumor microenvironment. Studies to dissect 
and understand these mechanisms to enhance anti-tumor effects 
are ongoing. Future approaches will combine BATs with “immu-
nosensitization,” with the addition of checkpoint inhibitors.
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