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INTRODUCTION 

 
 CTL019 consists of autologous T cells which are genetically modified ex vivo using a 
lentiviral vector encoding an anti-CD19 chimeric antigen receptor (CAR). The CAR is comprised 
of a murine single chain antibody fragment (scFV) specific for recognizing CD19, followed by a 
CD8 hinge and transmembrane region which is fused to the intracellular signaling domains for 4-
1BB (CD137) and CD3 zeta. CTL019 is supplied as a sterile frozen suspension and a single dose 
of CTL019 contains up to 2.5 x 108 transduced viable T cells.   
 

 
 
 
 
 



2 

 

Comments 
 

1.  The population PK (POPPK) study described in this submission is non-traditional and 
unique.  This is mainly due to the nature of drug which is based on cells described as 
‘cellular therapy’.   The traditional POPPK models are based on clearance (CL) and 
volume of distribution (V) of a compound.  However, such a model may not be applicable 
to cell based products because immediately after the administration of these products there 
is a rapid expansion (proliferation or multiplication) of the cells.  Therefore, exact dose (or 
the number of cells) is not known hence, CL and V cannot be estimated accurately.  
Therefore, the reviewer agrees with the Applicant for using a non-traditional POPPK 
model. 
 

2. The elimination half-life of 220 days of CTL019 should be interpreted with caution (most 
likely incorrect) as the half-life was estimated based on only 90 days of blood sampling.  
Although, blood samples of CTL019 were collected beyond 90 days, the fluctuation of 
data at the terminal phase will lead to the inaccurate estimation of half-life.   

 
3. The Applicant stated that the PK analysis mainly focused on the Cmax of CTL019 because 

it was noted that covariates impacting Cmax would also impact the AUC.  This statement 
may be true for some drugs but for CTL019 this is not the case. The relationship between 
Cmax and AUC0-28d was described by a linear regression with r2 value of 0.566.  The r2 
value does not suggest a strong correlation between Cmax and AUC0-28d of CTL019 
(approximately 43% of variability remains unexplained). 

 

Relationships between AUC0-28d and Cmax by qPCR SCP Pool 

 
 

4. Data indicated that children <10 years of age have higher Cmax and AUC (1.5 to 2-fold) 
than adults. Due to small sample size and high variability, it was difficult to assess the 
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impact of age on the PK of CTL019.  However, higher AUC in younger children than 
adults is a common characteristic of medical products.  The impact of age on the PK of a 
drug is an important issue and should also be thoroughly investigated for cell-based 
products. 
 

5. In order to manage toxicity associated with cytokine release syndrome (CR), patients 
were given tocilizumab.  Patients (n=18) treated with tocilizumab had 265% and 183% 
higher CTL019 AUC 0-28d and Cmax, respectively, as compared to patients (n=44) who did 
not receive tocilizumab.  Similarly, patients who received corticosteroids had 89% higher 
AUC0-28d compared with patients who did not receive corticosteroids. The results of the 
POPPK study indicated that the increase in Cmax and AUC of tocilizumab or 
corticosteroids following CTL019 administration may be the result of drug-drug 
interaction.  Drug-drug interaction may result in reduced efficacy and/or increased 
toxicity therefore drug-drug interaction should be thoroughly investigated for cell-based 
products. 
 

6. For CTL019, a dose finding study was not conducted.  It is possible that a systematic 
study to find the optimum or near optimum dose may not only be therapeutically 
beneficial but may help to reduce CSR.   
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CLINICAL PHARMACOLOGY LABELING COMMENTS 
 
 
7. DRUG INTERACTIONS 
No pharmacokinetic drug interaction studies with TRADENAME have been performed. as they 
are not applicable to a cell based therapeutic. [Clinical Overview  Section 3.1.5.2] 
 

12. CLINICAL PHARMACOLOGY 
12.1 Mechanism of Action 
TRADENAME is an autologous, immunocellular cancer therapy which involves reprogramming a 
patient’s own T cells with a transgene encoding a CAR to identify and eliminate CD19 expressing 
malignant and normal cells. The CAR is comprised of a murine single chain antibody fragment 
which recognizes CD19 and is fused to intracellular signaling domains from 4-1BB (CD137) and 
CD3 zeta. The CD3 zeta component is critical for initiating T-cell activation and antitumor activity 
while 4-1BB enhances the expansion and persistence of TRADENAME. Upon binding to CD19 
expressing cells, the CAR transmits a signal to promote T-cell expansion, activation, target cell 
elimination and persistence of the TRADENAME cells. [Clinical Overview  Section 1.4] 
[Nonclinical Overview  Section 1]. Due to limited short spans of identical genetic material 
(RNA) between the lentivirus used to create TRADENAME and HIV, some commercial HIV 
nucleic acid test (NAT) tests may be falsely positive. ELISA or Western Blot tests for the presence 
of HIV antibodies should be used to provide specificity for HIV infection after administration of 
TRADENAME. 
 
12.3 Pharmacokinetics 
Following infusion (please insert the duration of infusion) of TRADENAME in pediatrics (3-<18 
years of age) and young adults (18-25 years of age) r/r B-cell acute lymphoblastic leukemia (ALL) 
patients, TRADENAME typically exhibited an initial rapid expansion followed by a bi-
exponential decline. Applicant: Please insert AUC (0-28d) and Cmax values for (CR/CRi) patients 
(n = ?). The Tmax in CR/CRi patients (n=62) occurred on day 10. The mean half-life of 
TRADENAME was approximately 17 days in the CR/CRi patients (n=54). The Cmax and AUC(0-
28d) were approximately 2-fold higher (please provide the values) in CR/CRi patients (n=61) 
compared with non-responding (NR) patients (n=7).  The Tmax in NR patients (n=62) occurred on 
day 20. 
 
Applicant: Please provide the aforementioned information in a Tabulated form and then delete the 
description in the text.  
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TRADENAME was found to be present in the blood as well as bone marrow and was measurable 
beyond 2 years. Blood to bone marrow partitioning suggested that TRADENAME distribution in 
bone marrow was 44% of that present in blood at day 28 while at months 3 and 6 it distributed at 
67% and 69%, respectively, indicating high distribution to bone marrow. 
 
Children <10 years of age had higher Cmax and AUC (1.5 to 2-fold) than adults. Due to small 
sample size and high variability, it is difficult to assess the impact of age on the PK of 
TRADENAME.   
 
Patients (n=18) treated with tocilizumab had 265% and 183% higher TRADENAME AUC0-28d and 
Cmax, respectively, as compared to patients (N=44) that did not receive tocilizumab.  Similarly, 
patients that received corticosteroids had 89% higher AUC0-28d compared with patients that did not 
receive corticosteroids. 
 
Hepatic and renal impairment studies of TRADENAME were not conducted. 
 
The median time of maximal expansion, Tmax, occurred at day 10 with a delayed Tmax of 20 days in 
NR (n=7) patients as determined from quantitative polymerase chain reaction (qPCR).  
 
 
The geometric mean half life determined using at least the last three measurable time points was 
approximately 16.8 days in the CR/CRi patients (n=54) measured by qPCR. 
There was insufficient data in the terminal phase of elimination to determine a half life for NR 
patients.  
The mean overall exposure at day 28 (AUC0 28d) was approximately 2 fold higher in 
CR/CRi patients (n=61) compared to NR patients (n=6) for the transgene encoding the chimeric 
antigen receptor signifying the potential roles of both expansion and persistence for eliciting a 
clinical response. [Summary of Clinical Pharmacology  Section 1.2.1]  
 
A marker for duration of transgene persistence (Tlast), demonstrated that transgene persisted in 
peripheral blood for a prolonged period of time in all three studies, and up to 780 days. in Study 3. 
In data pooled from 
377 Study 1 and Study 2, the transgene was measureable up to 380 days in CR/CRi patients with a 
median of 102 days.  
Thelast measurable time point was 84 days in NR patients. with a median of 27.8 days. The last 
measurable time point is 
379 influenced by the time of data cut, as this parameter represents the last measurable or 
available sample collected from 
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380 each patient. [Clinical Overview  Section 3.1] [Summary of Clinical Pharmacology  Section 
2.2] 
381 Distribution 
in Study TRADENAME was found to be present in the blood as well as bone marrow and was 
measurable beyond 2 years. Blood to bone marrow partitioning suggested that TRADENAME 
distribution in bone marrow was 44% of that present in blood at day 28 while at months 3 and 6 it 
distributed at 67% and 69%, respectively, demonstrating high trafficking to bone marrow. 
 
 
(Study 3). In Study 1 and Study 2, the median time of maximal expansion, Tmax, occurred at 10 
days in CR/CRi (n=61), and a delayed Tmax of 20 days occurred in NR (n=7) patients as 
determined from quantitative polymerase chain reaction (qPCR). [Summary of Clinical 
Pharmacology  Section 1.2.1] The Tmax for CD3+/tisagenlecleucel T+ by flow cytometry was 
approximately 9 days in CR/CRi patients. [Summary of Clinical Pharmacology  Section 2.2.1] 
The geometric mean Cmax was 21.4 % CD3+/tisagenlecleucel T+ cells. In Study 1 and Study 2, 
the blood to bone marrow partitioning suggested that TRADENAME distribution in bone marrow 
was 44% of that present in blood at Day 28 while at months 3 and 6 it distributed at 67% and 69%, 
respectively, demonstrating high trafficking to bone marrow. [Clinical Overview 
390 3.1.3][Summary of Clinical Pharmacology  Section 3.2.1.2] 
391 Metabolism 
392 It is unknown if TRADENAME retains the properties of natural T cells; however, they are not 
expected to be metabolized 
393 by or affect those enzymes or transporters involved in small molecule clearance. [Clinical 
Overview  Section 3.1.4] 
394 Elimination 
395 The elimination profile of TRADENAME includes a multi exponential decline in peripheral 
blood. However, not all 
396 patients have sufficient follow up or sufficient time above the limit of quantification for the 
elimination phase to be 
397 estimable. [Clinical Overview  Section 3.1.4] 
398 Linearity/non linearity 
399 There is a flat relationship between dose and the cellular kinetic parameters, thus there is no 
apparent relationship with 
400 AUC0 28d and Cmax with total transduced dose and total weight adjusted dose. [Summary of 
Clinical Pharmacology  
401 Section 1.2.2.1] 
402 Renal impairment 
403 TRADENAME is a cell based product, and based on the mechanism of action, renal 
impairment is not expected to impact 
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404 TRADENAME expansion and cellular kinetics; hence, no formal renal impairment studies 
were performed. [Clinical 
405 Overview  Section 3.1.6] [Summary of Clinical Pharmacology  Section 3.3.3] 
406 Hepatic impairment 
407 TRADENAME is a cell based product, and based on the mechanism of action, hepatic 
impairment is not expected to 
408 impact TRADENAME expansion and cellular kinetics; hence, no formal hepatic impairment 
studies were performed. 
409 [Clinical Overview  Section 3.1.6] [Summary of Clinical Pharmacology  Section 3.3.4] 
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RECOMMENDATION 
 

 The study design and the results of the clinical pharmacology are acceptable.  The Applicant 
should modify the clinical pharmacology labeling as suggested by the FDA.  
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Study title: Population cellular kinetics of tisagenlecleucel-T (CTL019) in pediatric and young 
adult patients with relapsed/refractory B-cell acute lymphoblastic leukemia (ALL). 
 
The objectives of the study were as follows: 

• To develop a population pharmacokinetic (POPPK) model for CTL019  
• To evaluate if there were differences in CTL019 peak levels between patients with and 

without tocilizumab and/or corticosteroids. 
• To evaluate if there were changes in the rate of CTL019 expansion (cell multiplication) 

after tocilizumab and/or corticosteroids are given. 
• To evaluate the impact of age, gender, and race on the pharmacokinetics (PK) of CTL019.   

 
The data for POPPK analysis were obtained from two studies CCTL019B2205J and 

CCTL019B2202.  The summary of the studies is provided in Table 1. 
 

Table 1: Summary of the Studies 

 
 
CTL019 concentrations in blood were measured by two different assays: 
Quantitative Polymerase Chain Reaction (q-PCR) and flow cytometry.   q-PCR assay measures 
the number of copies of chimeric antigen receptor(CAR) per μg of DNA whereas the flow 
cytometry assay measures the percentage of CD3+ cells expressing the CAR receptor. Flow 
cytometry provides a more functional measure of CTL019 because only cells expressing the CAR 
receptor are active, but q-PCR is a more sensitive assay. Due to the modifications made to the 
method, q-PCR was the only assay for which data were available for all patients.  Therefore, only 
the q-PCR data was used in the POPPK analysis. 
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 There were 91 subjects in both studies.  The demographics of the subjects are shown in Table 
2. The POPPK analysis was based from the data obtained from studies B2202 and B2205J, and 
their pool (SCP Pool). The patient populations were similar across the studies B2202 and B2205J 
with a similar study design and evaluated the same target dose. Additionally, the CTL019 blood 
samples collected from studies B2202 and B2205J were analyzed using the same bioanalytical 
methods at the same laboratory  
 

Table 2: Demographics in Study B2202 and Study B2205J  

 
 
 Blood samples for PK study were collected at days 1, 4, 7, 11, 14, 21, 28 and then at months 
3, 6, 9, 12, and then every 6 months until month 60, where day 1 corresponds to the day of the 
first dose. 
 POPPK analysis was performed using a nonlinear mixed effects modeling (NONMEM) 
approach, where the model had two components: a structural model which accounts for the 

(b) (4)
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systematic trends in the data and the random effects model, which accounts for both inter-subject 
variability and residual variability.  The analysis was performed using the Monolix software 
system, version 4.3.2 utilizing the MODESIM high performance computing environment accessed 
from GPSII. The technical computing package R and Matlab were used for exploratory analysis, 
model building, and in reporting the final results. 
 It was noted that CTL019 cells undergo an exponential expansion at rate ρ until tmax, followed 
by a bi-exponential decline at rates α (initial slope) and β (terminal slope). The structural model 
that described this profile was based on a published model that was used to describe the murine 
immune response to an infection by listeria monocynogenes or lymphocytic choriomeningitis 
virus.   
 The structural model f(t) in the absence of co-medications was given by the equation below 
and the parameters are described in Table 3.  This model also applies if all co-medications are 
given after tmax. 

 
 

Table 3:  Structural Model Parameters 

 
 
 The structural model exhibits exponential expansion at rate ρ = log(foldx)/tmax until  tmax, 
when the peak transgene level is Cmax. After tmax, there is a transition from expansion to a bi-
exponential decline at rates α (initial slope) and β (terminal slope). The parameter FB denotes the 
fraction of cells contributing to Cmax that exhibit a gradual decline at rate β.  At tmax, both the top 
and bottom equation of f(t) are equal to Cmax. The model was found to be more stable when 
parameterizing by the fold-expansion (foldx) instead of ρ, such that: foldx = exp(ρ∙tmax) and ρ = 
log(foldx)/tmax. 
 The impact of tocilizumab and corticosteroids on CTL019 expansion was also explored based 
on two assumptions.  One assumption was that tocilizumab might slow the rate of expansion. 
This relationship was explored by expanding the structural model to include a tocilizumab and 
corticosteroid impact on ρ.  A second assumption was that patients with greater peak transgene 
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levels were more likely to have Grade 3 and 4 cytokine release syndrome and therefore were 
more likely to receive tocilizumab.  This assumption was explored by treating tocilizumab (and 
corticosteroid) therapy as binary covariates that can impact Cmax.  Additional relationships are 
possible as tocilizumab could potentially impact any of the model parameters, but for simplicity, 
only these two co-medication effects were explored. 
 A covariate analysis was performed for exploratory purposes, to evaluate the effects of 
intrinsic and extrinsic factors (Table 4) on the pharmacokinetics of CTL019.  The analysis mainly 
focused on the Cmax of CTL019 because it was noted that covariates impacting Cmax would also 
impact the AUC (questionable claim by the Applicant. Please see comment #3).  For terminal 
half-life, some patients exhibited a rapid decline and other patients had a terminal half-life over 1 
year, which was difficult to estimate without follow up over many years.  The covariates used in 
the POPPK analysis are shown in Table 4.  
 

Table 4: Covariates used in the POPPK analysis 

 
 
 The results of the POPPK analysis are shown in Table 5.  Based on the analysis, 
distribution half-life (t1/2-α) was 4.3 days.  The elimination half-life was 220 days.  The 
elimination half-life should be interpreted with caution as the half-life was estimated based on 
only 90 days of blood sampling.  Although, blood samples of CTL019 were collected beyond 90 
days, the fluctuation of data at the terminal phase restricted the accurate estimation of half-life.  
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Concentration-time profile of CTL019 is shown in Figure 1. The PK parameters of all three 
studies are summarized in Table 6. 
   

Table 5: Full Model Parameter 

 
 
 
 
 

 
 



14 

 

 
Figure 1: Concentration-time data of CTL019 

 

 
 
 

Table 6: Summary of peripheral blood cellular kinetic parameters of CTL019 by qPCR  
(Studies B2202, B2205J, B2101J and SCP pool) 

 
NR = non responders; CR = complete response; CRI = complete response with incomplete 
hematologic recovery; qPCR = quantitative polymerase chain reaction 
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 Following infusion, CTL019 exhibited an initial rapid expansion (proliferation or 
multiplication) phase achieving maximal concentration (Cmax) around day 10 followed by a 
slower bi-exponential decline in complete remission/complete remission with incomplete 
hematologic recovery (CR/CRi) patients on day 28. In all three studies, the Cmax and AUC0-28d 
were higher in CR/Cri patients as compared with non-responder (NR) patients.  Tmax of CTL019 
occurred much later in non-responders than responders. The half-life was much shorter in non-
responders than responders.  It should be however, noted that the sample size for non-responders 
was very small as compared with the responders. The percent coefficient of variation (%CV) was 
>100% in AUC and Cmax for responders which makes it difficult (in association with small 
sample size) to make any direct comparison with the non-responders.  Despite small sample size, 
it appears that the non-responders had at least 50% AUC and Cmax values than responders.   
 
Impact of Race on the PK of CTL019:  
 Race does not appear to impact CTL019 exposure.  Analysis with Asians, Whites and other 
races (not described in the submission) with the SCP Pool indicated that AUC0-28d and Cmax were 
13% and 17% higher in the Asians than the Whites, respectively (Table 7).  In the other race, 
AUC0-28d and Cmax were 200% and 132% higher, respectively, as compared to Whites.  
Considering that the analysis is based on small sample size, it is difficult to draw any definite 
conclusion.  
 

Table 7: Impact of race on the PK parameters of CTL019 (SCP Pool) 

 
 
Impact of Gender on the PK of CTL019:  
 No difference in the AUC0-28d and Cmax of CTL019 was found between male and female 
subjects.  
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Impact of Age on the PK of CTL019:  
 Three age categories (categories <10 years, ≥ 10 to<18 years, and ≥ 18 years were used to 
explore the impact of age on the PK of CTL019.  The geometric mean AUC0-28d and Cmax was 
highest in the patients <10 years of age.  In the SCP Pool, patients <10 years had approximately 
118% and 85% higher AUC0-28d and Cmax, respectively as compared to patients ≥ 18 years (Table 
8).  Both AUC0-28d and Cmax decreased with increasing age.  However, due to high variability in 
AUC0-28d and Cmax of CTL019 it is difficult to draw a definitive conclusion.  Figures 2-3 show the 
relationship between age and the PK parameters of CTL019 and no relationship was found 
between age and PK parameters of CTL019.  
 

Table 8: Impact of age on the PK parameters of CTL019 
 

 
  

Figure 2: AUC0-28d of CTL019 as a function of age (SCP Pool) 
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Figure 3: Cmax of CTL019 as a function of age (SCP Pool) 

 
 
Dose-response: 
 CTL019 dosing was administered on a weight adjusted basis for patients ≤ 50 kg and as a non-
weight adjusted dose for patients >50 kg. Therefore, two logistic models were used to evaluate the 
dose-response (same as exposure-response relationship; Table 9) relationship. One model was 
based on total dose and another was based on weight adjusted dose. Both models used all patients 
from Studies B2202 and B2205J. In both models, a factor was used to estimate the effect of weight 
group (≤ 50 kg or > 50 Kg) on response and an additional interaction between weight group and 
dose was included to investigate the impact of weight group on the dose-response relationship. 
 The logistic regression for dose-response curve for patients ≤50 kg showed an increasing 
probability of response for dose <2.0×106 CTL019 per kg and the probability of response 
plateaued for higher doses (Figure 4).  Similarly, the logistic regression for dose response curve 
for patients >50 kg showed an increasing probability of response for dose <1.0×108 CTL019 while 
the probability of response plateaued for doses higher than 1.0×108 (Figure 5).  The probability of 
response derived from the model estimates were 43% for doses of 0.2×108 per kg for patients ≤ 50 
kg and 30.9% for doses of 0.1×108 CTL019 for patients >50 kg.   

 
Figure 4: Logistic regression of day 28 response vs body weight (≤ 50 kg) 
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Figure 5: Logistic regression of day 28 response vs body weight (>50 kg) 
 

 
 
Exposure-response analysis: 
 Exposure-response analyses were conducted to explore the relationship between CTL019 
exposure metrics (Cmax and AUC) and efficacy endpoints including day 28 response, duration of 
remission (DOR), and event free survival (EFS) (Table 9). In addition, the relationship of CTL019 
exposures on time to B-cell recovery was also evaluated.  
 

Table 9: Exposure-response analyses 

 
 
 Based on EFS category in the SCP Pool (EFS event ≥ 3 months, EFS event <3 months, EFS 
censor <3 months, treatment failure, and other), it was observed that treatment failure patients tend 
to have lower AUC0-28d and Cmax as compared with other EFS categories (Table 10).  EFS event 
categories <3 months and treatment failures tend to have prolonged Tmax (median of 19.6 and 19.9 
days respectively) compared with EFS event ≥ 3 months (median 9.8 days).   
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Table 10: Summary of peripheral blood cellular kinetic parameters for  
CTL019 by qPCR by EFS category 

 

 
 
Table 10 continued: 
 

 

 
 
Dose-event free survival: 
 The impact of dose on EFS was evaluated by analyzing the weight-adjusted dose by EFS 
category (EFS event ≥ 3 months, EFS event <3 months, EFS censor <3 months, treatment failure, 
and other) boxplot. The results of dose and EFS category analysis indicated that there was no 
effect of dose on EFS categories analyzed (Figure 6). 
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Figure 6: Boxplot of weight adjusted CTL019 dose by event free survival category- SCP Pool 
 

 
 
Analyses of duration of remission (DOR): 
 Based on the Kaplan-Meier analysis of DOR, limited conclusions could be derived due to the 
small number of events/patients. Initial separation between Kaplan-Meier curves observed at 
around 2 months was maintained until about 6 months suggested that patients with higher 
exposure (AUC0-28d greater than the median) tend to have more durable remission; but overall the 
difference was small.  
 
Analyses of exposure and B-cell recovery: 
The patients with AUC0-28d greater than the median have slower B cell recovery than in patients 
with higher AUC0-28d. 
 
Relationship between CTL019 dose and Cmax orAUC: 
 Based on linear regression, there was no relationship between CTL019 dose and Cmax or AUC 
of CTL019.    
   
Impact of Tumor Burden on the PK of CTL019:  
 Tumor burden had substantial impact on the Cmax and AUC0-28d of CTL019.  In studies B2202 
and B2205J, tumor burden was assessed at screening whereas in study B2101J, tumor burden was 
assessed immediately prior to CTL019 infusion.  Based on the analyses of treatment tumor 
burden data for study B2101J, the AUC0-28d, AUC0-84d, and Cmax were approximately 243%, 
273%, and 144% higher in high tumor burden (maximum morphologic blast count and MRD in 
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bone marrow was ≥ 50%) patients compared with low tumor burden patients. Down syndrome 
patients (n=6) had similar exposure (AUC0-28d) and CRS grades compared to patients without 
Down Syndrome. 
 

Impact of Stem Cell Transplantation (SCT):  
The number of lines of prior therapy or prior stem-cell transplant (SCT) did not impact the PK of 
CTL019.  AUC0-28d and Cmax of CTL019 were comparable in patients who had prior SCT and in 
patients who did not have SCT.   
 
Impact of lymphodepleting regimens: The majority of patients were treated with 
lymphodepleting regimens.  However due to small sample size of non-lymphodepleting treated 
patients (n = 4), it was difficult to assess the impact of lymphodepleting regimens on the kinetics 
of CTL019.   
 
Impact of Disease status: 
 Similar exposures were observed in patients with chemo-refractory and primary refractory 
disease compared with relapse disease, indicating disease status did not impact the exposure of 
CTL019.  Based on the SCP pool analysis, the AUC0-28d and Cmax were similar for chemo-
refractory (n =15) and primary refractory (n = 64) (pooled data; n = 79) with relapsed disease. The 
mean AUC0-28d was 330000 (%CV = 170%) and 308000 (%CV = 174%) copies/μg in patients with 
refractory and relapsed disease, respectively. The mean Cmax was 33000 (%CV = 129%) and 
33400 (%CV = 153%) copies/μg genomic in patients with refractory and relapsed disease, 
respectively.  
 
CRS management with tocilizumab:  
 The administration of CTL019 led to cytokine release syndrome (CRS).  In order to manage 
CRS toxicity, patients received tocilizumab, a humanized anti-IL6 receptor monoclonal antibody.  
Seventy five (82.4%) patients who were infused with CTL019 experienced CRS and 32 (42.7%) 
patients were treated with tocilizumab.  Patients with severe CRS (grade 3-4) received tocilizumab 
around the time of maximal expansion.  
 Based on the SCP Pool, CR/CRi patients (n=18) treated with tocilizumab had 265% and 183% 
higher CTL019 AUC0-28d and Cmax, respectively as compared to patients (n=44) that did not receive 
tocilizumab as measured by qPCR.  Patients with grade 3-4 CRS who received tocilizumab had 
higher Cmax and AUC0-28d. Tmax of CTL019 was comparable between patients that received 
tocilizumab and patients who did not received tocilizumab.  The relationship between CRS grade 
and exposure metrics (AUC0-28d and Cmax) suggested a trend for higher exposure associated with 
higher CRS grade. 
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CRS management with corticosteroids:  
 Patients with CRS that did not respond to tocilizumab received corticosteroids. CR/CRi 
patients that received corticosteroids had 89% higher AUC0-28d compared with CR/CRi patients 
that did not receive corticosteroids.  
 
CTL019 in bone marrow by day 28: 
 On day 28, in CR/CRi patients (n = 17), the mean concentration of CTL019 in bone marrow 
was 1140 (CV = 1022%) copies/μg.  There was high variability in CTL019 concentrations ranging 
from 72 to 77200 copies/μg.  CTL019 concentrations declined over time and were measurable at 
month 3 and 6 at levels of 336 copies/μg (CV%: 103%) and 142 copies/μg (CV%: 145%), 
respectively. 
 

Conclusions 
 

• Following infusion, CTL019 exhibited an initial rapid expansion phase achieving maximal 
concentration (Cmax) around day 10 followed by a slower bi-exponential decline in 
complete remission/complete remission with incomplete hematologic recovery (CR/CRi) 
patients on day 28.  

 
• In all three studies, the Cmax and AUC0-28d were higher in CR/Cri patients as compared 

with non-responder (NR) patients. 
 

• Race and gender had no impact on the AUC0-28d and Cmax of CTL019. 
 

• Data indicated that children <10 years of age have higher Cmax and AUC (1.5 to 2-fold) 
than adults.  Both AUC0-28d and Cmax decreased with increasing age. However, due to small 
sample size and high variability, it was difficult to assess a definitive impact of age on the 
PK of CTL019.     

 
• The logistic regression for dose response curve for patients >50 kg showed an increasing 

probability of response for dose <1.0×108 CTL019 while the probability of response 
plateaued for doses higher than 1.0×108.  Similarly, for patients ≤ 50 kg, the dose-response 
curve showed an increasing probability of response for dose <2.0×106 CTL019 per kg and 
the probability of response plateaued for higher doses.   

 
• The probability of response derived from the model estimates were 43% for doses of 

0.2×108 per kg for patients ≤ 50 kg and 30.9% for doses of 0.1×108 CTL019 for patients 
>50 kg. 
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• The AUC0-28d, AUC0-84d, and Cmax were approximately 243%, 273%, and 144% higher in 
high tumor burden (maximum morphologic blast count and MRD in bone marrow was ≥ 
50%) patients compared with low tumor burden patients.  

 
• CR/CRi patients (n=18) treated with tocilizumab had 265% and 183% higher CTL019 

AUC 0-28d and Cmax, respectively as compared to patients (n=44) that did not receive 
tocilizumab.  
 

• CR/CRi patients that received corticosteroids had 89% higher AUC0-28d compared with 
CR/CRi patients that did not receive corticosteroids.  

 
• The relationship between CRS grade and exposure metrics (AUC0-28d and Cmax) suggested 

a trend for higher exposure associated with higher CRS grade. 
 

• On day 28, in CR/CRi patients (n = 17), the mean concentration of CTL019 in bone 
marrow was 1140 (CV = 1022%) copies/μg.  CTL019 concentrations declined over time 
and were measurable at month 3 and 6 at levels of 336 copies/μg (CV%: 103%) and 142 
copies/μg (CV%: 145%), respectively. 
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