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In a recent issue of PNAS, Rodgers et al. present an elegant 
study describing the development of a bifunctional antibody 
switch able to control retargeting and activation of chimeric 
antigen receptor (CAR)—engineered T cells, offering a 
potential additional safety tool compared to standard CAR 
platforms (1). Indeed, despite the recent striking responses 
obtained by adoptive transfer of CAR-T cells in relapsed 
and refractory patients affected by CD19+ malignancies, 
difficulties have emerged in the ability of controlling 
both CAR T-cell pharmacokinetic and pharmacodynamic 
properties (2-6).

The acute toxicities registered in the early clinical trials 
were strictly linked to the biological mechanism of the 
treatment. Currently, the observed eradication of B-cell 
neoplasms firstly depends on specific targeting of CD19 
molecules, being highly expressed on the vast majority of 
leukemic clones and restricted to B-cell population. The 
absence of CD19 expression on other tissues granted for the 
safety of this approach, with the emergence of B-cell aplasia 
as unique “on-target” side-effect, easily treatable through 
immunoglobulin administration (5,6). However, the natural 
preference of T-cell homing to hematologic organs, i.e., 
the blood, bone marrow and lymph nodes allowed for 
rapid T-cell trafficking to tumor sites, that together with 
the potency of CAR-mediated antigen recognition and 
signal transduction, led to massive in vivo T-cell expansion, 
prolonged persistence and exacerbated immune responses. 
Especially in case of high tumor burden, serious adverse 
events have been observed, such as tumor lysis syndrome 

(TLS) and cytokine release syndrome (CRS), the latter 
characterized by an inflammatory systemic disease, also 
related to macrophage activation, mostly mediated by 
increased IL-6 levels (5,7). CRS have been successfully 
treated with the IL6R inhibitor Tocilizumab, IL-6 inhibitor 
Siltuximab and other anti-inflammatory drugs, such as 
steroids (8,9). Despite that, lack of specific control of CAR 
T-cell activation still remains a clinical issue that needs to 
be addressed. 

In light of ameliorating these aspects, the work published 
by Rodgers and colleagues tried to address both efficacy 
and safety issues of CAR redirected T cells. They conceived 
a switchable CAR (sCAR) directed towards a peptide neo-
epitope (PNE), which has been incorporated at defined 
different locations within an antibody targeting the 
CD19 antigen (antibody switch). Therefore, sCAR-T-cell 
specificity is redirected only against PNE, not occurring 
in the human proteome, thus allowing an orthogonal 
interaction between the sCAR-T-cell and the antibody 
switch. In this way, sCAR-T cells are strictly dependent 
on the presence of the antibody switch to become fully 
activated (Figure 1), thus excluding CAR T-cell off-target 
recognition of endogenous tissues or antigens in the absence 
of the antibody switch.

Different antibody switches were synthesized and the 
anti-CD19 antibody chosen was represented by clone 
FMC63 (10), widely used in several clinical trials, thus 
providing an optimal source of comparison between 
sCAR-T cells and traditional anti-CD19 CAR T cells (11). 
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After the initial comparison between full antibody and 
single chain switches, the authors decided to only consider 
the Fab switch, because of a shorter pharmacokinetic half-
life (~12–20 hours) (12) and smaller size, allowing for a 
better tumor penetration. In particular, geometry variation 
between the different switch molecules allowed for the 
dissection of a specific relationship between sCAR-T-cell 
functional properties and PNE location in the antibody. 
Indeed, superior cytotoxic activity was detected in the case 
of switches with PNE linked to the N terminus rather than 
to the C terminus, probably reflecting a proximal distance 
between antigen-binding interface of the antibody and 
target cells. The authors investigated the spacer length as 
another important feature of the CAR design, known to 
strongly affect the functional properties of CAR-redirected 
T cells (13,14). Moreover, a mutated version of the spacer 
was produced (IgG4m) in order to enhance interchain 
sCAR disulfide formation, allowing for dimerization of 
sCAR, leading to increased T-cell activation. This strategy 
showed to be beneficial, with shorter and IgG4m spacers 
providing increased cytotoxic activity and also improved 
sCAR-T-cell activation. 

Finally, the authors demonstrated the efficacy of this 

approach in vivo, with an increasing dose of antibody 
switch. However, at the ideal switch concentration no 
amelioration of the signs related to both CRS and TLS 
were observed in comparison to the anti-CD19 CAR T-cell 
strategy, with a daily or every other day administration. 
Therefore, the authors suggested that, in order to grant the 
control over the disease, the ideal solution should be that 
of titrating the switch dose, starting with a low switch dose 
administration, able to mitigate both CRS and TLS, in 
high tumor burden settings. In this way, it could be possible 
to control sCAR-T-cell activation without switching off 
the system, as it happens when dealing with suicide gene 
strategies (15), that usually lead to a complete abrogation 
of the therapeutic efficacy. Ideally, the control of sCAR-T-
cell activity would be enough to dampen the manifestation 
of the toxicity associated with CRS, but not excessive to 
cause disease relapse. In this sense, the limited half-life of 
the Fab molecule could be beneficial, given the immediate 
result over sCAR-T-cell activation when turning off the 
administration of the switch. However, the relapse risk 
upon excessive control over sCAR-T cells remains the 
crucial question mark, despite successive reinfusion of the 
switch might theoretically result in the recovery of sCAR-
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Figure 1 Switch-mediated compared to traditional chimeric antigen receptor (CAR) T-cell activation. Switchable CAR (sCAR) T-cell 
establishes an immunological synapse with tumor cell by engagement of CD19 target antigen through a CD19-antigen specific exogenous 
Antibody-switch (Fab fragment), including a peptide neo-epitope (PNE) specifically recognized by the anti-PNE sCAR (left panel). 
Conversely, traditional CAR T-cell activation is mediated by a direct recognition of CD19 target antigen through an anti-CD19 CAR 
molecule (right panel). Both the sCAR and the traditional CAR include transmembrane and signaling domains.
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T-cell effector functions. Conversely, when dealing with 
lower tumor burden (i.e., MRD state), an increased switch 
dose concentration could be offered, without the risk of 
exacerbating CRS and TLS events. Besides, the described 
strategy offers an alternative to the use of a suicide gene 
in case of long-lasting T-cell populations, with the aim to 
revert the observed persistent B cell aplasia.

The perspectives of the transition from an antibody 
switch to another represent a valid tool in case of antigen 
escape or of cancer with a heterogeneous antigen expression. 
Specifically, therapies targeting CD19 on leukemic blasts, 
such as anti-CD19 CAR T cells or the bi-specific anti-
CD19/CD3 antibodies blinatumomab experienced CD19-
negative relapses, with alternatively spliced CD19 isoforms, 
reported in approximately 10% of treated patients. Novel 
CAR T-cell approaches are under evaluation to target 
additional antigens, such as TSLPR and CD22, for the 
treatment of relapses with target epitope loss (16,17). 
Future directions could include a preemptive combination 
of more antibody switches or bi-specific switches in order to 
avoid emergence of antigen loss escape mutations. 

Concerning the control of potential “on-target but 
off tumor” recognition of healthy cells, studying the best 
Fab switch affinity could be an aspect worth to be further 
deepened, in order to limit potential acute side effects, 
particularly in the context of TAA that once targeted are 
potentially life-threatening. Indeed, tuning the affinity of 
antigen binding domain of the CAR turned out to strongly 
affect the functional properties of the redirected CAR T 
cells in an extremely context dependent manner (18-20). In 
this way, rationale administration of low doses switch with 
a limited affinity for the target antigen could offer a safer 
strategy also for the treatment of both solid tumors and 
other hematological malignancies. 

Overall, this approach presents the great promise of 
combining both the titrability of antibody-based therapies 
with the efficacy of redirected CAR T cells. The clinical 
translation of the proposed approach is very interesting, 
particularly concerning the possibility of developing a 
universal sCAR-T-cell, obviating thus the need of creating 
a new CAR for each target. However, for each platform 
proposed this strategy demands for the optimization of the 
exact immunological synapse orientation in order to elicit 
the best sCAR-T-cell effector functions.
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