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Abstract

Background: Limited data exist to describe end-of-treatment (EOT) parameters of an-
tifungal therapy for invasive mould infections (IMI).

Methods: In a 10-year cohort of consecutive adult allogeneic haematopoietic cell
transplant recipients with proven/probable IMI, we describe treatment duration and
patient profile at EOT.

Results: There were 61 patients with 66 proven/probable IMI identified: 47/66 (71%)
invasive aspergillosis (IA), 11/66 (17%) mucormycosis, and 8/66 (12%) other-IMI.
Excluding 5 (8%) patients lost to follow-up, treatment was prematurely discontinued
due to death or palliative care in 29/56 (51.8%) patients. Antifungal treatment was
completed in 27 (48.2%) patients, for a median duration of 280days (IQR: 110, 809):
258 (IQR: 110, 1905) and 307.5 (99, 809) days in IA and non-IA IMI, respectively.
Treatment was continued after 90 and 180days in 43/56 (76.8%) and 30/56 (53.6%)
patients, respectively. At EOT, most patients were not neutropenic (ANC: 2.12G/L,
IQR: 0.04, 5.3), with CD4+ counts at 99 cells/pl (IQR: 0, 759) and immunoglobulins at
5.6 g/L (IQR: 2.3, 10.6). Most patients (16/27, 59.3%) were not receiving steroids at
EOT, while 14/27 (53.9%) were on another type of immunosuppression. Amongst 15
patients with imaging at EOT, 12 (80%) had complete/partial radiologic response. Any
chart documentation or an infectious disease consultation on treatment discontinua-
tion was observed in 12/56 (21%) and 11/56 (20%) patients, respectively.
Conclusions: Long treatment courses are observed in patients with IMI, due to pro-
longed immunosuppression. Although immune reconstitution and radiological re-
sponse were frequently observed at EOT, consistent documentation of treatment

discontinuation based on well-defined parameters is lacking.
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1 | BACKGROUND

Antifungal treatment duration for invasive mould infections (IMI) is
not well defined. Historically, duration of antifungal treatment for
IMI has been as long as 12weeks in the context of clinical trials.X™
Recent guidelines suggest that treatment for invasive aspergillosis (I1A)
should be administered for a minimum of 3months and based on clin-
ical response and the patient's immune status at the end of treatment
(EOT).(”7 For patients with non-1A IMI, such as mucormycosis, treat-
ment duration may last for up to 6 months, also depending on treat-
ment response and immune status at the EOT.8? However, most of
those recommendations are based on experts' opinion, as there is lack
of data on the time-point, reasons and documentation of discontinu-
ing antifungal treatment in high-risk haematology patients with IMI.
We have previously reported long treatment durations of anti-
fungal treatment, at a median of 200 and 293 days for IA and non-1A
IMI, respectively, in a single-centre cohort study of allogeneic hae-
matopoietic cell transplant (HCT) recipients.’®!! Our findings sug-
gest that in clinical practice, antifungal treatment duration of IMI
may be longer than currently recommended. This may, in part, be
attributed to the more complex cases observed, frequently not in-
cluded in randomised clinical trials, but also based on institutional
protocols and clinical experience. Using the same 10-year cohort,
we sought to describe the profile of allogeneic HCT recipients with
IMI at EOT and identify variables that could be important in the

decision-making of when to stop IMI treatment.

2 | METHODS

2.1 | Study design

This was a retrospective observational single-centre cohort study
performed over a 10-year period from 1 January 2010 through 1
January 2020. All adult (218-year-old) allogeneic HCT recipients
who were treated for a proven or probable IMI during the study pe-
riod were included, as previously described.!®! The study was ap-
proved by the institutional Ethics Committee (2020-01072).

2.2 | Study objectives

The primary objective of this study was to describe the profile of al-
logeneic HCT recipients with IMI at the EOT. As secondary objectives,
we sought to describe the following: (i) number of patients and reasons
to prolong IMI treatment beyond 3 and 6 months post-treatment initia-
tion, and (ii) documentation of EOT decision by the primary haematol-
ogy service and by the Infectious Disease service in the patient's chart.

2.3 | Datacollection

Allogeneic HCT recipients were identified through the institutional
HCT database and pertinent HCT and IMI data were collected, as

previously described.'®!! The following data were also collected at
90 (+7), 180 (+7) and EOT (+7) day: (i) laboratory data: leucocyte
count, absolute neutrophil count (ANC), absolute lymphocyte count
(ALC), platelet count, absolute CD4+ count, immunoglobulin (Ig) G
level, glomerular filtration rate (GFR), alanine aminotransferase (ALT)
and y-glutamyl-transferase (y-GT), (ii) immunosuppression: pred-
nisone (<10, 10-20, 21-30, >30mg/day), other (tacrolimus, sirolimus,
cyclosporine, mycophenolate mofetil, cyclophosphamide, ruxolitinib,
rituximab), (iii) reasons for treatment continuation beyond day 90
and 180 of treatment, including lack of clinical/radiological response,
continued immunosuppression, disease relapse and (iv) reasons for
treatment discontinuation: death, palliative care, loss to follow-up
and treatment completion. The following variables were included for
the EOT: (i) imaging findings, (ii) documentation in haematology notes
of a discussion with the Infectious Disease service, and (iii) Infectious

Disease consultation to address treatment discontinuation.

2.4 | Definitions

Proven and probable IMI were defined based on revised consensus
guidelines.12 Pre-HCT IMI were defined as all proven or probable
IMI that were diagnosed during the administration of induction
chemotherapy for acute myelogenous leukaemia (AML) and prior to
an allogeneic HCT. Clinical and radiologic response were defined as

previously described.*®

2.5 | Statistical analysis

Continuous variables were described as median with interquartile
range (IQR). Categorical and continuous variables were compared
with the Fisher's exact and a two-tailed Student's t-test, respec-
tively. Data were analysed using STATA 16.0 (StataCorp).

3 | RESULTS

3.1 | Patient population

There were 61 patients with 66 proven/probable IMI identified:
47/66 (71%) 1A, 11/66 (17%) mucormycosis and 8/66 (12%) other
IMI, including 3 Fusarium spp., and 1 each: Hormographiella aspergil-
lata, Alternaria spp., Schizophyllum commune, Scedosporium spp. and
Scopulariopsis spp. Overall, 14 (23%) and 43 (70%) patients were
diagnosed before and after HCT, respectively; 4 (7%) patients had
an IMI diagnosed both pre- and post-HCT. The majority of patients
were male (39, 64%) and the median age was 56-year-old (IQR: 26,
69; Table 1). Reduced-intensity conditioning was reported in 47
(77.1%) patients and stem cell source was peripheral stem cells in
49 (80.3%) patients. A total of 37 (60.7%) patients developed acute
>grade 2 GvHD. All 61 patients had an infectious disease consul-
tation documented in their chart at the time and during the initial
treatment of all 66 IMI.
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3.2 | Patient profile at EOT

Treatment completion was not recorded in 5 (8%) patients, because
they were lost to follow-up. Hence, results are presented for the
remaining 56 patients (Table 2). Treatment was prematurely dis-
continued due to death or palliative care in 29/56 (51.8%) patients.
Antifungal treatment was completed in 27/56 (48.2%): 17 (70.4%) and
8 (29.6%) with IA and non-IA IMI, respectively. Antifungal treatment
was continued for a median of 280days (IQR: 110, 809): 258 (IQR:
110, 1905) and 307.5 (99, 809) days in patients with IA and non-IA IMI,
respectively (Figure 1). At EOT, most patients were not neutropenic
(ANC>0.5 G/L; 21/24 with available data, 87.5%), with a median
ANC at 2.12G/L (IQR: 0.04, 5.3) and platelet counts at 69 G/L (IQR: 3,
193). In contrast, the majority of patients at EOT were lymphopenic
(ALC <1 G/L; 19/24 with available data, 79.2%), with a median ALC at
0.31G/L (IQR: 0, 2.2). The median CD4+ count was 99 cells/pl (IQR:
0, 759) and immunoglobulins at 5.6 g/L (IQR: 2.3, 10.6). Eleven (of 27,
42.3%) patients were still receiving steroids at EOT: 7 and 4 patients
at < and=30mg of prednisone daily, respectively. Overall, 14 (of 27,
53.9%) patients were receiving another type of immunosuppression
at EOT. More than half (15/27, 56%) of patients had a repeat CT scan
at EOT. The majority of them (12/15, 80%) had complete or partial
radiologic response on their repeat imaging test at the EOT.

3.3 | Reasons to prolong IMI treatment
Treatment was continued after 90 and 180days in 43/56 (76.8%)
and 30/56 (53.6%), respectively (Table 3). Amongst 41 patients with

TABLE 1 Baseline characteristics of 61 allogeneic
haematopoietic cell transplant recipients who received antifungal
treatment for 65 proven/probable invasive mould infections

Patients
N: 61 (%)
Demographics
Age, Median years (IQR) 56 (26, 69)
Gender, Male 39 (63.9)
HCT-related variables
Conditioning, Reduced intensity 47 (77.1)
HCT source, Peripheral blood stem cells 49 (80.3)
Donor
Matched related 15 (24.6)
Matched unrelated 27 (44.3)
Haplo-identical 14 (23.0)
Mismatched unrelated 5(8.2)
Acute GvHD 2grade 2 37 (60.7)
Chronic GvHD 14 (23.0)
Infectious disease consultation® 61 (100)

Abbreviations: GVHD, graft versus host disease; HCT, haematopoietic
cell transplant; IQR, interquartile range; N, number.

?Infectious disease consultation was obtained and documented in
patient's chart at the time of and during the initial treatment of IMI.
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IA, treatment was continued beyond 90 and 180days in 32 (78.0%)
and 22 (53.7%) patients, respectively. Similarly, amongst 15 patients
with non-l1A IMI, treatment was continued beyond 90 and 180days
in 11 (73.3%) and 8 (53.3%) patients, respectively. Treatment was
predominately prolonged beyond 90days due to an underlying im-
munosuppression in 39/43 (90.7%) patients, including continued
administration of immunosuppression (27/43, 62.8%), an allogeneic
HCT for the underlying haematological malignancy (11/43, 25.1%),
or underlying disease relapse (1/43, 2.3%,; Figure 2), followed by lack
of radiologic response (5/43, 11.6%), while the reason was not re-
corded in the chart of 3 (6.9%) patients. Neutrophil and lymphocyte
counts were 0.52G/L (IQR: 0.2, 2.1) and 2.16 G/L (IQR: 0.8, 4.3), re-
spectively. The median CD4+ count at 73 cells/pl (IQR: 9, 98) and
immunoglobulins were at a median of 5.99g/L (IQR: 2.7, 12.8). More
than half of the patients (25/43, 58.1%) were receiving some type of
non-steroid immunosuppressive therapy, while only one-third of pa-
tients were on a steroid treatment (13/43, 30.2%): 6 and 7 patients
on < and230mg of prednisone daily, respectively. Similar results
were observed in patients whose treatment was continued beyond
180days (Table 3).

3.4 | Documentation of EOT decision

Chart documentation of IMI treatment discontinuation by the
haematology service was observed of 12/56 (21%) patients. An
infectious disease consultation and chart documentation by the in-
fectious disease service pertaining to treatment discontinuation was
documented in 11/56 (20%) patients (Figure 3). Amongst 27 patients
who completed antifungal treatment for an IMI, an infectious dis-
ease consultation to discuss treatment discontinuation at EOT was
documented in 11 (40.7%) patients.

4 | DISCUSSION

In this real-life, single-centre cohort study, we sought to describe
the profile of allogeneic HCT recipients with IMI at the time of an-
tifungal treatment discontinuation. This is one of the few studies
to describe in a consistent and detailed manner the duration of an-
tifungal treatment in high-risk haematology patients and the rea-
sons that prompted treatment discontinuation. Although current
guidelines suggest that treatment courses between 3 and 6 months
should be considered and tapered based on the type of IMI, clinical
response, and the overall immune status of patients, real-life evi-
dence describing in detail the course of antifungal treatment in high-
risk haematology patients with proven or probable IMl is Iacking.6’9
We report prolonged treatment courses, for both IA and non-IA IMI,
at an average duration of 9 months. In fact, treatment was continued
beyond 90days in the majority of patients with IA (and non-1A IMI),
with more than half of patients having their treatment prolonged
even beyond 180days. In nine out of 10 cases, longer treatment
durations were due to persistent immunosuppression, either due
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TABLE 2 Detailed description of clinical and immunologic status, immunosuppressive treatments, and clinical response at end of
treatment for 56 proven/probable invasive mould infections (after excluding five patients lost to follow-up)

Death or palliative care®

Treatment completion

Overall
N: 56 (%)
IMI type
1A 41(73.2)
Non-IA 15(26.8)

Treatment duration, Median days (IQR)

140.5 (14, 740)

1A 133 (14, 432)
Non-IA 166 (14, 809)
Laboratory, Median (IQR)
WBC (G/L) 3.25(0.1,8.2)
ANC (G/L) 1.67(0.02,5.9)
ALC (G/L) 0.31(0,2.4)
PLT (G/L) 36.5(3,334)
Absolute CD4+ (cells/ul) 124 (0, 759)
18G (gr/L) 5.5 (2.3, 10.6)
ALAT (IU/L) 33.5(9, 159)
gGT (IU/L) 97.5 (16, 659)
eGFR (ml/min/m®) 60 (31, 116)
Immunosuppression
Steroids 27 (49.1)
Non-steroid immunosuppressionb 34 (61.8)
Radiologic response
CT scan performed at EOT 25 (44.6)
Complete/Partial resolution® 19 (76.0)
Stable® 4(16.0)
Deterioration® 2(8.0)

N: 29 (%) N: 27 (%)

22(75.9) 19 (70.4)
7(24.1) 8(29.6)

48 (11,246) 280 (110, 809)

64 (11, 224) 258 (110, 1'905)

29 (14, 675) 307.5 (99, 809)

2.15(0.1,10.7) 415(0.2,6.7)
1.5(0.02, 9.4) 2.12(0.04, 5.3)
0.32(0.05, 2.4) 0.31(0,2.2)

24 (7, 365) 69 (3,193)

149 (0, 385) 99 (0, 759)
5.2(2.3,14.3) 5.6(2.3,10.6)

39 (8, 138) 30 (13, 159)

109 (24, 526) 73 (11, 659)

60 (31, 113) 60 (33, 116)

16 (55.2) 11 (42.3)

20 (69.0) 14 (53.9)

10 (34.5) 15 (55.6)
7(70.0) 12 (80.0)
2(20.0) 2(13.3)
1(10.0) 1(6.7)

Note: Results are presented for all patients and based on whether patients died or required palliative care before the end of their treatment or

completed their treatment course.

Abbreviations: ALAT, alanine aminotransferase; ALC, absolute lymphocyte count; ANC, absolute neutrophil count; CT, computed tomography; eGFR,
estimated Glomerular Filtration Rate; gGT, gamma-glutamyltransferase; I1A, invasive Aspergillosis; g, immunoglobulin; IMI, invasive mould infection;

IQR, Interquartile Range; PLT, platelets; WBC, white blood cell count.
*Two patients were in palliative care when treatment was stopped.

PNon-steroid immunosuppression included: cyclosporine, tacrolimus, mycophenolate mofetil, sirolimus, and cyclophosphamide. One patient could

receive >1 agents.

“Percentages were calculated based on the number of CT scans performed at end of treatment.

to ongoing administration of immunosuppressive treatments or be-
cause patients received an allogeneic HCT. It is not clear at which
point the administered antifungal agent represented continued pri-
mary targeted antifungal treatment versus secondary prophylaxis,
particularly for those patients who were subsequently transplanted
or had a relapse of their underlying malignancy. Nevertheless, our
findings show that clinicians tend to adjust antifungal treatment du-
ration based on the overall immune status of their patients, with
patients with IMI often receiving treatment courses which last be-
yond the traditional 3months of treatment as described in clinical
trials. This is pertinent, considering the fact that patients are thus
susceptible and prone to treatment-associated adverse events and
complications.'®

Based on the retrospective nature of this study, we were not
able to document the rationale based on which clinicians might have
decided to discontinue antifungal treatment. However, we carefully
reviewed the bone marrow reconstitution and administered immuno-
suppressive agents at EOT. Patients appeared to have reconstituted
blood counts, mainly leucocytes and ANC at the time of EOT, with
only a few patients remaining neutropenic. Robust lymphocyte re-
constitution, as documented by ALC and CD4+ counts, was not ob-
served in a large number of patients at EOT. This suggests that while
clinicians are attentive to neutropenia resolution, they may not always
consider lymphocyte reconstitution as a major determinant for an-
tifungal treatment discontinuation. In terms of immunosuppression,

a minority of patients were on steroids at EOT and amongst those
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FIGURE 1 Time to treatment
discontinuation for patients whose
treatment was considered completed and
for those patients whose treatment was
discontinued due to death or palliative
care during the first year after treatment
initiation

TABLE 3 Detailed description of
clinical and immunologic status and
immunosuppressive treatments at 90
and 180days of treatment for 43 and
30 proven/probable invasive mould
infections amongst patients whose
therapy was continued beyond 90 and
180days, respectively

patients still on steroids, most were receiving a daily dose of predni-
sone at <30mg. Considering the detrimental role of high-dose steroid
treatments in the risk and management of opportunistic infections,
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Days after antifungal treatment initiation
Patients who died or on palliative care prior to treatment discontinuation
----- Patients who completed antifungal treatment
90days 180days
N: 43 (%) N: 30 (%)
IMI type
IA 32(74.4) 22(73.3)
Non-IA 11 (25.6) 8(26.7)
Treatment continuation reasons?
Lack of radiographic response 5(11.6) 2(6.7)
Continued immunosuppression 27 (62.8) 17 (56.7)
Allogeneic HCT 11 (25.1) 5(16.7)
Disease relapse® 1(2.3) 1(3.3)
Not recorded 3(7.0) 3(10)
Laboratory, median number (IQR)
WBC (G/L) 4(1.2,12.4) 3.5(1.2,6.4)
ANC (G/L) 2.51 (0.6, 10.8) 2.16 (0.8, 4.3)
ALC (G/L) 0.44(0.08, 1.9) 0.52(0.2,2.1)
PLT (G/L) 64 (10, 196) 77 (19, 282)
Absolute CD4+ (cells/pl) 65 (8,4.9) 73 (9, 98)
1gG (g/L) 5.85(2.9,12.8) 5.99(2.7,12.8)
Immunosuppression
Steroids 13 (30.2) 11 (36.7)
Non-steroid immunosuppression® 25(58.1) 17 (56.7)

IMI: Invasive Mould Infection, IA: Invasive Aspergillosis, HCT: Haematopoietic Cell Transplant,
IQR: Interquartile Range; WBC: White Blood Cell Count, ANC: Absolute Neutrophil Count, ALC:
Absolute Lymphocyte Count, PLT: Platelets, Ig: Immunoglobulin.

More than one treatment continuation reasons could be present.

PRelapse refers to the underlying haematologic malignancy.

“Non-steroid immunosuppression include tacrolimus, sirolimus, cyclosporine, MMF,
cyclophosphamide and ruxolitinib amongst others. One patient could receive >1 agents.

including IMI, it is likely that clinicians tend to wait until patients are
tapered off steroids or receiving lower steroid doses, before mak-
ing the decision to discontinue antifungal treatment. Based on the
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retrospective nature of this study and inconsistencies in patient chart
documentation, we were not able to discern a certain threshold in
bone marrow reconstitution and/or the daily dose of steroids above
which clinicians may be more likely to decide to stop or continue anti-
fungal treatment in allogeneic HCT recipients. Based on our findings,
a large variability seems to exist in the way immune status is assessed
in the management of high-risk patients with IMI, even in one cen-
tre, suggesting that stopping antifungal treatment criteria may differ
amongst clinicians and different transplant centres.

In addition to immune reconstitution, clinical and radiologic re-
sponse in patients with IMI play a significant role in the treatment
discontinuation decision-making. Although routinely performed in
the context of clinical trials, a repeat imaging test at the EOT was
performed in a small minority of patients in this cohort. This may, in
part, be due to the fact that treatment was prolonged due to immu-
nosuppression reasons and at that point clinicians were convinced or
had already documented clinical and/or radiologic responses in their
patients. Nevertheless, amongst those patients with repeat imaging
test at EOT, radiologic documentation showed complete or partial

FIGURE 2 Reasons to prolong
antifungal treatment for the treatment of
invasive mould infections beyond 3- and

Other 6-month post-treatment initiation

M Disease relapse

M Lack of radiographic

response

B Allogeneic HCT

H Continued

immunosuppression

FIGURE 3 Documentation of end-
of-treatment decision by the primary
Haematology service and by the
Infectious Disease service in patient
charts

M EOT overall
M EOT, Death/Paliative care

EOT, Treatment completion

response in most cases, further supporting clinicians' decision to
proceed with treatment discontinuation.

We also sought to describe whether treatment discontinuation
was well documented in patient charts either by the haematology
and/or infectious disease teams. Overall, chart documentation by
haematology specialists and infectious disease consultants at the
time of diagnosis and treatment initiation for an IMI was present
for all patients. In contrast, the decision to stop treatment was doc-
umented in only one in five patients by the primary haematology
team. Similarly, an infectious disease consultation documenting
treatment discontinuation and the reasoning of this decision was
present in the chart of only one in five patients. Although absence of
chart documentation does not necessarily exclude a possible com-
munication between haematology and infectious disease services
about treatment continuation, this observation remains noteworthy
and further supports the lack of definitive guidance as to when and
how antifungal treatment should be discontinued.

The observations made in this study are limited by the small num-
ber of patients, single-centre and retrospective nature of the study.
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Data might have not always been available and retrospective chart
review might have prevented us from fully appreciating the reasoning
and decision-making process in most cases. However, this study rep-
resents a snapshot of everyday real-life management of patients with
IML. In conclusion, we report prolonged treatment courses in alloge-
neic HCT recipients with IMI, beyond the traditional 3- or 6-months
post-infection diagnosis and treatment initiation. Continued pro-
longed immunosuppression appears to be the major driver of prolon-
gation of antifungal treatment in this cohort. Blood count parameters
and administration of inmunosuppressive treatments play an import-
ant role in the decision-making of clinicians treating patients with
such infections. However, documentation of variables leading to
treatment discontinuation, including an infectious disease consulta-
tion, is limited. Our findings clearly suggest that there is lack of de-
finitive guidance to drive clinicians' decisions on antifungal treatment
discontinuation. Better defined criteria for treatment discontinuation
documentation could be useful in clinical practice, to help in decision-
making and ascertain a certain degree of homogeneity across centres.
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