
Cytomegalovirus reactivation after CD19 CAR T-cell 
therapy is clinically significant

Approximately 80% of the world’s population have been 
infected by cytomegalovirus (CMV) based on seropreva-
lence data, and immunosuppressed CMV-seropositive pa-
tients are at increased risk for CMV reactivation.1 After 
allogeneic hematopoietic cell transplantation (alloHCT), 
CMV reactivation occurs in 40-45% of CMV-seropositive 
recipients and is associated with increased non-relapse 
mortality.2,3 As in alloHCT, lymphodepleting conditioning is 
given before CAR T-cell (CAR T) therapy; thus, the inci-
dence of CMV reactivation may also be increased after 
CAR T therapy.   
The incidence and clinical significance of CMV reactivation 
after CAR T therapy is not well described. CMV viremia 
(n=14) and end organ disease (pneumonitis [n=2], enteritis 
[n=1], encephalitis [n=2], and retinitis [n=1)) have been re-
ported after CAR T therapy.4-12 Another study reported that 
ten of 60 (17%) CMV-seropositive and -seronegative pa-
tients receiving CAR T therapy developed CMV reactivation 
based upon a single test performed from day+14 to +21 
after CAR T infusion,13 none of these patients developed 
CMV organ disease. Interpretation of these studies with 
regard to CMV reactivation incidence is limited by the un-
known or low frequency of testing. Active monitoring with 
CMV DNA quantitative polymerase chain reaction (qPCR) 
testing was not described, and CMV reactivation is less 
likely to be detected if the frequency of testing is low.   
Therefore, we retrospectively analyzed the clinical out-
comes of 65 consecutive patients treated with autologous 
CD19 targeted CAR T therapy for non-Hodgkin lymphoma 
from May 2018 to June 2021 who received at least two 
CMV DNA qPCR tests (Table 1) to determine the incidence 
of CMV reactivation and its clinical impact. All patients 
were treated at a single comprehensive cancer center 
with a dedicated transplant and cellular therapy unit and 
transfused with leukocyte-reduced blood products that 
were considered CMV safe. None of the patients received 
prophylaxis for CMV infection. Patients received prophy-
laxis against herpes viruses with acyclovir 400 mg by 
mouth twice a day (renally dosed as needed). CAR T-re-
lated clinical data were prospectively gathered as part of 
the Transplant and Cellular Therapy Program monitoring 
plan. American Society for Transplant and Cellular Therapy 
guidelines were used to define and grade cytokine release 
syndrome (CRS) and immune effector cell-mediated neu-
rotoxicity syndrome (ICANS).14 Reactivation was defined as 
a CMV DNA qPCR result >400 IU/mL occurring from 4 days 
before CAR T infusion until the time of death or last fol-
low-up. This CMV DNA qPCR threshold was chosen be-

cause it is the minimum level at which detection of CMV 
DNA by the qPCR assay is more than 95% reliable (the 95% 
limit of detection). The 95% limit of quantification of the 
qPCR assay was 1,000 IU/mL. The test was performed on 
plasma samples in all patients and at all time points. The 
CMV qPCR assay was developed and validated in the Ros-
well Park clinical laboratory and approved for clinical use 
by the New York State Clinical Laboratory Evaluation Pro-
gram. CMV DNA qPCR testing was started upon the initial 
hospitalization for CAR T infusion and as clinically indi-
cated in the outpatient setting. Five hundred and sixty 
CMV DNA qPCR measurements were included in this 
analysis (Figure 1A). CMV DNA qPCR testing was performed 
a median of every 8.4 (min-max 2.8-197.8) days. The 
median number of CMV DNA qPCR assays per patient was 
6 (min-max 2–24).  
Estimated with the cumulative incidence function, 44% 
(95% confidence interval [CI]: 25-62, Figure 1B) of CMV-se-
ropositive patients reactivated CMV by day+100. The cumu-
lative incidence of CMV reactivation for all patients was 
22% (95% CI: 13-32) at day+100 after CAR T infusion. Two 
of 38 (5.2%) CMV-seronegative patients had detectable 
CMV DNA >400 IU/mL indicative of new infection or reac-
tivation in the setting of falsely negative prior CMV serology. 
For this analysis, these patients were classified as reacti-
vating CMV. The median CMV DNA qPCR level of the first 
reactivation episode was 1,384 (min-max 519-12,700) IU/mL. 
Multivariate Cox proportional hazards modeling of clinical 
factors univariately associated with CMV reactivation at 
P<0.1 revealed that age ≥50 years (hazard ratio [HR] 0.2, 
95% CI: 0.1–0.4, P<.001) was significantly associated with a 
decreased risk of reactivation, and positive CMV serostatus 
(HR 18.5, 95% CI: 4.5–76.6, P<0.001) was significantly as-
sociated with an increased risk of reactivation (Online Sup-
plementary Table S1). Age ≥50 years was not significantly 
associated with non-Hodgkin lymphoma subtype or the 
number of lines of lymphoma therapy received. 
Of the 14 (of a 65 total) patients who reactivated CMV, ten 
received CMV-specific therapy with foscarnet, ganciclovir, 
or valganciclovir. This therapy was initiated by the treating 
physician according to his/her clinical judgement. All ten 
of these patients had a CMV DNA qPCR >1,000 IU/mL. One 
patient developed CMV enteritis of the jejunum that was 
resolved with intravenous foscarnet but complicated by 
pancreatic necrosis, gastrointestinal perforation and 
bleeding requiring embolization, and mesenteric ischemia 
requiring wedge resection and repair. Prior to CAR T ther-
apy the patient presented with a duodenal lesion that was 
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All patients N=65 Reactivated CMV N=14 No CMV reactivation N=51

Categorical variables N (%) N (%) N (%)

Male 40 (62) 4 (29) 36 (71)

Age, ≥ 50 years 53 (82) 9 (64) 44 (86)

CMV seropositive 27 (42) 12 (86) 15 (29)

Diagnosis – NHL 
DLBCL 
MCL 
Other*

 
62 (95) 

1 (2) 
2 (3)

 
13 (93) 

0 
1 (7)

 
49 (96) 

1 (2) 
1 (2)

CD19 CAR T cell 
Axicabtagene ciloleucel 
Tisagenlecleucel 
Brexucabtagene autoleucel 
Lisocabtagene maraleucel

 
32 (49) 
27 (42) 

1 (2) 
5 (8)

 
9 (64) 
5 (36) 

0 
0

 
23 (45) 
22 (43) 

1 (2) 
5 (10)

KPS 
60 
70 
80

 
1 (2) 

55 (85) 
9 (14)

 
1 (7) 

12 (86) 
1 (7)

 
0 

43 (84) 
8 (16)

Conditioning regimen 
Bendamustine 
Fludarabine/cyclophosphamide

 
12 (18) 
53 (82)

 
2 (14) 

12 (86)

 
10 (20) 
41 (80)

CRS max grade 
0 
1 
2 
3

 
23 (35) 
18 (28) 
18 (28) 

6 (9)

 
4 (29) 
6 (43) 
4 (29) 

0

 
19 (37) 
12 (24) 
14 (27) 
6 (12)

ICANS 
0 
1 
2 
3 
4 
5

 
37 (57) 
11 (17) 
4 (6) 

9 (14) 
2 (3) 
2 (3)

 
5 (36) 
3 (21) 
2 (14) 
4 (29) 

0 
0

 
32 (63) 
8 (16) 
2 (4) 

5 (10) 
2 (4) 
2 (4)

Best response 
CCR/CR 
PR 
NR/SD 
Progression 
NE

 
21 (32) 
12 (18) 

3 (5) 
20 (31) 
8 (12)

 
3 (21) 
2 (14) 
1 (7) 

5 (36) 
3 (21)

 
19 (37) 
10 (20) 

2 (4) 
15 (29) 
5 (10)

Numeric variables Median (min-max)

Age, years 63 (23-81) 61.5 (23-78) 63 (23-81)

CMV DNA qPCR tests per subject 6 (2-24) 12 (2-24) 5 (2-20)

CMV reactivation 
Time to first CMV reactivation, days 
Quantity of first CMV reactivation, IU/mL

 
NA 
NA

 
21 (-1-73) 

1384 (519-12,700)

 
NA 
NA

Follow-up time, days 468 (151-975) 389** 470 (151-975)

Table 1. Demographic characteristics (n=65).

CAR: chimeric antigen receptor; CCR: confirmed complete response; CMV: cytomegalovirus; CR: complete response; CRS: cytokine release 
syndrome; DLBCL: diffuse large B-cell lymphoma; DNA: deoxyribonucleic acid; KPS: Karnofsky performance status; MCL: mantle cell lym-
phoma; NA: not applicable; NE: not evaluable due to death before response to therapy could be evaluated; NHL: non-Hodgkin lymphoma; 
NR: no response; Other: NHL not otherwise specified and T-cell rich B cell; PR: partial response; qPCR: quantitative polymerase chain reaction; 
SD: stable disease; *NHL not otherwise specified and T-cell rich B-cell NHL; ** only 1 patient still alive for follow-up.

diffuse large B-cell lymphoma. This patient died from his 
underlying lymphoma and not from CMV-related causes.   
Six of 10 (60%) patients receiving CMV therapy responded 

(Figure 1C). Of the four patients with CMV reactivation who 
did not receive therapy, three of four (75%) had resolution 
of reactivation without intervention.  
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Figure 1. Cytomegalovirus reactivation occurs at moderate incidence after CD19 CAR T-cell therapy and can be treated by cyto-
megalovirus-specific therapies. Cytomegalovirus (CMV) reactivation was defined as >400 IU/mL copies of CMV DNA. (A) Dis-
tribution of CMV DNA quantitative polymerase chain reaction (qPCR) testing after CD19 chimeric antigen receptor (CAR) T-cell 
therapy. CMV DNA qPCR testing occurred primarily during the first 180 days after CD19 CAR T-cell therapy. Testing occurred at 
the time points indicated by a dot. Red dots indicate CMV reactivation and blue dots indicate no CMV reactivation. (B) Cumulative 
incidence of CMV reactivation in CMV-seropositive patients. The cumulative incidence was 44% (95% confidence interval [CI]: 
25-62) by day+100. (C) Clinical course of patients with CMV reactivation. Fourteen of 65 patients reactivated CMV. Four of these 
patients were not treated with CMV specific therapy (upper facet). Ten of these patients were treated with CMV-specific therapy 
(lower facet). Three of 4 patients who were not treated with CMV-specific therapy resolved the infection without intervention as 
defined by a subsequent CMV DNA qPCR test <400 IU/mL (blue dot, upper facet, below dashed line). The CMV status of the 
fourth untreated patient was indeterminate due to the lack of follow up CMV DNA qPCR testing. Six of the 10 patients treated 
with anti-CMV therapy responded to treatment as defined by a subsequent CMV DNA qPCR test ≤400 IU/mL (blue dot) after 
therapy (lower facet, below dashed line). Level of CMV reactivation is represented by the color of the circle as indicated in the 
legend with orange indicating CMV DNA qPCR ≥1,001, red indicating CMV DNA qPCR 401-1,000, and blue indicating CMV DNA qPCR 
≤400. One patient (G) developed CMV enteritis which was diagnosed with a biopsy of the jejenum (yellow circled X) which dem-
onstrated immunohistochemical staining for CMV in the context of xanthogranulomatous inflammation at day+31 after CAR T in-
fusion. Time and duration of CMV treatment is indicated by the thicker horizontal black bar. Survival time of the patient is 
indicated by the narrower horizontal gray bar. The events for each patient have been recentered on the day of earliest CMV re-
activation. ICANS: immune effector cell associated neurotoxicity syndrome; IU: international units; Rx: treatment; +: censored at 
last follow-up; x: disease relapse.

A B

C

The probability of surviving until day+365 for all patients 
studied was 54.7% (95% CI: 43.1-68.1). Multivariate Cox 
proportional hazards modeling of clinical factors univari-
ately associated with survival at P<0.1 revealed that CMV 
reactivation (defined as CMV DNA qPCR >400 IU/mL, HR 

2.3, 95% CI: 1.2–4.5, P=0.02) and treatment with standard 
of care axicabtagene ciloleucel (HR 2.1, 95% CI: 1.1–3.8, 
P=0.02) were significantly associated with an increased 
risk of death, while age ≥50 years (HR 0.5, 95% CI: 0.3-0.9, 
P=0.02) was significantly associated with a decreased risk 
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Clinical factor Hazard ratio (95% CI) P value

Univariate analysis

Age 
≥50 vs. <50 
≥60 vs. <60 
≥70 vs. <70

 
0.5 (0.2-0.9) 
0.8 (0.4-1.5) 
0.6 (0.3-1.4)

 
0.02 
0.49 
0.23

CMV serostatus (positive vs. negative) 1.8 (0.9-3.5) 0.14

Number of prior lines of lymphoma therapy 
≥3 vs. <3 
≥4 vs. <4 
≥5 vs. <5

 
2.2 (0.7-7.4) 
1.5 (0.7-3.0) 
1.9 (0.9-3.8)

 
0.18 
0.26 
0.09

KPS (<80 vs. 80) 1.8 (0.7-4.9) 0.26

Lymphodepletion regimen (fludarabine/cyclophosphamide vs. bendamustine) 1.3 (0.6-3.0) 0.47

CAR T-cell product (standard of care axicabtagene ciloleucel vs. other) 2.3 (1.2-4.4) 0.02

CMV reactivation (at any time vs. never, defined as CMV DNA qPCR >400 IU/mL) 2.6 (1.4-4.9) 0.003

CMV reactivation (at any time vs. never, defined as CMV DNA qPCR >1,000 IU/mL) 3.7 (2.1-6.7) <0.001

Development of ICANS by grade 
≥1 vs. <1 
≥2 vs. <2 
≥3 vs. <3

 
1.6 (1.0-2.6) 
1.5 (0.9-2.7) 
1.5 (0.8-2.7)

 
0.05 
0.15 
0.18

Development of CRS by grade 
≥1 vs. <1 
≥2 vs. <2 
≥3 vs. <3

 
1.2 (0.8-2.0) 
0.8 (0.5-1.4) 
0.6 (0.2-1.7)

 
0.37 
0.43 
0.36

Multivariate analysis (CMV reactivation defined as CMV DNA qPCR >400 IU/mL)

Age (≥50 vs. <50 years) 0.5 (0.3-0.9) 0.02

Number of prior lymphoma therapies (≥5 vs. <5) 2.1 (1.0-4.4) 0.05

CAR T-cell product (standard of care axicabtagene ciloleucel vs. other) 2.1 (1.1-3.8) 0.02

CMV reactivation (at any time vs. never) 2.3 (1.2-4.5) 0.02

Multivariate analysis (CMV reactivation defined as CMV DNA qPCR >1,000 IU/mL)

Age (≥50 vs. <50 years) 0.4 (0.3-0.8) 0.004

Number of prior lymphoma therapies (≥5 vs. <5) 2.2 (1.1-4.4) 0.04

CAR T-cell product (standard of care axicabtagene ciloleucel vs. other) 2.0 (1.1-3.6) 0.02

CMV reactivation (at any time vs. never) 3.4 (1.8-6.3) <0.001

CAR: chimeric antigen receptor; CI: confidence interval; CMV: cytomegalovirus; CRS: cytokine release syndrome; ICANS: immune effector 
cell-associated neurotoxicity syndrome; KPS: Karnofsky performance status; qPCR: quantitative polymerase chain reaction.

Table 2. Clinical factors affecting overall survival.

of death (Table 2). Significant associations were observed 
between treatment with standard of care axicabtagene 
ciloleucel and the development of ICANS (P=0.005) or CRS 
(P=0.008), and between CMV serostatus and CMV reacti-
vation (P=0.001). When CMV reactivation was redefined as 
CMV DNA qPCR >1,000 IU/mL, multivariate analysis re-
sulted in similar conclusions with an increased risk for 
death associated with CMV reactivation (HR 3.4, 95% CI: 
1.8–6.3, P<0.001, Table 2). Recursive partitioning analysis 
corroborated the significance of CMV reactivation to sur-
vival (Online Supplementary Figure S1). 

Among the 14 patients with CMV reactivation, the most 
frequent cause of death was lymphoma (n=9, Online Sup-
plementary Table S2). The second most frequent cause of 
death was infection (n=2). The causes of infection were 
Candida krusei fungemia and Mucormycosis hepatitis.   
In the 51 patients without CMV reactivation, the most fre-
quent cause of death was lymphoma (n=11) and the sec-
ond most frequent cause of death was ICANS (n=3).  
Infectious causes of death occurred in three patients. The 
etiology was blood infection (often polymicrobial) by Kleb-
siella pneumoniae, Enterococcus, Stenotrophomonas mal-
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tophillia, Staphylococcus hemolyticus, and Candida gla-
brata.   
Estimated with the cumulative incidence function, dis-
ease relapse occurred by day+180 in 42% (95% CI: 29-53). 
The cumulative incidence of non-relapse mortality was 
14% (95% CI: 7-23) by day+180. Ten of the 31 (32%) patients 
who experienced relapse also reactivated CMV. In nine of 
these ten patients, CMV reactivation preceded relapse. 
The median time of CMV reactivation was 21 (min-max -1 
to 73) days. The median time of relapse was 88 (min-max 
18 to 204) days. Four of the 11 (36%) patients who experi-
enced non-relapse mortality also reactivated CMV at 4, 
18, 27, and 41 days.   
These data indicate that CMV reactivation occurs at mod-
erate frequency after CAR T therapy and may have clini-
cally significant consequences. We report a higher 
incidence of CMV reactivation than previously recognized. 
This was likely due to a more accurate ascertainment of 
cases by frequent CMV DNA qPCR testing. Although CMV 
surveillance was not prospectively defined in this study, 
the frequency of the actual measurements suggests a 
monitoring level sufficient to reasonably detect CMV re-
activation, at least during the first 100 days after CAR T 
infusion. The cumulative incidence is likely to be an 
underestimate due to patients who may have had an 
asymptomatic CMV infection but were not tested.   
As with CMV reactivation after alloHCT,2 CMV reactivation 
after CAR T therapy was associated with increased mor-
tality not due to CMV disease. This was corroborated by 
the increased risk of death when a higher threshold for 
CMV reactivation was used (1,000 vs. 400 IU/mL). Para-
doxically, age ≥50 was significantly associated with a de-
creased risk of death. In this patient cohort, younger age 
may be a surrogate for biologically worse lymphoma. The 
association between standard of care axicabtagene cilo-
leucel and increased mortality may have been through 
ICANS and CRS, both of which were closely associated 
with axicabtagene ciloleucel use. 
The probability that CMV reactivation after CAR T therapy 
will progress to organ disease is still not known. CMV re-
activation resolved without intervention in three cases in 
our study, suggesting that CMV reactivation may be self-
limited in some cases, possibly dependent on the level of 
CMV reactivation. Future CMV surveillance studies may 
provide information about the rate of self-resolution of 
CMV reactivation and the level of CMV reactivation that is 
associated with adverse clinical outcomes. However, there 
will be a limitation to the level of CMV reactivation that 
will be tolerated (and subsequently analyzed) before initi-
ating early therapy given the clinical experience with CMV 
reactivation in allogeneic HCT. Studies of prophylactic or 
early therapy may also provide an answer if an appropriate 
control arm is included.   
This study is limited by its retrospective design and the 

lower frequency of CMV DNA qPCR testing after day+30 
and especially day+100. Patients who received CD19 CAR 
T therapy but did not have at least two CMV DNA qPCR 
tests performed (n=5) were excluded from this analysis. 
In conclusion, CMV reactivation after CAR T therapy is 
clinically significant. Therefore, prospectively defined sur-
veillance plans to detect reactivation in high risk popu-
lations as well as clinical trials to evaluate the risk and 
benefit of CMV prophylaxis or early treatment after CAR T 
therapy are necessary. 
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