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ABSTRACT 
 
 

Perspectives on lymphocyte dynamics after chimeric antigen 
receptor T cell therapy 
David Dingli 

Chimeric antigen receptor T cell therapy (CAR-T) is potentially lifesaving for many patients with a variety 
of malignancies. Unlike most other treatment, CAR-T cells grow in vivo and may persist to provide long 
term disease control. Understanding the kinetics of their expansion and how this correlates with 
responses and toxicity has provided interesting insights into this form of therapy. In this review, 
correlations between cell kinetics, response and toxicity are discussed together with strategies being 
evaluated to reduce morbidity. The long-term impact on disease control of glucocorticosteroids or 
cyclophosphamide used in patients who develop neurologic toxicity are at present unclear. Whether 
the CAR-T cells have to persist for a cure is also a concept that needs further study. 
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Introduction 
Chimeric antigen receptor T cells (CAR-T) can kill target cells by binding to a tumor specific antigen without 
the need for expression of the target antigen in the context of major histocompatibility complex expressed 
proteins1. The typical CAR construct is composed of four functional domains: an extracellular domain usually 
derived from a single chain antibody fragment (scFv) that binds to the relevant antigen and is essential for 
target recognition and engagement (e.g. CD19, BCMA etc.), a transmembrane domain that serves to anchor 
the complex on the surface of the T cells and two co-stimulatory domains usually derived from 4-1BB or 
CD28 and the zeta domain of CD32. The chimeric protein ensures that the target cell is recognized followed 
by T cell activation, replication, killing of the target tumor cells and the generation of memory T cells that 
potentially provide long-term surveillance against the tumor. 
 

For many patients with several types of relapsed B cell non-Hodgkin lymphoma3-10, B cell acute 
lymphoblastic leukemia11-14 and multiple myeloma15-23, CAR-T cell therapy has been lifesaving with many 
patients not only achieving rapid and deep responses but also cures. Not surprisingly, the technology is 
being evaluated against many other tumor types if a specific tumor antigen can be identified. The 
technology to manufacture the CAR-T cells is also evolving. All the currently approved CAR-T products are 
generated by the in vitro activation, expansion and transduction of T cells with a self -inactivating lentiviral 
vector construct that delivers a copy of the gene coding for the CAR which integrates in the genome of the 
cell leading to long term expression of the transgene. Other approaches that are being studied include in 
vitro transfection of the cells with mRNA coding for the CAR24 or in vivo manufacturing with transductionally 
targeted vectors that specifically bind to and enter T cells followed by in vivo expansion of the cells25. 
 

The expression of the CAR construct on T cells renders them susceptible to an immunologic attack from the 
person’s immune system since the scFv may be recognized as a foreign antigen. Moreover, the immune 
system seems to be ruled by a carrying capacity that could limit the expansion of the CAR-T cells post 
infusion. For these two reasons, patients typically receive lymphodepletion chemotherapy before the CAR-
T cells are infused using powerful lymphocytotoxic agents (LD chemotherapy) such as fludarabine and 
cyclophosphamide that creates an optimal environment for expansion of the adoptive T cells 2. Two days 
after the last dose LD has been given, the CAR-T cells are infused, and patients are observed for several 
weeks for potential toxicities. 
 

After an initial description of lymphocyte kinetics following CAR-T therapy, I will explore how these dynamics 
relate to both disease control and toxicity. We will explore whether strategies that mitigate or treat toxicities 
correlated with CAR-T expansion have an impact on long term disease control. We will finally discuss 
whether long-term CAR-T persistence is a pre-requisite for ‘cure’ of the neoplastic process. 
 

Lymphocyte kinetics 
The effect of LD chemotherapy on the absolute lymphocyte count (ALC) is very rapid with patients 
experiencing a profound lymphopenia soon after, often with lymphocyte values that cannot be accurately 
quantitated with clinical laboratory testing. However, after a few days, the ALC starts increasing and the 
population grows exponentially typically within the first 2 weeks after cell infusion26-30. While it is not possible 
(outside of research studies) to determine how many of the lymphocytes that are expanding are the CAR-T 
cells, research has shown that the ALC correlates well with CAR-T cell growth and serves as a good surrogate 
for the latter26. CAR-T expansion is in part driven by the interaction with target cells leading to CAR-T 
activation and reproduction apart from the cytokine milieu 2. The process is similar to chemical kinetics and 
the law of mass action where the rate of reaction is related to the activity of the reactants, with one critical 
difference: in CAR-T, the interaction with antigen leads to expansion of the therapeutic agent – a unique 
feature among all currently approved therapeutics. In support of this view there are anecdotal reports of a 
lack of CAR-T expansion in patients who are in a state of minimal residual disease (MRD) negativity where 
presumably the interactions between the tumor and the CAR-T cells are limited. Several groups have studied 
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the implications of this lymphocyte expansion with outcomes in several disease states. These analyses have 
been most insightful as discussed below26-30. 
 

The exponential function is one of the most important functions in nature. The function can describe 
population size at any time once the initial value of the population (𝐿(0)) and the replication rate, 𝑘 are 
known. Conversely, fitting of the time dependent ALC data to an exponential function provides an estimate 
of the individual patient’s kinetic parameters such as 𝑘 and the population doubling time28,29. Moreover, the 
area under the ALC – time curve can also be determined27-29. These parameters can then be correlated with 
observed clinical outcomes including depth of response, time to response, durability of response, survival, 
and toxicity. 
 

Correlation with response 
Expansion of the ALC count post LD is essential for a response to therapy and has been observed across all 
disease states for which CAR-T have been approved26-30. The ALC tends to reach its peak within the first two 
weeks after cell infusion. Subsequently, the ALC counts decreases to subnormal levels and remains low for 
many months, leading to a state of profound immunosuppression.  
 

It is interesting to note that specific ALC metrics have different implications for outcomes in various disease 
states. For example, the maximum ALC observed within the first two weeks (Lmax) is critical in multiple 
myeloma26,28,30 but less so in NHL 29. Similarly, in myeloma, the best outcomes are observed in patients who 
achieve an ALC>1x109/L within the first two weeks after cell infusion26,28,30. However, this threshold is often 
not observed in patients with diffuse large cell lymphoma (DLBCL)29 or patients with myeloma treated with 
ide-cel28, unlike patients treated with cilta-cell for myeloma who often achieve this threshold. The area under 
curve for the ALC also correlates with PFS and OS26,28,30. Despite these differences, it is also true that patients 
with NHL who have long responses to CAR-T have higher peak ALC levels compared to those with shorter 
responses27. On multivariate analysis, Lmax remained an independent predictor for PFS while the ALC on day 
12 remained significant for OS28. The data suggest that not only achieving an ALC >1x109/L matters, but 
also the time to achieve this and a shorter time to reach this threshold may be associated with better outcomes. 
 

Why is this ALC threshold so important in multiple myeloma? Nobody doubts the importance of achieving 
a very deep response for optimal outcome. Data from our group and others show that this ALC threshold is 
associated with a high probability of achieving minimal residual disease (MRD) negativity at one and three 
months post CAR-T (98.4% and 100% respectively)26,28,30.  
 

Interestingly, an ALC>1x109/L has no impact on the combination of complete and partial response or the 
probability of achieving a complete response in diffuse large B cell (DLBCL) NHL29. The ALC replication rate, 
k, correlates with the probability of achieving a CR, which is essential for long term disease control and 
potential cure. Our studies suggest that a replication rate of 0.3876/day provides a critical cut-off for 
response. Patients with k>0.3876 have a 69% probability of achieving CR, compared to 22.2% of patients 
who do not reach this threshold.  
 

The ALC growth rate and doubling time are critical parameters: however, while the replication rate is 
perhaps determining for outcomes in DLBCL29, it loses significance in multivariate models in multiple 
myeloma28. The reasons for these differences are not clear since the CAR constructs have a similar gene 
organization. Presumably, these differences could relate to details of the manufacturing process or the fact 
that cilta-cell has two BCMA binding domains in its antigen recognition moiety compared to a single antigen 
binding domain in ide-cel and ax-cel. Similarly, the growth rate (𝑘) is higher in cilta-cel compared to ide-cel 
or axi-cel. Analysis of the daily ALC also shows that individual values, especially within the first two weeks 
after therapy correlate with progression free survival as does the area under curve (AUC) for the ALC in the 
first 2 to 4 weeks after therapy. Moreover, the ALC AUC is also relevant and prognostic on several analysis 
implying that the early sustained immunologic response is important. These observations suggest that the 
outcome of therapy is determined very early during therapy, within the first month after CAR-T and likely 
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earlier. Support for this concept comes from the fact that patients that do well typically experience a deep 
response within the first month of therapy (the first time point when the response is normally assessed). 
Patients with myeloma who are in an MRD negative state, have suppressed immunoglobulin free light chains 
and are negative on PET/CT imaging typically have a long response to therapy31,32. The opposite is true for 
patients who do not meet these important response metrics. The lymphocyte kinetics of course only tell part 
of the story – the other major element relate to the specific disease biology at the time of CAR-T cell therapy. 
In particular, high disease burden, metabolically active disease such as patients with a low brain to liver 
glucose ratio (B2LR)33,34 or other measures of metabolic activity, and the presence of extramedullary disease 
in myeloma tend to be associated with inferior outcomes. In our experience, the ultimate arbiter is the B2LR 
prior to CAR-T therapy – patients with a B2LR<2.5, tend to do poorly and illustrate the importance of disease 
biology on outcome. 
 

At present, we do not have a unifying reason why in some disease states it is parameters related to the ALC 
on specific days or the AUC that matter most when it comes to response while in others, it appears that it is 
the speed of lymphocyte expansion is the dominant parameter. While these parameters are correlated since 
after cell infusion the ALC at a given day is determined by the growth rate of the population (given the initial 
value), the results of multivariate analysis suggest independence.  
 

Correlation with toxicity 
CAR-T cell therapy is associated with specific and well-defined toxicities some of which are predictable 
based on kinetic parameters. Cytokine release syndrome (CRS) is the most common and may be observed 
in up to 80% of patients. The time to peak onset of CRS is earlier with ide-cel15,16, axi-cel4 and tisa-cel3 – 
typically within the first 24 to 48 hours post infusion while this is later with cilta-cel (median time is 5 – 7 
days)17,18. Could this be related to the fact that the initial number of therapeutic cells infused is higher with 
ide-cel and axi-cel compared to cilta-cel? This hypothesis would be in keeping with the concept of mass 
action kinetics of CAR-T and target cell interactions.  
 

In multiple myeloma, the maximum lymphocyte count (Lmax) correlates with the incidence of and the time 
to onset of CRS but not with its duration, due to effective therapy of CRS with steroids and tocilizumab 26,35. 
Lmax also correlates well with the time to onset and severity of immune effector cell associated neurologic 
toxicity syndrome (ICANS) but not with its duration, for the same reason26,35.  
 

For patients with DLBCL, the growth rate (k) of the ALC correlates with the time to onset of  CRS but not the 
time to ICANS29. While as expected, k correlates with the time to achieve Lmax, there is no correlation 
between Lmax and time to onset of CRS and ICANS in these patients29, likely due to the early onset of these 
toxicities way before the ALC peaks. Moreover, patients with a k>0.3876/day are more likely to have grade 
3 or higher CRS and require tocilizumab therapy (81.8% versus 43.8%). This replication rate also is associated 
with a higher risk of ICANS (63.6% versus 39.5%) with a tendency to higher grades of neurologic toxicity29.  
 

One of the measures of success in the field is the lack of correlation between lymphocyte kinetics and 
duration of both CRS and ICANS, due to prompt recognition of these problems and early therapeutic 
interventions with glucocorticosteroids and tocilizumab that often control these toxicities rapidly36. 
 

Mitigation of toxicity 
One of the most concerning problems related to BCMA targeted CAR-T in multiple myeloma is delayed 
neurologic toxicity (DNT) that manifests itself in various ways including cranial nerve palsies, acute onset 
extrapyramidal syndromes similar to Parkinson’s disease, phrenic nerve palsy and a diffuse demyelinating 
neuropathy akin to Guillain-Barre syndrome22. In particular, the extrapyramidal syndromes can be 
debilitating and sometimes fatal37,38. The initial observations were surprising given that it was not known that 
BCMA is expressed in the caudate nucleus37. Several studies now show that the rapid expansion of the ALC 
is a predictor of an elevated risk of DNT and statistical analysis suggests that an ALC>3x109/L is associated 

https://doi.org/10.18103/mra.2026.0


  

Medical Research Archives | https://doi.org/10.18103/mra.2026.0400  6 

THE EUROPEAN SOCIETY OF MEDICINE 
 

with a 30% risk of such toxicity39. As a result, various groups have implemented mitigation strategies to try 
and slow down or reverse the lymphocyte expansion using several lymphocytotoxic agents such as 
dexamethasone, cyclophosphamide, and others40,41. While dexamethasone reduces the ALC, it does not 
seem to reduce the risk of DNT. Outcomes from the use of other agents are awaited. However, more 
detailed analysis of a recent fatal case suggests that the problem may be much more complex38. It is 
pertinent to point out that the ALC correlates with the risk of these problems and what likely matters is the 
presence of CAR-T cells in the central nervous system leading to an on target but off tumor toxicity. Perhaps 
the cells could be present already in the caudate nucleus and the damage ongoing when this threshold is 
observed, and this may explain the lack of benefit from dexamethasone. However, what seems to argue 
against this concept is the often-dramatic improvement in symptoms that patients experience when treated 
with high dose cyclophosphamide40,41. The rapidity of the response (although often not back to normal) 
supports the concept that the cells are reaching the caudate nucleus in tandem with their expansion in the 
circulation and therapeutics that are more effective are required compared to dexamethasone.  
 

The concern with the use of potent lymphocytotoxic agents at the onset of DNT is that this could reduce 
the efficacy of the CAR-T against myeloma. In other words, when is the outcome determined with respect 
to long term disease control? Is it within days of cell infusion or later? This would be an example of 
optimization of therapy and here a better understanding of the intertwined effects of the CAR-T cells on 
tumor control versus toxicity become critical. There are several moving parts including the initial tumor 
burden (with its intrinsic biology, broadly defined), the CAR-T cell product infused, the expansion rate of the 
cells and the peak level that the cells achieve. It is likely that all of these and other clinical and kinetic 
parameters interact in ways that may lead to DNT. One can postulate that in patients with a smaller disease 
burden, the tumor can be eliminated rapidly but it is also possible that the patient with a lower tumor burden 
will have less rapid ALC expansion that places the patient at a lower risk of DNT42. As the use of these 
products moves to earlier lines in therapy, one of the advantages will be a reduction in DNT for the reasons 
proposed here. In the interim, it is possible that artificial intelligence-based models looking at large datasets 
may help answer some of these vexing questions. 
 

How long do the CAR-T cells need to persist? 
One of the assumed advantages of CAR-T cells is that the therapeutic agents not only proliferate in vivo but 
also generate long lived memory cells which will continue to provide immune surveillance against 
reemergence of the tumor clone (as long as the tumor expresses the unmutated target antigen)2. In some 
patients CAR-T cells can persist for many years and some long-lived patients with ALL had detectable CAR-
T cells many years after their infusion43. However, is this necessary for long term success? There is some data 
that this is not always necessary30. 
 

CAR-T cells can be eliminated from the body due to various mechanisms including T cell exhaustion and 
normal immunologic reconstitution with an attack from the re-emerging immune system against the 
recombinant cells. Is it possible that the CAR-T cells persist in some long-term survivors because there is no 
tumor present, and they are not exhausted due to continued antigen exposure? If this is the case, it turns 
the argument on its head. The rapidity of the response and its critical role in determining long term 
outcomes could suggest that their persistence is not essential for tumor control. In support of this concept 
is the observation that both axi-cel and tisa-cel have equal efficacy against lymphoma. While tisa-cel is 
designed for long term persistence of the cells by expressing 4-1BB as part of the CAR construct, this is not 
the case with axi-cel (that expresses CD28) and yet the long term clinical outcomes are similar2. Moreover, 
strategies for rapid CAR-T cell manufacturing by transfecting lymphocyte with mRNA coding for the CAR24, 
intrinsically assume that long term expression of the CAR is not required, although longer term results are 
needed to firmly prove or disprove this hypothesis44. Moreover, the use of high doses of glucocorticosteroids 
or even cyclophosphamide to treat either CRS or neurologic toxicity to date do not seem to suggest that 
such patients are at higher risk of disease relapse. 
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It is possible that the responses are even faster than what is clinically observed and our monitoring protocols 
introduce an intrinsic time lag on response dynamics. For example, the monoclonal protein in patients with 
multiple myeloma is typically evaluated at one month after CAR-T therapy. Often the intact monoclonal 
immunoglobulin would still be detectable and so the patient cannot be considered in a complete response, 
but many patients would already be MRD negative. Similarly, PET imaging in lymphoma is obtained at one 
month after therapy and patients who are already negative by that time will do well but we do not know 
whether that state was reached in one or two weeks versus one month, not to mention that the PET cannot 
clearly distinguish between disease and an inflammatory state. Studies in acute lymphoblastic leukemia 
show that circulating leukemic blasts are cleared within days after CAR-T therapy27. 
 

An argument in favor of the benefit of active CAR-T persistence is the observation (in myeloma) that patients 
who experience a return of polyclonal IgM after CAR-T are at high risk of relapse. If the BCMA CAR-T cells 
are present, they continue to exert negative selective pressure on normal pre-B, B, and plasma cells and 
therefore patients continue to have hypogammaglobulinemia with ongoing need for immunoglobulin 
replacement therapy. If polyclonal IgM reappears, the logical conclusion is that this negative selection on 
normal B and plasma cells has been removed and functional naïve and memory B cells are regenerating and 
producing normal immunoglobulin. Since normal B and plasma cells are not genetically unstable and they 
express normal BMCA, their return means that the CAR-T cells are either exhausted or have been eliminated. 
Interestingly, the same argument may not be true for patients with NHL who are treated with a CD19 
targeting CAR-T. While CD19 is also expressed in normal B cells and patients develop profound 
hypogammaglobulinemia, many will eventually recover some polyclonal IgM production without a high risk 
of disease relapse 27. In such patients, while we must infer that the CAR-T cells have lost some or all their 
activity, the absence of relapse suggests that cure had occurred early on, again highlighting that perhaps 
the outcome of therapy is determined very early after CAR-T therapy. In NHL, most relapses occur early, 
while immune reconstitution takes many months, so by the time the CAR-T cells are either exhausted or 
eliminated, the tumor would have been eradicated. 
 

Conclusion 
There is compelling evidence that lymphocyte kinetics after CAR-T cell therapy are inextricably linked with 
both efficacy and toxicity. While in some disease states, the lymphocyte peak after CAR-T infusion is critical, 
in others, it is the rate of growth of the cells that seems to matter. It is not clear that long-term persistence 
of CAR-T cells is essential for a cure. Further exploration of these phenomena and a mechanistic 
understanding of the biology behind these observations will improve long -term outcomes with CAR-T. 
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