SUPPLEMENTAL MATERIAL
Tisagenlecleucel Manufacturing, Dosage, and Storage
In the ELIANA study, all tisagenlecleucel batches were manufactured at Novartis Pharmaceuticals
Corporation’s Morris Plains, NJ, manufacturing facility. In the ENSIGN study, tisagenlecleucel batches for
26 patients were manufactured at the Clinical Cell and Vaccine Production Facility at the University of
Pennsylvania, in Philadelphia, PA, and tisagenlecleucel batches for 3 patients were manufactured at the
Novartis Morris Plains facility using the University of Pennsylvania manufacturing process and release
specifications. A site-to-site product comparability exercise was performed between the 2 manufacturing
sites. Batches manufactured at the 2 sites were similar in terms of cell product release, functional response
to CD19-expressing target cells, in-process data, and cellular composition.

The tisagenlecleucel manufacturing process included the following key steps:


T cells enriched from a patient leukapheresis unit were expanded and activated ex vivo prior to
incubation with the CD19-CAR lentiviral vector



Activated T cells were transduced with lentiviral vectors containing the CD19-CAR transgene



Transduced T cells were expanded ex vivo for approximately 10 days



Expanded, transduced T cells were then washed, concentrated, and cryopreserved

The University of Pennsylvania collaborated with Novartis to transfer the manufacturing process and
analytical testing of tisagenlecleucel for the treatment of pediatric and young adult patients with B-ALL to
the Novartis Morris Plains manufacturing facility.

Tisagenlecleucel was formulated as a cell suspension (variable cell concentration depending on dose) in
infusible cryomedia containing Plasma-Lyte A, dextrose/sodium chloride, and dextran 40 in dextrose for
injection, as well as human serum albumin, and dimethyl sulfoxide. Tisagenlecleucel was provided as a
frozen cell suspension in cryobags. The cryopreserved cells were stored in a monitored freezer at ≤ −120°C
until ready for use. Each cryobag contained 10 to 50 mL of cell suspension, with a cell dose of 0.2 to 5.0 ×
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106 CAR positive viable T cells per kg of body weight for patients who weighed ≤ 50 kg or 0.1 to 2.5 × 10 8
CAR positive viable T cells for patients who weighed > 50 kg. Prior to administration, tisagenlecleucel was
thawed and administered via i.v. infusion at a flow rate of approximately 10 to 20 mL per minute over 2 to
20 minutes.

A correlation was observed between time point–matched transgene levels (qPCR) and surface
expression of CAR (as determined by % CD3+CAR+ cells by flow cytometry), with an r2 of 0.592 in
peripheral blood samples from the ELIANA study (Supplemental Figure 3), indicating strong
concordance between the data from these two different analytical methods. Cellular kinetic parameters
estimated by qPCR were therefore used for assessing the correlation with product attributes as well as
other factors such as demography, immunogenicity, and responder status.

Flow Cytometry
In the ELIANA trial, the flow cytometry method was validated for bone marrow and peripheral blood
samples. Flow cytometry samples were collected in sodium heparin tubes, shipped at ambient temperate,
and analyzed within 5 days of sample collection. Acceptance criteria were established for the inclusion of
flow cytometry data in the cellular kinetic analyses. Samples had to have ≥100 events, a CART19 signal
≥1.0% of CD3+ cells in peripheral blood and bone marrow specimens, and a white blood cell count of
>10,000.
Tisagenlecleucel CD4:CD8 Ratio in Final Product
Analyses were performed using box plots to evaluate the impact of the CD4:CD8 ratio determined for the
final product of both CAR positive and CAR negative T cells and the relation to clinical endpoints
(efficacy, safety and cellular kinetics).

Humoral Immunogenicity
During study sample analyses, the following formula was used to calculate a patient-specific cut point to
determine whether a humoral immune response against mCAR19 was induced or boosted after a patient
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received the autologous tisagenlecleucel cells: 2.1578 • anti-mCAR19 antibody median fluorescence
intensity before infusion for each patient. The 2.1578 corresponds to the cut point factor on tisagenlecleucel
Jurkat cells assessed during assay validation.

High levels of preexisting anti-mCAR19 antibodies were detected in patient samples. However, during
method validation, samples from healthy volunteers were used and similar levels of preexisting antimCAR19 antibodies were detected. Several similar instances of high levels of preexisting immunogenicity
against biotherapeutics have been described in the literature. 1 The high levels of preexisting
immunogenicity did not impact the expansion, persistence, safety, and effectiveness of tisagenlecleucel.
Furthermore, treatment-induced or -boosted anti-mCAR19 antibodies did not impact the persistence or
duration of remission.

Cellular Kinetic Model
A cellular kinetic model was developed based on a previous analysis for quantifying T-cell turnover (1) to
characterize the tisagenlecleucel kinetics as measured by qPCR; the kinetics were described as having
exponential growth followed by a biexponential decline. The impact of tocilizumab and corticosteroids on
tisagenlecleucel expansion rate was explored using covariate effects (Ftoci, Fster) on the expansion rate (ρ),
as shown in Supplemental Figure 1.2
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Supplemental Figure 1. Cellular kinetic model for tisagenlecleucel.
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Supplemental Figure 2. Geometric mean and arithmetic mean (SD) concentration-time profile for
tisagenlecleucel in peripheral blood by response. (A) profile for up to 1 month (B) profile for up to 12
months following tisagenlecleucel administration
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Supplemental Figure 3. Relationships between surface expression by flow cytometry and
transgene levels by qPCR in the ELIANA study.
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Supplemental Figure 4. Tisagenlecleucel dose and cellular kinetic analysis.
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Supplemental Figure 5. The effect of selected intrinsic and extrinsic characteristics on
tisagenlecleucel expansion. Box plots of selected intrinsic characteristics, age (A) and gender (B), and
selected extrinsic characteristics, prior SCT therapy (C) and number of lines of prior therapy (D). IQR,
interquartile range; SCT, stem cell transplant.
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Supplemental Figure 6. Logistic regression of day 28 response vs body weight–adjusted and total
tisagenlecleucel-CAR positive viable cell dose in ELIANA.
kg (B).
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A

Weight categories: ≤ 50 kg (A) and > 50

Supplemental Figure 7. Strip plot of tisagenlecleucel dose administered by maximum CRS
grade. (A) Tisagenlecleucel cell dose infused, 108 cells. (B) Tisagenlecleucel cell dose infused, 106
cells/kg.
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Supplemental Figure 8. Logistic regression of grade 2 or 3 neurological events vs
tisagenlecleucel-CAR positive total viable cell dose (A) and weight-adjusted viable cell dose (B).
Total cell dose: odds ratio, 1.11 (95% CI, 0.736-1.663); weight-adjusted cell dose: odds ratio, 1.00 (95%
CI, 0.657-1.531).
A.

B.
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Supplemental Figure 9. Kaplan-Meier plots of time to resolution of neutropenia (A) and
thrombocytopenia (B) by median total tisagenlecleucel-CAR positive viable cell dose.
A.

B.
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Supplemental Figure 10. Relationship between CD4:CD8 ratio (from final manufactured
product), efficacy, and safety in ELIANA trial. The CD4:CD8 ratio of CAR positive (A) and
negative (B) cells in both CR/CRi and NR patients. The CD4:CD8 ratio of CAR positive (C) and
negative (D) cells presented by CRS grades. The CD4:CD8 ratio of CAR positive (E) and
negative (F) cells correlated to in vivo expansion (Cmax).
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Supplemental Figure 11. Relationship between CRS grades and Cmax.
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Supplemental Figure 12. Tisagenlecleucel transgene by EFS categories. In the EFS analysis,
patients were censored if they proceeded to stem cell transplant, received new anticancer therapy, or did
not have adequate assessment.
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Supplemental Figure 13. Scatter plot of cellular kinetic parameters by qPCR vs transduction
efficiency. AUC0-28d (A) and Cmax (B).
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Supplemental Figure 14. Scatter plot of cellular kinetic parameters by qPCR vs cell viability.
AUC0-28d (A) and Cmax (B).
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Supplemental Figure 15. Kaplan-Meier curve of the time to B-cell recovery from the pooled data
from the ELIANA and ENSIGN studies.
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Supplemental Figure 16. Impact of preexisting and treatment-induced or -boosted anti-mCAR19
antibodies on cellular kinetics of tisagenlecleucel. AUC0-28d ersus baseline anti-mCAR19 antibody
levels (A), and tisagenlecleucel transgene levels versus time by treatment-induced or -boosted
antimCAR19 antibody response categories.
A.

B.
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Supplemental Figure 17. Impact of preexisting anti-mCAR19 antibodies and treatment-induced
or -boosted anti-mCAR19 antibodies on duration of remission. (A) Preexisting anti-mCAR19
antibodies. (B) Treatment-induced anti-mCAR19 antibodies. This analysis was based on a data cutoff
date of November 23, 2016. NE, not evaluable.
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Supplemental Figure 18. Box plots of anti-mCAR19 antibodies before infusion (enrollment) (A)
and maximum fold change after infusion (B) by response status. Diamonds represent the mean,
and circles represents values outside 1.5 • IQR. The lower and the upper whiskers extend to the most
extreme points within 1.5 • IQR of Q1 and Q3, respectively. For enrollment, anti-mCAR19 antibody
median fluorescence intensity is plotted. For after infusion, anti-mCAR19 antibody maximum fold
change relative to baseline is plotted. IQR, interquartile range; UNK, unknown.
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Supplemental Table 1. Patient Characteristics in ELIANA and ENSIGN
Demographic Variable

ELIANA

ENSIGN

All Patients

StatisticsA

(n = 62)

(n = 29)

(n = 91)

Mean (SD)

12.2 (5.44)

12.6 (5.97)

12.3 (5.58)

Median (range)

12.0 (3-23)

12.0 (2-25)

12.0 (3-25)

Female

28 (45.2)

18 (62.1)

46 (50.5)

Male

34 (54.8)

11 (37.9)

45 (49.5)

35 (56.5)

17 (58.6)

52 (57.1)

3 (1-8)

3 (1-9)

3 (1-9)

73.15 (5.0-98.5)

83.5 (12-98)

NRB

Age, years

Sex, n (%)

Previous stem cell
transplant, n (%)
No. of prior therapies,
median (range)
Bone marrow blast count,
median (range), %
NR, not reported.
A Based

on the pharmacokinetic analysis set, which includes all patients with ≥ 1 sample with evaluable

pharmacokinetic data. In ELIANA, 62 patients had demographic data available at the time of the data
cutoff. Of these patients, 50 had ≥ 3 months of follow-up and were included in the pharmacokinetic
analysis set for all exposure- and dose-related analyses.
B

Bone marrow blast assessments were conducted at enrollment in ELIANA and immediately prior to

infusion in ENSIGN; therefore, these data could not be pooled for this analysis.
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Supplemental Table 2. Summary of Linear Regression Describing the Relationship Between LogTransformed Cellular Kinetic Parameters and Log-Transformed Total Tisagenlecleucel Dose

Effect

Standard

Degree of

Error

Freedom

0.1412

Estimate (90% CI)

t Value

Pr > |t|

1

89.610

< .0001

0.1861

1

−0.141

0.8879

AUC0-28d, copies/µg DNA × days
Intercept

12.62 (12.41 to 12.89)

Concentration
Cmax, copies/µg of genomic DNA
Intercept

10.42 (10.21 to 10.63)

0.1260

1

82.683

< .0001

Concentration

−0.04 (−0.31 to 0.24)

0.1676

1

−0.211

0.8338

AUC, area under the curve; Cmax, maximum (peak) expansion; Pr, partial regression.
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Supplemental Table 3. Tisagenlecleucel Dose Response Analysis
Patients, n (%)
Quartile 1

Quartile 2

Quartile 3

Quartile 4

Dose ≤ 2.0 × 106

Dose > 2.0 × 106

Dose > 3.2 × 106

Doses > 4.5 × 106

to ≤ 3.2 × 106

to ≤ 4.5 × 106

(n = 20)

(n = 20)

(n = 20)

(n = 19)

CR

4 (20.0)

6 (30.0)

5 (25.0)

4 (21.1)

CRi

8 (40.0)

10 (50.0)

14 (70.0)

11 (57.9)

No response

4 (20.0)

2 (10.0)

0

2 (10.5)

Unknown

4 (20.0)

2 (10.0)

1 (5.0)

2 (10.5)

12 (60.0)

16 (80.0)

19 (95.0)

15 (78.9)

Response

Day 28 response

Day 28 response
rate, CR + CRi
CR, complete remission; CRi, complete remission with incomplete blood count recovery.
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Supplemental Table 4. Summary of Peripheral Blood Cellular Kinetic Parameters With
Tisagenlecleucel by qPCR, by CRS Grade.
CRS Grade

CRS Grade

0-2

3 or 4

(n = 40)

(n = 33)

35

30

65

344,000

820,000

564,000

(418,000)

(688,000)

(604,000)

CV%

121.5

83.9

107.1

Geometric mean

194,000

563,000

317,000

Geometric CV%

155.0

120.4

168.3

Median

177,000 (21,000-

572,000 (72,300-

336,000 (21,000-

(min-max)

2,120,000)

2,740,000)

2,740,000)

n

37

32

69

Mean (SD)

43,800 (56,100)

63,300 (40,500)

52,900 (50,100)

CV%

127.9

63.9

94.7

Geometric mean

24,900

47,900

33,700

n

37

32

69

Median

28,200 (2,210-

57,800 (6,030-

43,800 (2,210-

(min-max)

316,000)

146,000)

316,000)

All-Grade CRS
Statistic

Parameter

(n = 73)
n
Mean (SD)
AUC0-28d,
copies/µg of DNA ×
days

Cmax, copies/µg

Tmax, copies/µg

AUC, area under the curve; Cmax, maximum (peak) expansion; CRS, cytokine release syndrome; CV%,
coefficient of variation; max, maximum; min, minimum; Tmax, time to reach maximum (peak)
tisagenlecleucel transgene level in peripheral blood.
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Supplemental Table 5. Parameters Used for Assessment of Correlation Between Product
Attributes and Cellular Kinetics
Product Attributes


vs

Cellular Kinetics

Percent T cells (CD3+ and CD45+) (as a



AUC0-28d

percentage of total viable WBCs)



Cmax



Transduction efficiency by flow cytometry



Tmax



Cell viability



Transduction efficiency by CAR qPCR



Total cell count in the primary product

AUC, area under the curve; CAR, chimeric antigen receptor; Cmax, maximum (peak) expansion; qPCR,
quantitative polymerase chain reaction; Tmax, time to reach maximum (peak) tisagenlecleucel transgene
level in peripheral blood.
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Supplemental Table 6. Cox Regression Model of Duration of Remission with Anti-mCAR
Antibodies at Enrollment and Post Infusion as a Covariate
Prognostic Variables

Hazard ratio

95% C.I.

P-value

(0.45, 1.10)

0.127

Final Cox Regression Model
Log (Anti-mCAR antibodies)

0.71

Study

0.853

Log (Anti-mCAR antibodies) * Study

0.844

Log (Anti-mCAR antibodies) Study (ELIANA)

0.67

(0.40, 1.15)

Log (Anti-mCAR antibodies) Study (ENSIGN)

0.74

(0.36, 1.51)
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