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Abstract

Background: Use of haploidentical donor hematopoietic cell transplantation (haploHCT) has 

expanded but recent reports raise concern for increased rates of infectious complications. The 

incidence and risk factors for invasive fungal disease (IFD) after haploHCT have not been well 

elucidated.
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Objective: The objective of this study is to evaluate the incidence and risk factors for IFD after 

haploHCT. The identification of key risk factors will permit targeted prevention measures and may 

explain elevated risk for other infectious complications after haploHCT.

Study Design: We performed a single-center retrospective study of all adults undergoing 

haploHCT between May 2011 and May 2021 (n=205). The 30-day and one-year cumulative 

incidence of proven or probable IFD and one-year non-relapse mortality (NRM) were assessed. 

Secondary analysis evaluated risk factors for invasive yeast infection (IYI) using univariate and 

multivariable Cox regression models.

Results: Twenty-nine patients (14%) developed IFD following haploHCT. Nineteen (9.3%) 

developed IYI in the first year, 13 of which occurred early with a 30-day cumulative incidence 

of 6.3% (95% CI 2.9 – 9.6%) and increased NRM in patients with IYI (53.9% versus 10.9%). 

The majority of yeast isolates (17/20; 85%) were fluconazole susceptible. The incidence of IYI 

in the first 30 days after haploHCT was 10% among the 110 (54%) patients who developed 

cytokine release syndrome (CRS) and 21% among the 29 (14%) who received tocilizumab. On 

multivariable analysis, AML (HR 6.24; 1.66 – 23.37; p=0.007) and CRS (HR 4.65; 1.00 – 21.58; 

p=0.049) were associated with an increased risk of early IYI after haploHCT.

Conclusion: CRS after haploHCT is common and is associated with increased risk of early IYI. 

The identification of CRS as a risk factor for IYI raises questions about its potential association 

with other infections after haploHCT. Recognition of key risk factors for infection may permit 

individualized strategies for prevention and intervention and minimize potential side effects.

Summary:

Invasive fungal disease (IFD) is a morbid complication of hematopoietic cell transplantation 

(HCT). Here we identified cytokine release syndrome (CRS) as a key risk factor for early yeast 

infection after haploHCT. CRS may contribute to risk for other infections after haploHCT.
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INTRODUCTION:

Hematopoietic cell transplantation (HCT) remains an important potentially curative therapy 

for a variety of hematologic disorders, but is limited by significant toxicities as well as 

challenges in finding an appropriate donor match 1. Matched donor accessibility varies 

geographically and across racial and ethnic groups, and other strategies for matching such 

as haploidentical donor HCT (haploHCT) have arisen in that setting 2. While this strategy 

expands a patient’s potential donor pool, alternative strategies for T-cell depletion and 

modulation generally have to be adopted to mitigate an increased risk of GVHD 3,4. This in 

turn may contribute to a greater risk of infectious complications.

Use of haploHCT has increased as novel GVHD prophylaxis strategies such as post-

transplant cyclophosphamide (PTCy) have been developed 5–7. However, recent studies have 

identified an increased incidence of viral infections including cytomegalovirus (CMV), non-
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CMV herpesvirus, and respiratory viral infections following haploHCT 8–10. Invasive fungal 

disease (IFD) is one of the most morbid infectious complications of HCT with estimated 

mortality ranging as high as 80% 11,12. Several studies have evaluated the incidence and 

risk factors for IFD following haploHCT, but given the wide variation in epidemiology and 

management between centers, it remains important to identify variables that may universally 

predict IFD and permit targeted prevention or intervention 13–15. Furthermore, unique risk 

factors for IFD after haploHCT may provide insight on the increased incidence of other 

infections observed in patients with haploidentical donors.

Antifungal medications may be used as prophylactic or preemptive treatment to reduce the 

risk of IFD, however these medications have a variety of adverse effects and can lead to 

toxicity, particularly in combination with GVHD prophylaxis regimens, as well as contribute 

to the development of fungal resistance 16–19. Breakthrough fungal infections have also 

been widely reported with incidence ranging from 3 to 13% in published literature 20–24. 

Given these factors, current guidelines suggest the use of prophylactic therapies only when 

the institutional incidence of invasive mold infection (IMI) is ≥6% and invasive yeast 

infection (IYI) is ≥10% 25,26. At our center, rates of IFD after HCT have historically 

been low, ranging from 1-3%, leading to an institutional decision not to institute routine 

antifungal prophylaxis for non-umbilical cord blood HCT, and instead to pursue a strategy 

of preemptive treatment based on symptoms, emerging risk factors, and monitoring of fungal 

markers 27–31.

There are several unique aspects to haploHCT that could predispose patients to infections 

including IFD. First, patients receive additional immunosuppressive therapies for the 

prevention of GVHD such as PTCy, and the effect of these therapies on immune 

reconstitution is still not fully understood 32. In addition, between infusion of cells and 

the administration of cyclophosphamide, patients can develop cytokine release syndrome 

(CRS), a unique syndrome characterized by fever, vascular leak, hypotension, organ 

dysfunction, and elevated inflammatory markers 33–35. Previous studies have described 

delayed neutrophil recovery, reduced overall survival, and increased transplant-related 

mortality in patients undergoing haploHCT who developed severe CRS 33. Notably, 

infectious complications were not reported in several of these studies and may have 

been a driver of poor outcomes. Furthermore, patients may receive tocilizumab, an anti-

IL6 monoclonal antibody with additional immunosuppressive effects, for prevention and 

treatment of severe CRS 33,35. While several studies did not show an increased risk of 

infections in patients who received tocilizumab for CRS related to CAR T-cell therapy or 

for treatment of COVID-19 infection, further data are needed to elucidate the role of this 

immune modulator following HCT 36,37. Finally, increased rates of graft failure or GVHD in 

the haploHCT population may lead to an elevated risk of late onset infections. Developing a 

clear understanding of the risk factors that may predispose patients to IFD after haploHCT 

may inform more individualized strategies for prevention and point to potential drivers of 

other infections after haploHCT.
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MATERIALS AND METHODS:

Study Design and Patients:

We performed a single-center retrospective study of sequential adults (age ≥ 18) undergoing 

haploHCT between May 2011 and May 2021 at Brigham and Women’s Hospital and 

Dana-Farber Cancer Institute (Boston, MA). This study was approved by the Mass General 

Brigham Human Research Office and Institutional Review Board. Patients were identified 

through the Dana-Farber Cancer Institute HCT database. Patients with a prior diagnosis 

of IFD who were receiving active treatment at the time of transplantation were excluded. 

Patients with a history of IFD who had completed treatment prior to transplantation and 

were deemed not to have an ongoing active infection were included.

Transplantation Procedures:

Patients received peripheral blood (PB; n=100) or bone marrow (BM; n=105) hematopoietic 

cell grafts from HLA-haploidentical donors with either myeloablative (MAC; n=51; 25%) 

or reduced intensity conditioning (RIC; n=154; 75%) regimens. The majority of patients 

(68%) received a conditioning regimen of fludarabine, cyclophosphamide and low dose 

TBI, while the remaining patients received a variety of other conditioning regiments 

as outlined in the Supplementary Data. All patients received GVHD prophylaxis that 

consisted of post-transplant cyclophosphamide (PTCy) 50 mg/kg on days +3 and +4 

and tacrolimus (TAC) plus mycophenolate mofetil (MMF), except for 3 patients who 

received no additional GVHD prophylaxis per an experimental conditioning protocol and 

4 patients who developed toxicity to tacrolimus and were switched to sirolimus. Unless 

contraindicated all patients received herpesvirus prophylaxis with acyclovir, valacyclovir, or 

famciclovir from day −1 to day +365 as well as Pneumocystis jirovecii (PJP) prophylaxis 

with trimethoprim-sulfamethoxazole (TMP/SMX) or atovaquone from day +30 to day +365. 

No routine antifungal prophylaxis was administered given low rates of invasive fungal 

disease in our center historically. Patients were followed with preemptive monitoring for 

CMV until letermovir was approved. Subsequently patients who received PTCy that were 

CMV seropositive received prophylaxis with letermovir. Patients were additionally treated 

according to a preemptive febrile neutropenia protocol where empiric anti-Pseudomonal 

gram-negative antibacterials including cefepime or ceftazidime were initiated at first onset 

of febrile neutropenia. Empiric antifungal therapy with micafungin was initiated for 

persistent or recurrent fevers >4 days after start of treatment with empiric antibacterials 

or for recurrent fevers after defervescence while on empiric antibacterials. Patient outcomes 

were followed for one year after HCT.

Data Collection:

Data collected from the electronic medical record included baseline characteristics such 

as age, sex, underlying disease, history of prior HCT, conditioning regimen and intensity, 

graft source (PB or BM), and GVHD prophylaxis. Data were also collected on exposure to 

potential mediators of IFD including development of CRS, administration of tocilizumab, 

diagnosis of acute GVHD, and administration of corticosteroids ≥ 1mg/kg for treatment of 

aGVHD.
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IFD was identified between day of HCT (d0) to one year after transplantation. Proven or 

probable IFD was defined according to the revised European Organization for Research 

and Treatment of Cancer and the Mycoses Study Group (EORTC/MSG) criteria 38,39. Only 

proven and probable infections were included. The date of diagnosis was recorded as the day 

of first positive microbiologic testing. CRS was defined according to the consensus criteria 
40. Treatment with tocilizumab was considered for patients with ≥2 CRS or grade 1 CRS 

with comorbidities that placed them for adverse outcomes related to CRS.

Statistical Analysis:

One-year and 30-day Cumulative Incidence Functions (CIF) were calculated based on time 

to IYI using dates of infection-free death, disease relapse, and repeat hematopoietic cell 

transplantation as censoring dates. Emphasis was placed on the evaluation of early infections 

within the first 30 days after transplantation as this represents a high-risk period of pre-

engraftment where antifungal prophylaxis may be optimally targeted. One-year non-relapse 

mortality (NRM) was calculated for patients with IYI and patients without IYI using date 

of disease relapse and repeat HCT as censoring dates. A secondary analysis was performed 

to evaluate risk factors for IYI in the first 30 days using univariate and multivariable Cox 

regression models. The end point was time to diagnosis of IYI. Dates of relapsed disease, 

repeat HCT, or IYI-free death were used as censoring dates. Candidate risk factors included 

age >55, male sex, underlying disease, history of HCT, graft source, and conditioning 

intensity. We also included post-transplantation risk factors for IYI including diagnosis of 

CRS and administration of tocilizumab. No cases of acute GVHD occurred prior to IYI in 

the first 30 days after HCT, so this variable was not included in our risk factor analysis.

RESULTS:

We identified all patients who had undergone haploHCT (n=205) at our center between May 

2011 and May 2021. The baseline characteristics of these patients are described in Table 1. 

Among this cohort, the median age was 57 years (range 19 – 77) and 59% were male. Acute 

myeloid leukemia (AML) was the most common underlying diagnosis. Twenty-nine patients 

(14%) had undergone prior allogeneic or autologous HCT. A total of 105 patients (51%) 

received BM grafts, and 100 patients received PB stem cell grafts (49%). More patients 

received RIC conditioning regimens than MAC regimens (75% versus 25%).

Acute GVHD (Grade II-IV) was observed in 45/205 (22%) patients following 

transplantation, of which 37 (18%) were grade II and 8 (4%) were grade III. Sixty one of the 

105 patients with acute GVHD (58%) were treated with ≥ 1 mg/kg of corticosteroids. Over 

half of the patients (110; 54%) developed CRS following infusion of cells, and 29 (14%) 

required administration of tocilizumab for more severe CRS. More patients who developed 

CRS received PB grafts than BM grafts (70% versus 30%). The median time to tocilizumab 

administration after infusion was 3 days (range 1 – 6).

Nineteen patients (9%) developed invasive yeast infections, of which 18 cases were proven 

and 1 was probable as shown in Table 2. The median time to onset of IYI was 28 days 

and 13 cases (72%) were diagnosed prior to day + 30. The time to infection for those 

diagnosed after day +30 ranged from day +41 to day +303. Twenty-nine patients (14%) 
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had a diagnosis of proven or probable IFD following haploHCT. The one-year cumulative 

incidence of any IFD was 13.2% (95% CI 8.5% - 17.8%). Eight patients (4%) developed 

invasive mold infections following haploHCT, the majority of which were probable invasive 

aspergillosis (6 cases, 75%). The mold infections occurred much later in the transplant 

course with a median time to onset of 76 days and only one mold infection prior to day +30. 

One case of IMI contributed to the patient’s death on day + 204. There was one fatal case of 

probable Pneumocystis pneumonia that occurred at day +198 and one fatal case of probable 

disseminated coccidioidomycosis that occurred at day +96.

Invasive yeast infections in the first 30 days and 1 year after haploHCT occurred in 13 and 

19 patients with a cumulative incidence of 6.3% (95% CI 2.9 – 9.6) and 9.3% (95% CI 5.2 

– 13.2). Patients with CRS had a higher cumulative incidence of IYI in the first 30 days 

(10% versus 2.1%; p=0.02) as shown in Figure 1. Characteristics of the IYIs are described 

in Table 3. These infections were most commonly bloodstream (13; 68%) or disseminated 

infections (6; 32%). Three patients (20%) with candidemia or disseminated candidiasis were 

receiving total parenteral nutrition at the time of diagnosis. The disseminated infections 

had multiorgan involvement including hepatic (n=4), splenic (n=2), pulmonary (n=4), and 

central nervous system (n=4).

Candida albicans was most frequently isolated yeast species (n=7). Other species included 

Candida parapsilosis (n=4), Candida dubliniensis (n=4), Candida krusei (n=2), Candida 
tropicalis (n=2), and Saccharomyces cerevisiae (n=1). Two of the patients grew more than 

one isolate on the same day. All of the isolates were fluconazole-susceptible except for 

2 cases of Candida krusei and one case of Saccharomyces cerevisiae where fluconazole 

susceptibilities were not reported. Three of the infections were breakthrough infections in 

patients receiving empiric micafungin for the treatment of febrile neutropenia (for 12, 13, 

and 17 days prior to diagnosis). Patients with IYIs had a higher NRM of 10/19 or 53.9% 

(95% CI 24.0 – 72.1) at one year compared with those without IYIs with NRM of 20/186 or 

10.9% (95% CI 6.1 – 15.4; Figure 2). Six patients without evidence of disease relapse who 

died within the first year had active IYI at the time of death and three deaths were attributed 

directly to IYI. Of the 19 patients with IYI in the first year, 12 were treated with prolonged 

antifungal therapy until time of death, 4 patients were treated for greater than 6 months, and 

3 patients were treated for less than 6 months.

Risk factors for IYI in the first 30 days after haploHCT are shown in Table 4. Patients with 

underlying AML, as well as those with a diagnosis of CRS or administration of tocilizumab 

following cell infusion had an increased risk of early IYI on univariate analysis. Age, sex, 

other underlying diseases, history of HCT, graft source, and conditioning intensity were 

not associated with an increased risk of IYIs. On multivariable analysis, underlying AML 

(HR 6.24; 95% CI 1.66 – 23.37; p=0.007) and diagnosis of CRS (HR 4.65; 95% CI 1.00 

– 21.58; p=0.049) were associated with an increased risk of yeast infection in the first 30 

days after haploHCT. CRS was observed in 53.7% (110/205) of the patients and 10.0% 

(11/110) developed an IYI within the first 30 days. Approximately one fourth of patients 

(26.4%; 29/110) who developed CRS were treated with tocilizumab and 20.7% of those 

(6/29) developed an early IYI. Among the patients who developed IYI, 84.6% (11/13) had 

a diagnosis of CRS and 46.2% (6/13) had received tocilizumab treatment. The diagnosis of 
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CRS and tocilizumab use were strongly colinear and both showed significant association 

with invasive yeast infections in separate multivariable regression models.

DISCUSSION:

Invasive yeast infections were the most frequent cause of IFD in this cohort of patients 

who underwent haploidentical HCT and occurred early after transplantation. In our center, 

where anti-yeast prophylaxis is not routinely used due to institutional rates below the 

10% recommended threshold for prophylaxis, the most common yeast isolate was Candida 
albicans, and almost all organisms isolated (17/20; 85%) were fluconazole-susceptible 31. 

History of AML and diagnosis of CRS were independently associated with an increased risk 

of invasive yeast infection in the first 30 days after haploHCT on multivariable analysis, 

indicating a higher-risk group where antifungal prophylaxis may be optimally targeted.

The use of haploHCT has greatly expanded globally following the development of PTCy 

for GVHD prophylaxis. Initial trials involving PTCy in haploHCT showed a low overall 

incidence of IFD 5. However, more recent studies have demonstrated a significant increase 

in viral infections following haploHCT raising concern that the risk for other infections 

such as IFD may be increased as well 8–10. The incidence and characteristics of IFD 

after HCT varies widely between centers leading to challenges in reporting and comparing 

data between institutions 11,41. We found a rate of early IYI amongst patients undergoing 

haploHCT of 10% in those who developed CRS and 21% in those who were treated with 

tocilizumab. Of note, we found increased NRM (53.9% versus 10.9%) in patients who 

developed IYI as compared to those without IYI. While IYI may contribute directly to 

increased NRM, it is possible that this is a marker of those at higher risk for complications 

as they also have more severe CRS, another marker of increased NRM 33. Taken together, 

these data suggest that patients undergoing haploHCT who develop these complications may 

require additional care strategies.

In many centers, the use of routine antifungal prophylaxis has led to shifts in the 

epidemiology of fungal organisms with increased numbers of resistant yeast infections and 

invasive mold infections as well as prevalence of breakthrough infections 11,21–23,41–43. 

Fungal dysbiosis driven by antifungal agent use (prophylactic or treatment-related) may 

negatively affect outcomes of HCT 44,45. Given these factors, current guidelines suggest 

the use of prophylactic therapies only when the institutional incidence of invasive mold 

infection is ≥6% and IYI is ≥10% 25,26. In our center, a strategy of preemptive treatment 

based on clinical findings, emerging risk factors such as high grade GVHD, or abnormal 

fungal markers is used in lieu of routine prophylaxis given historically low rates of IFD 

ranging from 1-3% where the risks of prophylaxis clearly outweigh any benefits. In this 

study, we demonstrate a low incidence of resistant yeast or mold infections, reinforcing 

our aim to target antifungal therapy only to patients with the highest risk in order to 

reduce drug-related toxicity and drug-drug interactions, as well as potential selection for 

more resistant organisms. The identification of broadly applicable risk factors or predictors 

of early IFD such as CRS or use of tocilizumab may permit individualized strategies for 

prophylaxis.
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A clear understanding of the risk factors for the development of early IFD, may permit 

optimal targeting of antifungal prophylaxis to reduce adverse effects and maximize benefit. 

On multivariable analysis, AML was an independent risk factor for IYI in the first 30 days 

after haploHCT. Patients’ transplant outcomes may be affected by immune dysregulation 

related to underlying disease or prior treatment regimens 12,46. In particular, patients with 

AML may receive multiple courses of cytotoxic chemotherapy with prolonged cytopenias 

preceding transplantation and placing them at higher risk for IFD following HCT 31,47,48. 

Exposure to antimicrobials during these periods of neutropenia may also predispose patients 

to an increased risk of post-transplant infectious complications 49,50.

CRS is a unique inflammatory syndrome characterized by fever, vascular leak, and organ 

dysfunction following haploHCT that frequently requires treatment with immunosuppressive 

agents such as tocilizumab 33,34,40. In this analysis, we showed CRS to be an independent 

risk factor for invasive yeast infections in the first 30 days after transplant. While 6% of all 

patients developed IYIs in the first 30 days after cell infusion, 10% of those who developed 

CRS and 21% of those who received tocilizumab for severe CRS went on to develop early 

IYI between day 0 to day +30. Only 2 patients (2%) of those without CRS developed 

early IYI. Using the development of CRS as a potential trigger for pre-emptive antifungal 

therapy would capture 85% of these early IYI cases and spare the non-CRS population 

of patients with exceedingly low risk of early IYI from superfluous antifungal exposure. 

While our overall rates of IYI and IMI still did not meet the recommended threshold for 

routine antifungal prophylaxis, given the morbidity of these early IYIs, we would favor 

implementing targeted prophylaxis to the apparent high risk group of patients who develop 

CRS and had an elevated incidence rate of 10% 25,26.

The development of severe CRS has been shown to be associated with delayed neutrophil 

engraftment and increased transplant related mortality 33,34. Severe CRS may drive changes 

in immune reconstitution that lead to an increased risk of early IFD as well as possibly 

contributing to the increased risk for other infections that have previously been described 
8,9,51. While tocilizumab has not been generally found to increase the risk of IFD in other 

settings, in this analysis, the use of tocilizumab may serve as a marker for severe CRS 

rather than incurring direct increase in risk of IFD. Tocilizumab may also be administered 

more readily to sicker patients with higher risk comorbidities as a preemptive measure. 

Further data are needed to evaluate the impact of CRS and tocilizumab administration on the 

development of other infectious complications and mortality after haploHCT.

This study is limited by retrospective single-center data and its applicability may be limited 

in centers where incidence of IFD is higher and routine antifungal prophylaxis is broadly 

used. However, in the face of rising antifungal resistance, stewardship remains a critical 

component of prophylaxis and preemptive treatment strategies 52,53. Differences in climate 

or geographic fungal epidemiology between institutions may lead to varying risks of IFD.54 

Consideration of environmental and population-level risk factors as well as individual host 

risk factors may aid in determining the optimal antifungal prophylaxis strategy employed 

in each institution. Identification of unique host risk factors for IFD such as CRS may aid 

in these stewardship efforts and inform risk for other infectious complications following 

haploidentical HCT.
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Here, we report a unique risk factor for IFD after haploidentical transplantation. CRS 

is a complication specific to haploidentical HCT and may contribute to an increased 

risk for infections in general following haploHCT. Further studies are needed to evaluate 

the impact of CRS on immune reconstitution and the development of other infectious 

complications. Based on our findings, with an elevated incidence of early IYI amongst 

patients who developed CRS and in particular those with severe CRS requiring tocilizumab 

administration, we favor targeted prophylaxis of this high-risk group of transplant recipients, 

maximizing the benefit while minimizing potential toxicities.
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Highlights:

• The rise of antifungal resistance represents a major threat for patients 

undergoing HCT

• Improved understanding of population and individual host risk factors for IFD 

is critical

• CRS after haploidentical HCT is a unique risk factor that may predispose 

patients to IFD

• Assessment of institutional IFD incidence and host risk permits targeted 

strategies for antifungal prophylaxis

• Individualized approaches to prophylaxis can maximize benefit and promote 

antifungal stewardship
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Figure 1. 
Cumulative Incidence of Invasive Yeast Infection in Patients with and without CRS at A) 30 

days after transplantation and B) 1 year after transplantation.
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Figure 2. 
One-year Non-relapse Mortality in Patients with Invasive Yeast Infections
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Table 1.

Baseline Characteristics and Transplant Outcomes

Baseline Characteristics No IFD n=176 IFD n=29 All Patients, No. (%) (n = 205)

Demographics

  Age, median (range) 57 (19 – 76) 57 (21 – 77) 57 (19 – 77)

  Male sex, no. (%) 102 (58) 19 (66) 121 (59)

Underlying Disease

  AML, no. (%) 64 (36) 17 (59) 81 (40)

  MDS/MPN, no. (%) 42 (24) 4 (14) 46 (22)

  NHL, no. (%) 21 (12) 3 (10) 24 (12)

  ALL, no. (%) 17 (10) 4 (14) 21 (10)

  HL, no. (%) 8 (5) 1 (3) 9 (4)

  Other acute leukemia 9 (5) 0 (0) 9 (4)

  SAA, no. (%) 4 (2) 1 (3) 5 (2)

  Hemoglobinopathy, no. (%) 4 (2) 0 (0) 4 (2)

  CML, no. (%) 3 (2) 0 (0) 3 (1)

  HLH, no. (%) 2 (1) 0 (0) 2 (1)

  Autoimmune, no. (%) 1 (0.6) 0 (0) 1 (0.5)

Prior HCT

  Allogeneic 12 (7) 5 (17) 17 (8)

  Autologous 11 (6) 1 (3) 12 (6)

Graft

  Bone Marrow 93 (53) 12 (41) 105 (51)

  Peripheral blood 83 (47) 17 (59) 100 (49)

Conditioning Intensity

  Myeloablative 41 (23) 10 (34) 51 (25)

  RIC / NMA 135 (77) 19 (66) 154 (75)

Transplant Outcomes No IFD n=176 IFD n=29 All Patients, No. (%) (n = 205)

Acute GVHD 92 (52) 13 (45) 105 (51)

  GVHD Grade

  Grade-I 50 (54) 10 (77) 60 (57)

  Grade II 34 (37) 3 (23) 37 (35)

  Grade III 8 (9) 0 (0) 8 (8)

  Tx ≥ 1 mg/kg Corticosteroids 53 (58) 8 (62) 61 (58)

CRS Diagnosis 92 (52) 18 (62) 110 (54)

    Tocilizumab 20 (11) 9 (31) 29 (14)

Transplant Cell Ther. Author manuscript; available in PMC 2023 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Little et al. Page 18

Table 2.

Early versus Late Invasive Fungal Disease after Haploidentical HCT

Invasive Fungal Disease Patients, No. (%) (n = 205)

Early (Day 0 – 30) Late (Day 30 – 365)

All Invasive Fungal Disease, n (%) 14 (7) 15 (7)

   Median time to any IFD 28 days

   Proven Infection 20

   Probable infection 9

   Invasive Yeast Infections, n (%) 13 (6) 6 (3)

   Median time to Invasive Yeast Infection 16 days

   Proven Infection 18

   Probable Infection 1

Invasive Mold Infections, n (%) 1 (0.5) 7 (3)

   Median time to Invasive Mold Infection 76 days

   Proven Infection 2

   Probable Infection 6
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Table 3.

Characteristics of Invasive Yeast Infections after Haploidentical HCT

Yeast Infection Site Patients, No. (n = 205)

Bloodstream Infection 13

Disseminated / Visceral Infection 6

 Hepatic Involvement 4

 Splenic Involvement 2

 Pulmonary Involvement 4

 Central Nervous System Involvement 4

Intraabdominal Infection 2

Other Site of Infection 2

Yeast Species Isolated Isolates, No.

Candida albicans 7

Candida parapsilosis 4*

Candida dubliniensis 4

Candida krusei 2*

Candida tropicalis 2

Saccharomyces cerevisiae 1

Not identified 1

*
Two patients had two isolates grow at the same time
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Table 4.

Risk Factors for Invasive Yeast Infection from D0 to D30 after Haploidentical HCT.

Variable
No Early 
IYI n = 

192

Early IYI 
n = 13

Univariate HR (95% 
CI)

Univariate P-
value

Multivariable HR 
(95% CI)

Multivariable P-
value

Age >55 100 8 1.02 (0.98 – 1.06) 0.334 1.01 (0.97 – 1.04) 0.748

Male Sex 112 8 1.56 (0.48 – 5.05) 0.462 1.38 (0.42 – 4.57) 0.597

Underlying Disease

 AML 71 10 5.29 (1.46 – 19.24) 0.005 6.24 (1.66 – 23.37) 0.007

 MDS/MPN 45 1 0.28 (0.04 – 2.19) 0.227 - -

 ALL 20 1 0.73 (0.09 – 5.58) 0.758 - -

 HL 8 1 1.87 (0.24 – 14.38) 0.548 - -

Prior HCT 25 4 2.85 (0.88 – 9.27) 0.081 3.00 (0.89 – 10.14) 0.077

Graft source

 Peripheral Blood 91 9 1.43 (0.75 – 7.90) 0.139 - -

 Bone Marrow 101 4 1.00 - - -

Conditioning

 MAC 47 4 1.37 (0.42 – 4.45) 0.600 - -

 RIC 145 9 1.00 - -

CRS Diagnosis 99 11 4.99 (1.11 – 22.53) 0.036 4.65 (1.00 – 21.58) 0.049

Tocilizumab 23 6 5.61 (1.88 – 16.69) 0.002 - -
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