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Álvaro Mart́ınez-Rubio 1,2*, Salvador Chulián 1,2, Cristina Blázquez Goñi 2,3,
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1 Parameter estimation

Due to the difficulty in obtaining direct estimates for each parameter in the model, we focused on obtaining plau-
sible orders of magnitude, ensuring the correct relationship between parameter values (e.g. which proliferation
rate is higher for B-cell subsets) and comparing the resulting dynamics with known dynamical characteristics
such as reconstitution times after autologous bone marrow transplantation.

For the case of the B-cell subsets, we previously studied Eqs (2b)-(2d) in [1]. Briefly, in vitro studies show
that proliferation rates are of the order of magnitude of days [2, 3, 4, 5]. Upon CD19 acquisition there is sustained
proliferation that decreases as the cell matures [5, 6, 7], which justifies the choice ρ1 < ρ2. With respect to
the B0 compartment, we chose a slower proliferation rate, in accordance with the idea that more immature
hematopoietic progenitors cycle at slower rates [8, 9]. Exact values were set after simulating and comparing
with the fact that B-cell progenitors can be detected in bone marrow at 1 month after transplantation [10, 11].
Finally, transition rates can be derived from studying steady state conditions as explained in [1], and the
values are selected to match known steady state proportions (These can be consulted in [12, 13]), assuming a
homeostatic B-cell amount of the order of magnitude of 1010 cells (see [1] for the derivation). Figure S1 (A,B)
shows a simulation of Eqs (2a)-(2d) with the parameters specified in Table 1, reflecting the biological evidence
referenced above (reconstitution times and relative proportions). With respect to the leukemic cell population,
for simplicity we assumed it inherits the proliferation rate of the cell of origin, being its exaggerated growth due
to lack of self-inhibition. The exit rate is set lower than normal B-cell exit rate so that they do not accumulate in
blood at exaggerated levels. Finally, assuming a fully invaded bone marrow can exceed its normal homeostatic
capacity, we set the saturation value at approximately twice this amount (see [14] for reference values). Figure
S1 (C,D) shows a simulation of the growth of the leukemia and its rapid increase in the absence of treatment.

Finally, most of the parameters of the CAR T-cell population can be obtained from experimental fitting of
clinical data [15]. These include proliferation rate, effector to memory transition rate and death times for both
phenotypes. For the memory to activated transition rate we assumed a characteristic time of 3 days, given the
high intensity of secondary responses [16]. This parameter only controls the final level of memory CAR T-cells
and thus would not influence the dynamics. Lastly, parameters α and h lack a direct experimental measure.
In order to obtain plausible ranges, we simulated peripheral blood conditions as explained in Section 3.1 for
different orders of magnitude. Figure S2 shows some of the scenarios that were discarded due to unrealistic
biological conditions. More precisely, for α = 3 · 10−8 the product drops too much below the initial value, and
for α = 3 · 10−12 it expands to unrealistic levels. Likewise, for h = 5 · 1013 the product drops unrealistically, and
for h < 5 · 107 there are no significant differences since CAR T-cells become activated just as quickly.
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Figure S1: Simulations of hematopoietic and leukemic compartments. (A,B) Evolu-
tion in time and relative proportions of Pro-B, Pre-BI, Pre-BII and immature B-cells simulating
immune reconstitution after transplant. Parameters from Table 1. Initial state B0(0) = 107,
B1(0) = 0, B2(0) = 0, B3(0) = 0. (C,D) Evolution in time and relative proportions of B-
cell compartments and leukemic cells. Parameters from Table 1. Initial state B0(0) = 108,
B1(0) = 3 · 109, B2(0) = 2 · 1010, B3(0) = 9 · 109, L(0) = 1.
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Figure S2: Parameter ranges for α and h. Simulations of the scenario described in Figure
2 for different ranges of parameters (A) α and (B) h. The rest of parameters and initial state
are as in Figure 2.
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Figure S3: Influence of low CD19 burden. Evolution in time of leukemic cells (gray)
and total CAR T-cells (orange) for different initial configurations (In decreasing order: solid,
dashed, dotted lines). Parameters are those of Table 1 with α = 3 × 10−9 day-1 · cell-1. In
general, leukemia recurrence is more frequent and occurs sooner for higher values of activation
threshold and lower CD19 burden.
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Figure S4: Sobol’s sensitivity analysis for product attributes. Fractional contribution
of CAR T-cell product attributes α, ρC and h on the model’s output variance for one year of
treatment. 1500 simulations were performed with each parameter taking random values from
the following intervals: α in [5 · 10−11, 5 · 10−9], ρC in [0.4, 1] and h in [5 · 109, 5 · 1011]. The
rest of parameters values are those of Table 1. (A) Influence on total B-cell population. (B)
Influence on leukemic cell population. (C) Influence on total CAR T-cell population.
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Figure S5: Sobol’s sensitivity analysis for therapy parameters. Fractional contribution
of CAR T-cell therapy parameters on the model’s output variance for one year of treatment.
1500 simulations were performed with each parameter taking random values from the following
intervals: τA in [5, 8], τM in [150, 600], αAM in [0.0005, 0.0015], αMA in [0.15, 1], α in [5 ·10−11, 5 ·
10−9], ρC in [0.4, 1] and h in [5 · 109, 5 · 1011]. The rest of parameters values are those of Table
1. (A) Influence on total B-cell population. (B) Influence on leukemic cell population. (C)
Influence on total CAR T-cell population.
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Figure S6: Proportion of newly manufactured CAR after second infusion. Evolution
of the proportion of the second CAR infused after lack of response to first infusion, for the case
of the improved product. The three cases correspond to the three examples shown in Figure
7, with new attributes (A) h = 5 × 108 and ρC = 0.9, (B) h = 5 × 108 and α = 6 × 10−10,
(C) α = 5 × 10−8 and ρC = 0.7. Rest of parameters as in Figure 7. Simulations were done
by performing two runs of the model, changing the parameters relative to the product in the
second one and using the final state of the first run as initial state of the second.
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Figure S7: Exploration of parameter ranges for response to second infusion. Num-
ber of leukemic cells at day +30 after the second infusion of 5 × 108 CAR T-cells of the initial
product, in logarithmic scale. Unchanged parameters and initial state as in Figure 6. Discon-
tinuities correspond to the thresholds (in either cell number or time) set for the moment of
reinfusion. Subfigures (A), (B) and (C) correspond to the three heatmaps in Figure 6: Top,
middle and bottom respectively.
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Figure S8: Evolution in time of activation function. (A) Activation function for pe-
ripheral blood simulation (Figure 2 in main text). (B) Activation function for bone marrow
simulation (Figure 3 in main text).
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Figure S9: Effect of CD19+ B-cell infusion in non-responding patients. Dynamics
of leukemic cells (solid gray line), CD19- and CD19+ B-cells (solid and dotted blue lines re-
spectively) and activated and memory CAR T-cells (solid and dotted orange line, respectively),
for the three non-responding patients of Figure 6. (A) Infusion of one order of magnitude of
CD19+ B-cells at the time of relapse. (B) Infusion of two orders of magnitude of CD19+
B-cells at the time of relapse.
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