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Abstract

Background: Tranexamic acid (TXA) is an antifibrinolytic agent that reduces bleeding in

a multitude of clinical settings from postpartum hemorrhage to trauma. TXA may have

clinical effects unrelated to bleeding; plasminogen, the target of TXA, alters immune

responses, and TXA appears to decrease the risk of infection in patients undergoing

cardiac surgery, as well as joint arthroplasty.

Objectives: To address whether TXA alters rates of infection and inflammatory out-

comes in patients with hematologic malignancies.

Methods: We performed a post hoc analysis of outcomes of patients randomized to

receive either TXA or placebo in the double-blinded, multicenter American Trial to

Evaluate Tranexamic Acid Therapy in Thrombocytopenia (Clinicaltrials.gov identifier:

NCT02578901).

Results: TXA did not change the overall rate of infections, but the rate of severe in-

fections (Common Toxicology Criteria for Adverse Events grade 3+) was lower in

patients who received TXA compared with the placebo group. Patients who experi-

enced grade 3+ infections had higher rates of World Health Organization grade 2+
bleeding and red blood cell transfusion requirements than patients who did not

experience a grade 3+ infection, irrespective of treatment group. TXA did not impact

other inflammatory outcomes such as mucositis, rash, or graft vs host disease.

Conclusion: Patients with hematologic malignancies who received TXA had less severe

infections than those who received placebo with no difference in overall rate of

infection or other inflammatory outcomes. Further investigation is needed on the

impact of TXA on infections in this population.
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Essentials

• Tranexamic acid has been shown to reduce the risk of some surgical site infections.

• Patients with hematologic malignancies received either tranexamic acid or a placebo.

• There were less severe (grade 3+) infections in recipients of tranexamic acid vs placebo.

• There was no difference in overall rate of infections or other inflammatory outcomes.
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1 | INTRODUCTION

Tranexamic acid (TXA) is an antifibrinolytic agent used in a wide range

of clinical situations, from menorrhagia to trauma. TXA blocks lysine

binding sites on plasminogen, thereby inhibiting plasmin formation

and fibrinolysis. Most studies of TXA have focused on bleeding out-

comes, but its target, plasminogen, has biological effects beyond

fibrinolysis. Plasminogen shifts inflammatory responses by altering

interactions with complement, immune cell migration, and cytokine

responses [1,2]. TXA has been shown to reduce inflammatory markers

and endothelial injury in animal and in vitro models [3–6]. Clinical data

on TXA and inflammation are limited to the surgical setting in patients

without hematologic malignancies. TXA has been shown to decrease

circulating levels of D-dimer, plasminogen activator inhibitor 1, and

creatinine kinase in patients undergoing coronary artery bypass,

which correlated with a decrease in vasoplegic shock, use of norepi-

nephrine, and duration of mechanical ventilation [7]. However,

another surgical study suggested a paradoxical increase in systemic

inflammatory markers such as interleukin-6 but did not evaluate

clinical outcomes associated with inflammation [8]. TXA may also

mitigate infection risk. Perioperative TXA reduces the rate of surgical

site infections in some surgical settings. Cardiac surgery patients who

received perioperative TXA had altered immune marker expression on

immune cell subsets and reduced levels of proinflammatory cytokines,

which correlated with a lower rate of postoperative infection [9]. The

use of TXA in patients undergoing primary or revision total joint

arthroplasty for aseptic failure has been associated with reduced risks

of subsequent acute periprosthetic joint infection [10–13]. However,

the effect of TXA on infection rates in patients undergoing shoulder

arthroplasty was nonestimable due to lack of infection events in a

recent meta-analysis [14]. Although the data on trauma are limited, a

study of military personnel treated with TXA for life-threatening in-

juries showed no impact on infections [15]. In nonsurgical populations,

it is not known whether TXA alters inflammatory or infectious

outcomes.

We investigated the use of TXA in patients with hypoproliferative

thrombocytopenia associated with treatment for hematologic malig-

nancy in a multicenter, double-blind, randomized controlled trial, the

American Trial to Evaluate Tranexamic Acid Therapy in Thrombocy-

topenia (A-TREAT) [16]. Unlike surgical and general patient pop-

ulations, patients with hematological malignancies are at higher risk

for infections due to treatment, often combined with a disease-related

immunocompromised state. While TXA did not improve bleeding

outcomes in A-TREAT, the study offers a unique patient population to
analyze the effects of TXA on infectious and/or inflammatory out-

comes such as fever, rash, and mucositis. In A-TREAT, a subgroup of

patients underwent allogeneic hematopoietic stem cell trans-

plantation, which may be associated with life-threatening inflamma-

tory complications, including graft vs host disease, sinusoidal

obstruction syndrome, and diffuse alveolar hemorrhage. The high

incidence and variety of inflammatory clinical outcomes make this an

ideal population in which to evaluate the effect of TXA on inflam-

mation and infection.
2 | METHODS

This is a post hoc analysis of the A-TREAT clinical trial data. The A-

TREAT protocol has been published, and the trial was registered with

Clinicaltrials.gov (NCT02578901) [16]. Patients aged >18 years were

eligible if they had a hematologic malignancy or aplasia and were

undergoing chemotherapy, immunotherapy, or hematopoietic stem

cell transplant and anticipated to have hypoproliferative thrombocy-

topenia with a platelet count of ≤10,000/μL for a minimum of 5 days.

Each institutional review board approved the study. A subset of pa-

tients consented to a separate laboratory study evaluating fibrinolysis

and cytokine responses [17]. The last patient was enrolled in February

2020. Once the platelet count fell <30,000/μL, the TXA arm received

TXA 1300 mg orally or 1 g intravenously every 8 hours. Dosing was

renally adjusted when serum creatinine was >1.36 mg/dL. The study

drug was discontinued once the platelet count was >30,000/μL for 46

hours without transfusion or until 30 days after treatment activation,

whichever came first.

The primary bleeding outcome was measured during the 30 days

after starting the study drug, and adverse events were measured from

consent to 30 days after the study drug was discontinued. Patients,

treating physicians, and study staff abstracting the data were blinded

to the treatment group. Adverse event outcomes were graded using

the Common Toxicology Criteria for Adverse Events (CTCAE) version

4.03, dated June 14, 2010. Infections were considered to be grade 1

when patients were asymptomatic or had mild symptoms that could

be observed; grade 2 infections required treatment with oral anti-

infective medications and/or local intervention; grade 3 infections

required intravenous anti-infective medications and/or invasive

intervention; grade 4 infections were life-threatening; and grade 5

infections were fatal.

Cytokine data were analyzed from a subset of patients who also

consented to a separate laboratory study evaluating markers of

http://Clinicaltrials.gov


TA B L E 1 Demographics in the American Trial to Evaluate Tra-
nexamic Acid Therapy in Thrombocytopenia safety population.

Demographic

Placebo TXA Total

(n = 163) (n = 163) (N = 326)

Age (y), mean [19] 53.8 (13.2) 53.7 (13.1) 53.7 (13.1)

Male sex, n (%) 99 (61) 91 (56) 190 (58)

Race, n/N (%)

American Indian/Alaska

Native

4/160 (3) 2/159 (1) 6/319 (2)

Asian 9/160 (6) 3/159 (2) 12/319 (4)

Black or African American 12/160 (8) 11/159 (7) 23/319 (7)

Native Hawaiian/Pacific

Islander

3/160 (2) 2/159 (1) 5/319 (2)

White 127/160

(79)

140/159

(88)

267/319

(84)

More than one race 5/160 (3) 1/159 (1) 6/319 (2)

Hispanic ethnicity, n/N (%) 5/130 (4) 8/138 (6) 13/268 (5)

Therapeutic group, n (%)

Allogeneic transplant 65 (40) 63 (39) 128 (39)

Autologous transplant 36 (22) 34 (21) 70 (21)

Chemo/immuno therapy 62 (38) 66 (40) 128 (39)

TXA, tranexamic acid.

POSTON ET AL. - 3 of 9
fibrinolysis and cytokine responses (“Fibrinolysis Evaluation in A-

TREAT” [FEAT] study). Detailed methods of this substudy have been

previously described [17]. Briefly, a “trough” sample was drawn when

TXA was expected to be at a steady state level following study drug

initiation and within 2 hours before the next scheduled dose admin-

istration (mean [SD], 5 [1.2] days following study drug initiation).

Trough plasma samples collected for the ancillary to A-TREAT study

were used to quantify 27 cytokines, chemokines, and growth factors

by Bio-Plex Pro Human Cytokine 27-plex Assay (#M500KCAF0Y, Bio-

Rad Laboratories) according to the methodology provided by the

manufacturer. The assay characteristics, as well as the complete list of

cytokines, chemokines, and growth factors detected by the Bio-Rad

multiplex microbead assays, can be found on the manufacturer’s

website (https://www.bio-rad.com/en-ch/sku/m500kcaf0y-bio-plex-

pro-human-cytokine-27-plex-assay?ID=m500kcaf0y). Data were

collected using a Bio-Rad BioPlex 200 instrument equipped with Bio-

Plex Manager software version 6.0 (Bio-Rad Laboratories) and

analyzed using MS Excel and GraphPad Prism version 7.05 (GraphPad

Software Inc).

To explore the potential relationship between treatment with

TXA and inflammatory outcomes, we compared the number and

proportion of patients experiencing rashes, other skin adverse events,

mucositis, fever, infection, transfusion reactions, and graft vs host

disease between treatment arms while participants were on the study

drug. We calculated the Pearson correlation coefficient of cytokines

with global fibrinolysis assays and TXA levels. In a post hoc analysis,

the incidence of grade 3 or higher infections while on study treatment

was compared across treatment arms using a chi-squared test of the

equality of the proportions. An adjusted relative risk regression of the

difference across treatment arms in the proportions of patients with a

grade 3 or higher infection was performed as a sensitivity analysis; the

estimate was adjusted for study site, therapeutic group, biological sex,

and age. Plots of the cumulative incidence of grade 3+ infection were

produced using the relative risk regression with death treated as a

competing risk; study participants were censored when they stopped

taking the study drug [18]. The cumulative risk regression was

repeated, adjusting for the covariates listed above. All CIs were per-

formed at the 95% level. Statistical analysis was performed using SAS

9.4 (SAS Institute Inc) and R 4.1.2 (R Foundation for Statistical

Computing).
3 | RESULTS

The 326 patients who received study medication (163 TXA; 163 pla-

cebo) were included in the analysis, including 190 males (58%) and

136 females (42%) with a mean age of 53.7 (SD, 13.1) years (Table 1).

One hundred twenty-eight (39%) patients were treated with chemo-

therapy alone, 70 (21%) underwent autologous stem cell transplant,

and 128 (39%) underwent allogeneic stem cell transplant. Patients

received study drugs for a mean of 15.2 days (SD, 8.5) in the placebo

group and a mean of 15.1 days (SD, 8.1) in the TXA group. There was

no difference in the incidence or severity of neutropenia between the
placebo and TXA arms, while on the study drug, patients had severe

neutropenia (absolute neutrophil count < 500/mm3) for a mean of

13.6 days (SD, 7.7) in the placebo arm and 13.4 days (SD, 6.8) in the

TXA arm.

There was no statistically significant difference in the overall

incidence of infections (grades 1-5) between the TXA and placebo

groups (42.3% vs 48.5%) during the treatment period. However, there

were fewer grade 3+ infections in patients on TXA while on the study

drug (Figure 1; subhazard ratio, 0.57; 95% CI, 0.36, 0.91; adjusted

subhazard ratio 0.44; 95% CI, 0.26, 0.75). This reduction was seen in

the overall study population and when patients were analyzed ac-

cording to whether they were treated with chemotherapy alone,

autologous stem cell transplant, or allogeneic stem cell transplant

(Figure 1). Grade 3+ infections while on the study drug occurred in

17.8% of the TXA group vs 28.2% in the placebo group (risk

difference, −10.4%; 95% CI, −20.1%, −0.7%; adjusted

difference, −17.3%; 95% CI, −29.4%, −5.1%). Similar causes of grade

3+ infections were diagnosed in both study arms (Supplementary

Table). There was no difference in the rate or severity of infections

between males and females. There were 3 fatal (grade 5) infections

that began while the patients were on the study drug (2 patients on

TXA and 1 patient on placebo). Patients who experienced grade 3+
infections had higher rates of World Health Organization grade 2+
bleeding and increased transfusion requirements compared with pa-

tients who did not develop grade 3+ infections, regardless of the

treatment arm (Table 2). Additionally, patients with grade 3+

https://www.bio-rad.com/en-ch/sku/m500kcaf0y-bio-plex-pro-human-cytokine-27-plex-assay?ID=m500kcaf0y
https://www.bio-rad.com/en-ch/sku/m500kcaf0y-bio-plex-pro-human-cytokine-27-plex-assay?ID=m500kcaf0y
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F I GUR E 1 Cumulative incidence of grade 3+ infections while on study drug (tranexamic acid [TXA] or placebo). Outcomes of patients were

censored when discontinuing the study drug; death was treated as a competing risk.

T AB L E 2 Association of grade 3+ infections while on study drug and bleeding outcomes.

Clinical outcomes

No grade 3þ infection Grade 3þ infection

Placebo TXA Total Placebo TXA Total

(n = 117) (n = 134) (N = 251) (n = 46) (n = 29) (N = 75)

Highest grade bleed, mean [19] 1.3 (0.7) 1.4 (0.7) 1.3 (0.7) 1.8 (0.9) 1.8 (0.9) 1.8 (0.9)

Any grade 2+ bleed, n (%) 47 (40.2) 53 (39.6) 100 (39.8) 30 (65.2) 19 (65.5) 49 (65.3)

Grade 2+ bleeding before infection, n (%) – – – 29 (63.0) 19 (65.5) 48 (64.0)

RBC transfusions, mean [19] 4.7 (3.9) 5.1 (3.9) 4.9 (3.9) 8.5 (4.4) 8.9 (4.8) 8.6 (4.5)

Platelet transfusions, mean [19] 5.0 (4.7) 6.0 (6.0) 5.6 (5.5) 10.7 (7.2) 11.3 (7.7) 10.9 (7.4)

Time on study drug, mean [19] 13.5 (7.6) 14.8 (8.0) 14.2 (7.8) 20.1 (8.6) 18.4 (8.0) 19.4 (8.4)

Time to platelet recovery, mean [19] 13.8 (6.6) 16.8 (8.3) 15.4 (7.7) 22.0 (10.3) 21.0 (7.6) 21.6 (9.4)

Duration of severe neutropenia 14.1 (8.4) 15.8 (8.5) 15.0 (8.5) 19.3 (7.9) 19.9 (7.5) 19.5 (7.7)

The Common Toxicology Criteria for Adverse Events version 4.03 grading system was used to grade infections; the World Health Organization bleeding

scale was used to grade bleeds. Severe neutropenia was defined as <500/μL; duration truncated at 30 days.

RBC, red blood cell; TXA, tranexamic acid.
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TA B L E 3 Post hoc analysis of inflammatory adverse events and American Trial to Evaluate Tranexamic Acid Therapy in Thrombocytopenia outcomes.

Inflammatory adverse event

Allo Auto Chemo Total

Total
Placebo TXA Placebo TXA Placebo TXA Placebo TXA

(n = 65), n (%) (n = 63), n (%) (n = 36), n (%) (n = 34), n (%) (n = 62), n (%) (n = 66), n (%) (n = 163), n (%) (n = 163), n (%) (N = 326), n (%)

All rashes during study treatment 28 (43.1) 30 (47.6) 5 (13.9) 7 (20.6) 16 (25.8) 24 (36.4) 49 (30.1) 61 (37.4) 110 (33.7)

Grade 3+ mucositis during study treatment 24 (36.9) 31 (49.2) 6 (16.7) 10 (29.4) 2 (3.2) 0 (0.0) 32 (19.6) 41 (25.2) 73 (22.4)

Febrile neutropenia during study treatment 33 (50.8) 28 (44.4) 18 (50.0) 22 (64.7) 43 (69.4) 51 (77.3) 94 (57.7) 101 (62.0) 195 (59.8)

Fever during study treatment 11 (16.9) 5 (7.9) 2 (5.6) 4 (11.8) 4 (6.5) 8 (12.1) 17 (10.4) 17 (10.4) 34 (10.4)

Any infection during study treatment 34 (52.3) 29 (46.0) 11 (30.6) 10 (29.4) 34 (54.8) 30 (45.5) 79 (48.5) 69 (42.3) 148 (45.4)

Grade 3+ infections during study treatment 19 (29.2) 12 (19.0) 5 (13.9) 1 (2.9) 22 (35.5) 16 (24.2) 46 (28.2) 29 (17.8) 75 (23.0)

GVHD during study treatment 4 (6.2) 2 (3.2) 0 (0) 0 (0) 0 (0) 0 (0) 4 (2.5) 2 (1.2) 6 (1.8)

VOD/SOS 2 (3.1) 3 (4.8) 0 (0) 0 (0) 0 (0) 0 (0) 2 (1.2) 3 (1.8) 5 (1.5)

WHO grade 2+ bleeding 38 (58.5) 36 (57.1) 8 (22.2) 5 (14.7) 31 (50.0) 31 (47.0) 77 (47.2) 72 (44.2) 149 (45.7)

Platelet transfusions 7.1 (6.2) 7.9 (8.3) 2.8 (2.0) 3.6 (3.6) 8.3 (6.5) 7.9 (5.6) 6.6 (6.1) 7.0 (6.7) 6.7 (6.3)

RBC transfusions 6.0 (4.1) 6.3 (4.6) 1.9 (2.2) 2.1 (2.0) 7.8 (4.1) 7.1 (3.9) 5.8 (4.4) 5.7 (4.3) 5.7 (4.4)

Outcomes by therapeutic group (allogeneic stem cell transplant [allo], autologous stem cell transplant [auto], and chemotherapy [chemo] only) and the total study population. The Common Toxicology Criteria

for Adverse Events version 4.03 grading system was used for all outcomes except bleeding, which used the WHO grading scale.

GVHD, graft vs host disease; RBC, red blood cell; SOS, sinusoidal obstruction syndrome; TXA, tranexamic acid; VOD, veno-occlusive disease; WHO, World Health Organization.
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F I GUR E 2 Correlation of tranexamic acid (TXA) with global fibrinolysis and cytokine levels. Correlation between TXA concentration, global

fibrinolysis assays (left section), and human cytokine concentrations (right section). All parameters were measured in plasma at a steady state

level of the trial drug. Data are presented as Pearson r correlation coefficients. The Pearson correlation coefficient quantifies the strength of a

linear relationship between 2 variables. In this context, values above .5 indicate a strong positive correlation between cytokines and global

fibrinolysis assays or TXA levels, while values below -.5 suggest a strong negative correlation. The Pearson correlation coefficients are

represented by bars. The red bars correspond to fibrinolysis parameters, and the blue bars represent cytokine levels. The color coding helps in

distinguishing the 2 different types of analytes being correlated. TXA concentration strongly correlates with global fibrinolysis assay

parameters, in contrast to a weak (or absent) correlation with human cytokine levels. This implies that TXA, in our study, based on the measured

cytokine levels, did not show a significant and direct impact on inflammation. CLT, tPA-challenged clot lysis time; EPP, endogenous plasmin

potential; FGF, fibroblast growth factor; G-CSF, granulocyte-colony stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating

factor; IFN, interferon; IL, interleukin; IP, interferon gamma-induced protein; LT, lag time, MCP, monocyte chemoattractant protein; MCAF,

monocyte chemotactic and activating factor; MIP, macrophage inflammatory protein; PDGF, platelet-derived growth factor; PG, plasmin

generation; TNF, tumor necrosis factor; TTP, time to peak; VEGF, vascular endothelial growth factor; VI, velocity index.
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infections had longer durations of neutropenia, time to platelet re-

covery, and time on the study drug (Table 2).

There were no differences in the incidence of other inflammatory

outcomes between the TXA and placebo groups, including neu-

tropenic fever (without documented infection), rash, mucositis, graft

vs host disease, veno-occlusive disease/sinusoidal obstruction syn-

drome, or transfusion reactions (Table 3).

Cytokine data were also compared for the 92 patients with trough

samples who were enrolled in the FEAT study [17]. The FEAT par-

ticipants had a higher mean body mass index than non-FEAT A-TREAT

subjects, as well as different primary diagnoses and treatment strata

(Supplementary Table). Notably, however, the proportion of FEAT vs

non-FEAT participants who experienced grade 2+ bleeding (45% vs

46%, respectively) was identical. Similarly, the frequency of the pri-

mary endpoint in FEAT subjects who were randomized to placebo vs

TXA did not differ. Specifically, 25 of 58 subjects (43.1%) in the pla-

cebo group and 26 out of 57 subjects (45.6%) in the TXA group

experienced a grade 2+ bleed. The correlation of the cytokine data

with TXA and its impact on fibrinolysis are presented in Figure 2.

While global fibrinolysis, as measured by euglobulin clot lysis time,

plasmin generation, and tissue plasminogen activator challenged clot

lysis time, was strongly associated with TXA, none of the measured
cytokine levels appear to be associated with drug presence or plasma

levels of TXA.
4 | DISCUSSION

To our knowledge, this is the first study to evaluate the effect of TXA

on inflammatory outcomes and infections in patients with hematologic

malignancies. There was no difference in inflammatory outcomes such

as fever, rash, and mucositis. Additionally, the overall rate of infections

was the same; however, patients who received TXA had fewer grade

3+ infections compared with those who received placebo.

While TXA did not alter the overall incidence of infections in this

study, this is a challenging outcome to demonstrate due to the CTCAE

grading and practice pattern in this patient population. The patients

enrolled in A-TREAT were all neutropenic while on the study drug and

were started on empiric intravenous antibiotics at the onset of a fever.

This practice, as well as the use of intravenous antibiotics for other

forms of infection, means that most infections were considered a

grade 3 or higher based on the CTCAE scale. Additionally, the use of

prophylactic antibiotics while neutropenic may have also reduced the

rate of grades 1 to 2 infections. Our results differ from work on
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surgical site infections where TXA appears to reduce the overall

incidence of infection and likely reflects the differences in antibiotic

use, as well as the unique predisposition toward infections in patients

with hematologic malignancies who experience severe neutropenia

while undergoing myelosuppressive treatment.

Although prophylactic use of TXA did not impact overall bleeding

outcomes in A-TREAT [16], patients who experienced grade 3+ in-

fections had higher rates of grade 2+ bleeding and higher transfusion

requirements compared with those who did not develop a grade 3+
infection (Table 3). Bleeding occurred before the onset of infection in

all but one of the patients with a grade 3+ infection who experienced

bleeding. The relationship between bleeding and infection is unclear,

and the role of TXA warrants further investigation.

It has been hypothesized that TXA reduces surgical site infections

by reducing surgical site bleeding and subsequent biofilm formation,

which may be especially critical in implant-associated infections [20].

Central venous access devices can also serve as a nidus for biofilm

formation and infection [21], which may play a role in patients with

hematologic malignancy, given widespread use of central venous

catheters. We did not identify a difference in the incidence of

catheter-related infections between the placebo and TXA arms,

possibly due to the challenge of confirming these infections in the

study population.

TXA may attenuate cytokine responses to infection and reduce

severity by blocking the interaction between plasmin and/or plasmin-

ogenwith immune cells. However, the cytokine data in this study do not

support this hypothesis (Figure 2). The trough samples showed a strong

correlation between TXA concentration and changes in fibrinolytic

parameters, but there was no correlation between TXA and cytokine

levels, suggesting that altered cytokine expression alone does not

explain the impact of TXA on infection severity. However, it is possible

that alterations in cytokine expressionwould havebeen seen in the TXA

group if plasma samples had been obtained during an infection rather

than at preset time points that predated the onset of infection in most

patients. Cytokine data are also difficult to interpret without quanti-

fying circulating lymphocyte subsets; these patients experienced pro-

found pancytopenia, and subtle changes in cytokine expression may

have been below the limit of detection. Studies in certain surgical

populations have suggested that TXA may impact cytokine expression,

and evaluation of circulating immune cell subsets is required to explain

any effect of TXA on immune cells. In a planned subset analysis of the

Aspirin and Tranexamic Acid for CoronaryArtery Surgery trial, patients

on TXA had reduced proinflammatory cytokine production and altered

expression of immune markers on peripheral blood myeloid and

lymphoid cell subsets, which correlated with a reduced rate of surgical

site infection (14.3%vs20.6%,P= .04) [9]. Samplesdrawnat theonset of

infection, including assessment of immune cell subsets, may help to

clarify whether TXA reduces the severity of infection by altered cyto-

kine expression in patients with hematologic malignancies.

It has also been proposed that TXA may have a direct bactericidal

effect, potentially from interfering with lysine analogs essential for

bacterial growth. Recent in vitro work has shown reduced growth of

Cutibacterium acnes and Staphylococcus aureus when cultured with TXA
10 mg/mL [22]. TXA also reduces the minimal inhibitory concentration

required for vancomycin and gentamicin alone and in combination to

reduce in vitro growth of several clinical strains of staphylococci [23].

It is unclear if TXA has an antimicrobial effect on a broader range of

bacteria or if this effect occurs in vivo.

This study is a secondary analysis intended to generate a hy-

pothesis and was not included in the prespecified statistical analysis

plan of A-TREAT. The rate and severity of infections were tracked as

adverse events rather than as prespecified outcomes in A-TREAT; it is

possible that the incidence and severity of infections may be higher if

these were tracked as prespecified outcomes. Limitations include lack

of ongoing cytokine data among all patients, including at the onset of

infection. The study included a heterogeneous population of patients

with different hematologic malignancies and was underpowered to

detect a particular subtype of hematologic malignancy for which TXA

would be particularly beneficial. However, known and unknown con-

founders were controlled for due to randomization (when comparing

placebo vs TXA), and the reduction in grade 3+ infections with TXA

was seen regardless of whether patients received chemotherapy alone

vs autologous or allogeneic stem cell transplant.

No impact was seen on other inflammatory outcomes; however,

many inflammatory outcomes in this patient population occur beyond

the period that patients were monitored in A-TREAT. Patients

received the study drug for an average of 15 days, which may not

have been a sufficient time frame to see an impact on inflammatory

outcomes such as acute and chronic graft vs host disease. Some in-

flammatory outcomes, such as sinusoidal obstruction syndrome, were

rare events, and the study was underpowered to detect any impact

from TXA on rare events. Grade 3+ infections in this study population

included infections requiring intravenous antibiotics. Some infection

grades may have been increased due to a subject’s inability to tolerate

oral antibiotics or at the initial onset of neutropenic fever. Notably,

there was no difference in the incidence of neutropenic fever between

the TXA and placebo arms or in the patients who did or did not

experience grade 3+ infections. Alternative strategies to evaluate

infection severity may be required, and a prospective trial of TXA that

includes the incidence and severity of infections as a prespecified

outcome is needed.

TXA may have physiological effects beyond the initially studied

mechanism of action that will only be discovered by analyzing broader

clinical outcomes. Evaluating additional effects could lead to new in-

dications for TXA as well as improve the understanding of inflam-

mation itself. Further work is needed to understand the impact of TXA

on infections and inflammatory outcomes outside the surgical setting.

The high rate of inflammatory events and infections in patients with

hematologic malignancy makes this an important area for future

study.
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