
 

www.mjhid.org Mediterr J Hematol Infect Dis 2022; 14; e2022024                                                          Pag. 1 / 4 

Mediterranean Journal of Hematology and Infectious Diseases 
 

Letter to the Editor  
 

CAR-T Cells Microscopic and Phenotypic Identification in the Peripheral Blood 
 

Keywords: CAR-T cells, Lymphocyte. 

 
Published: March 1, 2022 Received: November 9, 2021 Accepted: February 11, 2022

 

Citation: Lesesve J.F., Cravat M., Boulangé L., Rubio M.T., De Carvalho M. CAR-T cells microscopic and phenotypic identification in the 
peripheral blood. Mediterr J Hematol Infect Dis 2022, 14(1): e2022024, DOI: http://dx.doi.org/10.4084/MJHID.2022.024 
 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by-nc/4.0), which 

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.  
 

To the editor.  

The infusion of T cells with a chimeric antigenic 

receptor (CAR-T cells) represents a recent therapeutic 

innovation in managing hemopathies. As an indication 

for large B–cell lymphoma, CAR-T cells are used for 
patients in relapse after several conventional treatment 

lines.1 Nowadays, clinical trials propose this therapeutic 

approach as second-line therapy (ZUMA-7 clinical 
trial)2 and even as first-line therapy in high-risk patients 

(ZUMA-12 trial).3 In practice, the collection of patients' 

T cells is performed by leukapheresis: these T cells will 
then be genetically modified using a viral vector to make 

them express a chimeric receptor able to recognize a 

surface antigen expressed by tumor cells.4 After being 

transduced, the CAR-T cells are reinjected by 
intravenous infusion.5 The morphologic and 

immunophenotypic description of CAR-T cells 

observed in residual cells of CAR-T cells infusion bag 
has just been described by Galli et al. in this journal.6 

Here we confirm their findings in the peripheral blood 

(PB) and report about our experience of CAR-T cells 
automated and microscopic detection and immune 

monitoring.  

A 54-year-old woman was diagnosed in October 

2017 with stage III large cell B-cell lymphoma. She was 
first treated with chemotherapy until complete remission 

but relapsed in December 2018, and the second line of 

chemotherapy was undertaken to allow the achievement 
of a new complete remission. Then, an autologous 

transplant was performed in April 2019 to intensify the 

treatment. Unfortunately, a second relapse occurred in 

May 2020, and a CAR-T-cells therapy project was 
validated in July. The anti-CD19 CAR-T cells 

(Axicabtagene Ciloleucel, Yescarta, Kite Gilead) were 

infused in September after usual conditioning by 
cyclophosphamide and fludarabine. Blood counts (XN 

9000 automated counter, Sysmex, Japan) after CAR-T 

cells infusion revealed expected pancytopenia due to the 
depletion conditioning regimen. However, the follow-

up of the white differential fluorescence (WDF) channel 

from the automated counter during the first four days 

was eventless.  

On the fifth day, dots were observed in the area 

corresponding to high fluorescence cells, flagged as 
"atypical lymphocytes" (Figure 1). Seven days after 

infusion, the automated counter detected unusual cells 

in another area (white dots) where abnormal 
lymphocytes and blasts are usually observed, leading to 

rejection of the automated leucocytes differential 

analysis. The WDF channel becomes without peculiarity 
again from the tenth day, and no more dots were 

observed in the window above the normal lymphocytes. 

In the blood smear, several unusually large cells were 

observed (day 5 post-infusion of CAR-T cells in Figure 

2). Their sizes were about 15 to 20 m. These cells were 
composed of atypical lymphocytes, some with a 

nucleole, others with immature blastic-like appearance 

(corresponding to undifferentiated cells at J7), and often 
 

 
Figure 1. WDF channel (Sysmex-XN counter). Dots corresponding 
to lymphocytes are pink-colored (days 5 to 11). 

http://www.mjhid.org/
http://dx.doi.org/10.4084/MJHID.2022.024
https://creativecommons.org/licenses/by-nc/4.0


 

  www.mjhid.org Mediterr J Hematol Infect Dis 2022; 14; e2022024                                                         Pag. 2 / 4 
 

 

Figure 2. Peripheral blood atypical lymphocytes observed after 
CAR-T cells infusion (day 5; May-Grunwald-Giemsa stain; x1000). 
 

with a lobulated nucleus. The cytoplasm of these cells 
was basophil and sometimes with peripheral 

strengthening. Very frequently, small vacuoles and 

small azure granulations were observed, both at the limit 

of visibility with an x50 microscopic average objective. 

All these lymphoid cells were observed in the first few 
days when no monocytes and only a few neutrophils 

were observed, stressing their potential relationship with 

CAR-T. As mentioned by Galli et al., a possible relapse 

of the malignant disorder might have been suspected in 
the absence of context knowledge.3 From day seven 

post-infusion, immuno-phenotyping of whole blood by 

flow cytometry demonstrated the existence of a strong 
CD45 lymphocyte population, composed of CD3+ T 

lymphocytes, with a CD4+ (56%) and CD8+ (36%) 

distribution, a CD3-CD16/56+ NK component (8%). 
There was a complete lack of CD19 expression by 

lymphoid cells (Figure 3). Repeated flow cytometry 

analysis confirms initial data, and a full decrease of 

CAR-T cells was confirmed within 60 days (Table 1 and 
Figure 4). 

It seemed likely to predict the potential presence of 

atypical lymphoid cells by observing the WDF channel 
of the Sysmex XN counter. We confirmed in the PB the 

heterogeneous cytomorphology described by Galli et al. 

in the leftovers, including few large granular 
lymphocytes but notable medium-sized basophilic 

lymphocytes, large promonocytic-like cells, and giant 

blast-like cells.3 Large basophilic cells with convoluted 

nuclei were very easily detected under the microscope 
during the expansion of CAR-T (focused on Figure 2). 

 

Figure 3. Lymphocytes immunophenotypic assessment at day 5. 
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Figure 4. CAR-T cells repartition (day 21) and CAR-T cells among total T cells (follow-up, days 10 to 60). 
 
Table 1. Immuno-phenotypic follow-up (day 5 to 91). 

Day 3 4 5 6 7 14 21 91 

Leukocytes (x109/L) 0.120 0.190 0.440 2.520 4.180 1.550 1.460 4.130 

Lymphocytes (%) 0 0 76 89 93 24 29 10 

Atypical lymphocytes (%) 0 0 70 74 78 2 0 0 

Lymphocytes (x109/L) 0 0 0.334 3.532 3.894 0.371 0.432 0.416 
CD3 (%) 0 0 91 ND 98.4 97.1 92.3 54.6 
     including CD4 (%) 0 0 56 ND 29.6 24.9 31.7 25.7 
     including CD8 (%) 0 0 36 ND 68.2 66.8 56.7 26.6 
CD19 (%) 0 0 0 ND 0 0 0 0 
CD56 (%) 0 0 4 ND 1.3 2.8 7.4 42 

 

Immunophenotyping of patient PB after CAR-T cells 
show a mixture of CD4+ and CD8+ T cells, sometimes 

NK cells. These cells correspond, among others, to the 

reinjected cells, observed a few days after infusion and 
linked to the well-documented expansion peak of CAR-

T cells generally between 5 to 10 days post-infusion. 

Our case report allowed us to document that (i) day 5 is 
the day of detectable CAR-T in whole blood, (ii) day 7 

is the peak of expansion, (iii) the total time exposure to 

CAR-T lasted more than 21 days, (iv) CD8+ cells 

decrease with time, and (v) that B-cell aplasia persisted 
for more than 90 days. Pharmacokinetics revealed that 

the circulation of CAR-T cells in peripheral blood was 

linked to a better response to the treatment. 

Furthermore, according to the ZUMA-2 study of 
CAR-T cells Tecartus (Brexucabtagene Autoleucel, 

Kite Gilead), the number of anti-CD19 CAR-T cells in 

the blood was positively correlated with an objective 
response (complete or partial response).7 Concerning 

prolonged B-cell aplasia, an indirect marker of anti-

CD19 CAR-T cells potency, it highlights that immune 
monitoring using flow cytometry is mandatory. CAR-T 

cells currently promise hopeful options for curing 

malignant diseases (nowadays mainly in onco-

hematology field) and represent a new challenge for 
assessment in hematology laboratories from initial to 

long-term patient follow-up.8  

  
Jean-François Lesesve1, Maxime Cravat2, Laura Boulangé2, Marie-Thérèse Rubio3 and Marcelo De Carvalho2. 

 
Services d’Hématologie Biologique1 et Clinique3, d’Immunologie2, CHRU Brabois, Nancy, France. 

 

Competing interests: The authors declare no conflict of Interest. 
 

Correspondence to: JF Lesesve. Service d’Hématologie Biologique, CHRU Nancy Brabois, 54511 Vandœuvre. Tel: 
0623120423. Email: jf.lesesve@chru-nancy.fr  

 

References:  
 

1. Labanieh L, Majzner RG, Mackall CL. Programming CAR-T cells to kill 

cancer. Nat Biomed Eng. 2018;2(6):377-391.  

https://doi.org/10.1038/s41551-018-0235-9  

PMid:31011197 

2. Locke FL, Miklos DB, Jacobson CA, Perales MA, Kersten MJ, Oluwole 

OO, Ghobadi A, Rapoport AP, McGuirk J, Pagel JM, Munoz J, FarooqU, 

van Meerten T, Reagan PM, Sureda A, Flinn IW, Vandenberghe P, Song 

KW, DickinsonM, Minnema MC, RiedellPA, Leslie LA, Chaganti 

S,Yang Y, Filosto S, Shah J, SchuppM, To C, Cheng P, Gordon LI, 

Westin JR, for all ZUMA-7 Investigators and Contributing Kite 

MembersDecember. Axicabtagene Ciloleucel as Second-Line Therapy 

for Large B-Cell Lymphoma. N Engl J Med. December 13, 2021.  

https://doi.org/10.1056/NEJMoa2116133  

PMid:34891224  

http://www.mjhid.org/
mailto:jf.lesesve@chru-nancy.fr
https://doi.org/10.1038/s41551-018-0235-9
https://doi.org/10.1056/NEJMoa2116133


 

  www.mjhid.org Mediterr J Hematol Infect Dis 2022; 14; e2022024                                                         Pag. 4 / 4 
 

3. Neelapu SS, Dickinson M, Munoz J et al. Primary analysis of ZUMA-12: 

a phase 2 study of axicabtagene ciloleucel as first-line therapy in patients 

with high-risk large B-cell lymphoma. ASH annual meeting 2021, 

December 13. 

https://doi.org/10.1182/blood-2021-148009  

4. Piscopo NJ, Mueller KP, Das A, Hematti P, Murphy WL, Palecek SP, 

Capitini CM, Saha K. Bioengineering Solutions for Manufacturing 

Challenges in CAR T Cells. Biotechnol J. 2018 Feb;13(2):10.  

https://doi.org/10.1002/biot.201700095  

PMid:28840981 PMCid:PMC5796845 

5. Kersten MJ, Spanjaart AM, Thieblemont C. CD19-directed CAR T-cell 

therapy in B-cell NHL. Curr Opin Oncol. 2020;32(5):408-417.  

https://doi.org/10.1097/CCO.0000000000000668  

PMid:32740094 

6. Galli E, Bellesi S, Viscovo M, Sorà F, Hohaus S, Piccirillo N, Laurenti 

N, Chiusolo P, De Stefano V, Sica S, Zini G.. MediterrJ Hematol Infect 

Dis 2021 ;13; e2021066.  

https://doi.org/10.4084/MJHID.2021.066  

PMid:34804440 PMCid:PMC8577561 

7. Yang C, Lei W, Xie H, et al. Sustained Remission of Relapsed or 

Refractory Mantle Cell Lymphoma After 4-1BB-Based CD19-Directed 

CAR-T Therapy. Onco Targets Ther. 2020; 13:12163-12168.  

https://doi.org/10.2147/OTT.S280535  

PMid:33268994 PMCid:PMC7701665 

8. Dana H, Chalbatani GM, Jalali SA, Mirzaei HR, Grupp SA, Suarez ER, 

Rapôso C, Webster TJ. CAR-T cells: Early successes in blood cancer and 

challenges in solid tumors. Acta Pharm Sin B. 2021 May;11(5):1129-

1147.  

https://doi.org/10.1016/j.apsb.2020.10.020  

PMid:34094824 PMCid:PMC8144892

 

 

http://www.mjhid.org/
https://doi.org/10.1182/blood-2021-148009
https://doi.org/10.1002/biot.201700095
https://doi.org/10.1097/CCO.0000000000000668
https://doi.org/10.4084/MJHID.2021.066
https://doi.org/10.2147/OTT.S280535
https://doi.org/10.1016/j.apsb.2020.10.020

