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infusion therapy
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Cielito Reyes-Gibby2 and Sai-Ching J. Yeung2*

1Department of Medical Services, IQVIA Biotech, Houston, TX, United States, 2Department of
Emergency Medicine, The University of Texas MD Anderson Cancer Center, Houston, TX,
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Background: Chimeric antigen receptor T cell infusion (CAR T) therapy has

revolutionized the treatment of hematologic malignancies, but treatment-

related toxicities are of concern. Understanding the timing and reasons for

which patients present to the emergency department (ED) after CAR T therapy

can assist with the early recognition and management of toxicities.

Methods: A retrospective observational cohort study was conducted for patients

who had undergone CAR T therapy in the past 6months and visited the ED of The

University of Texas MD Anderson Cancer Center between 04/01/2018 and 08/

01/2022. The timing of presentation after CAR T product infusion, patient

characteristics, and outcomes of the ED visit were examined. Survival analyses

were conducted using Cox proportional hazards regression and Kaplan-Meier

estimates.

Results: During the period studied, there were 276 ED visits by 168 unique

patients. Most patients had diffuse large B-cell lymphoma (103/168; 61.3%),

multiple myeloma (21/168; 12.5%), or mantle cell lymphoma (16/168; 9.5%).

Almost all 276 visits required urgent (60.5%) or emergent (37.7%) care, and

73.5% of visits led to admission to the hospital or observation unit. Fever was

the most frequent presenting complaint, reported in 19.6% of the visits. The 30-

day and 90-day mortality rates after the index ED visits were 17.0% and 32.2%,

respectively. Patients who had their first ED visit >14 days after CAR T product

infusion had significantly worse overall survival (multivariable hazard ratio 3.27;

95% confidence interval 1.29–8.27; P=0.012) than patients who first visited the

ED within 14 days of CAR T product infusion.

Conclusion: Cancer patients who receive CAR T therapy commonly visit the ED,

and most are admitted and/or require urgent or emergent care. During early ED

visits patients mainly present with constitutional symptoms such as fever and

fatigue, and these early visits are associated with better overall survival.

KEYWORDS

chimeric antigen receptor T cells, emergency department, CAR T cells, utilization,
Mortality, disposition, length of stay, oncologic emergency
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Introduction

Since the advent of chimeric antigen receptor T cell infusion

(CAR T) therapy for hematologic malignancies, much has been

learned and recognized about the risks and complications

associated with CAR T therapy. Toxicities such as cytokine

release syndrome (CRS), immune effector cell-associated

neurotoxicity syndrome (ICANS), and infections in the days to

months following the infusion of CAR T products have been

recognized. The incidence rates of CRS and ICANS have been

reported in the literature to range from 57% to 93% and 20% to

70%, respectively (1–3). These toxicities vary greatly and are

thought to be influenced by multiple factors, including patient

characteristics, tumor burden, CAR T cell dose, and differences in

manufacturing processes, among others (4). The current treatment

strategy of associated toxicities is focused on reduction of the overall

inflammation by use of corticosteroids or cytokine inhibition, which

is based on the grading of the toxicity as defined by the American

Society for Transplantation and Cellular Therapy (ASTCT)

guidelines on the management of CAR T related toxicities (5).

Although much is known about how clinicians should

recognize, work up, and manage these toxicities (1), there is

insufficient published literature on the use of the emergency

department (ED) by this cohort of patients. CAR T therapy

recipients are generally believed to have a potential for increased

health care use after CAR T therapy, with high rates of intensive

care unit (ICU) admissions and prolonged lengths of stay in the

hospital, although re-hospitalization patterns appear to vary based

on whether the patient’s CAR T therapy was an inpatient or

outpatient event (6, 7). One study reported that hospital re-

admission and ICU admission rates within the first 3 months

after CAR T product infusion were 28.1% and 15.5%, respectively

(7). Another study reported that nearly 40% were re-hospitalized

and 21% visited the ED during the initial 12 months following CAR

T product infusion (8). Reasons for re-hospitalizations or ED visits

have been mostly related to the primary disease, pain, CAR T-

related toxicities, and infection (6–8). However, despite these

reports, much is still unknown, and more data is needed to better

understand why patients who receive CAR T therapy visit the ED

and what their outcomes are.

In the current study, we describe the reasons why patients at a

single comprehensive cancer center visited the ED after CAR T

product infusion, as well as their outcomes, including disposition

(whether the patient was discharged, admitted, transferred, or

other), hospitalization, and survival.
Methods

Population

A retrospective observational cohort study was conducted by

identifying all cancer patients who visited the ED of The University

of Texas MD Anderson Cancer Center (a comprehensive cancer

center in Houston, Texas, USA) within 6 months after receiving any
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CAR T product infusion, using the institutional data warehouse.

For each patient with multiple ED visits, the first ED visit after CAR

T product infusion was identified as the index ED visit. The period

studied was between 04/01/2018 and 08/31/2022 for the index ED

visits. Patients who were less than 18 years of age at their index ED

visit were excluded.
Study setting

Our institution is a comprehensive cancer center that

established the first academic emergency medicine department in

2010. The ED is staffed by board certified emergency and internal

medicine physicians and has 44 beds, serving approximately 26,000

patients annually. The patients that visit the ED are assessed and

treated by the staff in the ED, in consultation with the patient’s

oncologist. There is also an ED-run observation unit in the hospital,

which serves patients projected to need in-hospital care for less than

2 midnights. This unit is functional 24-hours a day and is staffed by

an emergency or internal medicine physician along with advanced

practice providers. Most patients who are placed in the observation

unit originate from the ED; however, patients may also come

directly from clinics or procedure areas (9). Additionally, patients

may also be admitted directly to the hospital by their oncologists,

while bypassing the ED.
Variables and data collection

Thirty-day and 90-day mortality rates for the ED visits were

calculated from the time of the index ED presentation to the

reported time of death. ICU admission was reported as any ICU

admission during the patient’s hospital stay associated with the

index ED visit. In-hospital mortality was identified as a death

during the ED visit or subsequently during the hospital admission

associated with the index ED visit. The timing of the indexed ED

visit was grouped based on the time from CAR T product infusion

to the ED presentation, and was categorized as early (≤14 days after

CAR T product infusion) or late (>14 days after CAR T infusion).

CAR T product infusion was defined as the day the CAR T product

was infused. Because the first 14 days after CAR T infusion are the

most critical with regards to treatment-related toxicities (10, 11), we

chose the time point of 14 days as the cut-off to define early versus

late presentation. The acuity level assigned to the patient was based

on the modified Emergency Severity Index (mESI) tool used to

triage patients in our ED. Life-threatening is level 1, emergent level

2, urgent level 3, less urgent level 4, and non-urgent level 5. This

five-level triage algorithm classifies patients based on disease

severity at presentation and the expected resource utilization (12).

The “presenting complaint” was defined as the patient’s reported

reason for visiting the ED at the time of the triage assessment.

Clinical and demographic information, ED visit-related data,

and outcomes were collected from patients’ electronic health

records and the institution’s data warehouse. Race and ethnicity

groups were categorized according to the Office of Management and

Budget standards for race and ethnicity (13). The diagnosis of CRS,
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ICANS, or active infection(s) was collected by reviewing the

physician(s) and ED visit notes, reporting the grade for the CRS

and the ICANS at the time of the ED visit if present.
Statistical analysis

Patient-level and visit-level data were reported using descriptive

statistics. Medians and interquartile ranges were reported for

continuous variables. Numerical data were evaluated for

normality using quantile-quantile plots, histogram plots, and the

Shapiro-Wilk test. Categorical variables were reported as counts

and percentages. Statistical significance was appraised for

proportions of categorical variables using the chi-square test or

the Fisher exact test, as indicated. The Wilcoxon-Mann-Whitney

test was used to determine significant differences for continuous

variables (all data were not normally distributed).

For the survival analysis, survival time was defined as the time

interval from the date of CAR T product administration onto the

date of death or the end of the observation period, censoring

patients who were lost to follow-up on the dates of their last

recorded clinic visit or communication (email, video conference

or phone call). We used the Kaplan-Meier method followed by the

log-rank test to assess differences in overall survival between

patients with early and late ED presentations. Univariate and

multivariable Cox proportional hazards regression models were

used to assess the association between different clinical factors and

overall survival, reporting the hazard ratio and its 95% confidence

interval. For the final model, the proportional hazards, the non-

linearity, and the influential observations assumptions were

evaluated by examining the Schoenfeld residuals, the Martingale

residuals, and the Deviance residuals.

All statistical analyses were performed using R software (version

4.0.3, The R Foundation, http://www.r-project.org). Two-sided P

values less than 0.05 were considered statistically significant.
Ethics

The Institutional Review Board of The University of Texas MD

Anderson Cancer Center approved the study and granted a waiver

of informed consent.
Results

Patient characteristics

During the period studied, 409 patients received CAR T

therapy, and 171 (41.8%) had at least one ED visit within 6

months of CAR T product infusion (Figure 1). The clinical and

demographic characteristics of the patients included in the analysis

(n=168) are summarized in Table 1. The median age for the patients

in our cohort was 63 years (interquartile range: 54–69). Most were

male (60.7%), white (70.8%), and not of Hispanic or Latino

ethnicity (72.6%). The most common cancer types for which
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CAR T therapy was initiated were diffuse large B-cell lymphoma

(61.3%), multiple myeloma (12.5%), mantle cell lymphoma (9.5%),

and acute lymphoblastic leukemia (6.0%). Eighteen patients (10.7%)

had other cancer types. During the period studied, the median

number of ED visits was 1 (interquartile range 1–2). For the type of

CAR T product, 108 patients (64.3%) were treated with

axicabtagene ciloleucel within 6 months prior to their ED visit

(Table S1). The remaining ED visits were by patients who were

treated with idecabtagene vicleucel (12.5%), brexucabtagene

autoleucel (11.3%), tisagenlecleucel (7.1%), and lisocabtagene

maraleucel (4.8%). All the patients had their CAR T product

infusion administered in an inpatient setting. Table S3

summarizes the presentation and characteristics of the ED visits

stratified by CAR T product type, while Table S4 summarizes the

presentation and characteristics of the ED visits stratified by the

underlying cancer type.
ED visits and outcomes

During the period studied, patients included in our analysis made

276 unique visits to our ED. Most of the visits were of high acuity; 167

(60.5%) were urgent, and 104 (37.7%) were emergent or life-

threatening. Only 5 visits (1.8%) had an acuity level of “less urgent”

or “non-urgent”. In terms of presenting complaints, around one-fifth

of the visits (19.6%) were for a fever, and fatigue was reported in 9.1%

of the visits. Altered mental status was reported in 5.1% of the visits,

hypotension in 4.7%, and suspected sepsis in 4.3%. Abdominal pain

(6.5%), shortness of breath (6.2%), cough (5.4%), nausea and/or

vomiting (4.3%), and dizziness (1.8%) were also commonly reported

as a presenting complaint. Other complaints are reported in Table 2.

CRS was reported in 21 patients (7.6%) at the time of the ED visit, with

the majority (19/21) being grade 1, while ICANS was reported in only

9 ED visits, 4 of which were higher than grade 1 (Table 2).

Tocilizumab and corticosteroids were administered during the ED
FIGURE 1

Flow diagram of the cohort selection for the period studied (04/01/
2018–08/31/2022). CAR T, chimeric antigen receptor T-cell infusion
therapy; ED, emergency department.
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stay in 1.1% and 5.8% of the visits, respectively (Table 3). In addition,

infection was identified in 81 (29.3%) visits (Table 2), of which 18.5%

(15/81) tested positive for COVID-19 at the ED visit. Within 14 days

before the ED visit, COVID-19 was reported in 17 (6.2%) of the visits,

including the aforementioned 15 (5.4%) active cases. Fever (≥38°C)

was recorded in 9.8% of the ED visits. Antibiotics were administered

in the ED in 50.7% of the visits (Table 3). Of significance, infections

were higher in very late (>90 days after CAR T product infusion) visits

compared to the early (≤14 days) visits (36.2% vs.13.8%, respectively;

Table S2). Patients presented with severe neutropenia (<0.5 x 10^9/L)

in 12.0% of the visits; while 48.6% of the ED visits were associated with

severe thrombocytopenia (<50 x 10^9/L; Table 2).

As for the ED visit outcomes, 169 visits (61.2%) resulted in the

patient being admitted to the hospital, and 68 (24.6%) resulted in

discharge home (Table 3). Thirty-four visits resulted in the patient

being placed in the observation unit. For patients who were

admitted to the hospital, the median hospital length of stay was 6

days (interquartile range 4–9). When stratified by timing of the ED

visit, visits that occurred within 14 days of CAR T product infusion

had significantly higher rates of fever and fatigue as presenting
Frontiers in Oncology 04
complaints than those that occurred more than 90 days after CAR T

product infusion (fever: 41.4% compared with 19.1%, P = 0.006;

fatigue: 13.8% compared with 3.2%, P = 0.030; Table S2). For almost

one-third of the visits (32.2%), the patient died within 90 days of the

ED visit (Table 3). The thirty-day mortality rate for these ED visits

was 17.0%.
Overall survival

The mortality rate during the study period was 37.5% (63/168).

The cause and place of death are summarized in Table S5. Cancer

progression (17.5%), infection/sepsis (14.3%), and organ failure

(17.5%) were the most frequent causes of death in our cohort.

Twenty-seven (42.9%) patients had their cause of death reported as

unknown or not documented in the medical records. Only 42.9%

deaths occurred in hospitals. For the subset of patients who died

during the ED visit or subsequent hospital admission, infection was

the most common cause of death (42.9%) for these patients (Table

S6). Patients whose first ED visit occurred early (within 14 days of

CAR T product infusion) had significantly (P=0.008) better overall

survival than those whose first ED visit occurred late (more than 14

days after product infusion; Figure 2). Similar results were observed

when a two-year survival was examined (Figure S1). As for the Cox

regression analyses, non-linearity was detected for age and the

Charlson comorbidity index, and we therefore categorized these

variables into two groups. When compared with an early first ED

visit (reference), patients whose first ED visit occurred >14 days

after CAR T product infusion had significantly worse overall

survival in both the univariate Cox regression analysis (hazard

ratio 3.23, 95% confidence interval 1.29–8.10, P = 0.013) and the

multivariable Cox regression analysis (hazard ratio 3.27, 95%

confidence interval 1.29–8.27, P = 0.012; Table 4).
Discussion

Integrating CAR T therapy into the treatment of hematologic

malignancies paved the way for better survival outcomes (14–16).

However, as with every other cancer therapy, adverse events are a

concern. In the current study, we examined the reasons for ED use

by patients who received CAR T therapy and their outcomes. We

found that when patients visited the ED after CAR T therapy, they

mainly complained of constitutional symptoms, including fever and

fatigue, and for most of these visits (73.5%), the patient was

admitted to either the hospital or placed in the observation unit.

It has been previously reported that the presence of fever does not

seem to affect the safety and efficacy of CAR T therapy, however, the

same study suggested that the absence of fever indicates a poor

response to CAR T therapy (17). Although 19.6% of the presenting

complaints included fever, an infectious etiology for the visit was

found in over 29% of the cases. Of these cases, 5.4% were due to

COVID-19; however, only two patients died as a direct cause of

COVID-19, and 80.0% were admitted. While the outcomes of

COVID-19 in patients treated with CAR T therapy remain
TABLE 1 Clinical and demographic characteristics of patients presenting
to the emergency department (ED) after chimeric antigen receptor T-cell
infusion therapy (n = 168).

Characteristic No. (%)

Age, median (IQR), years 63 (54–69)

Sex

Female 66 (39.3)

Male 102 (60.7)

Race

White 119 (70.8)

Black or African American 14 (8.3)

Asian 9 (5.4)

Others 23 (13.7)

Unknown or declined to answer 3 (1.8)

Ethnicity

Not Hispanic or Latino 122 (72.6)

Hispanic or Latino 37 (22.0)

Unknown or declined to answer 9 (5.4)

Charlson comorbidity index, median (IQR) 4 (3–5)

Cancer type

Diffuse large B-cell lymphoma 103 (61.3)

Multiple myeloma 21 (12.5)

Mantle cell lymphoma 16 (9.5)

Acute lymphoblastic leukemia 10 (6.0)

Others 18 (10.7)

Number of ED visits, median (IQR) 1 (1–2)
IQR, interquartile range.
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unclear, one study reported a prevalence of COVID-19 of 4.8% and

a mortality rate of nearly 50% in patients who had received CAR T

therapy (18). This is likely due to the immunocompromised state

after CAR T product infusion but is also affected by other factors,

such as malignant disease state and comorbidities. ED clinicians

must recognize that these patients have a much higher rate of

complications from COVID-19 and should have a lower threshold

for admitting them.

Our study shows that of patients presenting to ED within 6

months of CAR T cell therapy, CRS and ICANS was present in

7.6% and 3.3%, respectively. This is likely because the CAR T

product administration in all our patients was done in an inpatient

setting, during which these toxicities were closely monitored and

treated during their inpatient hospital stay. The CRS and ICANS

diagnosed at their presentation to our ED were those cases with

delayed or late occurrence. In our cohort, most of the CRS and the

ICANS reported during the ED visit were of grades 1 or 2. Our

institutional guidance recommends patients stay within 30

minutes of the hospital for 30 days after CAR T product

infusion, therefore this might have prompted patients to present

earlier in the course of their illness, however, as CAR T product

administration is increasingly being done as an outpatient

procedure, ED physicians need to be aware of these toxicities,

including the optimal evaluation, grading, and management plans

(1), as higher grades (grade 3 and grade 4) are to be expected with

the shift to outpatient administration.

As for the timing of the ED visits, those that occurred within 14

days of CAR T product infusion had significantly higher rates of

fever and/or fatigue as a presenting complaint, with CRS and

ICANS reported in these visits. Patients who first visited the ED

early after CAR T product infusion had better overall survival

outcomes compared with those who initially visited the ED later.
TABLE 2 Characteristics of emergency department visits by cancer
patients in our analysis who had initiated chimeric antigen receptor T-cell
infusion therapy within the past 6 months (total number of visits = 276).

Characteristic No. (%)

Acuity

Urgent 167 (60.5)

Emergent 104 (37.7)

Less urgent 4 (1.4)

Non-urgent 1 (0.4)

Top presenting complaints*

Fever 54 (19.6)

Abnormal lab results 28 (10.1)

Fatigue 25 (9.1)

Abdominal pain 18 (6.5)

Shortness of breath 17 (6.2)

Cough 15 (5.4)

Altered mental status 14 (5.1)

Hypotension 13 (4.7)

Suspected sepsis 12 (4.3)

Fall 12 (4.3)

Nausea and/or vomiting 12 (4.3)

Diarrhea 7 (2.5)

Dizziness 5 (1.8)

Chest pain 4 (1.4)

Extremity weakness 3 (1.1)

Constipation 3 (1.1)

Leg swelling 3 (1.1)

Other pain 14 (5.1)

CRS

No 255 (92.4)

Grade 1 19 (6.9)

Grade 2 2 (0.7)

ICANS

No 267 (96.7)

Grade 1 5 (1.8)

Grade 2 2 (0.7)

Grade 3 2 (0.7)

Identified infection

No 195 (70.7)

Yes 81 (29.3)

Temperature at presentation, median (IQR), °C 36.9 (36.6, 37.3)

Fever (≥38°C) recorderd in the ED

(Continued)
TABLE 2 Continued

Characteristic No. (%)

No 249 (90.2)

Yes 27 (9.8)

WBC count, median (IQR) × 109/L 3.0 (1.7, 4.8)

Severe neutropenia (< 0.5 x109/L)

No 243 (88.0)

Yes 33 (12.0)

Severe thrombocytopenia (<50 x 10^9/L)

No 142 (51.4)

Yes 134 (48.6)

COVID-19 within 14 days of the ED visit

No 259 (93.8)

Yes 17 (6.2)
CRS, cytokine release syndrome; ICANS, immune effector cell-associated neurotoxicity
syndrome; °C, Celsius.
*Only complaints occurring in more than 1% of the visits were reported. In some visits, the
patient presented with more than one complaint.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1122329
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Lipe et al. 10.3389/fonc.2023.1122329
After CAR T therapy, some patients present to the ED for the

management of inflammatory events associated with the CAR T

product, with certain severe cases needing to be admitted to the ICU

(8, 19, 20). Our study showed that only a minority of the ED visits

(5.1%) resulted in an ICU admission. However, 26.2% of the

patients that presented to the ED had an ICU admission at some

point within three months after CAR T therapy, either through

direct admission or transfer to the ICU from initial hospitalization

for CAR T-cell infusion. While the ICU stays resulting from ED

visits have not been explored before, the overall ICU admission rate
Frontiers in Oncology 06
is similar to a recent international multicenter report showing that

up to 27% of patients required ICU admission after CAR T therapy.

Other studies reported different ICU admission rates ranging from

10-47% (7, 19, 21). The overall differences in ICU admission rates

may stem from differences in local practices, especially the use of in-

hospital infusion versus outpatient infusion. In this study, all the

patients had in-hospital CAR T therapy infusion; therefore, CAR T

therapy toxicities were closely monitored during that patient’s

inpatient stay prior to their ED presentation and were admitted

to the ICU during that stay if needed. Additionally, our institutional

guidance recommends patients stay within 30 minutes of the

hospital for 30 days after CAR T product infusion; therefore, this

might have prompted patients to present early in the course of their

illness. Only 1 (1.6%) patient had CAR T therapy toxicity as the

main cause of death.

For patients who first visited the ED later (>14 days of CAR T

product infusion), in whom we observed worse overall survival

outcomes, it is known that cancer patients frequently visit the ED

near the end of life, with reasons mainly related to cancer

progression (22). Moreover, and as previously reported, post CAR

T relapse can be observed early after infusion and is associated with

poor overall survival, mainly due to the persistence or progression

of the primary malignant disease (23, 24). In our study, cancer

progression was a main cause of death especially for patients who

died later after their ED visit and/or the subsequent hospital

admission, suggesting the utilization of ED by these patients near

the end of life and explaining the poor survival outcomes for these

patients. However, the interpretation of these results should pay

heed to the fact that all the patients in this study had at least one ED

visit, and other patients who had CAR T infusions but never visited

the ED after their treatment may have other characteristics and

different survival outcomes.

Mortality rates after the ED visits in our study were high, with a

30-day mortality rate of 17.0% and a 90-day mortality rate of 32.2%.

To the best of our knowledge, the current study is the first to

evaluate mortality rates in patients who visited the ED after CAR T

therapy. A systematic review reported that fatal toxic side effects

may occur with up to a 5% mortality rate within the first 30 days of

CAR T therapy, but the risk of death varied depending on the

product administered and other disease-specific factors (25).

Additionally, others have reported non-relapse mortality

associated with CAR T therapy to be as high as 15% overall, with

infections and neurologic toxicities being major contributors to

mortality (26). For this reason, it is important that ED clinicians are

able to recognize these toxicities quickly when patients present to

the ED after CAR T therapy.

Certain limitations accompanied our study, mainly due to the

retrospective nature of the study. First, our cohort consisted of only

patients who presented to the ED within 6 months of initiating CAR T

therapy. The characteristics of patients who did not come to the ED

could be different and need to be further investigated. In this study,

interpretation of the reported toxicities needs to take into consideration

that the prevalence rates reported in our study are limited to those

reported at the time of the ED visit, which happened after the patients

were discharged from their inpatient stay for CAR T product infusion,

where we anticipate most of the toxicities occurred. Second, in the
TABLE 3 Outcomes of emergency department (ED) visits for cancer
patients in our analysis who had received chimeric antigen receptor T-cell
infusion therapy within the past 6 months (total number of visits = 276).

Characteristic No. (%)

ED disposition

Admit 169 (61.2)

Discharge 68 (24.6)

Observation 34 (12.3)

Others* 5 (1.8)

ED median length of stay (IQR), hours 7 (5–9)

ICU admission

No 262 (94.9)

Yes 14 (5.1)

Administration of antibiotics during ED stay

No 136 (49.3)

Yes 140 (50.7)

Administration of tocilizumab during ED stay

No 273 (98.9)

Yes 3 (1.1)

Administration of corticosteroids during ED stay

No 260 (94.2)

Yes 16 (5.8)

Hospital median length of stay† (IQR), days 6 (4–9)

Death during the ED visit or subsequent hospital admission

No 262 (94.9)

Yes 14 (5.1)

Death within 30 days of ED visit

No 229 (83.0)

Yes 47 (17.0)

Death within 90 days of ED visit

No 187 (67.8)

Yes 89 (32.2)
IQR, interquartile range; ICU, intensive care unit.
*Includes visits in which the patient left without being seen (n = 2), was transferred (n = 2), or
left against medical advice (n = 1).
†Includes only visits in which the patient was admitted (n = 169).
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current study, we reported specifically the reasons for presentation to

the ED. Such an approach limited the integration of important clinical

variables during pre- or post-ED visits, including adverse events that

were presented elsewhere or events that occurred before or after the ED

visit. Similarly, we could have possibly missed patients who presented

to another ED or were admitted directly to the hospital. Finally, the

cause of death was unknown or undocumented in 42.9% of the

patients, for which a prospective study is needed to have a better and

a complete understanding of the causes of death in these patients.

In conclusion, we found that cancer patients who receive CAR T

therapy commonly visit the ED, and the timing of the visit is

associated with different survival outcomes in these patients. Early

ED visits appear to be related to the early systemic inflammatory

response resulting from CAR T therapy and are associated with

better overall survival. Most of the patients were admitted, and the

90-day mortality rate after these visits was high (32.2%). Additional

future studies are needed to further investigate and identify

characteristics of early presentation to the ED that can be used as

a predictor of response to the treatment.
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TABLE 4 Univariate and multivariable Cox proportional hazards analyses of overall survival in cancer patients who visited the emergency department
within 6 months after CAR T product infusion (n = 168).

Variable Univariate Multivariable

HR (95% CI) P HR (95% CI) P

Age

<65 years Reference

≥65 years 1.18 (0.71–1.96) 0.516 1.17 (0.69–1.98) 0.571

Sex

Female Reference

Male 1.33 (0.79–2.25) 0.283 – –

Race

Non-White Reference

White 1.16 (0.67–2.01) 0.594 – –

Charlson comorbidity index

≤2 Reference

>2 1.00 (0.52–1.89) 0.990 0.90 (0.47–1.72) 0.742

Main cancer type

Multiple myeloma Reference

Leukemia 1.33 (0.40–4.38) 0.641 1.38 (0.39–4.82) 0.617

Lymphoma 1.20 (0.47–3.02) 0.702 1.33 (0.52–3.42) 0.549

Time to first ED visit

Early (≤14 days after product infusion) Reference

Late (>14 days after product infusion) 3.23 (1.29–8.10) 0.013 3.27 (1.29–8.27) 0.012
HR, hazard ratio; CI, confidence interval; ED, emergency department. Boldface indicates P < 0.05.
FIGURE 2

Kaplan-Meier overall survival curves among patients who visited the
emergency department (ED) within 6 months of initiating chimeric
antigen receptor T-cell infusion therapy, stratified by timing of the
first ED visit (early: ≤14 days; late: >14 days).
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