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This Supplementary Material (SM) is organized as follows. Section 1 shows details about1

the experimental data obtained from [1–3] and unit transformations. Section 2 describes2

the method used for calibrating the model. Section 3 provides the fits obtained in the3

linear scale for all patients and the corresponding parameter values used in the final4

simulations. Finally, in Table 6 we present the values of the cellular kinetic parameters5

that were used to establish relation with patient responses.6

1. Experimental data7

In vivo CAR-T cells data in the peripheral blood (PB) from different patients were8

obtained from [1–3]. Specifically, data from [2,3], measured in copies/µg DNA, were9

obtained directly from the corresponding supplementary materials while data from [1],10

presented in cells/µL, were extracted using the software WebPlotDigitizer [4] as shown11

in Table 1. Here, we make the units compatible by using CAR-T cell counts. Following12

[5], 1 cell/µL corresponds to 5×108 cells by assuming that each patient has 5L of blood,13

1% of cells are in the PB, and converting µL to L. On the other hand, there is no standard14

transformation from copies/µg DNA to cell counts in the literature, although Mueller15

et al. [6] reported that 1 ng DNA is equivalent to 158.7 cells. Based on this information,16

we consider that 1 copy/µg DNA corresponds to approximately 105 cells.17

2. Calibration method18

Our model was calibrated using a multi-step strategy based on the mechanisms19

underlying the multiphasic dynamics of the CAR-T cell therapy. Due to the relatively20

small amount of data, the calibration process is not straightforward and requires a careful21

evaluation of the dynamics informed by the data. By performing an initial partition22

of the phases in the CAR-T kinetics, initial estimates of the parameters are obtained as23

described in the main text; these are sequentially updated until reaching reasonable24

fitting for the total CAR-T cells on a logarithmic scale. Afterwards, the estimates are25

improved on the linear scale. The main steps of our calibration strategy encompass:26

1. Analyze the dynamics informed by the data of the total CAR-T cells on a logarithmic27

scale and partition them in time as a function of the phases: distribution, expansion,28

contraction, and persistence.29

2. Fit an exponential curve to each phase. For the expansion phase, we first try to fit30

the interior data points, excluding the endpoints, which mark the distribution and31

contraction phases. If there are not enough data points (at least two data points),32

we add the endpoint of the distribution phase. For patients with no data points in33

the distribution phase, we add the endpoint of the expansion phase.34
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3. Set the values of dominant parameters at each phase:35

• Distribution phase: β = md.36

• Expansion phase: rmin + p1 − ξ = me. By additionally assuming a small initial37

value of rmin = 1.0 × 10−3 1/day for the basal rate of clonal expansion and38

ξ = δ, we get an initial estimate for p1 .39

• Contraction phase: δ = mc .40

• Persistence phase: µ = mp .41

4. Set p3 = 1.0 and pp3
2 = 1/(peak-day)p3 , in which the peak-day is the day with the42

highest recorded number of CAR-T cells. This assumption implies a progressive43

decrease in the CAR-T expansion rate, that becomes equal to rmin + p1/2 at the44

peak-day.45

5. Run the first model simulation after assigning initial values to the other parameters.46

Some of them were obtained from the literature and are given by: θ = 6.0 ×47

10−6 (cell·day)−1 [7]; r = 0.176 day−1, 1/b = 2.0 × 1012 cells, γ = 2.25 day−1,48

ϑ = 0.305 [8]. We additionally set η = 1.0× 10−5 day−1, ε = 1.0× 10−3 (cell·day)−1,49

λ = 0.1 day−1, A = 1.0 cell, and α = 5.5 × 10−7 (cell·day)−1.50

6. Improve the fitting by running a series of new simulations with new parameter51

values, starting by changing the values defined in the previous step. Other modifi-52

cations should be done taking into account the following issues: (a) η should be53

changed so that the initial dynamics captures the first data point of the expansion54

phase, keeping the number of engrafted cells greater than or equal to one cell55

(EC ≥ 1); (b) the time of the CAR-T peak shifts to the left or right by increasing56

or decreasing, respectively, the value of A; (c) p1, rmin, and ξ should be changed57

while keeping me = p1 + rmin − ξ. If it does not work, they may be changed inde-58

pendently, noting that an increase in the values of p1 and rmin leads to an increase59

in the CAR-T expansion; (d) an increase in the values of rmin can also make the60

contraction phase smoother and increase persistence; (e) λ and ε should be changed61

to adjust the peak values of memory and exhausted cells, which ultimately leads to62

a better fitting of the contraction and persistence phases.63

7. If the fit is good enough, fine-tune the parameter values mainly to adjust the peak64

of total CAR-T cells in the linear scale. Otherwise, go back to step (i) and try65

a new data partition. As the distribution and expansion phases are, in general,66

well defined, the focus is to try a better separation between the contraction and67

persistence phases.68

Our multi-step strategy led to patient-specific parameter values that fitted well69

to the various diseases and scenarios considered in this work. With the availability70

of more in vivo data encompassing the dynamics of both CAR-T cell phenotypes and71

tumor evolution, this process can be significantly improved. To further investigate if72

the dominant parameters in each phase of the CAR-T kinetics actually provide good73

approximations to the assigned model parameters, we compare the initial estimates (Yi
in)74

with the final ones (Yi
out), after calibration, through the root mean square error (RMSE):75

RMSE =

√
1
n

n

∑
i=1

(Yi
out − Yi

in)
2,76

in which n is the total number of patients considered in this work. The same error77

measured is also used in this work to compare observed (Yi
in) and predicted (Yi

out)78

CAR-T cells.79

Figure 1 shows the RMSE values for each CAR-T phase for all patient data selected80

from 3 studies [1–3]. The persistence phase displays the smallest error due to the81

dominant presence of memory CAR-T cells in the later times of the dynamics. On the82

other hand, the highest error occur in the expansion phase, as expected, due to the83

interplay among the effector, exhausted, and memory CAR-T cell populations.84
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3. Simulations in Linear Scale85

3.1. Patient data from Liu et al.86

The estimated parameter values and the corresponding model simulation (linear87

scale) for each patient are presented in Table 2 and Figure 2, respectively. Overall, model88

simulations show good agreement with the available data, independently of the disease,89

although smaller errors are observed in patients with DLBCL and pediatric ALL. Root90

mean square error (RMSE) between the predicted and observed data of total CAR-T cells91

for each disease is shown in Figure 6.92

3.2. Patient data from Brudno et al. and Porter et al.93

The estimated parameter values and the corresponding model simulation (linear94

scale) for each patient are presented in Table 3 and Figure 3, respectively. Our model95

captured total CAR-T dynamics and patients outcomes. Figure 3 also display details of96

the dynamics of cancer cells in later times, up to the time of the last follow-up. At this97

time, our model indicates that all CR patients have tumor burden at undetectable levels.98

Of note, patient B12 exhibits limit cycle oscillations and patient P1 has an extremely slow99

growth of cancer cells while the other patients have faster rates. All PR patients present100

similar behavior, although their tumor burdens reached measurable values at the last101

follow-up time. The model simulations also agreed with the disease relapse presented102

by the SD patients. A remarkable delay occurs in the early dynamics of cancer cells in103

SD patients, most evident in patient B22, who exhibits the later CAR-T cell peak and104

longest distribution phase (see Figure 4 - main text).105

As mentioned before, the proposed model generated clinically undetectable cyclic106

behavior for some patients. We highlight the dynamics of patient B12 in Figure 4. Shortly107

after the infusion of CAR-T cells, the tumor cell population undergoes a strong decay.108

Around day 20, tumor cells resume growth until they start to behave cyclically from109

day 200. Total CAR-T cells keeps decreasing after peaking, but effector cells grow back110

stimulated by the tumor until they reach the oscillatory behavior resulting from the111

interplay with the tumor cells. Among CAR-T cell phenotypes, memory cells exhibit112

cycle with the smallest amplitude.113

Model simulations up to 10 years are shown in Figure 5 for the decade-long patients114

P1 and P2. Using data covering 4 years of measurements after therapy, Figures 5a and 5c115

show that model predictions agree with patient outcomes. The later dynamics of patient116

P2 indicates a limit cycle in which the populations of CAR-T and cancer cells alternate117

growth and decay at undetectable levels. We also re-calibrated the model for patient118

P2 including data extracted from [9] and shown in Table 4. Patient outcome remained119

tumor-free and is accompanied by greater persistence of CAR-T cells (Figure 5b).120

In Table 6, the values of each evaluated kinetic parameter are presented. The area121

under the concentration-time curve (AUC) was calculated using the trapezoidal rule. By122

observing the cellular dynamics of the 24 patients considered in this study (see Figures 3123

and 4 - main text), we distinguish two time points, t1 and t2, in the dynamics of CAR-T124

cells after the peak that mark transitions in the abundance of CAR-T cell phenotypes.125

When t < t1, there is a predominance of effector cells, the exhausted cells become126

dominant after t1, and from t2 there is dominance of memory cells. The time lag between127

t1 and t2 is patient-dependent and directly impacts the characterization of the dynamics.128

Patients 3, 27, and B5 present a greater region dominated by exhausted cells than patients129

28, 30, and B20. Some patients display t1 ≈ t2, such as B11, meaning that there is no130

dominance of exhausted cells during the CAR-T cell dynamics. Patient B2 does not131

exhibit a detectable t2 point due to the formation of the memory pool at undetectable132

levels. Patient P2 also does not exhibit time t2 due to a sharp decrease of the exhausted133

cells so that only memory cells are left after t1. Overall, the characterization of t1 and134

t2 for the analyzed patient cohort did not show any correlation with their long-term135

therapy responses.136
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Table 1: Patient data extracted from [1] whose last follow-up responses (interval from
infusion to last follow-up, in days) were either complete remission (CR), partial remission
(PR), or stable disease (SD). The data were extracted using the software WebPlotDigitizer
[4]. Zero counts in cells/µL were indicated as 2.5 × 106 cells (detection threshold),
meaning that any value below the threshold is plausible. Doses were reported in cells/kg
and were converted to cell counts considering that each patient weighs an average of 60
kg.

Days after infusion CAR-T cells/µL Total CAR-T cell counts

Patient 2 (DLBCL) — CAR-T dose = 4.2×107 cells — SD(30)
3 0 2.5 ×106

12 9.1892 4.5946×109

14 9.1892 4.5946×109

20 0 2.5 ×106

Patient 5 (CLL) — CAR-T dose = 6.0×107 cells — CR(900+)
5 0 2.5 ×106

9 27.0786 1.35393×1010

12 30.4494 1.52247×1010

14 14.7191 7.35955×109

Patient 10 (MCL) — CAR-T dose = 4.68×108 cells cells — SD(60)
6 1.6216 8.1080×108

8 31.8919 1.594595×1010

9 40.5405 2.027025×1010

Patient 11 (CLL) — CAR-T dose = 1.86×108 cells cells — PR(540+)
4 0 2.5 ×106

6 9.1011 4.55055×109

7 205.7303 1.0286515×1011

8 77.6404 3.88202×1010

11 3.4831 1.74155×109

13 0.1123 5.615×107

Patient 12 (ALL Ph+) — CAR-T dose = 3.12×108 cells — MRD− CR(480+)
5 0.1123 5.615×107

7 33.8202 1.69101×1010

9 14.7191 7.35955×109

12 0.1123 5.615×107

14 0.1123 5.615×107

16 0 2.5 ×106

Patient 15 (ALL Ph-neg) — CAR-T dose = 4.14×108 cells — MRD− CR(90)
5 14.7191 7.35955×109

7 63.0337 3.151685×1010

8 28.2022 1.41011×1010

Patient 18 (DLBCL) — CAR-T dose = 1.86×108 cells — SD(60)
5 5.4054 2.7027×109

7 40.5405 2.027025×1010

9 13.5135 6.75675×109

12 11.3513 5.67565×109

Patient 20 (ALL Ph-neg) — CAR-T dose = 2.52×108 cells — MRD− CR(90+)
4 9.1011 4.55055×109

6 260.7865 1.3039325×1011

8 29.3258 1.46629×1010

11 1.2359 6.1795×108

DLBCL — diffuse large–B-cell lymphoma. CLL — chronic lymphocytic leukemia. MCL — mantle cell lymphoma. ALL Ph+

—Philadelphia chromosome-positive acute lymphoblastic leukemia. ALL Ph-neg – Philadelphia chromosome-negative

acute lymphoblastic leukemia.
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Figure 1. Root mean square error (RMSE) of the approximations of dominant parameters for each
phase of the CAR-T dynamics for patient data from 3 studies [1–3].
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Table 2: Calibrated parameter values, in appropriate units (a.u.), used in the simulations for patient data obtained from [3]. Patients were divided into four groups according to the
reported disease: diffuse large–B-cell lymphoma (DLBCL), pediatric and adult acute lymphoblastic leukemia (ALL), and chronic lymphocytic leukemia (CLL). In all simulations,
we set the initial tumor burden equal to 1.0 × 107 cells and a single CAR-T dose. As the doses for patients with ALL were not informed, we used for them a dose of 1.0 × 108

CAR-T cells corresponding to the median total dose for patients weighing > 50 Kg reported in [10]. The peak-day observed in the experimental data is also informed, which was
used to determine the parameter p2 (pp3

2 = 1/(peak-day)p3). The approximated total number of engrafted CAR-T cells (EC) is evaluated for each patient using equation (3.5).
Parameters whose values were the same for all patients are: θ = 6.0 × 10−6, α = 5.5 × 10−7, r = 1.76 × 10−1, 1/b = 2.0 × 1012, ϑ = 3.05 × 10−1, and a = 1.0 × 103.

Parameter
DLBCL ALL Pediatric ALL Adult CLL

Patient 27 Patient 28 Patient 30 Patient A Patient J Patient L Patient 1 Patient 3 Patient 7 Patient UPN09 Patient UPN10 Patient UPN17

β 2.1384 1.0512 2.2586 8.0 × 10−1 1.0 × 10−1 1.0 × 10−3 1.0 × 10−1 2.1 1.0 × 10−1 9.0938 × 10−1 7.0 × 10−1 8.8583 × 10−1

η 3.5 × 10−1 5.4 × 10−2 1.0 × 10−1 2.0 1.0 × 10−1 6.0 3.0 × 10−3 1.0 × 10−1 7.0 × 10−3 8.0 × 10−6 4.0 × 10−5 5.0 × 10−3

rmin 1.0 × 10−3 1.0 × 10−3 1.0 × 10−3 1.0 × 10−1 6.0 × 10−1 4.5 × 10−2 3.8 × 10−1 5.0 × 10−2 1.5 × 10−1 5.0 × 10−1 5.0 × 10−1 1.0 × 10−4

p1 2.409202 1.750021 2.625285 9.021974 × 10−1 5.0600965 × 10−1 5.489287 1.511182 2.925191 1.200377 1.9007101 9.9 × 10−3 1.342692

p2 1.5849 × 10−5 7.5389 × 10−25 5.5944 × 10−8 3.8787 × 10−2 4.4194 × 10−2 7.3597 × 10−2 6.7268 × 10−3 1.1220 × 10−2 4.9385 × 10−58 6.25 × 10−2 1.8518 × 10−2 1.0 × 10−16

p3 4.8 3.1 × 10 7.6 1.2 1.5 1.05 1.95 1.95 5.0 × 10 1.0 1.0 1.6 × 10

A 1.0 × 10−1 5.0 × 10 1.0 × 10−4 1.0 × 10−6 1.0 × 10−1 2.0 × 10−5 1.0 × 10−3 3.0 × 10−3 2.0 × 10−7 5.0 × 10−3 5.5 × 10−13 3.0 × 10−2

ξ 1.27078 2.5476 × 10−1 1.33758 1.9204 × 10−1 4.2255 × 10−2 3.24424 2.3446 × 10−1 1.077018 3.7564 × 10−1 1.23133 × 10−1 2.0464 × 10−1 2.3576 × 10−1

ε 2.0 × 10−2 6.0 × 10−2 2.0 × 10−2 3.0 × 10−3 8.0 × 10−3 1.6 × 10−3 4.5 × 10−2 2.0 × 10−2 5.0 × 10−2 1.3 × 10−3 3.0 × 10−3 5.0 × 10−3

λ 1.0 × 10−1 1.0 × 10−1 1.0 × 10−1 1.0 × 10−1 1.0 × 10−1 1.0 × 10−1 1.0 × 10−1 1.0 × 10−1 1.0 × 10−1 1.0 × 10−2 2.0 × 10−2 3.0 × 10−2

µ 5.8352 × 10−2 9.0101 × 10−2 6.5105 × 10−2 6.8474 × 10−3 7.4965 × 10−3 1.6579 × 10−2 1.2962 × 10−2 3.7325 × 10−2 8.6577 × 10−2 3.0541 × 10−3 7.386 × 10−3 2.3562 × 10−2

δ 1.7078 × 10−1 1.4976 × 10−1 4.5473 × 10−1 1.0504 × 10−1 4.2255 × 10−2 2.5424 × 10−1 2.3446 × 10−1 7.7018 × 10−2 1.8664 × 10−1 5.3133 × 10−2 2.9642 × 10−2 1.8576 × 10−1

γ 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 2.25 1.0 2.25

Total dose 5.9895 ×107 9.2303 ×107 1.2767 ×108 1.0 × 108 1.0 × 108 1.0 × 108 1.0 × 108 1.0 × 108 1.0 × 108 1.7 × 108 5.61 × 108 1.03 × 108

Peak-day 10 6 9 15 8 12 13 10 14 16 54 10

EC 8.4244 ×106 4.5099 ×106 5.4129 ×106 7.1428 × 107 5.0 × 107 9.9983 × 107 2.9126 × 106 4.5454 × 106 6.5420 × 106 1.4955 × 103 3.2055 × 104 5.7811 × 105
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Figure 2. Model fitting to the experimental data (•) from [3] on the linear scale. Each column corresponds to the dynamics of the total CAR-T cell population ( ) for different diseases (DLBCL,
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Table 3: Calibrated parameter values, in appropriate units (a.u.), used in the simulations for patient data obtained from [1,2]. Patients were divided into three groups according to
the reported response: CR — complete response, PR — partial response, and SD — stable response. In all simulations, we set the initial tumor burden equal to 1.0 × 107 cells.
Single dose was applied to patients from [1] and fractionated dose (10% on day 0, 30% on day 1, and 60% on day 2) to those from [2]. The peak-day observed in the experimental
data is also informed, which was used to determine the parameter p2 (pp3

2 = 1/(peak-day)p3 ). The approximated total number of engrafted CAR-T cells (EC) is evaluated for each
patient using equation (3.5). Parameters whose values were the same for all patients are: α = 5.5 × 10−7, r = 1.76 × 10−1, 1/b = 2.0 × 1012, and ϑ = 3.05 × 10−1.

Parameter
CR PR SD

B151 - ALL B201 - ALL B121 - ALL B51 - CLL P22 - CLL P12 - CLL P122 - CLL P222 - CLL B111 - CLL B21 - DLBCL B101 - MCL B181 - DLBCL

MDR− CR(90) MDR− CR(90+) MDR− CR(480+) CR(900+) MDR− CR(1560+) MDR− CR(1590+) PR(180) PR(300) PR(540+) SD(30) SD(60) SD(60)

β 2.0 × 10−1 3.8 6.43 × 10−1 1.7399 2.675 × 10−1 9.1921 × 10−1 3.9363 × 10−1 1.0 × 10−3 2.4577 2.7809 3.5 3.5

η 4.0 × 10−1 4.0 × 10−1 1.6 × 10−7 5.0 × 10−8 2.0 × 10−3 1.0 × 10−8 3.0 × 10−2 5.0 × 10−1 2.0 × 10−8 1.0 2.0 × 10−2 1.0 × 10−2

rmin 1.0 × 10−3 4.25 × 10−1 2.3 1.0 × 10−3 4.5 × 10−1 3.03 6.0 × 10−1 1.0 × 10−1 1.0 1.631 1.0 × 10−2 1.0 × 10−3

p1 2.50812 3.0351 2.7864 3.6 5.32453 × 10−1 1.050917958 × 10 1.57 5.625 4.7146 6.5555 5.14 6.7495

p2 3.2097 × 10−18 5.8171 × 10−28 7.6962 × 10−33 1.3459 × 10−12 3.2258 × 10−2 2.7841 × 10−41 7.7452 × 10−67 4.0505 × 10−2 1.4678 × 10−72 4.3941 × 10−10 1.8648 × 10−8 1.2958 × 10−4

p3 2.07 × 10 3.5 × 10 3.8 × 10 1.1 × 10 1.0 8.5 × 10 5.0 × 10 1.184 8.5 × 10 8.4 8.1 4.6

A 1.0 × 10−6 1.0 × 10 6.0 × 10−1 6.0 × 10−2 1.0 × 10−7 8.1 × 104 1.0 × 102 1.0 × 106 9.5 1.0 × 10−1 6.9 × 103 1.0 × 104

a 1.0 × 103 1.0 × 103 1.0 × 103 1.0 × 103 1.0 × 104 1.0 × 103 2.0 × 106 1.8 × 106 1.0 × 103 1.0 × 104 5.0 × 105 5.0 × 106

ξ 1.39427 1.4492 1.6858 3.8946 × 10−1 7.298 × 10−2 3.09366 × 10−1 5.09828 × 10−1 4.5151 × 10−1 1.2584 3.1598 2.14908 2.68908

ε 8.0 × 10−4 1.5 × 10−3 1.0 × 10−4 9.0 × 10−3 4.1 × 10−3 1.7 × 10−4 5.5 × 10−4 1.225 × 10−3 4.1 × 10−4 1.0 × 10−4 1.0 × 10−5 1.0 × 10−5

λ 1.0 × 10−1 1.0 × 10−1 1.0 × 10−1 3.0 × 10−1 1.0 × 10−3 3.0 × 10−2 6.0 × 10−1 2.5 × 10−3 1.0 × 10−1 8.0 × 10−1 5.0 × 10−1 4.0 × 10−1

θ 6.0 × 10−6 6.0 × 10−6 6.0 × 10−6 6.0 × 10−6 6.0 × 10−6 6.0 × 10−6 5.0 × 10−7 2.0 × 10−7 6.0 × 10−6 6.0 × 10−6 6.0 × 10−6 6.0 × 10−6

µ 2.0 × 10−2 2.0 × 10−2 1.0 × 10−1 1.0 × 10−2 1.727 × 10−3 4.758 × 10−5 1.0 × 10−6 1.0 × 10−5 2.0 × 10−2 4.0 × 10−2 8.0 × 10−2 8.0 × 10−2

δ 8.0427 × 10−1 1.0692 1.4458 3.6346 × 10−1 2.9748 × 10−2 8.5366 × 10−2 9.252 × 10−2 1.351 × 10−2 1.2224 1.573 1.5 2.0 × 10−1

γ 2.25 2.25 2.25 2.25 1.8 2.25 1.19 4.8 × 10−1 2.25 3.69 × 10−1 8.5 × 10−1 1.2

Total dose 4.14 × 108 2.52 × 108 3.12 × 108 6.0 × 107 1.42 × 107 1.13 × 109 1.18 × 108 8.64 × 107 1.86 × 108 4.2 × 107 4.68 × 108 1.86 × 108

Peak-day 7 6 7 12 31 3 21 15 7 13 9 7

EC 2.76 ×108 2.4 ×107 7.7636 ×10 1.7242 1.0538 × 105 1.2293 × 10 8.3563 × 106 8.6227 × 107 1.5136 1.1108 × 107 2.6591 × 106 5.2991 × 105

Experimental data: 1 [1]; 2 [2].
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Figure 3. Model fitting to the experimental data (•) from [1,2] on linear scale. Each column corresponds to the dynamics of the total CAR-T cell population ( ) for different therapy responses at last
follow-up (interval from infusion to last follow-up in days) (CR – complete response; PR – partial response; SD – stable disease) and for different patients. Tumor cell populations ( ) presented
several behaviors. Data points (•) may assume any value under the detection threshold (≤ 2.5 × 106 cells), but some (•) was not used for calibration and error calculation of the model due to their
greater uncertainty.
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Figure 4. Simulated dynamics for patient B12 - MRD−1 CR(480+). Cyclic behavior of CAR-T
and tumor cells is observed from day 200, with cell populations remaining below the detectable
threshold. Gray shadow represents the undetectable level (≤ 2.5 × 106 cells). Experimental data
(•) from [1] with points (•) indicating CAR-T cell population under the detection threshold
(≤ 2.5 × 106 cells).

Table 4: Data of the decade-long patients P1 and P2 were extracted from [9]. Data are
reported in both copies/µg DNA and cell counts.

Days after infusion CAR-T copies/µg DNA Total CAR-T cell counts

Patient P1 (CLL) — CAR-T dose = 1.13×109 cells
1683.9867 738.9467 7.3895 ×107

1780.8638 1265.2891 1.2653 ×108

1974.6179 1034.1857 1.0342 ×108

2954.1528 3709.7365 3.7097 ×108

3007.9734 8596.2011 8.5962 ×108

3255.5482 11633.0456 1.1633 ×109

3600.0000 9833.3326 9.8333 ×108

Patient 2 (CLL) — CAR-T dose = 1.42×107 cells
1670.1992 290.9163 2.9092 ×107

1696.0159 254.5641 2.5456 ×107

1799.2829 332.4598 3.3246 ×107

1928.3665 464.1589 4.6416 ×107

2173.6255 332.4598 3.3246 ×107

2341.4343 118.1582 1.1816 ×107

2593.1474 464.1589 4.6416 ×107

3277.2908 379.9357 3.7993 ×107
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Table 5: Calibrated parameter values, in appropriate units (a.u.), used in the new simu-
lations of the decade-long patient P2, whose data were obtained from [2,9]. We set the
initial tumor burden equal to 1.0 × 107 cells and the dose of 1.42 × 107 CAR-T cells given
in the full 3-day split-dose regimen (10% on day 0, 30% on day 1, and 60% on day 2).

Parameter β η rmin p1 p2 p3 A

Estimated value 2.675 ×10−1 2.0 ×10−3 4.0 ×10−1 5.62453 ×10−1 3.2258 ×10−2 1.0 2.0 ×10−7

Parameter a ξ ε λ θ α

Estimated value 1.0 ×104 3.8748 ×10−2 1.0 ×10−3 8.0 ×10−3 6.0 ×10−6 5.5 ×10−7

Parameter µ δ r b γ ϑ

Estimated value 1.827 ×10−4 2.9748 ×10−2 1.76 ×10−1 5.0 ×10−13 1.8 3.05 ×10−1
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Figure 5. Model simulations for the decade-long patients P1 and P2, whose data are shown by red
dots. Filled red dots indicate the experimental data used for model calibration in panels (a) and
(c), covering 4 years of measurements after therapy, while the empty red dots were disregarded.
In panel (b), simulations were performed by using all available data. Panels (a) and (b) show
remarkable differences in the persistence of the total CAR-T cells.
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Figure 6. Root mean square error (RMSE) between the predicted and observed data of total CAR-T
cells. Each panel corresponds to a different disease (diffuse large-B-cell lymphoma – DLBCL;
pediatric and adult lymphoblastic leukemia – ALL; chronic lymphocytic leukemia – CLL; mantle
cell lymphoma –MCL) and includes data from different references [1–3] as indicated by the color
of the dots.
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Table 6: Cellular kinetic parameters assessed for each patients with complete response (CR), partial response (PR), or stable disease (SD).

Kinetic Parameter
CR PR SD

B151 - ALL B201 - ALL B121 - ALL B51 - CLL P22 - CLL P12 - CLL P122 - CLL P222 - CLL B111 - CLL B21 - DLBCL B101 - MCL B181 - DLBCL
MDR− CR(90) MDR− CR(90+) MDR− CR(480+) CR(900+) MDR− CR(1560+) MDR− CR(1590+) PR(180) PR(300) PR(540+) SD(30) SD(60) SD(60)

AUC0-28, cell × day 4.1750 × 1010 1.2064 × 1011 2.4296 × 1010 1.1812 × 1011 2.1965 × 1010 2.2540 × 1011 9.8309 × 1010 1.0152 × 1011 8.0239 × 1010 9.8328 × 109 2.6858 × 1010 4.6083 × 1010

% AUC0-28CD 0.8263 0.0249 0.9985 0.0292 0.0240 0.0546 0.0283 0.0170 0.0471 0.0565 0.2475 0.0575

% AUC0-28CT 87.1350 89.2577 92.5219 50.8368 98.2621 76.8757 18.0077 96.0636 91.8060 66.2497 74.8114 33.6402

% AUC0-28CM 1.2047 2.3693 0.0802 7.2719 1.3955 0.2852 0.1304 1.2187 0.6366 0.0005 0.0040 0.0021

% AUC0-28CE 10.8340 8.3481 6.3993 41.8621 0.3184 22.7845 81.8335 2.7006 7.5103 33.6934 24.9371 66.3002

AUC0-60, cell × day 4.2197 × 1010 1.2310 × 1011 2.4298 × 1010 1.3068 × 1011 6.2526 × 1010 2.3529 × 1011 1.3120 × 1011 1.1043 × 1011 8.0711 × 1010 9.8328 × 109 2.6858 × 1010 4.6534 × 1010

% AUC0-60CD 0.8176 0.0244 0.9984 0.0264 0.0084 0.0523 0.0212 0.0156 0.0469 0.0565 0.2475 0.0569

% AUC0-60CT 86.2111 87.4721 92.5110 45.9493 88.7204 73.6586 13.4935 88.6030 91.2687 66.2496 74.8113 33.3142

% AUC0-60CM 2.2521 4.3225 0.0920 16.0977 9.6678 0.6679 0.3351 4.0162 1.2181 0.0005 0.0041 0.0022

% AUC0-60CE 10.7192 8.1811 6.3986 37.9266 1.6034 25.6213 86.1502 7.3651 7.4663 33.6934 24.9371 66.6267

AUC0-90, cell × day 4.2423 × 1010 1.2434 × 1011 2.4299 × 1010 1.3924 × 1011 7.2389 × 1010 2.3673 × 1011 1.3316 × 1011 1.1660 × 1011 8.0949 × 1010 9.8328 × 109 2.6858 × 1010 4.6534 × 1010

% AUC0-90CD 0.8132 0.0241 0.9984 0.0248 0.0073 0.0519 0.0209 0.0148 0.0467 0.0565 0.2475 0.0569

% AUC0-90CT 85.7536 86.6001 92.5105 43.1262 80.4233 73.2095 13.2949 83.9302 91.0006 66.2497 74.8113 33.3142

% AUC0-90CM 2.7709 5.2762 0.0925 21.2526 17.4253 1.0310 0.5491 6.2295 1.5082 0.0005 0.0041 0.0022

% AUC0-90CE 10.6623 8.0995 6.3986 35.5964 2.1441 25.7076 86.1351 9.8255 7.4444 33.6934 24.9371 66.6267

tpeak , day 6.8936 6.0157 7.5721 10.1003 24.5411 3.3808 15.7029 14.8725 7.0074 12.8881 8.7598 6.9961

C(tpeak), cell 3.1996 × 1010 1.3090 × 1011 2.4008 × 1010 2.6580 × 1010 3.6547 × 109 4.3975 × 1010 1.0408 × 1010 1.3018 × 1010 1.0308 × 1011 6.4479 × 109 2.1105 × 1010 2.0105 × 1010

CD(tpeak), cell 6.6174 × 106 2.6825 × 10−3 2.3968 × 106 1.3998 1.9052 × 103 5.0517 × 106 1.5236 × 104 5.0180 × 103 6.1667 2.8885 × 10−14 1.9010 × 10−5 4.0257 × 10−3

CT(tpeak), cell 2.9811 × 1010 1.2476 × 1011 2.2979 × 1010 2.0493 × 1010 3.6032 × 109 4.3162 × 1010 3.8528 × 109 1.2873 × 1010 9.9358 × 1010 4.4919 × 109 1.6713 × 1010 1.3716 × 1010

CM(tpeak), cell 3.1600 × 107 1.4905 × 108 1.7777 × 106 2.2249 × 108 4.1845 × 107 4.5165 × 106 6.9536 × 106 4.3429 × 107 2.2696 × 107 3.4334 × 104 1.3808 × 105 1.2167 × 105

CE(tpeak), cell 2.1468 × 109 5.9944 × 109 1.0250 × 109 5.8655 × 109 9.6922 × 106 8.0378 × 108 6.5484 × 109 1.0149 × 108 3.7016 × 109 1.9559 × 109 4.3919 × 109 6.3892 × 109

T(tpeak), cell 6.2321 4.0265 × 10 1.5360 1.1230 × 10−2 1.0841 × 10−8 9.4375 × 103 4.4388 × 10 2.5286 × 105 6.3599 2.1509 × 106 6.2955 × 104 4.9228 × 104

t1, day 9.7778 9.5984 12.3922 11.7264 102.8099 11.7893 14.8152 27.1194 13.1751 14.5770 10.6339 7.6529

t2, day 13.4598 10.6782 13.8163 21.2374 NA 67.0912 90.0001 92.2745 12.7001 c 17.5925 c

tTR , day 468.6538 567.4207 a 1143.9747 a b 179.6661 299.7583 539.6457 25.7534 55.6440 54.7998

C(tTR), cell 2.5073 × 10−5 1.0332 × 10−6 NA 2.4286 × 10−1 NA NA 5.8402 × 105 5.6166 × 106 1.6723 × 10−4 8.5618 × 10 2.5442 × 10−8 8.4935 × 105

CD(tTR), cell 3.1387 × 10−114 0.0 NA 0.0 NA NA 1.0396 × 10−26 5.1837 × 10−59 0.0 2.1654 × 10−35 4.0396 × 10−77 5.4218 × 10−76

CT(tTR), cell 1.0206 × 10−11 9.5277 × 10−10 NA 5.5780 × 10−7 NA NA 9.0543 × 102 5.9082 × 104 7.9949 × 10−5 1.2407 × 10−4 3.0638 × 10−16 4.9567 × 10−18

CM(tTR), cell 6.8317 × 10−16 1.1594 × 10−13 NA 3.9343 × 10−10 NA NA 5.6978 × 102 1.4223 × 105 2.5015 × 10−9 1.1135 × 10−9 2.8253 × 10−22 4.7728 × 10−24

CE(tTR), cell 2.5073 × 10−5 1.0322 × 10−6 NA 2.4286 × 10−1 NA NA 5.8255 × 105 5.4153 × 106 8.7275 × 10−5 8.5618 × 10 2.5442 × 10−8 8.4935 × 105

Experimental data: 1[1]; 2[2]. a – Limit cycle at non-detectable levels; b – No recurrence in 20,000 days; c – Memory cell counts lower than the exhausted cell counts; NA – Not applicable.
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