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CHAPTER 1

"..Admitted to the hematology ward last night, was Ms. X, a thirty-year-old woman, presenting
with petechia, hematomas, and fever, which are caused by a newly diagnosed acute myeloid
leukemia. She received antibiotics and needs to be prepared for intensive chemotherapy.
This morning, a blood cell count showed a platelet count of 30x10°/L and a Hb of 4.5mmol/L.
Last night, transfusion thresholds have not been discussed yet, they need to be decided...’

“.. Hereby we write to inform you about Mr. Y, a 46-year-old patient, who was admitted to
our hospital for an allogeneic stem cell transplantation with myeloablative conditioning, to
treat his acute lymphatic leukemia. The stem cell transplantation was complicated by
prolonged neutropenia and fever, for which broad spectrum antibiotics were prescribed.
Currently, there is an ongoing BK-virus associated hemorrhagic cystitis for which multiple
transfusions, saline bladder irrigation, and pain medication have been given. Mr. Y was
released home with a urinary tract catheter and has a follow up appointment at the
urologist. For hemostatic support, which has been troublesome, follow up at the outpatient
clinic is planned...”

“..I would like to ask a question about Mr. Z. He is 72 years old and is admitted to our
hematology ward to treat his relapsed follicular lymphoma. Two hours ago, his nose started
oozing blood a bit, not that much, but it has been quite long now. It is bothering the patient.
He already had a platelet transfusion today because he had a platelet count of 8x10%/L. My
colleague said that two days ago, he did not respond that well to his platelet transfusion.
Do I need to do something else right now...?’
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Introduction

At the morning medical rounds, in discharge letters, in calls about admitted patients
during the night shifts: bleeding is often encountered as a complication of hemato-
oncological disease or treatment. Indeed, although these patients routinely receive
prophylactic platelet transfusions, still bleeding is frequent. Many factors like patient
characteristics, disease status, and treatment factors have been proposed to influence
the occurrence of bleeding. In this introduction, the rationale behind the currently applied
bleeding prevention strategy is described, as well as the evidence on which it is based.

Prophylactic platelet transfusions in hemato-oncology patients

To prevent clinically relevant bleeding, hemato-oncological patients who have a tran-
sient bone marrow failure receive prophylactic platelet transfusions during episodes
of deep thrombocytopenia.

Already in the 1960's, it was clear that platelet transfusions reduced the number of
severe bleedings. A study reporting causes of death in acute leukemia, including pa-
tients from 1954 to 1963, showed that the number of patients who had a bleeding
when they died from acute leukemia declined from 67% to 37% when platelet trans-
fusions became available to treat active bleeding. The number of bleedings that were
registered to be the cause of death dropped from 20% to 14%.(1) Furthermore, small
randomized trials showed the effect of prophylactic platelet transfusions,(2-4) which
eventually lead to platelet prophylaxis (i.e. in the absence of bleeding) to become the
standard of care in hemato-oncology patients since the nineteen seventies.(5) Based
on larger studies, investigating platelet doses and platelet count triggers,(6, 7) trans-
fusion guidelines advise to prescribe prophylactic platelet transfusions to patients with
a transient, deep thrombocytopenia at a threshold of 10x10°/L.(8-12)

Despite the shown benefits of this prophylactic transfusion policy, bleeding still
occurs. However, the incidence reported in different studies varies dramatically, from
19% to 89%.(13-21) This variability is at least partly due to the different subpopulations
of hemato-oncology patients that were included in the studies, different monitoring
methods to detect and register bleeding, different follow-up periods, and the different
bleeding scores that were applied. Even between studies that use comparable bleeding
scores, such as alterations of the World Health Organization (WHO) bleeding score,(22)
incidences still vary. For WHO bleeding score with grades 2, 3, and 4 bleedings,
incidences have been reported to range between 19% and 70%.(14, 16)

Besides the fact that clearly not all bleeding is prevented by the current prophylactic
platelet transfusion strategy, there is also a strong indication that some patients have
a very low risk of bleeding. In such patients, platelet transfusions are likely not useful
and lead to unnecessary health care costs and labor, while being a potential cause of
side effects.
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Due to the prophylactic policy currently in practice, the hematology patients now
consume approximately two-thirds of all platelet transfusions.(23) Of these, around
75% are described to be transfused prophylactically.(23, 24) In a country like the
Netherlands, which produces approximately 52,000 units of platelets per year, it can
be estimated that 35,000 will be transfused to hematology patients, and around 27,000
of those will be given prophylactically.(25) Consequently, because of the high
transfusion rates, hemato-oncology patients are at high risk of being exposed to
platelet mediated transfusion reactions, like transfusion mediated infections (occurring
in approximately 0.001% of platelet transfusions), or allergic reactions (occurring in
approximately 0.3% of platelet transfusions).(26, 27) Also, anti-HLA antibodies are
frequently encountered in up to 43% of hemato-oncology patients. These antibodies
can lead to platelet transfusion refractoriness, which has been described in 5-15% of
patients who are on chronic platelet transfusion support.(28)

Prophylactic platelet transfusions versus therapeutic platelet transfusions

To better assess the amount of overtreatment by prophylactic platelet transfusion
strategies, it is important to compare this with the situation in which platelet
transfusions are only administered in case of active bleeding events; the so-called
therapeutic strategy. Two randomized controlled trials (RCT's) compared these two
strategies in adult hemato-oncology patients who were admitted for chemotherapy
or stem cell transplantations.(13, 14) Both studies showed a benefit for the prophylactic
platelet transfusion strategy to prevent combined WHO grades 2, 3, and 4 bleeding
outcomes in 30 days. Stanworth et al. reported an incidence of WHO grades 2, 3, and
4 bleeding of 43% in patients in the prophylactic transfusion arm, versus 50% of these
bleedings in the therapeutic-transfusions-only arm.(13) In this study, the reported
incidence of serious bleedings (of WHO grade 3 and 4) was below 2%; with no
discernable difference between the treatment groups. The observed benefit of
prophylactic platelet transfusions was clear in patients receiving intensive chemotherapy
or allogeneic stem cell transplantation (SCT). In contrast, patients who were admitted
for autologous SCT hardly benefitted from prophylactic platelet transfusions.(29) As a
result, and provided that close monitoring of bleeding is feasible, some guidelines now
recommend a therapeutic transfusion strategy for patients undergoing autologous
SCT. (9, 10)

The RCT of Wandt et al. showed that 19% of the patients with prophylactic platelet
transfusions suffered from WHO grades 2, 3, and 4 bleeding, while with therapeutic
transfusions this incidence increased to 42%.(14) In this study, a difference was also
observed for WHO grade 3 and 4 bleedings. However, many grades 3 and 4 bleedings
were intracerebral. Since the study used different diagnostic policies towards
intracranial bleedings for the different randomization arms, this difference could be
caused or aggravated by detection bias.
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Clinically relevant bleeding

Currently, most studies use the WHO bleeding score, with grade 2, 3 and 4 bleedings
as the primary outcome.(22) Over the years, several research groups have modified
these grades, to reduce variation in assessment.(30) Important to realize in this respect,
is that the majority of reported bleedings are WHO grade 2 bleedings. Not all of these
are of direct importance for clinical care or for the patients’ well-being. Other bleeding
scores with more emphasis on the clinically relevance of bleeding are available (figure
1). The International Society on Thrombosis and Haemostasis (ISTH) bleeding scale,
for example, distinguishes clinically relevant non-major and major bleedings from
not-clinically-relevant bleeding.(31, 32) Likewise, the Bleeding Severity Measurement
Scale (BSMS), which is especially designed for patients with thrombocytopenia induced
by chemotherapy, separates bleeding which is clinically relevant (named clinically
significant) from non-significant bleeding, i.e. that are expected not to have a real
impact on the patient or the required intensity of patient care.(33) Prophylactic platelet
transfusions should aim specifically at the prevention of bleeding that has a relevant
impact on patients or patient care. Ideally, this strategy should therefore also be
validated using only clinically relevant bleeding as the primary outcome. Unfortunately,
due to the much higher number of patients that would be required in such a study, no
RCT's have used this outcome yet.

Hemato-oncology patients with a persistent severe thrombocytopenia

While most research attention goes to those hemato-oncological patients who, due to
the effects of acute disease or intensive chemotherapy, have the deepest cytopenias
and associated morbidities, these conditions are usually transient. There is also a
hemato-oncological population with chronic bone marrow failure and hence persistent
severe thrombocytopenia. High intensity chemotherapy and other conditions that are
associated with bleeding, like inflammation and infections, will be present less fre-
quently in such patients. Thus, these factors can not readily be used to predict bleeding
in this population. Whereas in the short term a lower bleeding risk is expected in this
group, the chronic thrombocytopenia is eventually likely to induce a high cumulative
incidence of bleeding. So far, there are no published RCT's investigating the effect of
prophylactic platelet transfusions in this subpopulation with long-lasting thrombo-
cytopenia. Moreover, even observationally registered incidences of bleeding are hardly
described in the literature. Interestingly, an observational study in patients with
myelodysplastic syndromes reported high cumulative incidences of overall and WHO
grade 3 and 4 bleeding of respectively 83% and 14%, in a median time of 27 weeks.
(34) In this study, prophylactic platelet transfusions, tranexamic acid, or both did not
seem to lower the incidences of WHO grade 3 and 4 bleedings. This study however
was small, with non-randomized treatments, making the results likely liable to con-
founding by indication.(34)

| 13
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While some guidelines indicate that more liberal transfusion thresholds, or even a
therapeutic platelet transfusion strategy, might be applied in these patients, evidence
for such advice is insufficient. Overall, there is no consensus on the best strategy for
bleeding prevention in patients with persistent severe thrombocytopenia. (9-12)

Risk factors for bleeding

In conclusion, there seems to be a general benefit of prophylactic platelet transfusions
to prevent bleeding in transient severe thrombocytopenia. However, both even better
bleeding prevention than currently achieved, and a reduction in unnecessary use of
platelet transfusions clearly require the personalization of supportive transfusion
strategies. Understanding of risk factors is indispensable to identify patients with a
high, low, or virtually absent risk of bleeding and might enable adapting the platelet
transfusion strategy accordingly.

So far, platelet counts are used to guide platelet transfusions. Platelet counts,
however, correlate poorly with bleeding. Only at platelet counts of 5x10°%L or lower, a
substantial increase in bleeding events is seen, where remarkably at counts from
6x10%L to 80x10°/L bleeding frequencies remain more or less stable.(16, 35) Indeed,
in trials that investigated platelet transfusion triggers, no benefit was observed in
raising thresholds from 10x10°/L, to 20x10°L, or 30x10°L.(7) Moreover, increasing the
platelet dose per transfusion also failed to lower the remaining bleeding incidence.(6)
This suggests that, additionally to platelet count, other factors modulate the bleeding
risk in hemato-oncology patients. Meanwhile, platelet transfusions are unable to
overcome all mechanisms leading to bleeding.

Several clinical factors have been reported to be associated with an increased risk
of bleeding in hemato-oncology patients, like sex (with a higher risk for women),(36)
and diseases with a poor prognosis.(20) Furthermore, associations were shown
between fever, infection, or sepsis and the occurrence of bleeding.(36-38) Results from
animal studies also support the association between bleeding and infection which is
more evident in case of thrombocytopenia.(39, 40) Furthermore, conditions known for
their effect on hemostasis (like uremia or use of anticoagulants), are also associated
with bleeding in hemato-oncological patients.(41, 42) Other conditions associated with
bleeding, like usage of penicillin or medication against invasive mold infections, graft
versus host disease, splenomegaly and bleeding in the preceding days are mechanis-
tically less clear.(9) Moreover, the clinical relevance of most of these associations is
uncertain because they are derived from (small) observational datasets or post-hoc
analyses, or were absent in other datasets.

Notwithstanding the low level of evidence, some guidelines advise to consider
increasing the platelet transfusion threshold in patients with additional risk factors. (9,
10) In clinical practice, the absence of high quality evidence often leads to heterogeneity

| 15
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in the adherence to such guidelines and thus in the use of different thresholds.(43)
As discussed, studies investigating different transfusion triggers, did not show a
reduction in the number of bleedings with the use of a higher threshold.(7) However,
in those studies patients with additional potential risk factors for bleeding were never
studied separately. Therefore, it remains unclear if high-risk patients may benefit from
the use of higher platelet triggers.

Invasive procedures like lumbar punctures or insertion of central venous catheters
are evidently risk factors for bleeding. Yet, even for these procedures there is no strong
evidence for the benefit of higher platelet transfusion thresholds.(44, 45) Still awaiting
the results of an ongoing RCT study on this topic,(46) the Dutch 2019 transfusion
guidelines, advises to prescribe prophylactic platelet transfusions at higher triggers in
case of invasive procedures, as do other international guidelines.(8-12) Similarly, without
strong evidence, but based on expert opinion, increased thresholds are also advised
for patients with a transient thrombocytopenia who use therapeutic anticoagulation or
platelet aggregation inhibitors, who cannot stop such medication.(8)

Overall, although there are many risk factors described that are likely to influence
bleeding risk, the precise quantification of this increased risk is still lacking. Further,
the effects of applying alternative bleeding preventive strategies, if such risk factors
are present, are not well understood either.

Biomarkers

Clinical conditions that modulate the bleeding risk will only lead to bleeding if they
negatively affect hemostasis. Therefore, next to platelet counts, additional biomarkers
for hemostasis (e.g. biomarkers that reflect platelet function, coagulation, fibrinolysis
or endothelial function) can also be of importance to predict the bleeding risk.

In this respect, a decreased platelet function or activation state has been suggested
to have predictive value.(18, 47, 48) A reduced p-selectin expression and a diminished
(ex vivo) platelet response to standard platelet stimulation have both been observed
in patients who developed bleeding. These results, however, could equally well imply
that either circulating platelets have diminished functionality, or that they have a
reduced ‘re-activation’ in vitro because of high functional in vivo platelet activation.

Also, some endothelial markers have been described to be associated with bleeding.
For example, in leukemia patients an association between bleeding and high values of
syndecan-1, which as part of the glycocalyx is indicative of endothelial damage, is
described.(49) Likewise, urine albumin excretion, known to be a biomarker of renal
vascular wall damage, was found to be associated with bleeding in hemato-oncology
patients.(50)

Associations between coagulation-markers and coagulation assays and bleeding
are not consistent.(35, 51) However, studies investigating these (and other) potentially
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important biomarkers are often small, and a direct comparison between studies is
complicated by sampling at different stages of treatment of the patient. Therefore, no
biomarkers have consistently been established to predict the bleeding risk in hemato-
oncology patients.

Alternatives for prophylactic platelet transfusions

To further reduce the amount of bleeding events in hemato-oncology patients,
alternatives for or additions to prophylactic platelet transfusions such as TPO-mimetics
or antifibrinolytic agents, like tranexamic acid, have been studied.(52) However, again,
studies are insufficient to conclude if the bleeding incidence can be relevantly influenced
by these strategies.(53, 54) Recently, a trial was completed investigating tranexamic
acid, as an adjunctive anti-bleeding therapy. Although the complete trial results are
awaited, first results did not report a benefit in intensively treated hemato-oncological
patients.(55) Autologous SCT patients have been reported to have less benefit of
prophylactic platelet transfusions.(29) An ongoing RCT in this patient group will
determine if tranexamic acid can be used as an alternative strategy to prevent bleeding,
instead of platelet transfusions. (56)

Aim and outline of the thesis

With the current prophylactic platelet transfusions, bleeding is still a commonly
occurring problem in hemato-oncology patients, and information on risk factors that
can guide prediction of bleeding is insufficient. The aim of this thesis is to provide more
insight into bleeding in hemato-oncology patients, by investigating risk factors that are
needed for prediction, and by describing current clinical practice of preventive strategies.

First, we aimed to investigate the current clinical practice of bleeding prevention.
For patients who are intensively treated, and for whom the deep thrombocytopenia is
expected to be transient, guidelines provide clear advises for general transfusion
thresholds, and sometimes suggestions for patients with (suspected) additional
bleeding risks. However, the absence of clear evidence of altered thresholds in patients
with additional risk factors leads to variability in care. While this variability was reported
before for patients with deep, transient thrombocytopenia, for patients who suffer
from persistent deep thrombocytopenia, due to chronic bone marrow failure, optimal
bleeding prevention has not been investigated, leading to a lack of clear advice in
guidelines. In chapter 2, we report on a Dutch survey which assessed both usage of
prophylactic platelet transfusions and tranexamic acid to prevent bleeding in hemato-
logical outpatients who suffer from persistent severe thrombocytopenia. Besides the
current clinical practice, we describe which clinical conditions guide clinical decision
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making for the preventive therapy.

Of all bleeding events, intracranial hemorrhage is one of the most feared. As with
other bleeding complications, the association with platelet counts and intracranial
hemorrhage has already been studied. However, besides platelet counts at the time
of hemorrhage, the course of the preceding platelet counts, including the lowest
‘through’ counts in preceding days and the percentages of time exposed to such low
platelet counts have not been investigated for intracranial hemorrhage. These platelet
count parameters were hence studied as possible risk factors for intracranial
hemorrhage in a case-control study which is reported in chapter 3. Furthermore, in
this chapter, the number of platelet transfusions needed to maintain the target platelet
thresholds was studied for its association with intracranial hemorrhage.

Since the etiology of bleeding is multifactorial, there are many other clinical factors
that may predict the occurrence of intracranial hemorrhage in acute leukemia patients.
In chapter 4, in the same case-control population as described in chapter 3, we focus
on the predictive power of one likely risk factor, namely the presence of cardiovascular
risk factors, which likely lead to chronic vascular damage. The association of such
factors with intracranial hemorrhage might be of importance, because of the concurrent
risk factors for diminished vascular integrity in this patient population, for example
thrombocytopenia and inflammation.

Improving bleeding prevention in hemato-oncology patients, can likely be improved
by validation of risk factors that can be used in a prediction model to identify patients
who indeed have a very high bleeding risk. For the purpose of identifying such risk
factors, we performed a post-hoc analysis in the dataset of the randomized controlled
TOPPS trial, and investigated if baseline parameters - suggested to be associated with
bleeding risk - indeed could be used to predict the actual occurrence or absence of
bleeding that was observed in the study cohort. Furthermore, we performed a
heterogeneity of treatment effects analysis, with the goal to explore if patients with
different bleeding risks at baseline benefitted differently from a prophylactic platelet
transfusion strategy. Results of this study are described in chapter 5.

Although bleeding in hemato-oncological patients has been studied quite often,
there is still much unknown about contributing risk factors. Consequently, well-
functioning and validated models to predict bleeding are lacking. Both for etiologic
research into risk factors for bleeding in hemato-oncology patients, as for adequate
risk prediction, large datasets of sufficient variables to enable extensive adjusting and/
or modeling will be necessary. Ideally, these datasets will include time varying clinical
variables. Additionally, biomarkers for hemostasis or endothelial function might add
to adequate prediction. In chapter 6, we present the study design for the ongoing BITE
(Bleeding In Thrombocytopenia Explained) study. This study will not only assess the
overall incidence of bleeding in hemato-oncology patients, but also in subgroups.
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Furthermore, a case control study nested within the study population will enable us
to further investigate risk factors for bleeding. Sampling of biomarkers will be
performed in the last phase of the BITE study. After identification of clinical and
laboratory risk factors, both baseline and time-varying data of this study can contribute
to the adequate prediction of bleeding risk of hemato-oncology patients.

In chapter 7 we discuss the main findings of this thesis, as well as our view on the
implications for future research.

| 19
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Abstract

Objectives

There is scarce evidence about the effectiveness of anti-bleeding measures in
hematological outpatients experiencing persistent severe thrombocytopenia. We aim
to describe clinical practice and clinicians’ considerations on the administration of
prophylactic platelet transfusions and tranexamic acid (TXA) to outpatients with acute
leukemia, myelodysplastic syndrome (MDS), or aplastic anemia (AA) in the Netherlands.

Methods
We conducted an online survey among members of the Dutch Society for Hematology.

Results

The survey was filled out by 73 respondents. Prophylactic platelet transfusions are
widely used in acute leukemia and MDS outpatients receiving disease-modifying
treatments (87%-98% of respondents). TXA is predominantly prescribed in case of
bleeding (tendency) (71%-88% of respondents). Conditions potentially increasing
bleeding risks highly variably influence clinicians’ decision-making on anti-bleeding
regimens, which includes a wide range in adhered platelet thresholds.

Conclusion

Considering that both the contribution of prophylactic platelet transfusions as well as
TXA to limit bleeding is insufficiently evidence-based, there is an urgent need for trials
on optimal anti-bleeding strategies in this outpatient population, which should
encompass efficacy, logistic, financial and quality of life aspects.
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Introduction

Thrombocytopenia due to bone marrow disease and/or myelotoxic treatments is a
common phenomenon in hematological patients. In order to prevent clinically relevant
bleeding, prophylactic platelet transfusions (i.e. indicated by a platelet count threshold,
in the absence of bleeding) are administered."? Indeed, randomized controlled trials
demonstrated reduced bleeding incidences with such a strategy in hospitalized patients
undergoing intensive chemotherapy and/or allogeneic stem cell transplantations.>#
Nevertheless, clinically relevant bleeding is not eliminated and alternative anti-bleeding
strategies are nowadays explored, including alternative treatments and the
identification of reliable bleeding predictors.>®

Next to this intensively treated patient population, a subgroup of hematological
outpatients suffers from persistent severe thrombocytopenia due to e.g. refractory
bone marrow disease, inducing chronic bone marrow failure. Actual bleeding risks for
this specific outpatient population are unknown, but, one may argue those to be
relatively low compared to the intensively treated hospitalized patients. Conversely,
due to the chronic state of their low platelet counts, a large fraction of this population
may eventually experience significant bleeding. One Canadian registry for patients with
myelodysplastic syndrome (MDS) and secondary acute myeloid leukemia (AML) indeed
reported bleeding in 83% of patients during a median follow-up period of 27 weeks,
with 12% of patients experiencing WHO grade 3 or 4 bleeding.” 8 However, the
attributive effect of platelet transfusion in this outpatient setting is unknown, although
a few small observational studies suggested safety, logistical, and financial advantages
of a stringent platelet transfusion policy.”° One randomized trial, which could have
gained important insights into the efficacy of prophylactic transfusions in outpatients
was unfortunately terminated early because of poor recruitment.’ Therefore, so far
high quality evidence on any potential benefits weighted against adverse risks of a
prophylactic versus therapeutic platelet transfusion regimens in this outpatient
population is lacking.

Consequently, current guidelines are based on expert opinion and mainly advise
to only transfuse the thrombocytopenic (out)patient population suffering from chronic
bone marrow failure on a therapeutic rather than on a prophylactic base."'* Other
guidelines suggest to consider an adjusted platelet count threshold,' while the recently
updated Dutch transfusion guideline in this respect lacks any recommendations.'

In addition to platelet transfusions, preventative anti-bleeding measures may also
include the use of the anti-fibrinolytic drug tranexamic acid (TXA)."* Compared to
platelet transfusions, TXA has the advantage of oral administration, thereby overcoming
the necessity of intramural care. Outside the hematological setting, the use of TXA has
proven to be beneficial in therapeutic settings, reducing blood loss and limiting
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morbidity and mortality during e.g. massive trauma, surgery and obstetric bleeding.
Evidence to justify its use for hematological thrombocytopenic patients is scarce and
inconclusive.’ Remarkably, the aforementioned Canadian MDS registry study did not
find differences in grade 3-4 bleeding frequencies among patients treated with TXA
versus TXA and/or prophylactic platelet transfusions versus neither of those, although
confounding by indication should be considered.” Hopefully several ongoing large-
scaled randomized studies in hospitalized patients will clarify the possible prophylactic
role of TXA, with or without additional platelets.> "

However, the present lack of knowledge is likely to result in a high variability of
practices on how best to prevent bleeding in hemato-oncologic outpatients.

To assess this, we performed nationwide survey among hematology clinicians
across the Netherlands regarding the extent of use, and considerations on indications
of platelet transfusions and TXA in hematological outpatients suffering from persistent
severe thrombocytopenia due to underlying bone marrow disease.

Methods

A nationwide web-based survey of hematology clinicians was conducted in the
Netherlands between October 2019 and February 2020.

The questionnaire was accessible via a weblink and distributed via email by the
Dutch Society for Hematology. Members comprise the large majority of registered
hematologists in the Netherlands as well as a proportion of hematology residents and
physician assistants. All are involved in treatment decisions on bleeding prevention in
the Netherlands, either completely independent or following consultation of a senior
hematologist. Reminders were sent out via the newsletter of the society and via
personal communication by members of the benign working party of the society to
colleagues in their region. Prior to distribution, the survey was piloted among the study
team and three other hematologists to assess content and time required for survey
completion.

Study data were collected in a web-based database (Castor) and securely stored at
the Leiden University Medical Center.

The survey (translation available via the supplementary material) focused specifically
on acute leukemia, myelodysplastic syndrome (MDS), and aplastic anemia (AA)
outpatients. Since we expected that the disease stage, and appurtenant treatment,
might influence the chosen prophylactic bleeding policies, we specified several patient
groups. With regard to acute leukemia and MDS, questions were subdivided based on
whether patients were 1. in between or shortly after curatively-intended induction
chemotherapy courses; 2. receiving hypomethylating agents with a palliative intention;
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3. ineligible for any disease-modifying treatment. Questions on AA involved all patients
outside the context of a hematopoietic allogeneic stem cell transplantation. Specific
domains of the questionnaire involved: 1. clinician practices’ demographics; 2. use of
a prophylactic platelet transfusion policy and its thresholds; 3. clinical conditions
determining the use of a prophylactic platelet transfusion policy; 4. prophylactic use
of TXA; 5. clinical conditions determining the use of TXA; 6. clinicians’ estimations on
bleeding risks with a prophylactic versus therapeutic platelet transfusion policy.
The survey used the following definitions: prophylactic platelet transfusions i.e.
transfusions prescribed based on a certain platelet count threshold which may differ
per patient or physician; therapeutic platelet transfusions i.e. transfusions prescribed
in case of (clinically relevant) bleeding or preceding an intervention; clinically relevant
bleeding i.e bleeding events that lead to (additional) medical care, e.g. visit to the
emergency department or additional outpatient clinic visit on short term, therapeutic
transfusions, admission to the hospital, additional diagnostics or treatments. Any
tendency to bleeding referred to minor, clinically non-relevant bleeding e.g. petechiae.
Due to the descriptive nature of our survey, no formal statistics were performed
but results are presented descriptively.

Results

Of the 562 members contacted, 73 (13%) responded at least to one domain (table 1).
Of these 73 respondents, 55% completed the entire questionnaire. The majority of
respondents were hematologists (81%), working in hospitals which perform both
allogeneic and autologous stem cell transplantations (45%, i.e. academic hospitals),
with a median working experience of 10.5 years. Respondents represented 38 out of
89 (43%) Dutch hospitals.

A minority of respondents worked at hospitals that do not treat some of the patient
categories covered by this survey (table 1). In those instances, these respondents were
excluded from these particular calculations.

Use of prophylactic anti-bleeding therapies

Figure 1 describes numbers and percentages of respondents who routinely use
prophylactic platelet transfusions or TXA per patient category. Almost all actively
treated MDS and acute leukemia outpatients are offered prophylactic platelet
transfusions (87-98%), while this is only considered for the minority of patients ineligible
for or refractory to any disease modifying treatment (35% and 34%). Similarly, the vast
majority of aplastic anemia patients receive prophylactic platelet transfusions (82%).
Oppositely, TXA is hardly routinely prescribed in any of these patient populations
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(0-7%), but is generally regarded as supportive care in situations of clinically relevant
bleeding or bleeding tendency (71%- 88%). Here, TXA is mostly used as an additive to
prophylactic platelet transfusions in patients receiving any type of treatment (74% to
100%), while in the palliative setting without any disease modifying treatment, TXA is
also chosen as solitary regimen (MDS 47% and acute leukemia 44%, supplementary
table 1).

Table 1. Characteristics of respondents

Function’
Hematologist 59 (81%)
Resident hematology 4 (6%)
Other* 10 (14%)
Years of working experience in hematology* 10.5 (5-19)

Echelon classification of hospital®

Level A 33 (45%)
Level B 7 (10%)
Level C- HIC 6 (8%)
Level C- SCT 6 (8%)
Level C- HIC + C-SCT 8 (11%)
Level D 9 (12%)
Unknown 4 (6%)

Outpatient population that is treated per respondent*

MDS with chemotherapy 60 (82%)
MDS with hypomethylating agents 69 (95%)
MDS without disease-modifying treatment 68 (93%)
Leukemia with chemotherapy 58 (80%)
Leukemia with hypomethylating agents 68 (93%)
Leukemia without disease-modifying treatment 71 (97%)
Aplastic anemia 51 (70%)

T Values are numbers (percentage of total of respondents)

¥ Physician assistants (n=7), pediatric hematologist (n=1), resident not in training for hematologist (n=1),
oncologist with hematology care (n=1)

§ Median (IQR), 72 participants responded

9 Level A hospitals are allowed to perform allogenic and autologous stem cell transplantations (SCT)

Level B hospitals are allowed to perform autologous SCT

Level C-HIC hospitals deliver intensive hematological care, for example acute leukemia treatment

Level C-SCT hospitals deliver post-autologous stem cell transplantation care

Level D hospitals deliver non-intensive hematological care, i.e. treatment that is not expected to induce intense
and long-lasting pancytopenia

# Values are numbers (percentage of total of respondents) of those who treat the specific patient population
at their clinical practice
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Figure 1. Prophylactic anti-bleeding options considered per diagnosis and treatment modality

Values in bars indicate percentages of respondents. Absolute numbers of respondents per question are
presented at the left side of the bar. Chemo: outpatients in between or shortly after intensive chemotherapy
courses. HMA: outpatients treated with hypomethylating agents, e.g. azacitidine or decitabine. No treatment:
outpatients not receiving any disease modifying treatment i.e. refractory disease, treatment ineligible, palliative
setting. Aplastic anemia excl. HSCT: outpatients excluding those in work-up for or having received an allogeneic
hematopoietic stem cell transplantation. MDS= myelodysplastic syndrome, PPT= prophylactic platelet
transfusion, TXA= tranexamic acid. Data represents question 1 and 6a of survey, see supplementary material.

Clinical conditions modifying prophylactic anti-bleeding treatment
Several clinically related conditions may modulate anti-bleeding preventative measures.
The most likely ones were assessed in this survey (Figure 2, supplementary table 2).

Figure 2 illustrates the strong heterogeneity in how clinicians value certain clinical
conditions as determinants for anti-bleeding strategies. In general, recent clinically
relevant bleeding (<three months), and continuous use of platelet aggregation inhibitors
or therapeutically dosages of anticoagulant medication are valued most important,
especially for the regimen of prophylactic platelet transfusions. In addition, clinicians
are quite reluctant to start TXA in patients with a medical history of cerebral or coronary
ischemic events.

Furthermore, presence of fever, red blood cell transfusion dependency and low
hematocrit levels are considered as important clinical factors when deciding to give
prophylactically platelet transfusions (25%-43%). Such conditions are considered hardly
relevant for TXA decision making (supplementary table 2).
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Platelet thresholds

In general, a platelet threshold of <10x10%L is routinely applied for all acute leukemia,
MDS and AA outpatients (Figure 3, panel A; 77-100%). Though, when clinical conditions
that potentially increase bleeding risks are present, a wide range of thresholds between
10x10°%/L up to 50x10%L is applied (Figure 3, panel B). In case of use of platelet
aggregation inhibitors (PAI) or therapeutic anticoagulants, over 90% of respondents
increased standard platelet transfusion thresholds above 10 x10°%/L, the majority to 20
x10%L to 30x10%/L.

Average
(scale 1-5)

PpT, n=63 JEJJEE] 13 [52 [14 ] 36
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Figure 2. Clinical conditions considered in decision-making on prophylactic anti-bleeding treatments
Values in bars indicate percentages of respondents. Absolute numbers of respondents per question are
presented at the left side of the bar. The average score per clinical condition is reported at the right side of
the bar (minimum score 1, maximum score 5). Bleeding <3 months: clinically relevant bleedings in the past
three months. Previous ischemic events: medical history of cardiac or cerebral ischemic event. PAI: the need
or wish to continue platelet aggregation inhibitors. Therapeutic anticoagulants: the need or wish to continue
therapeutic dosage of low molecular weight heparin, vitamin K antagonist or direct oral anticoagulant.
Prophylactic anticoagulants: the need or wish to continue prophylactic dosage of low molecular weight heparin
Invasive mold disease: presence of cerebral or pulmonary invasive mold disease. WHO = World Health
Organization, performance status of 2: ambulatory and capable of all self-care but unable to carry out any
work activities; up and about more than 50% of waking hours. Frequency visit > 1/week: need to visit the
outpatient clinic with a frequency of more than once weekly - only surveyed for platelet transfusions, not for
TXA. Data represents question 3 and 6¢ of survey, see supplementary material.
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Figure 3. Applied platelet count thresholds

The size of and numbers in the bubbles indicate percentages of respondents routinely adhering to a specific
platelet threshold. Panel A: platelet thresholds per patient category. Chemo: outpatients in between or shortly
after intensive chemotherapy courses. HMA: outpatients treated with hypomethylating agents, e.g. azacitidine
or decitabine. No treatment: outpatients not receiving any disease modifying treatment i.e. refractory disease,
treatment ineligible, palliative setting. Aplastic anemia excl. HSCT: outpatients excluding those in work-up for
or having received an allogeneic hematopoietic stem cell transplantation. MDS= myelodysplastic syndrome.
Panel B: platelet thresholds specified per clinical condition. Bleeding <3 months: clinically relevant bleedings
in the past three months. Previous ischemic events: medical history of cardiac or cerebral ischemic event.
PAI: the need or wish to continue platelet aggregation inhibitors. Therapeutic anticoagulants: the need or
wish to continue therapeutic dosage of low molecular weight heparin, vitamin K antagonist or direct oral
anticoagulant. Prophylactic anticoagulants: the need or wish to continue prophylactic dosage of low molecular
weight heparin. Invasive mold disease: presence of cerebral or pulmonary invasive mold disease. WHO =
World Health Organization, performance status of 2: ambulatory and capable of all self-care but unable to
carry out any work activities; up and about more than 50% of waking hours. Data represents question 2 and 4
of survey, see supplementary material.
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Estimated bleeding risks

Figure 4 illustrates estimated six months’ incidences of clinically relevant bleeding
under a prophylactic versus therapeutic-only platelet transfusion strategy. The vast
majority of clinicians estimate the likelihood of a bleeding event under a prophylactic
regimen to be low, i.e. <10% over six months' time. Switching to a therapeutic-only
regimen (panel B) is expected to increase the risk of bleeding according to most
clinicians. However, estimates on the magnitude of this increase again are widely
variably, with some estimating even bleeding risks over 50%.

Discussion

This nationwide survey among hematology clinicians identified a heterogenous practice
of and considerations on the use of prophylactic platelet transfusions and TXA among
acute leukemia, MDS and AA outpatients in the Netherlands.

First, our results indicate the stage of the disease to be an important determinant
of prophylactic anti-bleeding strategies. Hence, prophylactic platelet transfusions are
widely applied in patients receiving disease-modifying treatment, and far less in patients
without active treatment options. Oppositely, TXA, although orally available and cheap,
is seldom applied on a prophylactic base. This wide use of a prophylactic platelet
transfusion strategy may not come as a surprise, since the 2011 version of the Dutch
transfusion guideline recommended so for all thrombocytopenic patients originating
from an acquired bone marrow failure.” This guideline was recently updated, now
restricting this advice to patients with a transient rather than chronic bone marrow
failure.” Importantly, these advices are extrapolated from studies performed in
intensively treated (in)patients. Indeed, it is completely unknown whether the observed
protective anti-bleeding results of platelet transfusions similarly apply to outpatient
settings where mucosal-damage and extensive inflammation are uncommon clinical
conditions.”" " Yet, with benefits per platelet transfusion to potentially be less, adverse
effects of longer term platelet transfusions are not abandoned, including a cumulative
risk of transfusion reactions, % financial costs, and logistic challenges for the patient
and the hospital. The few studies performed so far indeed questioned the effectiveness
and net benefit of prophylactic platelet transfusions in the setting of persistent
thrombocytopenia, although the size and design of these studies warrants firm
conclusions.”? Despite the fact that some international guidelines have taken these
arguments into account and nuanced advices to a therapeutic-only transfusion strategy
for patients with chronic bone marrow failure'-'3, our survey illustrates a general
reluctance to a therapeutic-only transfusion strategy for hematological outpatients, as
clinicians believe such a strategy to substantially increase bleeding risks.
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Figure 4. Estimated 6-month cumulative incidence of clinically relevant bleeding

The size of and numbers in the bubbles indicate percentages of respondents per patient category. Panel A:
estimated 6 months’ bleeding incidence with prophylactic platelet transfusion. Panel B: estimated 6 months’
bleeding incidence with therapeutic-only platelet transfusions. HMA: outpatients treated with hypomethylating
agents, e.g. azacitidine or decitabine. No treatment: outpatients not receiving any disease modifying treatment
i.e. refractory disease, treatment ineligible, palliative setting. Aplastic anemia excl. HSCT: outpatients excluding
those in work-up for or having received an allogeneic hematopoietic stem cell transplantation. MDS=
myelodysplastic syndrome. Data represents question 8 of survey, see supplementary material.

Second, our survey illustrates that several clinical conditions modulate the decision
to initiate preventive anti-bleeding strategies, especially with regard to prophylactic
platelet transfusion strategy. Remarkably, in situations believed to be associated with
increased bleeding risks, a wide range of platelet thresholds is applied. Again, this
seems to reflect an extrapolation of evidence on additional bleeding risk factors
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available from intensively treated hospitalized patients." '>'® However, such evidence
is lacking for hematological outpatients with chronic bone marrow failure.

Some limitations of this survey need to be taken into consideration. The survey was
sent out to all Dutch hematological clinicians, thereby aiming for a representative
overview of clinical practices in the Netherlands. Despite our efforts, the response
(13%) was moderate and overrepresented by clinicians working in academic hospitals
(45%). This may have biased our outcomes to policies mainly applied within the
academic setting. On the other hand, hematologists working in the field of clinical
transfusion medicine completed this survey (verified by personal communication).
While they are responsible for transfusion policies across their hospital and geographic
region, their responses increase the validity of our results.

By having the survey spread via the Dutch Society for Hematology, we were able
to send our survey request to the majority of our intended population. Unfortunately,
due to privacy regulations, provision of a personalized weblinks and thereby filling out
individual sections of the questionnaire at different time points was not possible. This
probably explains why only 55% completed the entire survey including the final part
on TXA use. However, as the use of TXA and the likelihood of a responder to complete
the survey are unrelated, it seems unlikely that this biased results on TXA.

Further, one may argue whether opinions on prophylactic platelet transfusion
indications also reflect underlying practical considerations. Although our survey did
not verify any existence of such considerations, absence of constraints in infrastructural
resources of both the Dutch blood supply organization as well as hospitals’ outpatient
departments should at all times enable facilitation of platelet transfusions whenever
deemed indicated. We thus reckon capacity issues not to have skewed our results to
a specific prophylactic strategy.

Finally, this survey was only sent out in the Netherlands. The objectified hetero-
geneity of practices likely relate to the absence of advices in the Dutch nationwide
transfusion guideline on how to manage persistent severe thrombocytopenia in chronic
bone marrow failure.’ In contrast, some international guidelines specifically suggest
against prophylactic platelet transfusions,’'3 or to adjust thresholds.’ None of these
guidelines specifically comment on use of TXA in the absence of bleeding. Consequently,
it seems likely that practices differ per country.

In conclusion, in the Netherlands, prophylactic platelet transfusions in contrast to TXA
use are highly integrated in routine care to hematological outpatients suffering from
persistent severe thrombocytopenia, despite the lack of any evidence in this clinical
setting. Clinical practice is furthermore characterised by a large heterogeneity in
decision reasoning and its outcomes with regard to clinical conditions generally
assumed to increase bleeding risks.
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The results of this survey underline the current gap in knowledge on bleeding and
preventive strategies in hematological patients with chronic bone marrow failure.
Further research should focus on (cumulative) bleeding incidences and bleeding
predictors in this specific patient population. Second, there is a need to set up a large-
scaled comparative RCT on the effectiveness, safety and patients’ burdens of various
anti-bleeding strategies for these patients. Finally, these outcomes would need to be
incorporated into existing guidelines.

Summary statements

1. What is the new aspect of your work?
It is currently unknown how to best prevent bleedings in acquired persistent
severe thrombocytopenia, this survey provides insight in current clinical prac-
tices of anti-bleeding strategies among hematological outpatients in the
Netherlands.

2. What is the central finding of your work?
Currently applied preventive anti-bleeding strategies for patients with acquired
persistent thrombocytopenia lack uniformity; platelet transfusions are the
mainstay of prophylactic strategies in this setting, but there is a large inter-
physician variability in decisions made on indications and agents used, both
being strongly but heterogeneously influenced by various clinical conditions.

3. What is (or could be) the specific clinical relevance of your work?
These results underline the current gap in knowledge, and emphasize the need
for further research, including a RCT on the effectiveness, safety and patients’
burdens of various anti-bleeding strategies, ultimately aiming to improve sup-
portive care in this specific stage of disease.
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Supplementary material

Supplementary table 1. Use of TXAT

Diagnosis and treatment TXA instead of TXAin additionto  Other#
prophylactical prophylactical
platelet transfusions platelet transfusions
MDS
Intensive chemotherapy treatment ® 0/32 (0%) 31/32 (97%) 1/32 (3%)
Hypomethylating agents * 5/35 (14%) 26/35 (74%) 4/35 (11%)
No disease modifying treatment* 16/34 (47%) 15/34 (44%) 3/34 (9%)
Acute leukemia (myeloid or lymphoid)
Intensive chemotherapy treatment ® 0/28 (0%) 28/28 (100%) 0/28 (0%)
Hypomethylating agents? 4/34 (12%) 28/34 (82%) 2/34 (6%)
No disease modifying treatment* 16/36 (44%) 17/36 (47%) 3/36 (8%)
Aplastic anemia * 4/28 (14%) 23/28 (82%) 1/28 (4%)

tValues are numbers (percentage of total of respondents). Respondents who do not treat the specific patient
population at their clinical practice were not taken into account in calculations. Denominators (numbers of
responders per question) differ per subgroup, since not all respondents completed all questions.

¥ Other: policy variable and dependent of e.g. respondents who prescribe TXA sometimes instead of, and
sometimes in addition to prophylactical platelet transfusions, based on specific clinical characteristics such as
disease severity, severity (former) bleedings, treatment response etc.

§ Outpatients in between or shortly after intensive chemotherapy courses; hydroxycarbamide or
hypomethylating agents excluded

€ Outpatients who are treated with hypomethylating agents, e.g. azacitidine or decitabine

# Refractory disease or treatment ineligible, palliative setting

*Excluding patients in work-up for, or having received an allogeneic hematopoietic stem cell transplantation.
Data represents question 6b of survey, see translation survey.
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Supplementary table 2. Other clinical variables considered in decision-making on prophylactic anti-bleeding
treatmentst

Clinical variable Prophylactic platelet Prophylactic
transfusions n=53 TXA n=40
Hematocrit level 30% 15%
Leukocyte count 2% 3%
RBC transfusion dependency 25% 8%
CRP 4% 5%
Fever >38.5°C 43% 13%
Chronic or recurrent infections 4% 5%
Albumin 0% 0%
Kidney function / urea 17% 13%
Fibrinogen level 17% 25%
Liver enzymes / liver function 15% 13%

tValues are percentages of respondents.
RBC= red blood cell
Data represents question 5 and 7 of survey, see translation survey.
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English translation of survey (original in Dutch)

Definitions

Prophylactic platelet transfusions: transfusions that are prescribed based on a
certain platelet count threshold. The applied threshold can differ per patient or
physician.

Therapeutic platelet transfusions: transfusions that are prescribed in case of
(clinically relevant) bleeding or preceding an intervention.

Clinically relevant bleeding: bleeding events that lead to (additional) medical care,
e.g. visit to the emergency department or additional outpatient clinic visit on short
term, therapeutic transfusions, admission to the hospital, additional diagnostics or
treatments.

General questions respondents

Name of hospital: (text field)

Profession: (hematologist, resident hematology, other)

Years of working experience within hematology: (numeric text field)

42 |
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Survey questions

Question 1

Which hematological outpatients suffering from a disease-related severe thrombo-
cytopenia do you in general administer prophylactic platelet transfusions? Please choose
one answer per diagnosis/situation.

Hematology outpatient populations Answer options

MDS patients receiving (or recently receiving) intensive  Yes No Situation does not apply

chemotherapy (excluding hydroxycarbamide or to my clinical practice

hypomethylating agents)

MDS patients receiving hypomethylating agents (e.g. Yes No Situation does not apply

azacitidine, decitabine) to my clinical practice

MDS patients without any disease modifying treatment  Yes No Situation does not apply
to my clinical practice

Acute leukemia patients receiving (or recently receiving) Yes No Situation does not apply

intensive chemotherapy (excluding hydroxycarbamide to my clinical practice

or hypomethylating agents)

Acute leukemia patients receiving hypomethylating Yes No Situation does not apply
agents (e.g. azacitidine, decitabine) to my clinical practice
Acute leukemia patients without any disease modifying  Yes No Situation does not apply
treatment (palliative setting) to my clinical practice
Aplastic anemia patients (with or without recent Yes No Situation does not apply
ATGAM and/or cyclosporin treatment, but excluding to my clinical practice

patients prior to or following allogeneic stem cell
transplantation)
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Question 3

To what extent do the following conditions influence your decision to initiate pro-
phylactic platelet transfusions?

1: No influence

2: Some influence

3: Moderate influence

4: Substantial influence

5: Complete influence

Clinically relevant bleeding during the past 3 months 1 2 B 4 5
Prior cerebral or cardiac ischemic event 1 2 3 4 5
Need or wish to continue platelet aggregation inhibitors 1 2 3 4 5

Need or wish to continue therapeutic (doses of) anticoagulants

(LMWH, Vitamin K antagonist or DOAC) ! 2 3 4 >
Need or wish to continue prophylactic dose of LMWH 1 2 3 4 5
Angio-invasive mold infection (pulmonary or cerebral) 1 2 3 4 5

WHO performance score >2
(definition: ambulatory and capable of all self-care but unable to carry 1 2 3 4 5
out any work activities; up and about more than 50% of waking hours)

Outpatient clinic visits > 1 per week 1 2 3 4 5

Abbreviations: LMWH = low molecular weight heparin, DOAC = direct oral anticoagulants
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Question 5

Which other clinical parameters do you take into account when deciding on a prop-
hylactic platelet transfusion regimen for hematological outpatients?

Tick all that apply.

Albumin

Hematocrit

Liver enzymes / liver function

CRP

Leukocyte count

Platelet count

Chronic red blood cell transfusion dependency
Fever i.e. temperature >38.5°C

Fibrinogen

Kidney function/urea

Chronic or recurrent infections

O0O0O0OD0OO0oo0oOooaoao

Other, namely.
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Question 6b
Only to be answered if the corresponding item in question 6a was answered with ‘yes'.

Tranexamic acid is started as follows:
o Instead of prophylactic platelet transfusions
o In addition to prophylactic platelet transfusions

o  Other, namely.....

Question 6¢

If question 6a was not answered with “Yes" in any scenario, question 6¢ is not shown
To what extent do the following conditions influence your decision to initiate tranexamic
acid?

1: No influence

2: Some influence

3: Moderate influence

4: Substantial influence

5: Complete influence

Clinical condition Answer options

Clinically relevant bleeding during the past 3 months 1 2 3 4 5
Prior cerebral or cardiac ischemic event 1 2 B 4 5
Need or wish to continue platelet aggregation inhibitors 1 2 3 4 5

Need or wish to continue therapeutic (doses of) anticoagulants
(LMWH, Vitamin K antagonist or DOAC)

Need or wish to continue prophylactic dose of LMWH 1 2 3 4 5

Angio-invasive mold infection (pulmonary or cerebral) 1 2 3 4 5

WHO performance score 22
(definition: ambulatory and capable of all self-care but unable to carry out 1 2 3 4 5
any work activities; up and about more than 50% of waking hours)

Abbreviations: LMWH = low molecular weight heparin, DOAC = direct oral anticoagulants
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Question 7

Which other clinical parameters do you take into account when deciding on prescribing
tranexamic acid to hematological outpatients?

Tick all that apply.

Albumin

Hematocrit

Liver enzymes / liver function

CRP

Leukocyte count

Platelet count

red blood cell transfusion dependency
Fever i.e. temperature >38.5°C
Fibrinogen

Kidney function/urea

Chronic or recurrent infections

O0O0O0OD0ODOOOoOoOogoaoao

Other, namely.
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Summary

We designed a study to describe the incidence of intracranial hemorrhage according
to severity and duration of thrombocytopenia, and to quantify the associations of
platelet transfusions with intracranial hemorrhage in patients with acute leukemia.

In this case-control study nested in a cohort of 859 leukemia patients cases (n=17)
were patients diagnosed with intracranial hemorrhage who were matched with control
patients (n=55). We documented platelet counts and transfusions for seven days before
the intracranial hemorrhage in cases, and in a “matched” week for control patients.
Three measures of platelet count exposure were assessed in four potentially important
time periods before hemorrhage.

Among these leukemia patients we observed a cumulative incidence of intracranial
hemorrhage of 3.5%. Low platelet counts were, especially in the three to seven days
preceding intracranial hemorrhage, associated with the incidence of intracranial
hemorrhage, although with wide confidence intervals. Platelet transfusions during the
week preceding the hemorrhage were associated with higher incidences of intracranial
hemorrhage; rate ratios (95% confidence interval) for one or two platelet transfusions,
and for more than two transfusions compared to none were 4.04 (0.73 to 22.27) and
8.91 (1.53 to 51.73) respectively.

Thus, among acute leukemia patients, the risk of intracranial hemorrhage was
higher among patients with low platelet counts and after receiving more platelet
transfusions. Especially the latter is likely due to clinical factors leading to increased
transfusion needs.
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Introduction

Patients with acute leukemia frequently suffer from bleeding events ', of which
intracranial hemorrhage (ICH) is one of the most serious °. Reported incidences of
(symptomatic) intracranial hemorrhage vary between 2.8% up to 6.1% 2>9, and fatal
intracranial hemorrhages explain more than 50 percent of fatal bleedings among acute
leukemia patients ”.

Acute leukemia patients may develop intracranial hemorrhage due to various
causes. Besides risk factors that also play a role in the general population, like age,
hypertension, male sex and ethnicity &'°, leukemia or cancer specific risk factors have
been established. Among others, these are graft versus host disease, hyperleukocytosis
and thrombocytopenia "4, Of these, low platelet count is generally considered one of
the most important risk factors for bleeding in hemato-oncological patients. It is,
however, not conclusively established if, and at what platelet counts, the risk of
intracranial hemorrhage increases in this patient population 257121516 Moreover,
prolonged exposure to low platelet counts (< 10x10%L) may be associated with even
higher bleeding risks 7. '8. We hypothesized that longer periods with low platelet counts
as well as lower (through) platelet counts can both determine an increasing risk on
intracranial hemorrhage. If these time and trough measures are stronger associated
with bleeding risk, this could have implications for future treatment strategies.

To prevent bleeding, hemato-oncology patients with low platelet counts are
generally treated with prophylactic platelet transfusions '*2'. The trigger to transfuse
is commonly set at a platelet count of 10x10°%/L 2224, Prophylactic platelet transfusions
reduced the risk of bleedings in patients with a World Health Organization (WHO) score
of 2 25 from 50% to 43% 2¢, with most benefit for patients with acute myeloid leukemia
or intensive chemotherapy treatment ' 1727, However, the large majority of bleeds is
thus not prevented despite platelet transfusions. This raises questions about the causes
of bleeding both when patients are treated with prophylactic platelet transfusions and
also when they are not. Interestingly, recent high-level evidence suggestst that among
neonates and among patients with hemorrahgic stroke, both prophylactic and
therapeutic platelet transfusions may increase the risk of bleeding and/or mortality
and morbidity 252,

How exactly the depth and length of thrombocytopenia and the given platelet
transfusions interact and modulate the risk of critical bleeding like intracranial
hemorrhage is presently unknown.

Therefore, the objective of this exploratory study was to describe the association of
platelet counts assessed in several time periods and severities with the incidence of
intracranial hemorrhage in acute leukemia patients. Also, we wanted to examine the
association between platelet transfusions and the incidence of intracranial hemorrhage.
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Methods

Case identification and control selection

We performed a matched case-control study nested in a cohort of patients with acute
promyelocytic leukemia, acute myeloid leukemia, acute lymphoblastic leukemia, or
myelodysplastic syndrome in four hospitals in the Netherlands. Patients with
intracranial hemorrhage were identified via an algorithm based on electronically
available health care data *°. Charts were reviewed to confirm the diagnosis and type
of hemorrhage. All patients with confirmed intracranial hemorrhage were potential
case patients for our study. Potential cases were excluded if no clinical data was
retrievable, the date of bleeding was unclear, it was not the first intracranial
hemorrhage, the diagnosis was unclear or unconfirmed, or if there were no eligible
control matches possible.

For each case a minimum of one to a maximum of four control patients were
selected from the same cohort, based on availability. The amount of four controls was
chosen to ensure optimal power 3'. Controls were matched to case patients according
to hospital, diagnosis, and indication for admission. For diagnosis, matching was
performed on both the disease, as well as disease status (first diagnosis versus relapsed
disease). Control patients with MDS could be matched to a patient with AML if the
patient was treated according to an AML protocol, suggesting progression to AML.
Matching was performed for several reasons. First, matching allows for correction of
risk factors for bleeding that might be difficult to correct for in unmatched analysis.
Second, matching on hospital was performed to correct for confounders that cannot
easily be measured, for example differences in local treatment protocols.

Implicated time periods and data collection

We studied exposures (thrombocytopenia/platelet transfusions) during the week
preceding the event of intracranial hemorrhage and defined four potentially implicated
time periods within that week: one, three, five and seven days preceding the
hemorrhage. Date of bleeding (called “index date”) was defined according to the date
of cerebral imaging as well as the date of neurological symptoms or consultation from
a neurologist. Figure 1 illustrates the “implicated” periods for control patients; namely
the week that coincided with the implicated period of the matched case patient on
their timeline since the start of treatment if the patient was currently admitted for
chemotherapy or stem cell transplantation. If the admission indication was a
complication of former therapy or disease, the implicated period was counted from
the first day of the current admission.
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tO tn-7 tn-S tn-3 tn-l tn >
cases | . Implicated periods for data collection: | ‘
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Figure 1. Design: implicated time periods

t, = first day of treatment if indication for admission was chemotherapy or stem cell transplantation, or day of
admission if indication for admission was a complication of former treatment or disease. t_ = index day: day of
intracranial hemorrhage for cases, and corresponding day for controls. Matching was performed for hospital,
diagnosis and indication for admission

We gathered laboratory data, transfusion data, and clinical variables of all cases
and controls from the medical files (see supplementary material).

Definitions of exposure categories for thrombocytopenia

Three different measures of platelet count were defined to take into account both
severity and duration of thrombocytopenia in the potential association between
platelet count and intracranial hemorrhage (figure 2). These three measures were all
assessed for each implicated time period.

First, the presence of one or more nadir platelet counts of < 10x10°L for each
implicated period was assessed. As we were studying a seven-day period, a patient
with at least one platelet count < 10x10°L could have between one and seven low
platelet counts, for the 5-day period the value varied between one and five, etc.

Second, the presence of one or more nadir platelet counts of < 20x10°%/L for each
implicated period was investigated.

Third, we calculated the percentage of hours with a platelet count <20 x10°/L. All
platelet counts measured were put on a time line. Any change in platelet counts,
between two measured platelet counts, was assumed to be linear. Between actual
platelet count measurements, for each hour the expected platelet count was
interpolated. The number of hours this expected or measured platelet count was below
<20 x10%/L was expressed as a percentage of the total time in hours the patient was
followed in all implicated time periods.

We intended to study percentage of days < 10x10°/L, but too few patients had
several days with platelet count < 10x10°%/L.
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Figure 2. Defined measures of platelet count

Example data, for explanation of the used platelet count measures that are defined. All measures are obtained
for all three predefined implicated time periods, but only the seven-day period is graphically presented.
Panel A: platelet measure of at least one platelet count <10x10°%/L or <20x10%L. Dots represent platelet counts
at different days. Persons in red have at least one platelet count below the threshold of <10x10°L. Persons
in blue have at least one platelet count within <10x10°L and <20x10°/L and persons in green have no platelet
counts below both thresholds. For the platelet measure of at least one platelet count <10x10°%/L persons in red
were analyzed as ‘yes’, and for the platelet measure of at least one platelet count within <20x10°L persons in
red and blue were analyzed as ‘yes'.

Panel B: platelet measure of the percentage of hours with a (expected) platelet count <20x10°L. In the graph,
dots represent truly measured platelet counts and the grey areas are the implicated time periods with such a
(expected) platelet count. For every patient a timeline was made of all present platelet counts per implicated
time period. We assumed a linear relation between the platelet count within 2 consecutive measurements,
lines were therefore interpolated. For every hour between the first and the last measurement of platelet count,
the expected measured platelet count was calculated. The percentage of hours with a (expected) platelet
count <20x10°%/L was calculated afterwards. The reason we chose for hours <20x10%L, instead of the more
clinical used trigger of hours below <10x10%L, was that we anticipated that the percentage of hours below
<10x10°%L would be very small, since this is a transfusion indication. Thus, it would lead to non-positivity.

Measures of platelet transfusion

To provide an estimate of the association between platelet transfusions and the
occurrence of intracranial hemorrhage we categorized the number of platelet
transfusions (no transfusions, 1-2 transfusions, >2 transfusions) per period. These
categories were selected since for intensively treated patients 1-2 platelet transfusions
a week were expected to be a normal amount. Also, we explored the sum of platelet
transfusions as a continuous variable per implicated period.

Statistical analyses

We used conditional logistic regression models, which adjusts for matching variables,
to assess the associations of the different measures of thrombocytopenia with the
incidence of intracranial hemorrhage. In the adjusted analyses, we adjusted for one
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potential confounding variable at the time. Since incidence-density sampling was used
for selection of controls, odds ratios were interpreted as incidence rate ratios (RR) 2.
Because patients admitted for other indications then chemotherapy or SCT were more
likely to have higher platelet counts, a post-hoc sensitivity analysis was performed
excluding patients who were admitted for another reason than chemotherapy or SCT.

Also, for both categorical and continuous measures of platelet transfusions,
conditional logistic regression was performed to assess the association between
platelet transfusion and intracranial hemorrhage. This was adjusted for the different
measurements of platelet counts that were defined.

Clinical factors can confound the association with intracranial hemorrhage. This
was assessed via multivariable conditional logistic regression. The models combined
one defined measure of platelet count or platelet transfusion with one clinical variable
at a time.

Given that our sample size is small, the analyses are exploratory.

Ethical considerations
The medical ethical committee of the LUMC waived the need for informed consent
(see section Declarations).

Results

Characteristics of the study population
We identified 30 patients who had suffered an intracranial hemorrhage within the
cohort of 859 patients with leukemia (cumulative incidence 3.5%). Thirteen patients
had to be excluded for the predefined reasons presented in figure 3. Eventually, 72
patients (17 cases and 55 controls) were analyzed in the case-control study.
Distribution of values of matching variables and general characteristics across case
and control patients are presented in table 1. In the case patients, acute myeloid
leukemia was the most frequent diagnosis (65%) and with 77% the most frequent
indication for admission was remission induction chemotherapy. Relapsed disease
occurred in 29% of case patients, others had a first diagnosis. Due to frequency
matching, a direct comparison between these percentages with percentages of
matched, selected controls is not appropriate. The type of intracranial hemorrhage
was most often intracerebral or subdural (both 35%). One patient suffered a
subarachnoid hemorrhage (6%). Of the combined bleedings (24%) three patients had
an intracerebral and subarachnoid hemorrhage, and one patient suffered from
intracerebral and subdural hemorrhage. Two patients were prescribed tranexamic
acid in the 7-day implicated period; one case patient and one control.
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In total, 482 platelet count tests were performed for all cases and controls in the
implicated seven day periods; of these, 56 (11.6%) were <10x10%L (from a total of 27
of 72 included patients) and 138 (28.6%) were <20x10%L (from a total of 43 of 72
included patients). Numbers of cases and controls with low platelets counts per
implicated periods are given in table 2.

The median number of platelet transfusions per implicated period are presented
in table 3. For the seven-day period, cases had a median of three transfusions (range
0to 12) and controls a median of one transfusion (range 0 to 9). Other platelet product
characteristics are presented in the supplementary material (table S1). In total, case
patients received 95 platelet transfusions, and control patients 107. Besides a higher
total percentage of irradiated platelet products in the case patients (51.6% versus 38.3%
in control patients), platelet product characteristics did not differ relevantly between
cases and controls.

Patients with acute leukemia or myelodysplastic syndrome
from cohort database in 4 hospitals
N=859

Algorithm and chart review
(detection model and verification)

Potential cases || Potential controls ‘
patients with intracranial hemorrhage patients without intracranial hemorrhage
n=30 ) n=829

I
! E— S | Vo
13 exclusions ( = f Ingd A
1 clinical data irretrievable . Cas_es MatChmg ContrOIS
4 unc]ee:jrglatedof bleeding patients included 1:4 x10 patients selected
1 second bleedin; 1:3 3
1 inabllity to mateh for analyses P for analyses
2 unclear diagnosis = . .
4 combination of reasons n=17 1:1x 2 n=55

! |

Acute leukemia patients included in the case-control analysis
n=72

Figure 3. Flow chart

Inclusion period differed per hospital: hospital A June 2011 until March 2017, hospital B January 2010 until
December 2015, hospital C January 2010 until December 2015, hospital D Jan 2013 until December 2015.
Reasons for exclusion of 13 cases are specified. Unclear date of bleeding was encountered for example when
a patient entered the hospital with non-acute neurological symptoms and intracranial hemorrhage was found
on the day of admission. One patient excluded for unclear diagnosis never had a pathology result before
death, one patient was initially diagnosed as acute leukemia but later classified as lymphoma. One patient
had a second intracranial hemorrhage, which already altered transfusion policies. For one case with a double
diagnosis of leukemia and intracerebral lymphoma no eligible match was found. Finally, four patients had a
combination of above reasons. If more than four eligible controls were identified, controls closest to the case
in calendar time were selected
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Table 1. Characteristics of the study population*

Matching variables Cases n=17 Controls n=55 Total n =72
Diagnosis
ALL 5 (29) 19 (35) 24 (33)
AML/MDS 11 (65) 35 (64) 46 (64)
APL 1 (6) 1(2) 2(3)
First diagnosis 12(71) 46 (84) 58 (81)
Relapsed disease 5(29) 9(16) 14 (19)
Treatment phase
Remission induction 13(77) 47 (86) 60 (83)
Consolidation therapy 1(6) 1(2) 2(3)
Allogeneic SCT 1(6) 1) 2(3)
Other 2(12) 6(11) 8(11)
Sex
female 8 (47) 21(38) 29 (40)
male 9 (53) 34 (62) 43 (60)
Age® 65 (52 to 70) 57 (42 to 68) 58 (43 to 68.5)
Deatht 8 (47) 5(9) 13(18)

* Values are numbers (percentage of total) unless specified differently

§ Age in years, median (IQR)

T mortality not specific to bleeding (all-cause mortality)

Since controls are matched to cases, numbers presented for controls are dependent on control selection and
therefore cannot be compared to numbers presented for cases.

ALL: acute lymphoid leukemia, AML: Acute myeloid leukemia, MDS: myelodysplastic syndrome, APL: acute
promyelocytic leukemia, SCT: stem cell transplantation

Platelet count and the incidence of intracranial hemorrhage

To assess the impact of thrombocytopenia on intracranial hemorrhage for the four
implicated time periods, we correlated our three defined measures of platelet count
with the incidence of intracranial hemorrhage (table 2).

When thrombocytopenia was defined as one or more count <10 x10°%L, we observed
that during the three, five and seven-day periods, the incidence of intracranial
hemorrhage was higher after occurrence of such low platelet counts. For one or more
count <20 x10%/L the association was present in all implicated periods. However, the
confidence intervals are mostly very wide, compatible with the possibility of the true
association showing both higher and lower incidences. When we assessed the
association between the occurrence of one or more platelet count below 10x10°L and
intracranial hemorrhage in the seven-day period, we found an incidence rate ratio (RR)
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of 1.79 (95% confidence interval (Cl) 0.50 to 6.39). In case of one or more platelet counts
below 20x10°L during the seven-day period, the RR was 4.21 (Cl 0.83 to 21.26), meaning
that patients with at least one platelet count below 20x10°%/L most likely had a 4.21
higher rate of intracranial hemorrhage compared to patients with no platelet counts
below 20x10%L. For all the other time periods, RR's and CI's are given in table 2.

Low platelet counts often lead to transfusion, meaning that the occurrence of low
trough levels as assessed above do not take the precise time of deep thrombocytopenia
into account. To assess the impact of the amount of time with thrombocytopenia, we

Table 2. Presence of low platelet count measures in case control population and rate ratios for associations
between three different measures for low platelet count and the incidence of intracranial hemorrhage during
the next one, three, five and seven days among patients with acute leukemia

Platelet count Implicated Cases n=17% Controls n=55% RR (95% CI)

time
period

One or more platelet counts <10 x10°/L

1 day 1 (6%) 5 (9%) 0.67 (0.06 to 7.00)
3 days 6 (35%) 12 (22%) 1.94 (0.44 to 8.56)
5 days 7 (41%) 17 (31%) 1.66 (0.41 to 6.79)
7 days 8 (47%) 19 (35%) 1.79 (0.50 to 6.39)
One or more platelet counts <20 x10°/L
1 day 8 (47%) 13 (24%) 3.64(0.91 to 14.58)
3 days 10 (59%) 22 (40%) 2.33(0.63t0 8.62)
5 days 13 (76%) 27 (49%) 5.47 (1.08 to 27.75)
7 days 13 (76%) 30 (55%) 4.21(0.83 to 21.26)
Percentage of hours platelet count <20 x10°/L
1 day 6% (0% to 78%) 0% (0% to 100%) 1.01 (0.21 to 4.88)
3 days 38% (0% to 51%) 0% (0% to 69%) 0.86 (0.16 to 4.47)
5 days 28% (3% to 36%) 0% (0% to 43%) 1.90 (0.34 to 10.79)
7 days 22% (2% to 33%) 4% (0% to 41%) 1.86 (0.30 to 11.57)

i for One or more platelet counts <10 x10°/L or <20 x10°/L the numbers represent the number of distinct
cases or controls with platelet count measurements below 10 and 20 and the percentage according to the total
of cases or controls. For Percentage of hours platelet count <20 x10°/L the numbers represent the median
and interquartile range. One or more platelet counts <10 x10°/L: measure that describes the presence of at
least one platelet count <10 x10°%/L within every defined implicated time period. One or more platelet counts
<20 x10°/L: measure that describes the presence of at least one platelet count <20 x10%L within every defined
implicated time period. Percentage of hours platelet count <20 x10°/L: the percentage of the number of
hours that platelet count was <20 x10°%/L from the total number of hours between the first and last measurement
of platelet count in each implicated time period. To calculate the number of hours with a platelet count <20
x10°/L, a linear trend within two actual measurements was assumed and for every hour the expected platelet
count was interpolated. The percentage of hours with a platelet count <20 x10°L is a measure that describes
duration of thrombocytopenia. Presented RR'’s are for a person with 100% of hours <20 x10%L, compared to
0% of hours. In the seven day period, for a patient with 25% of hours with a platelet count <20 x10°/, the RR
would be 1.86%%=1.17, for a patient with 50% of hours with a platelet count <20 x10%L the RR would be 1.86%0=
1.36, for 75% of hours <20 x10%L it would be 1.86°7°= 1.59, etc.
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next assessed the association between the percentage of hours with a platelet count
<20x10°L with the occurrence of intracranial hemorrhage. Since platelet count was not
determined every hour, the percentage of hours with a platelet count <20x10°%/L was
calculated after interpolation of truly measured platelet counts leading to an estimated
measure per hour (see figure 2). For the seven-day period, patients with 100% of hours
at a platelet count <20x10°L had a 1.86 (Cl 0.30 to 11.57) higher rate of intracranial
hemorrhage (reference 0%). This is the RR for 100% of the hours; for smaller percentages
of hours this RR can be calculated. For example, for a patient with 25% of hours at a
platelet count <20 x109L/, the RR would be 1.86%%=1.17. RR’s for the other implicated
periods for all three measures of platelet count are shown in table 2.

Most studies investigating bleeding risk in hemato-oncology patients take only
patients receiving active treatment into account, not also patients who are admitted
for treatment or disease related complications. We did include the latter patient
population, and to see if this affected our results, a post-hoc sensitivity analysis
excluding patients with other indications for admission then chemotherapy or stem
cell transplantation was performed. This did not relevantly change the RR's for platelet
countin intracranial hemorrhage (supplementary material: table S2).

Since there are potential confounding clinical factors that can influence the
association of platelet count with intracranial hemorrhage, as predefined additional
analysis we corrected all analysis above for these variables that were collected from
the electronic patient files. Table S3 (online supplementary material) presents this
corrected RRs for the association of the differently defined measures of platelet count
with the incidence of intracranial hemorrhage. Overall, results did not differ relevantly
and/or consistently over the time periods.

Platelet transfusions and the incidence of intracranial hemorrhage
Our findings indicated that the incidence of intracranial hemorrhage was higher in
patients who had received platelet transfusions (table 3). The RR's for 1-2 platelet
transfusions compared with 0 were between 2.16 (Cl 0.37 to 12.55) and 4.04 (Cl 0.73
to 22.27) for the different implicated periods. The latter, for example, is the RR for the
seven-day implicated period, indicating that the most likely incidence of intracranial
hemorrhage for a patient who received 1 or 2 transfusions was 4.04 higher compared
with a patient without platelet transfusions. For patients who received > 2 platelet
transfusions, RR's differed between 8.12 (Cl 0.80 to 82.20) and 13.11 (Cl 1.91 to 90.03)
for the different implicated periods, so the incidence of intracranial hemorrhage was
up to 13.11 times as high in patients who received more than two transfusions
compared with none.

Platelet transfusions are given in case of low platelet counts, therefore they might
be seen as a surrogate marker for thrombocytopenia. To assess if associations between
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Table 3. Crude and adjusted rate ratios for the association between platelet transfusions and the incidence of
intracranial hemorrhage among patients with acute leukemia
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Number of Platelet RR (95% Cl)
platelet transfusions* transfusions
Implicated Cases Controls  Category Crude Adjusted for one or
time (n=17) (n=55) more platelet counts
period <10 x10°/L
1 day 0(Oto2) O0@to2) O Ref Ref
1to2 3.86 (1.08 to 13.79) 4.50 (1.20 to 16.90)
>2 - -
3 days 2(0to 4) 0(0to5) 0 Ref Ref
1to2 2.32(0.60 to 9.01) 2.36 (0.54 to 10.40)
>2 8.12(0.80 to 82.2) 8.27 (0.73 to 93.51)
5 days 3(0to9) 1(0to7) 0 Ref Ref
1to2 2.16 (0.37 to 12.55) 2.21(0.32to 15.23)
>2 13.11(1.91 to 90.03) 13.36 (1.78 to 100.28)
7 days 3(0to12) 1(0to9) 0 Ref Ref
1to2 4.04 (0.73 to 22.27) 4.09 (0.70 to 23.85)
>2 8.91 (1.53 to 51.73) 9.02 (1.47 to 55.49)

* Platelet transfusions, median (range): number of platelet transfusions received by case and control patients
per implicated period

platelet transfusion and intracranial hemorrhage were also independent of platelet
counts, we adjusted for our defined measures of platelet count. The risk of increasing
numbers of platelet transfusions on intracranial hemorrhage mostly stayed stable or
increased in case of one or more platelet counts <10x10°L and percentage of hours
with a platelet count <20x10%L. RR's decreased in case of one or more platelet counts
<20x10°%/L, but the direction of the effect stayed the same (one or more platelet counts
<10x10%L: see table 3, other measures of platelet count: see supplementary material,
table S4). As an additional explorative and predefined analysis, we assessed if the
association was similar when looking at the number of transfused platelets on a
continuous scale, instead of the categorical scale. For all investigated implicated
periods, the incidence rates of intracranial hemorrhage were higher with increasing
number of units of transfused platelets (see supplementary material: table S5). The
RR's ranged between 1.48 (Cl 1.06 to 2.07) and 2.46 (Cl 1.02 to 5.91) within the periods.
These RR's are for one additional transfusion and increase rapidly if more transfusions
are given. To illustrate, the crude RR for the seven-day period of 1.48 was for one
additional platelet transfusion, if a patient had 2 platelet transfusions the rate ratio
would be 1.482=2.19, for 3 transfusions 1.48°=3.24 etc.

Finally, since we expected that clinical conditions might influence the found
associations, we also explored if the RRs for the association between platelet transfusion
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and intracranial hemorrhage was affected by potential confounders (see online
supplementary material: table S6). Adjustment for some clinical variables did decrease
or increase the incidence rate ratio in a potentially relevant manner, which showed
consistent directions within implicated periods. This means that the variables fever,
presence of a trauma like a fall or procedure, presence of non-intracranial bleedings
and usage of antiplatelet or anticoagulant medication, were potentially relevant
confounding variables based on our data.

Discussion

In this case-control study among leukemia patients, we observed that one or more
platelet counts below thresholds of both 10x10°%/L and 20x10%L, and an increasing
percentage of hours below 20x10°/L were associated with intracranial hemorrhage,
especially when low platelet counts occurred more than one day before the event of
the hemorrhage. However, the estimates of these associations lacked precision. Platelet
transfusions were also associated with the occurrence of subsequent intracranial
hemorrhage; these estimates of association were likewise imprecise.

The point estimates of the association between all the defined measures of low
platelet counts and the incidence of intracranial hemorrhage show a clear trend of
higher incidences of intracranial hemorrhage when platelet counts are low. The most
likely rate ratios are especially increased if platelet counts were low at three, five or
seven days before the hemorrhage. In contrast, no increased incidence is seen in the
period of one day before hemorrhage for two out of our three defined measures of
platelet count. Although almost all point estimates go in the same direction, and an
increased incidence of intracranial hemorrhage when platelet counts are low is thus
most likely, the confidence intervals are wide, due to low numbers of patients. This
means that the true effect size could lay in a wide range of values, from strongly
harmful to even protective.

Quantitative evidence on the association between platelet counts and the
occurrence of intracranial hemorrhage among patients with leukemia is scarce. Some
reports focused on fatal intracranial hemorrhage #5715, One study did find an
association between thrombocytopenia and the occurrence of intracranial hemorrhage
in a subgroup of post allogeneic stem cell transplantation patients.’? Two RCT's
investigated the effect of prophylactic platelet transfusions on the occurrence of
bleeding. Therapeutically treated patients had lower platelet counts compared to
prophylactically transfused patients. One RCT did not find a difference in occurrence
of grade 3 and 4 bleedings (including intracranial hemorrhage) %6, while the other did
see more intracerebral hemorrhage in the therapeutically transfused group '¢. However,
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the latter RCT had a different CT scan policy for both study arms, which likely reduced
the number of confirmed intracranial hemorrhage in the control arm.

Moreover, most studies describe associations of bleeding with platelet counts of
only one day, or do not clarify fully which platelet counts are taken into consideration
for the analysis. However, it has also been suggested that there may be a longer lag
time before low platelet counts can lead to bleeding '8. Our results suggest that
potentially a prolonged thrombocytopenia (three to seven days) is leading to more
intracranial hemorrhages. Our study is as far as we know the first to define several
implicated periods and several measures of platelet count, to investigate the association
between both time and trough of low platelet counts and intracranial hemorrhage.

Platelet counts are not surprisingly strongly related with platelet transfusions in
this patient population. Low platelet counts lead to transfusions, and transfusions
affect future platelet counts. Since in this study we also saw an association between
platelet transfusions and intracranial hemorrhage, ideally you would like to adjust for
the potential confounding effect of platelet transfusions. However, this is extremely
difficult, even if one would have a large dataset, given that platelet counts and platelet
transfusions are so strongly interdependent, and that multiple platelet counts, and
transfusions would need to be considered (see online supplementary material: figure
S1). In our small sample size, such corrections are impossible.

In the present study, also platelet transfusions were associated with an increased
incidence of intracranial hemorrhage, especially when > 2 transfusions were given in
an implicated period.

Since low platelet counts are often the reason for platelet transfusion, we aimed
to correct for the defined measures of platelet count. Due to the fact that patients
often had multiple transfusions and multiple platelet count determinations, a reliable
and complete correction is again not possible in our dataset. Nevertheless, by adding
the different defined measures of platelet count into the model, we see that this did
not influence the observed association between platelet transfusion and intracranial
hemorrhage in our study. Therefore, we infer that it seems plausible that the need for
platelet transfusions, or platelet transfusions itself in the circumstances where they
are frequently needed, might increase the incidence of intracranial hemorrhage, and
that this is at least partly independent of platelet counts. However, other clinical factors
that lead to an increasing need for platelet transfusions, for example conditions leading
to increased platelet consumption, are very likely responsible for the latter observed
association with intracranial hemorrhage. To investigate the impact of such potential
confounding clinical conditions we corrected for them by adding relevant clinical factors
in the regression model. Indeed, we identified anticoagulation/antiplatelet therapy and
other (non-intracranial) bleeding events as possible confounders. These were also
previously suggested to increase bleeding risk in haemato-oncology patients 2. For
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causal interpretation, an extensive multivariable model in an individual patient data
meta-analysis of studies like ours would be essential allowing adjustment for all
confounding. Besides confounding, the observed association between platelet
transfusions and intracranial hemorrhage may also be due to relative functional defects
of the transfused platelets. Platelet concentrates are known to develop storage lesions,
which can lead to reduced platelet quality 334 Moreover, one could argue that the
transfusions contribute to intracranial hemorrhage by other mechanisms. Platelets do
not only act in primary hemostasis, but also have immunomodulatory functions.
Inflammation is likely to influence bleeding risks, especially in thrombocytopenic
conditions '7-35%° The idea that platelet transfusions lead to adverse outcomes, is
indeed reported by two RCT's, both showing adverse effects on morbidity and mortality
in very different patients populations, namely patients with an hemorrhagic cerebral
vascular accident while using antiplatelet agents and thrombocytopenic neonates 2%
2. The mechanisms behind these findings, however, are unclear. Finally, the observed
associations could also be due to chance.

Strengths and limitations

A strength of this study is the matching of case and control patients on diagnosis and
treatment. This allowed adjustment for these important known risk factors for this
rare, but feared, bleeding complication.

Also, matching on hospital was performed to correct for confounders that are not
easily quantified, like differences in local treatment policies. Additionally, we matched
case and control patients on time after starting treatment or after the admission date.
During admission, a leukemia patient is likely exposed to different platelet counts and
other clinical risk factors, mostly determined by the exposure to intensive cytoreductive
treatment. By matching case and control patients on time after therapy/admission, we
minimized confounding by direct treatment effects.

Another asset of the study is the completeness of information for our main
variables, namely platelet counts and platelet transfusions. A strong feature of the
study is that we examined multiple measures of platelet counts during a week before
the intracranial hemorrhage. With these different measures we could explore various
possible influences of thrombocytopenia, like trough level and duration, on the
incidence of intracranial hemorrhage during one, three, five and seven days before
the hemorrhage. To the best of our knowledge, this has not been performed in other
studies.

Finally, our study may be a novel framework which enables taking time-aspects,
and thrombocytopenia severity into account. Our nested case-control study, that to
our knowledge was not applied before, allowed exploration of effects of time and
severity, via defining various implicated time periods for multiple measures of the
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exposure on the outcome intracranial hemorrhage.

Our study has also some limitations. First, our sample size was too small to assess
some potentially interesting and relevant measures of platelet count. Since patients
are transfused as soon as platelet counts drop below 10 x10°/L, the time below this
value could not be sufficiently assessed. Even with a larger study population, the
frequent transfusions would likely still minimize the amount of time < 10 x10%/L.
Therefore, although this cut-off point it is the most widely used transfusion trigger, we
could not assess the effect of time below 10 x10°L on the occurrence of intracranial
hemorrhage.

Furthermore, as discussed earlier, due to the small sample size we could only
correct for one variable at the time. Therefore, by the lack of multivariate analysis
residual confounding remains. While we aimed to assess causality, although proving
causality is never possible 441, all results have to be interpreted as hypothesis
generating only. Confirmation in larger studies will be necessary, although challenging
due to rarity of intracranial hemorrhage. In addition, biological mechanisms should be
investigated.

Also, we may have missed patients that acutely died due to severe intracranial
hemorrhage, leading to potential bias. These patients remain undetected in the applied
algorithm due to the absence of laboratory or additional diagnostics. The number of
these missed patients is likely to be very limited. So, a relevant change of the findings
is not to be expected, except for inducing a lower incidence of intracranial hemorrhage.
Finally, given the retrospective nature of collecting data, it was not always possible to
distinguish if platelet transfusions were truly prophylactic. Transfusion triggers were
often not recorded clearly, and might have been higher than 10x10°L in case of an
assumed higher bleeding risk.?22* Possibly also some therapeutic transfusions might
have been included, if they were actually given for a unrecorded (probably minor)
bleeding event. Patients who already need therapeutically platelet transfusions have
proven to be more prone to bleeding, and thereby are likely to also have a higher risk
for intracranial bleeding.

Conclusion

In summary, we quantified the association between low platelet counts and the
incidence of intracranial hemorrhage in leukemia patients. Longer periods of
thrombocytopenia were associated with a higher risk.

The number of administered platelet transfusions was also associated with
intracranial hemorrhage. Incidences especially increased for patients receiving >2
platelet transfusions. Nonetheless, this study cannot imply any causality between the
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platelet transfusion and intracranial hemorrhage. More likely, our findings suggest that
there is an association between platelet transfusion and other clinical risk factors that
lead to an increased transfusion need. Indeed, this observed association should not
lead to withholding prophylactic platelet transfusions. Future research needs to
establish whether and when platelet transfusions or other possible preventive
measures provide protection against intracranial hemorrhage among patients with
leukemia or not.
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Supplementary material

Explanation data collection

Laboratory and transfusion data were extracted from medical records electronically.
Laboratory data consisted of all measured platelet counts, leukocyte counts and
hemoglobin levels. Transfusion data consisted of all given platelet transfusions and
red blood cell transfusions. Platelet products that were used were standard 5-donor
buffy coat derived concentrates that were leuko-depleted. If there was a clinical
indication, the product could be ABO matched, HLA matched or radiated.

Clinical data of the included case and control patients were collected by manual chart
review. Data were entered using a secure online Case Report Form. All variables that
could change over time were collected for every separate day in the week preceding
the index date. Variables collected were:

- General characteristics: age, WHO performance score at admission, BMI, intoxications

(alcohol and smoking), ABO blood group, hospital
- Bleeding characteristics (cases only): bleeding description, interventions after

bleeding, date of clinically relevant bleeding (= index day, NB: controls also have a
corresponding index day registered)
- Data about diagnosis and indication for admission: Diagnosis in groups, as well as

described in conclusions, disease activity at index day (active disease, partial
remission, complete remission), disease status (new, relapse, transformation etc.),
indication for admission (e.g. remission induction chemotherapy, consolidation
therapy, allogeneic stem cell transplantation (SCT), etc., all including description),
transplantation details, date of start of treatment/admission

- Comorbidities: description of present comorbidities, need for usage of
antihypertensive medication/ cholesterol-lowering medication/medication for
diabetes mellitus/medication for ischemic heart disease, bleeding events reported
in medical history before diagnosis, presence of graft versus host disease in index
period

- Medication in 10 days before index day: e.g. anti-coagulant medication, antiplatelet

medication, anti-infectious medication, chemotherapy, immuno-suppressive
medication, etc.
- Infection data in 7 days before index day: highest temperature per day (in case

temperature was higher than 38 degrees Celsius), presence or suspicion of infection,
results of cultures and PCR’s, active infection treatment, radiology results, infection
in conclusion or differential diagnosis, etc.

- Non-intracranial bleedings in 7 days before index day: presence described in medical
records, and if so, description and WHO bleeding grade.
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- Transfusion data in 7 days before index day: Triggers for platelet and erythrocyte

transfusions, prophylactic or therapeutic transfusions, number of transfused
products, platelet refractoriness described
- Other possible risk factors in 7 days before index day: presence of trauma or

intervention (including lumbar punctures), vomiting

Bleeding
risk factors

Suppressed bone Increased platelet
marrow function usage

Platelet count 1 | Platelet count 2 o:N Intracranial
low increased hemorrhage

\ 7
N _____A__//:__/ ,
.C

/

Platelet transfusion 4

Figure S1. Interdependence of platelet count and platelet transfusion

Platelet count and platelet transfusion are clearly interdependent, making adequate correction for each other
very hard.

Dotted lines represent the studied associations. Green arrows are (likely) inducing effects, while red arrows
are likely inhibitors.

The A and B represent the studied associations between low platelet count(s) and intracranial hemorrhage.
Ad A. Low platelet counts before transfusions, are lower because of suppressed marrow function and by
usage of platelets e.g. in hemostasis. The low platelet counts however increase (green arrow A) the risk of
intracranial hemorrhage. Due to platelet count triggers the low platelet count 1 leads to platelet transfusions,
which increases the platelet counts after the transfusion(s).

Ad B. The deeper the through of the low platelet counts the more the effect of transfusions on platelet
count increase is mitigated. However, more increased post transfusion platelet counts inhibit intracranial
hemorrhage.

The Crepresents the observed positive association between platelet transfusion and intracranial hemorrhage.
However, this association is not easily to evaluate apart from the association A between low platelet counts
and hemorrhage, since low platelet counts increases the number of transfusions. Also, the number of platelet
transfusions is dependent on transfusion triggers, that can be adjusted based on bleeding risk factors: the
association of platelet transfusion with intracranial hemorrhage might also be based on bleeding risk factors
leading to increased transfusion needs/increased triggers.



Intracranial hemorrhage in leukemia patients: platelet counts and transfusions

Table S1. Distribution of platelet product characteristics

Platelet product characteristics Cases n=17 Controls n=55 Total n =72
95 platelet 107 platelet 202 platelet
transfusions transfusions transfusions

Irradiation*

Yes 49 (51.6%) 41 (38.3%) 90 (44.6%)
No 46 (48.4%) 66 (61.7%) 112 (55.5%)

Number of donors*

Apheresis - single donor 3(3.2%) 9 (8.4%) 12 (5.9%)
Pooled - five donors 92 (96.8%) 98 (91.6%) 190 (94.1%)

Hyperconcentrated*

Yes 13 (13.7%) 11 (10.3%) 24 (11.9%)
No 82 (86.3%) 96 (89.7%) 178 (88.1%)

Storage medium*

Plasma 73 (76.8%) 90 (84.1%) 163 (80.7%)
Pas-C 22 (23.2%) 17 (15.9%) 39 (19.3%)
Storage time (days)s8 4.3(1.3) 4.6 (1.6) 4.4 (1.5)

* Results are number (percentage)
§ Results are mean (standard deviation)
Individual patients could have received a combination of products for all categories.
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Table S2. Crude rate ratios (RR) for platelet count on intracranial hemorrhage in total population of patients
with all indications for admission, and in subgroup of patients who are admitted for chemotherapy or stem
cell transplantation

RR (95% CI)

Platelet count Index period Total Population Subgroup
n=72 n=64

Percentage of hours platelet count <20 x10°/L

1 day 1.01 (0.21 to 4.88) 0.79 (0.15 to 4.16)
3 days 0.86 (0.16 to 4.47) 0.71 (0.13 to 3.98)
5 days 1.90 (0.34 to 10.79) 1.72 (0.30 to 10.00)
7 days 1.86(0.30 to 11.57) 1.66 (0.26 to 10.54)
One or more platelet counts <20 x10°/L
1 day 3.64 (0.91 to 14.58) 3.11(0.75 to 12.90)
3 days 2.33(0.63 to 8.62) 1.92 (0.50 to 7.45)
5 days 5.47 (1.08 to 27.75) 4.66 (0.88 t0 24.54)
7 days 4.21(0.83 to 21.26) 3.46 (0.66 to 18.10)
One or more platelet counts <10 x10°/L
1 day 0.67 (0.06 to 7.00) 0.67 (0.06 to 7.00)
3 days 1.94 (0.44 to 8.56) 1.94 (0.44 to 8.56)
5 days 1.66 (0.41 to 6.79) 1.66 (0.41 to 6.79)
7 days 1.79 (0.50 to 6.39) 1.79 (0.50 to 6.39)

Post hoc sensitivity analysis, exclusion of all patients admitted for another indication than chemotherapy or
stem cell therapy.
Total population cases n=17, controls n=55. Subgroup analysis cases n=15, controls n=49.



Intracranial hemorrhage in leukemia patients: platelet counts and transfusions

(69'€S 01 6¥°L) ¥6'8
(81'€2 01 1L°0) 90
494

(67'€60118°L) 66'CL
(80°€L 01SE0) VLT
494

(#0°€01L 03 26°0) ¥L'6
(5521 0169°0) 76°'C
494

(£1'60165°0) ZET
49

/601X 025 3unod 33|a3e|d
sinoy jo 9, 10} paysnipe

a3nde yum syuaized Suowe a8eyJloway [elUBIdBIIUI JO SIUSPIDUI DY) PUB SuoIsSnysue.] 39[a1e|d USaMIDq UOIIRIDOSSE SU) 404 SOIjes el paisnipe pue apnJ) s ajqel

(ev'sy 01 €6°0) 059
87°0C 01 ¥77'0) LO'E
394

(£0'€9 01 88°0) S¥'L
(866 0102°0) L¥'L
394

(€28 0165°0) 96'9
(65'6 01 €7°0) ¥0'C
494

(€€ L1 01€9°0) £9°C
4o

1/50LX 0Z5 3unod 33ja3e|d
3Jow J0 3uo J0j paisnipe

(67'SS 01 L¥"L) 20’6
(S8'€2010£°0) 601
494

(82°001 018£°L) 9€°E€L
(€z'SL01ZE0) LTT
494

(1S'€6 01 €£°0) LT'8
(0¥'0L 01 75°0) 9€°C
39y

(0691 01 0Z°L) 0S¥
39y

1/60LX 015 3unod 33ja3e|d
940w J0 dUo 10j paisnipe

(€£71501€5°L) 168
(LzTT01€EL0) YOV
494

(€006 01 L6L) LL'EL
(85ZL 01 ££°0)9L'C
494
(czg0108'0)2L'8
(106 0109°0) ZE'C
494

(6£°€1 0180°1) 98°E
4o

apnJ)
(1D %S6) ¥y

€¢
9¢
€¢
8l
144
o€
ol
€C
6€

0¢
4

3
01l

<
01l

<
zor|

<
0
0

sAep £

shep g

shep €

Aep |

suoisnjsuedsy 19J91e|d

u AKioSajer

pouiad

awi pajeddwyi

SITENE]]

79



CHAPTER 3

Table S5. Crude and adjusted rate ratios*, for the association between platelet transfusions (on a conti-
nuous scale) and the incidence of intracranial hemorrhage among patients with acute leukemia

Implicated Crude adjusted for one adjusted for one adjusted for %

time period or more platelet or more platelet of hours PLT <20
counts <10 x10°/L counts <20 x10°/L x10°/L

1 day 2.46 (1.02 t0 5.91) 2.61 (1.07 to 6.36) 1.99 (0.78 to 5.07) 1.80 (0.75 to 4.34)

3 days 1.92 (1.10 to 3.36) 1.91 (1.08 to 3.40) 1.90 (1.01 to 3.58) 2.01 (1.18 to 3.62)

5 days 1.60 (1.08 to 2.37) 1.58 (1.06 to 2.36) 1.46 (0.99 to 2.15) 1.58 (1.07 to 2.34)

7 days 1.48 (1.06 to 2.07) 1.47 (1.05 to 2.05) 1.40 (1.01 to 1.95) 1.47 (1.06 to 2.05)

*Rate ratios are to be interpreted as continuous, thus for example one platelet transfusion has a crude RR of
1.48" for the seven-day period, two transfusions 1.482, three transfusions 1.48° and so on.

Table S3 and S6 can be viewed online, at the supplementary material section of doi:
10.1007/s00277-020-04298-7 (Ann Hematol. 2021 Jan;100(1):261-271)
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Abstract

Background

Intracranial hemorrhage is seen more frequently in acute leukemia patients compared
to the general population. Besides leukemia related risk factors, also risk factors that
are present in the general population might contribute to hemorrhagic complications
in leukemia patients. Of those, cardiovascular risk factors leading to chronic vascular
damage could modulate the occurrence of intracranial hemorrhage in these patients,
as during their disease and treatment acute endothelial damage occurs due to factors
like thrombocytopenia and inflammation.

Objectives
Our aim was to explore if cardiovascular risk factors can predict intracranial hemorrhage
in acute leukemia patients.

Methods

In a case control study nested in a cohort of acute leukemia patients, including 17 cases
with intracranial hemorrhage and 55 matched control patients without intracranial
hemorrhage, data on cardiovascular risk factors was collected for all patients. Analyses
were performed via conditional logistic regression.

Results

Pre-existing hypertension and ischemic heart disease in the medical history were
associated with intracranial hemorrhage, with an incidence rate ratio of 12.9 (95%
confidence interval (Cl) 1.5 to 109.2) and 12.1 (95% Cl 1.3 t0110.7), respectively.

Conclusion
Both pre-existing hypertension and ischemic heart disease seem to be strong predictors
of an increased risk for intracranial hemorrhage in leukemia patients.
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Introduction

Intracranial hemorrhage comprises intracerebral hemorrhage, subdural hemorrhage,
epidural hemorrhage and subarachnoid hemorrhage.(1) In the general population,
several risk factors have been described to be associated with the incidence of
intracranial hemorrhage. These include male sex, higher age, African-American or Asian
ethnicity, and trauma.(1-8) In addition, cardiovascular risk factors affecting the vascular
wall, including hypertension, diabetes mellitus, smoking, and hypercholesterolemia
have an effect on the risk of intracranial hemorrhage.(2, 4, 9, 10) More specifically,
these cardiovascular risk factors are associated with intracerebral hemorrhage, while
the other types of intracranial hemorrhage are more strongly associated with traumata
or vascular malformations.(1)

Patients with acute leukemia have an increased risk for hemorrhage, including
intracranial hemorrhage. Incidences of intracranial hemorrhage, during admission or
follow-up in the outpatient clinic, are reported between 2.8% and 6.1%.(11-14) This
incidence is much higher than what is observed in the general population, in which
the incidence of intracerebral hemorrhage has been reported as 2.46/10,000 person-
years.(15)

Specifically for acute promyelocytic leukemia (APL), a subtype of leukemia that is
notorious for serious bleeding, it has been described that especially in the
microvasculature of the brain, high annexin-2 and t-PA levels of the APL-cells contribute
to intracranial hemorrhage.(16, 17) However, the biological mechanism underlying the
high intracranial hemorrhage occurrence in the complete population of acute leukemia
patients is not completely understood. Yet, in addition to disease and treatment
associated thrombocytopenia, endothelial damage is known to be associated with an
increased bleeding risk. The latter is likely to be a common phenomenon in this
population, due to thrombocytopenia, inflammation, leukocytosis, graft versus host
disease, and other disease and treatment related risk factors.(18-20) Therefore, all
these factors could contribute to the observed increased risk of bleeding.(14, 21-26)

On top of these leukemia and treatment associated risk factors, other factors may
also contribute to the occurrence of intracranial hemorrhage. Risk factors associated
with chronic vascular damage in the general population can of course also be present
in leukemia patients. Given the acute damage to their vessel walls, from which acute
leukemia patients invariably suffer, the additional presence of pre-existing chronic
damage to the vessel wall could act synergistically and be a relevant predictor of
intracranial hemorrhage.

Therefore, we aimed to explore and estimate the predictive value of a history of
hypertension, diabetes mellitus, hypercholesterolemia, ischemic heart disease,
overweight, obesity and smoking with the occurrence of intracranial hemorrhage
among patients with acute leukemia.

| 85




86 |

CHAPTER 4

Methods

Case identification and control matching

To assess the association of cardiovascular risk factors and intracranial hemorrhage,
we performed a matched case control analysis, in an existing nested case control
population of acute leukemia patients. As previously described, we used an automated
algorithm to identify potential cases of intracranial hemorrhage, from a database with
routinely collected clinical data, extracted from the electronic patient records of a
cohort of patients with acute leukemia or myelodysplastic syndrome (MDS).(26, 27)
Seventeen identified cases could be included for case control analysis and were
matched to one to four control patients (Figure 1). Matching was performed on several
likely major risk factors for bleeding, which in an unmatched population could mask
true associations of other predictors: diagnosis (acute promyelocytic leukemia (APL);
other acute myeloid leukemia (AML) or MDS; acute lymphoid leukemia (ALL)); indication
for admission (induction chemotherapy; consolidation chemotherapy; allogeneic stem
cell transplantation (SCT); other indications for admission); disease status (first
diagnosis; relapsed disease) and time from start of treatment to the day of bleeding.
Matching was performed according to incidence density sampling (i.e. matched on
time, expressed as days since admission or start of chemotherapy), so the odds ratio
would directly estimate the incidence rate ratio.(28)

The medical charts of patients selected as potential controls were checked for the
absence of intracranial hemorrhage until the date matched to the bleeding date of the
case patient (i.e. the index date(26)). Case patients could be selected as control patient
for other case patients, if the date of intracranial hemorrhage was later than the
matched date of bleeding for that case. Per case, we selected up to four control
patients, based on availability. In total, 55 controls were selected. The total case control
population therefore contained 72 patients (Figure 1). For all these patients, more
extensive data than was already available from the database of electronic patient
records was obtained via chart review and added to the existing dataset.

Variable definition

Information on hypertension, diabetes mellitus, dyslipidemia and ischemic heart
disease was collected from the electronic patient record. Pre-existing hypertension
was defined as any hypertension severe or persisting enough to lead to current use
of antihypertensive medication, or registered medication use in medical history.
Similarly, for diabetes mellitus and hypercholesterolemia evidence for any kind of
glucose and cholesterol lowering medication current or in history was used. Mild
diabetes or hypercholesterolemia, for example leading to lifestyle advices without the
need for medication, were not included. Ischemic heart disease was defined as any
prior diagnosis of ischemic heart disease.



Cardiovascular risk factors and intracranial hemorrhage in leukemia patients

Patients with acute leukemia or myelodysplastic syndrome
from cohort database in 4 hospitals (N=859):
Algorithm and chart review (detection model and verification)

]

Potential cases
patients with intracranial hemorrhage (n=30)

13 exclusions
1 clinical data irretrievable
4 unclear date of bleeding

1 second bleeding Matching variables

1 inability to match . e

ey Diagnosis: APL, AML/MDS or ALL

4 combination of reasons Disease status: first diagnosis or relapsed disease

Indication for admission: induction chemotherapy,
consolidation chemotherapy, allogeneic stem cell
. Cas_es N transplantation or other indications for admission L, ,contmIs
patients included Calendar time: time from start of treatment to the patients selected
for analyses (n=17) day of bleeding for analyses (n=55)

Acute leukemia patients included in the case-control analysis (17 cases + 55 controls = 72 patients)

Data collection - Cardiovascular risk factors
Hypertension (antihypertensive medication use at admission or in history)
Diabetes mellitus (antidiabetic medication use at admission or in history)
Hypercholesterolemia (anti-cholesterol medication use at admission or in history)
Ischemic heart disease (in medical history)
Smoking
Alcohol usage
BMI

e e e e e e

Figure 1. Flowchart

Excluded cases did not differ substantially from included cases (see supplementary material table S1), although,
as reason for exclusion, part had unclear diagnoses and more of the excluded patients were admitted for
other reasons then disease modifying treatment. Inclusion period differed per hospital: hospital A June 2011
until March 2017, hospital B January 2010 until December 2015, hospital C January 2010 until December 2015,
hospital D Jan 2013 until December 2015.

To collect information on alcohol use (yes/no) and smoking (current smoker, past
smoker, never smoked or unknown) the doctor’s notes in the charts were reviewed.
Finally, the body mass index (BMI) on admission was also obtained from the electronic
patient records, and categorized as normal, overweight (BMI 25-30) and obesity
(BMI>30).(29) Missing data during the chart review was recorded in the category
‘unknown’ for the variables smoking, alcohol use and BMI.

In addition to the matching criteria, other variables collected to describe the study
population were sex, age in years, all-cause mortality during admission, platelet count
and use of anticoagulant medication or platelet aggregation inhibitors. Since the two
latter can differ in time, we defined an index date for both cases and controls.(26) The
index date was the date of bleeding for case patients and a time matched date for
control patients. For platelet count we both registered the platelet count on the day
before the index date, as well as the lowest platelet count in a week preceding the
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index date. We defined the use of therapeutically dosed anticoagulant medication or
platelet aggregation inhibitors as at least one dosage of medication in the ten days
preceding the index date.

Prophylactic platelet transfusion policies

All hospitals applied to the at that time available nationwide guideline for platelet
prophylaxis,(30) and platelet transfusions were administered at platelet counts below
10x10°%L. Higher platelet count thresholds could be applied when it was deemed
necessary, but were not protocolized. Altered thresholds were not always noted in the
medical records.

Statistical analysis

Because matching procedures create spurious associations of variables that are directly
or indirectly associated with the matching variables, we performed matched analyses
to remove these false associations.(31) Univariate matched conditional logistic
regression models were used for each potential predictor. To analyze associations of
cardiovascular risk factors with intracerebral hemorrhage, as a subtype of intracranial
hemorrhage, we performed prespecified subgroup analyses for only the cases with
such a bleeding focus. Here, we included both patients who had a solitary intracerebral
hemorrhage, as well as patients who, based on the radiology reports, had an
intracerebral hemorrhage combined with another location of intracranial hemorrhage.
Although we already matched on diagnosis, as a post-hoc analysis, we performed a
subgroup analysis based on diagnosis to explore the influence of the underlying disease
on the results.

Ethical considerations

The medical ethical committee of the Leiden University Medical Center (LUMC)
approved the study and waived the need for informed consent, for retrospective data
collection, as did the other participating hospitals. The statistical analyses plan was
approved, prior to analyses, by the Scientific Committee of the Department of Clinical
Epidemiology of the LUMC, consisting of epidemiologists and statisticians.

Results

Description of the case control study population

The characteristics of the studied population are presented in Table 1. Since the case
control ratio differed based on availability of eligible control patients, numbers and
percentages are descriptive only and cannot be directly compared to those of case
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Table 1. Characteristics of the study population

Matched variables* Cases n=17 Controls n=55

Diagnosis (n, %)

ALL 5 (29%) 19 (35%)

AML/MDS 11 (65%) 35 (64%)

APL 1 (6%) 1 (2%)
First diagnosis or recurrent disease (n, %)

First diagnosis 12 (71%) 46 (84%)

Relapsed disease 5 (29%) 9 (16%)
Treatment phase (n, %)

Remission induction 13 (76%) 47 (86%)

Consolidation therapy 1 (6%) 1(2%)

Allogeneic SCT 1 (6%) 1(2%)

Other 2 (12%) 6 (11%)
Non-matched variables
Sex (n, %)

female 8 (47%) 21 (38%)

male 9 (53%) 34 (62%)
Age *(median, IQR) 65 (52 to 70) 57 (42 to 68)
Platelet count (x10°L, median, IQR)

Day before index date 21 (14to 42) 30(16to 71)

Lowest value in a week $ 11 (7to 17) 15 (9 to 55)
Anti-coagulation and/or Platelet aggregation inhibitors 7 (n, %) 5 (29%) 5 (9%)

Death* (n, %) 8 (47%) 5 (9%)

Values are numbers (percentage of total) unless otherwise specified.

* Since controls are matched to cases, numbers for matched variables presented for controls are dependent
on control selection and therefore cannot be compared to numbers presented for cases. So, the observed
similarities or differences between cases and controls, for these variables, is artificially induced by the number
of eligible controls that were present, and cannot be interpreted in any other way.

T Age in years, median (IQR)

¥ lowest platelet count on the day before the index date (i.e. the date of bleeding for cases and a matched date
for control patients)

§ lowest platelet count per patient, in the seven days before the index date

9] At least one dose of platelet aggregation inhibitors or one therapeutic dose of anti-coagulant medication in
an implicated period of 10 days before the index date. No patients were on double platelet aggregation inhibitors
and/or anti-coagulation.

# all-cause mortality

Abbreviations: ALL: acute lymphoid leukemia, AML: Acute myeloid leukemia, MDS: myelodysplastic syndrome,
APL: acute promyelocytic leukemia, SCT: stem cell transplantation, PAI: platelet aggregation inhibitors

patients. One AML case was matched to a control patient that was diagnosed with
MDS, but treated as an AML.

For most baseline characteristics that were not matched, there were no relevant
differences between case and control patients. All-cause mortality was substantially
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higher in case patients; 47% deceased during admission, while this was 9% for the
control patients. Also, cases more often use anti-coagulant medication or platelet
aggregation inhibitors (29% in cases versus 9% in control patients).

Cardiovascular risk factors

The incidence rate ratio’s (RR) and 95% confidence intervals (Cl) for all cardiovascular
risk factors are presented in Table 2. For hypertension, the rate ratio for intracranial
hemorrhage was 12.9 (95% Cl 1.5 to 109.2), indicating that patients on antihypertensive
medication have a 12.9 times higher rate of intracranial hemorrhage compared to the
patients who did not use or were never registered to use antihypertensive medication
in their history. Additionally, ischemic heart disease was found to be associated with
intracranial hemorrhage (rate ratio of 12.1; 95% Cl 1.3 to 110.7).

The risk factors diabetes mellitus type 2 (no patients suffered from type 1),
hypercholesterolemia, smoking, and alcohol use also showed a positive association
with intracranial hemorrhage. However, the wide confidence intervals precluded any
firm conclusions about these factors. Finally, overweight and obesity, with a rate ratio
approaching unity, were not associated with intracranial hemorrhage.

Subgroup analyses
In the general population cardiovascular risk factors are particularly associated with
the intracerebral subgroup of intracranial hemorrhages. To assess if this was also the
case in our patients, we performed predefined subgroup analyses selecting patients
with intracerebral hemorrhage. Ten case patients and their 27 matched controls could
be included in these analyses. Of these, one case patient had a combined intracerebral
and subdural hemorrhage, three case patients had a combined intracerebral and
subarachnoid hemorrhage and six case patients only had an intracerebral hemorrhage
focus. The results for these subgroup analyses are presented in Table 2. While variability
of estimates increases, due to the decreased sample size, overall direction of
associations remains, suggesting little to no difference for this subgroup, compared
to the whole study population. The risk factors hypercholesterolemia and ischemic
heart disease could not be estimated in the subgroup analyses due to non-positivity
(i.e., some (sub)categories did not contain patients due to the reduced sample size).
In table S2, we present the RR for hypertension and ischemic heart disease per
subgroup of diagnosis. Due to small numbers per subgroup not all RR's could be
calculated, but the direction of the effect is similar in AML/MDS patients, and exclusion
of patients with APL did not influence the results.
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Table 2. RR’s for cardiovascular risk factors on intracranial hemorrhage

Main analysis Subgroup analysis
cases with intracranial hemorrhage only cases with intracerebral
(any type) and matched controls hemorrhage and matched controls

(complete case control population) N=72 N=37

Cardiovascular
risk factors Cases Controls RR (95% Cl) Cases Controls RR (95% CI)

Hypertension

No 9(53%) 45 (82%) reference 6(60%) 23 (85%) reference

Yes 8(47%) 10(18%) 12.9(1.5t0109.2) 4(40%) 4(15%) 6.7 (0.7 to 64.1)
Diabetes

No 15(88%) 52 (95%) reference 9(90%) 25 (93%) ref

Yes 2(12%)  3(5%) 2.7 (0.4t0 20.5) 1(10%) 2 (7%) 1.7 (0.1 to 30.8)
Hypercholesterolemia

No 16 (94%) 52 (95%) reference 10(100%) 27(100%) reference

Yes 1 (6%) 3(5%) 1.4(0.1to 16.4) 0(0%) 0(0%) - t
Ischemic heart disease

No 13 (76%) 53 (96%) reference 8(80%) 27 (100%) reference

Yes 4 (24%) 2(4%) 12.1(1.3t0110.7) 2 (20%) 0(0%) - T
Smoking

Never 4(24%) 26 (47%) reference 3(30%) 14 (52%) reference

Yes, currently or past  8(47%) 16(29%) 3.5(0.8to 14.5) 6 (60%) 6(22%) 4.7 (0.7 to 32.2)

Unknown 5(29%) 13(24%) 2.8(0.6to 13.0) 1(10%)  7(26%) 0.9(0.1to 10.6)
Alcohol use

No 3(18%) 16 (29%) reference 2(20%) 10 (37%) reference

Yes 9(53%) 22(40%) 2.0(0.5to0 8.6) 6(60%) 6(22%) 4.0(0.6to 25.5)

Unknown 5(29%) 17 (31%) 1.3 (0.3t06.0) 2(20%) 11(41%) 0.4(0.0to 5.2)
BMI

<25 8 (47%) 24 (44%) reference 6(60%) 15 (56%) reference

25-30 4(24%) 19(35%) 0.9 (0.2 to 4.3) 1(10%) 6(22%) 0.6(0.1t07.7)

>30 2(12%) 9(17%) 1.0(0.2to 6.4) 1(10%) 3(11%) 2.3(0.1to51.5)

Unknown 3(18%) 3(5%) 7.2(0.6t089.2) 2(20%) 3(11%) 4.6(0.2to094.2)

Values represent the number of patients (%).

T no RR provided due to non-positivity

Hypertension: defined by need for antihypertensive medication at admission or in the medical history; Diabetes
mellitus: defined as need for anti-diabetic medication in the medical history (so mild diabetes without need for
medication is not included); High cholesterol levels: defined as need for cholesterol lowering agents at admission
or in the medical history; Ischemic heart disease: defined as presence in medical history; Smoking: categorial
variable divided in: yes (smoking currently or in past), no (registered as never smoked), unknown; Alcohol:
categorical variable divided in: uses alcohol at all, never uses alcohol, unknown; BMI: body mass index score
that was available at the day closest to the index date. <25 is a normal weight, 25-30 is overweight and >30 is
obesity.
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Discussion

In this nested, matched case control study, we observed that in patients with acute
leukemia, pre-existent hypertension and a history of ischemic heart disease were both
strongly associated with an increased risk of intracranial hemorrhage.

Although the study has a small sample size, and therefore the precision of the
magnitude of the association is suboptimal, a strength of our study is the matched
case control study design with up to four controls per case patients. This design
ensured optimal exploration of the included population, with a maximum of the
potential power for intracranial hemorrhage as important bleeding outcome.(32) A
limitation of our study is that, due to the chosen study objective and the small sample
size, the observed associations cannot be explained as causality. The aim of our current
study was to explore predictive values. However, it would also be of interest to study
these associations etiologically, thus with correction for confounders. Yet, this would
require a much larger dataset. Another limitation is that, given the matched case control
design, predictive values, sensitivity and specificity of the cardiovascular risk factors
could not be generated. For this purpose, a cohort study design would be necessary.

With a prevalence of approximately 31% in adults, (33) hypertension is highly
prevalent in the general population, but even more so in patients with intracranial
hemorrhage. It has been reported that 64% to 76% of patients with intracerebral
hemorrhage and 38-42% of patients with other subtypes of intracranial hemorrhages
were already diagnosed with hypertension prior to the intracranial hemorrhage.(34-36)
This association could be explained by accumulating degenerative changes to the small
vessels, resulting in an increased risk of ruptures of the small arterioles.(37, 38)

In our acute leukemia population, the risk of pre-existing hypertension, with a rate
ratio of 12.90, shows to be substantially higher as compared to the general population.
A meta-analysis of case control studies reported an overall odds ratio of 3.77 for the
association between hypertension and the incidence of intracerebral hemorrhage in
the general population.(2) However, a direct comparison of the meta-analyses data
with our own results is not warranted for two reasons. First, the aforementioned
meta-analysis included studies that analyzed only intracerebral hemorrhage while
acute as well as pre-existing hypertension with and without need for medication were
pooled. (2) The latter is important because hypertension might, next to indirectly via
induction of chronic vascular changes, also be a direct acute cause of bleeding as well.
Instead, we intended to analyze pre-existing hypertension only, defined as the need
for medication at some point in medical history, but included all types of intracranial
hemorrhage. Although it is likely that the increased risk is due to the specific leukemia
population that was studied, these differences in bleeding outcomes and definitions
of hypertension exposures may explain part of the difference in the magnitude of the
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observed association between the former meta-analysis and our results. We did not
include blood pressures during admission, since they may be affected by many factors
that are only present during admission, and therefore may not reflect the level of
pre-existing blood pressures. Second, given the wide confidence interval, the possibility
that our result is overestimated also needs to be considered. However, given the high
maximum likelihood estimation, it is most likely that the association of hypertension
with intracranial hemorrhage in leukemia patients, is indeed higher as compared to
the general population.

We also observed a similarly likely high association between ischemic heart disease
in the medical history and intracranial hemorrhage. Indeed, patients with ischemic
heart disease are known to have vascular damage of the coronaries, and are more
likely to also have vascular damage elsewhere, like peripheral artery disease or cerebral
vascular disease.(39) However, since five out of six patients who suffered ischemic
heart disease in our population also (previously) used antihypertensive medication,
our results for ischemic heart disease might also reflect the association of hypertension
with intracranial hemorrhage.

The clear association of intracranial hemorrhage with cardiovascular risk factors
like hypertension and ischemic cardiac disease that we observed, even in our small
sample size study, was as we hypothesized. Whereas hematologists mostly focus on
direct and mostly temporary leukemia specific risk factors, like biomarkers of hemo-
stasis and coagulation, and clinical risk factors, this study demonstrates that also
chronic pre-existing risk factors likely contribute to the bleeding risk. Leukemia and/
or its treatment associated thrombocytopenia not only compromises platelet depen-
dent high flow system hemostasis, but also vascular wall integrity. The latter can also
be aggravated by the administered therapy, inflammation or concurrent infections and
thus multiplicate the cardiovascular risk.(18, 19, 40-42) While the precise contribution
of all these factors in the observed rate ratios of course needs further research, both
long standing hypertension and ischemic cardiac disease could in our opinion be
viewed as a proxy for general pre-existing arterial damage.(37-39) This pre-existing
arterial damage, together with the acute risk factors for vascular damage and bleeding
that is specific for (treated) leukemia, could logically add to the observed high risk in
leukemia for intracranial hemorrhage. Hence, it can explain the association of intra-
cranial hemorrhage with cardiovascular risk factors. Although our current study only
demonstrates the predictive power of these two risk factors, it would also be of interest
to investigate causal associations. This would, however, only be possible in a larger
dataset, with sufficient power for multivariate adjusted analyses. Besides giving better
clues for causality, larger datasets could in the future also lead to multivariate prediction
models that include both the relevant chronic risk factors like hypertension, and
transient leukemia associated risk factors or biomarkers of hemostasis and coagulation.
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For the other CVD-associated conditions (diabetes mellitus, hypercholesterolemia,
smoking, alcohol use), except for overweight or obesity, we also observed positive
associations. Although in line with our further findings and hypothesis, our small
sample size led to wide confidence intervals and hamper solid conclusions about the
effect size and direction of the associations.

In the current study, we were unable to investigate if the predictive effect is different
for patients with long term use of antihypertensive medication, or patients who need
high dosages of these drugs. For example, we were unable to divide hypertension in
groups of patients who had (a substantial period) of adequate hypertension control
with medication, or patients who were still hypertensive while using antihypertensive
medication. Since time of exposure to hypertension (with inadequate control) can
contribute to the amount of vascular damage that is expected, this would be of interest
to study in future. For the other risk factors, it would be also of interest to be able to
divide into risk factors that are well controlled versus inadequate controlled for.

In addition, we investigated intoxications. For alcohol, although a less classical risk
factor, not only the total amount but also the pattern of drinking has been described
as cardiovascular risk factor.(43, 44) Although details on alcohol use were only available
for 31 patients, high alcohol intake did not seem to differ between the cases and
controls, with respectively one case (11%) on average drinking > 14 units of alcohol
each week, compared to three (14%) of the control patients. A dose and time dependent
relation is also known for smoking and the risk of cardiovascular disease.(45) Again,
for only eight of our patients an estimation of the pack-years was available. Although
for three cases the median package years was 35 (IQR 20 to 35) and for 5 controls the
median was 25 (IQR 10-34), these data are insufficient for a corroborating conclusion.

We observed that patients with an intracranial hemorrhage died more often during
admission compared to patients without intracranial hemorrhage. Although it has been
described that intracranial hemorrhage in leukemia patients leads to a high mortality
rate,(12) based on our data we cannot distinguish which patients died directly due to
intracranial hemorrhage, and which patients had other causes of death.

While we currently focused on intracranial hemorrhage, being one of the most
feared and serious bleeding events, patients with acute leukemia are also at risk for
bleedings in other organ systems. It might be hypothesized that cardiovascular risk
factors, besides increasing the incidence of intracranial hemorrhage, are also associated
with other clinically relevant bleeding events. Future research should investigate this
hypothesis.
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Conclusions

In conclusion, pre-existing hypertension and a history of ischemic heart disease seem
strongly associated with intracranial hemorrhage in acute leukemia patients. Although
we only studied their potential predictive power on intracranial hemorrhage, and we
cannot claim any causal relations, the observed associations are in line with the known
causality between cardiovascular risk factors and vascular damage.

If confirmed in larger data sets, with more precise estimates, these cardiovascular
risk factors may eventually be used to identify leukemia patients with an increased risk
for intracranial hemorrhage. The goal is to prevent this complication in these patients.
Therefore, in patients with an increased risk, additional or altered bleeding preventive
strategies should be studied, for example the effect of higher platelet transfusion
thresholds or additional hemostatic medication. Also, the effect of stricter regulation
of hypertension in leukemia patients should be investigated.

Summary statements

1. What is the new aspect of your work?
While most studies investigating intracranial hemorrhage in leukemia focus
on leukemia specific characteristics, we investigate the predictive value of
cardiovascular risk factors to see if to what extend these predictors in the
general population also apply to the population with acute leukemia.

2. What is the central finding of your work?
A history of hypertension and/or ischemic heart disease seem strong predictors
of intracranial hemorrhage in acute leukemia patients; the magnitude of this
effect is likely higher compared to the general population.

3. What is (or could be) the specific clinical relevance of your work?
Especially pre-existing hypertension may help to identify leukemia patients
with a high risk of intracranial hemorrhage.
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Supplementary material

Table S1. Characteristics of included versus excluded cases for main analysis

Matched variables Included cases Excluded cases
n=17 n=13

Diagnosis (n, %)

ALL 5 (29%) 2 (15%)
AML/MDS 11 (65%) 6 (46%)
APL 1(6%) 2 (15%)
Unclear / unmatchable diagnosis 0 (0%) 3 (23%)
First diagnosis or recurrent disease (n, %)
First diagnosis 12 (71%) 7 (54%)
Relapsed disease 5 (29%) 2 (15%)
Unclear 0 (0%) 2 (15%)
Treatment phase (n, %)
Remission induction 13 (76%) 7 (54%)
Consolidation therapy 1(6%) 0 (0%)
Allogeneic SCT 1 (6%) 0 (0%)
Other indications or untreated 2 (12%) 6 (46%)
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Table S2. RR's for a history of hypertension and ischemic heart disease on intracranial hemorrhage specified
per diagnosis

APL Total Cases Controls RR (95% Cl)
Hypertension No 2 (100%) 1(100%) 1 (100%) reference
Yes 0 0 0 =
Ischemic heart disease No 2 (100%) 1(100%) 1 (100%) reference
Yes 0 0 0 w3
AML/MDS Total Cases Controls RR (95% Cl)
Hypertension No 31 (67%) 5 (45%) 26 (74%) reference
Yes 15 (33%) 6 (55%) 9 (26%) 8.3(0.9 to 73.9)
Ischemic heart disease No 42 (91%) 9 (82%) 33 (94%) reference
Yes 4 (9%) 2 (18%) 2 (6%) 4.7 (0.41-54.4)
ALL Total Cases Controls RR (95% Cl)
Hypertension No 21 (88%) 3 (60%) 18 (95%) reference
Yes 3 (12%) 2 (40%) 1 (5%) *
Ischemic heart disease No 22 (92%) 3 (60%) 19 (100%) reference
Yes 2 (8%) 2 (40%) 0 *
ALL or AML/MDS Total Cases Controls RR (95% CI)
Hypertension No 52 (74%) 8 (50%) 44 (81%) reference
Yes 18 (26%) 8 (50%) 10 (19%) 12.9(1.5to0 109.2)
Ischemic heart disease No 64 (91%) 12 (75%) 52 (96%) reference
Yes 6 (9%) 4 (25%) 2 (4%) 12.1(1.3t0 110.7)
All diagnosis combined Total Cases Controls RR (95% Cl)
Hypertension No 54 (75%) 9 (53%) 45 (82%) reference
Yes 18 (25%) 8 (47%) 10 (18%) 12.9(1.5t0 109.2)
Ischemic heart disease No 66 (92%) 13 (76%) 53 (96%) reference
Yes 6 (8%) 4 (24%) 2 (4%) 12.1(1.3t0 110.7)

* Due to non-positivity or small group numbers, no relative risk could be calculated
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Abstract

Background

Prophylactic platelet transfusions prevent bleeding in hemato-oncology patients, but
it is unclear how any benefit varies between patients. Our aim was to assess if patients
with different baseline risks for bleeding benefit differently from a prophylactic platelet
transfusion strategy.

Study design / methods

Using data from the randomized controlled TOPPS trial (Trial of Platelet Prophylaxis),
we developed a prediction model for World Health Organization grade 2, 3 and 4
bleeding risk (defined as at least one bleeding episode in 30 days) and grouped patients
in four risk-quartiles based on this predicted baseline risk. Predictors in the model
were baseline platelet count, age, diagnosis, disease modifying treatment, disease
status, previous stem cell transplantation and the randomization arm.

Results

The model had a c-statistic of 0.58 (95% Confidence Interval (Cl) 0.54 to 0.64). There
was little variation in predicted risks (quartiles 46%, 47%, and 51%), but prophylactic
platelet transfusions gave a risk reduction in all risk quartiles. The absolute risk
difference (ARD) was 3.4% (Cl -12.2 to 18.9) in the lowest risk quartile (quartile 1), 7.4%
(95% Cl -8.4 to 23.3) in quartile 2, 6.8% (95% Cl -9.1 to 22.9) in quartile 3 and 12.8% (Cl
-3.1 to 28.7) in the highest risk quartile (quartile 4).

Conclusion

In our study, generally accepted bleeding risk predictors had limited predictive power
(expressed by the low c-statistic), and, given the wide confidence intervals of predicted
ARD, could not aid in identifying subgroups of patients who might benefit more (or
less) from prophylactic platelet transfusion.
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Introduction

Patients with hematological malignancies often develop thrombocytopenia as a direct
consequence of their disease and/or treatment regime. Thrombocytopenia is weakly
associated with bleeding, varying from skin bleeds to major bleeding in organs, among
others cerebral hemorrhage.!

Current guidelines recommend to administer prophylactic platelet transfusions to
patients with hemato-oncological disorders at a platelet count threshold of <10x10°/L
to prevent bleeding.?® Guidelines also recommend to consider giving prophylactic
transfusions at higher platelet count thresholds if patients have an expected higher
bleeding risk, or to withhold prophylactic transfusions if the bleeding risk is relatively
low, for example in autologous stem cell recipients.?® The quantification of bleeding
risks, however, is not standardized, resulting in considerable variation in transfusion
strategies in clinical practice.?’

In the randomized controlled TOPPS trial (Trial of Platelet Prophylaxis), it was found
that prophylactic platelet transfusions reduce bleedings with a World Health
Organization (WHO) bleeding grade of 2, 3 or 4, compared to no-prophylactic platelet
transfusions (i.e. therapeutic).®° What is more, this beneficial effect differed between
subgroups of patients with the least effect for patients receiving autologous stem cell
transplantation (SCT)." Other clinical variables, like fever and sex, also seemed to
influence the effect of prophylactic platelet transfusion on bleeding in this trial."

Overall, there remains limited quantitative evidence on how prophylactic platelet
transfusions reduce the bleeding risk differently in patients with likely divers a priori
bleeding risks. Where trial results give a quantification of the effect of transfusion
strategies for the ‘average’ patient in the trial population, in practice this ‘average’
patient does not exist. Average effects from a trial do not necessarily apply to individual
patients, in whom the actual treatment effect may differ (heterogeneity of treatment
effect).’'3 Traditionally, heterogeneity of treatment effects is investigated by comparing
subgroups of patients based on a single variable. However, combining multiple patient
characteristics might enable a better personalized prediction of the effect of
prophylactic platelet transfusions. For example, one can imagine that a female patient
with acute leukemia who has a platelet count of 45x10°/L before treatment receiving
intensive cytoreductive chemotherapy will benefit more from a prophylactic platelet
transfusion strategy than a male who receives an autologous SCT to treat lymphoma
with a platelet count of 155x10°%/L at the day of admission. All these, and other, clinical
factors when combined can contribute to a bleeding risk, and patients with different
bleeding risks may benefit differently from platelet transfusions. To know this at the
start of an intensive treatment regime, such as a SCT or chemotherapy, could potentially
lead to more personalized prophylactic platelet transfusion strategies.
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We therefore aimed to quantify effects of a prophylactic platelet transfusion strategy
compared with a therapeutic platelet transfusion strategy on the occurrence of WHO
grade 2, 3 or 4 bleeding stratified by predicted baseline bleeding risks of patients with
hemato-oncological diseases.

Methods

For this study, we used the data of the TOPPS trial. The design was described
previously.®'* In short, 600 hemato-oncological patients were randomized in a
prophylactic arm receiving platelet transfusions based on a threshold of 10x10°/L, and
a therapeutic (or no-prophylaxis) arm receiving platelet transfusions in case of active
bleeding. The primary outcome was the occurrence of WHO grade 2, 3 or 4 bleedings.
The dataset for the analysis consisted of all 598 patients who were also included in the
analysis of the TOPPS trial, of whom 47% (279 patients) developed at least one WHO
grade 2, 3 or 4 bleeding during 30-day follow-up. Since we used previously collected
data of one of the largest datasets for this subject, and larger trials are not likely
performed in the future, no formal sample size calculation was performed for this
post-hoc analysis of RCT data.

Predictors of bleeding risk

We developed a model to predict the risk of WHO grade 2, 3 or 4 bleeding within 30
days after randomization. To improve the stability of this model, we selected a limited
number of baseline characteristics for inclusion in the model. The selection was made
based on i) prior research that showed associations between the variables and the
outcome, ii) the completeness of the data, iii) expert opinion. Selected variables were
age at randomization, platelet count on day of randomization, sex, diagnosis (acute
leukemia versus other), disease modifying treatment (chemotherapy/allogeneic SCT
versus autologous SCT), disease status (new diagnosis versus relapsed disease), the
presence of a SCT in medical history, and the randomization arm.%"'>8 The randomi-
zation arm was added because ignoring treatments that affect the outcome in the
prediction model can lead to an inaccurate predicted probability.’'® Thus, adding the
randomization arm improves the prediction of the treatment effect in a heterogene-
ity of treatment effect analysis. Although proof of interactions cannot be obtained with
the present sample size, based on clinical reasoning, interaction terms were included
for the likely deemed interactions between prophylactic platelet transfusions and di-
agnosis, as well as for prophylaxis and treatment.
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Missing data

Missing values were imputed. Given the low numbers of missing values (in total six
subjects had one missing variable, Table 1), we imputed the modal value for missing
categorical values. For the continuous variable platelet count, the subsequent value
within three days of the randomization date of the same patient was used. If the value
was unknown for these days, we imputed the median observed value of the other
patients. To check robustness of the findings we performed sensitivity analyses in the
subjects without missing values (n=592).

Development of bleeding risk prediction model
We developed a logistic regression model to predict the risk of WHO grade 2, 3 or 4
bleeding within 30 days after randomization.® To correct for optimism, we performed
‘shrinkage’ of all regression coefficients using penalized Ridge regression. The goal of
this is to attempt to create a model that is better applicable to external datasets.
Shrinkage in this respect diminishes the effect of all variables, which are likely
overoptimistic in the original dataset.?' The linearity assumption was visually checked
for continuous variables; no quadratic terms or splines were deemed necessary.
After development of the model, we calculated the individual predicted 30-day risk
of bleeding. For this step, to calculate the risk in absence of prophylactic transfusions
for the complete population, we assumed a therapeutic platelet transfusion strategy
for all patients, irrespective of their actual treatment allocation. This was necessary to
be able to compare the risk with and without prophylaxis for the heterogeneity of
treatment effect analysis described below, and enabled usage of the complete dataset
for more power. All steps below were executed for a model without shrinkage (binary
logistic regression) and for the penalized model (Ridge regression). Below, the results
of the penalized model are presented; results for the crude model are presented in
the supplementary material.

Model predictive performance

Performance of the model was expressed via the discriminative ability of the model
(c-statistic), and as a visualization of the comparison between the predicted probability
against the observed risk of bleeding (calibration plot).

Heterogeneity of treatment effect analysis

To assess the heterogeneity of treatment effects, patients were stratified in four quar-
tiles by their predicted baseline risk. Within the quartiles, we examined heterogeneity
of the effect of prophylactic versus therapeutic transfusions by estimating the odds
ratio (OR) and the absolute risk difference (ARD) with 95% confidence intervals (95%
Cl) between the predicted number of bleedings with and without prophylactic transfu-
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sions. These confidence intervals are to be considered as a measure of precision only.
They were not used for formal statistical testing, given the application of Ridge penali-
zation, and the exploratory nature of this study.

Results

The baseline characteristics of participants in the TOPPS-trial are presented in Table 1.
A minority of patients was diagnosed with acute leukemia (19%) and most patients
received an autologous SCT (70%). Relapsed disease occurred in approximately 1/3 of
patients, and 8% had a bone marrow transplantation in the past. 65% of patients were
men, the median age was 58 years and the median platelet count at day of inclusion

Table 1. Baseline characteristics of randomized patients comparing characteristics for patients based on the
occurrence of WHO grade 2, 3 or 4 bleeding

108 |

Total cohort No WHO grade WHO p-value¥
(n=598) 2,30r4 grade 2,3 or 4

bleeding bleeding

(n=319) (n=279)

Age at inclusion (years)t 58 (49 - 63) 57 (49 - 63) 59 (51 - 64) 0.1044

Platelet count day inclusion 41 (30 - 50) 41 (31-51) 40 (29 - 50) 0.3391

(x10°/L)t

Male sex (%) 387 (65%) 223 (70%) 164 (59%) 0.005

Diagnosis (%) 0.421
Lymphoma/myeloma/other 482 (81%) 261 (82%) 221 (79%)

Acute leukemia 116 (19%) 58 (18%) 58 (21%)

Disease modifying treatment (%) 0.726
Autologous SCT 420 (70%) 226 (71%) 194 (70%)
Chemotherapy/allogeneic SCT 178 (30%) 93 (29%) 85 (30%)

Disease status (%) 0.407
New diagnosis 397 (66%) 207 (65%) 190 (68%)

Relapsed disease 201 (34%) 112 (35%) 89 (32%)

Stem cell transplantation in history 45 (8%) 26 (8%) 19 (7%) 0.535

(%)

Randomization arm (%) 0.070

Therapeutic arm 300 (50%) 149 (47%) 151 (54%)
Prophylactic arm 298 (50%) 170 (53%) 128 (46%)

In total, 6 values were missing and imputed (one value per patient): platelet count was imputed for 3 patients,
disease status for 1 patient and SCT in history for 2 patients.

t Median (interquartile range); ¥ p-value refers to Kruskal-Wallis equality-of-populations rank test when median
is reported and Pearson'’s chi-squared for equality of proportions

Abbreviations: WHO= World Health Organization
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Table 2. Multivariable analysis for primary outcome of WHO grade 2, 3 or 4 bleeding: odds ratios and 95%
confidence intervals (Cl), for both the crude model as the model after Ridge penalization.

Crude model 0Odds ratio

OR (95% Cl) penalized model*
Age at inclusion 1.01 (0.99 to 1.02) 1.00 (0.99 to 1.02)
Platelet count on day inclusion 1.00 (0.99 to 1.01) 1.00 (0.99 to 1.01)
Female sex (ref = male) 1.65(1.17 to 2.33) 1.27 (0.90 to 1.80)
Diagnosis acute leukemia 0.92 (0.37 to 2.31) 1.00 (0.40 to 2.49)

(ref=lymphoma/myeloma/other)

Disease modifying treatment chemotherapy or allogeneic 0.74 (0.34 to 1.61) 0.96 (0.44 to 2.09)
SCT (ref=Autologous SCT)

Disease status- relapsed disease (ref= new diagnosis) 0.96 (0.66 to 1.38) 0.96 (0.67 to 1.39)
SCT in history (ref =no) 0.82 (0.42 to 1.60) 0.92 (0.47 to 1.80)
Randomization arm (ref = therapeutic) 0.93 (0.63 to 1.38) 0.81 (0.55to 1.19)
Interaction term randomization arm and diagnosis 1.45 (0.40 to 5.20) 1.22 (0.34 to 4.40)

Interaction term randomization arm and disease modifying  1.72 (0.57 to 5.19) 1.16 (0.38 to 3.49)
treatment

*Ridge penalization method, confidence intervals are only to be interpreted as an indication of precision, not
as a statistical test
Abbreviations: ref = reference category, WHO = Word Health Organization, SCT=stem cell transplantation

was 41x10°%/L. Women had more bleeding events (55%, compared to 42% of men) and
as reported earlier,® the incidence of WHO bleeding grade 2, 3 or 4 was higher in the
therapeutic arm (50%) compared with the prophylactic arm (43%). Results from table
1 were not used for variable selection for our prediction model (variable selection was
pre-specified), but are only descriptive.

Table 2 shows the odds ratio (OR) for WHO grade 2, 3 or 4 bleeding for all selected
variables in the multivariable model, with accompanying 95% ClI's. After correcting for
optimism via penalization, the point estimates of most variables were approximating
an OR of 1. The complete model with intercept and all regression coefficients is pre-
sented in the supplementary material, as is the crude model before penalization.

The c-statistic of the model after penalization and internal validation was 0.58 (95%
Cl 0.54 to 0.63), indicating that when two random patients with different bleeding
outcomes are chosen, in 58% the predicted bleeding risk was lower in the patient
without bleeding compared to the patient with a bleeding event.?2 The calibration plot
of our model is presented in Figure 1, the slope of the plot was 2.04 (0.76 to 3.32) with
an intercept of -0.06 (-0.22 to 0.10). A good calibration would have a slope approximating
1. However, due to shrinkage of the prediction model, predicted probabilities were
shrunken towards the group average and consequently the model appears to be
underfitted (i.e. calibration slope >1) as is expected after penalization.
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Figure 1

The triangles in this calibration plot of the predictions of WHO grade 2, 3 and 4 bleedings indicate the predicted
probabilities and observed frequencies for all four risk quartiles (based on assumption of a therapeutic
transfusion strategy). The diagonal line represents ideal calibration, when observed and predicted probabilities
are identical. The calibration slope is 2.04 (0.76 to 3.32) with an intercept of -0.06 (-0.22 to 0.10). The c-statistic
is 0.58 (0.53 to 0.62).

Abbreviations: WHO = Word Health Organization

Figure 2 shows the distribution of predicted baseline risk; all risks varied between
41% and 55%. Based on quartiles, four bleeding risk groups were defined: <46% (risk
quartile 1), 46-47% (risk quartile 2), 47-51% (risk quartile 3) and >51% (risk quartile 4).

Figure 3 presents incidence rates of WHO grade 2, 3 or 4 bleedings, the OR’s and risk
differences when comparing the prophylactic strategy versus the therapeutic-only
strategy for all patients. In all quartiles of baseline risk, the observed incidence of bleeding
was higher if patients received therapeutic platelet transfusions (panel A). In panel B the
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Figure 2

Predicted absolute risk of WHO grade 2, 3 or 4 bleeding (based on assumption of a therapeutic transfusion
strategy) is represented as the absolute risk of outcome on the x-axis and the frequency of each absolute risk
category (0.41-0.42, 0.42-0.43, etc.) in the trial population on the y-axis. The dotted lines represent the cut-off
for the four quartiles of predicted risk on bleeding.

Abbreviations: WHO = Word Health Organization

OR’s per quartile are displayed along with the overall odds ratio of the trial. For all
quartiles, the OR is < 1, indicating a general benefit of prophylactic transfusions. The first
risk quartile has an OR closer to 1, namely 0.87 (95% Cl 0.45 to 1.68) compared to the
overall OR (overall OR 0.74, 95% Cl 0.54 to 1.03). In the fourth risk quartile the OR is more
extreme compared to the overall OR, namely 0.59 (95% CI 0.31 to 1.14). The absolute
risk difference (ARD, panel C) hence was most pronounced in the highest bleeding risk
quartile (12.8%, 95% Cl -3.1 to 28.7). This could indicate that patients in the highest risk
quartile might benefit most from the prophylactic platelet transfusions, but given the
wide confidence intervals this conclusion cannot be drawn on these current data. The
ARDs in the other risk quartiles were 3.4% (95% Cl -12.2 to 18.9), 7.4% (95% Cl -8.4 to
23.3), and 6.8% (95% CI -9.1 to 22.9) respectively for risk quartiles 1, 2 and 3.

As a sensitivity analysis, we performed a complete case analysis using information
about the 592 subjects with complete information. Results were comparable to those
of the analysis of all 598 subjects (see supplementary material).
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Figure 3

Event rates (panel A), odds ratios (panel B) and absolute risk differences (panel C) are presented for all four risk
quartiles, comparing a prophylactically and therapeutically platelet transfusion strategy with respect to WHO
grade 2, 3 or 4 bleeding. Vertical lines represent 95% confidence intervals, horizontal dotted lines represent
overall trial results. A positive absolute risk reduction represents the risk decrease for a prophylactic platelet
transfusion strategy as compared to a therapeutic platelet transfusion strategy.

Abbreviations: WHO = Word Health Organization
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Discussion

In this post-hoc analysis of the TOPPS trial, we aimed to assess if patients with different
baseline risks for WHO grade 2, 3 or 4 bleeding might benefit differently from
prophylactic platelet transfusions. We found that a combination of generally accepted
predictors of bleeding risk did not have much predictive power, as indicated by the
low c-statistic and the small variation in risks across the risk quartiles. Although the
absolute risk difference was most substantial in patients with the highest baseline
bleeding risks, these differences were not statistically significant. Based on these
analyses we cannot at baseline identify subgroups of patients who benefit more or
less than the average effect found in the TOPPS trial.

Originally, we expected that a combination of variables could predict bleeding risk
accurately, and that patients with higher bleeding risk would show a larger benefit of
prophylactic transfusion. This hypothesis was based on analyses suggesting that several
baseline characteristics are associated with the outcome of bleeding in hemato-
oncological patients in single variable subgroup analysis.2'®"" From this analysis also
a limited benefit for prophylactic platelet transfusions was shown for patients receiving
an autologous SCT as compared to those patients receiving chemotherapy or an
allogeneic SCT.10.2324,

However, our combined analysis of the earlier suggested baseline risk factors for
bleeding in our study, was not strongly related with bleeding. Looking at e.g. platelet
count, we included the baseline value since our aim was to predict bleeding at baseline.
We hypothesized that a ‘low platelet count at baseline’ might be predictive of ‘low
platelet counts during admission’, the latter known to be associated with bleeding
risk.211.2325 More specific, both disease modifying treatments and diagnosis in the
context of all other baseline risk factors, did not relevantly influence the predicted
bleeding risk. Our bleeding risk prediction model therefore has a poor discriminative
ability.? This is reflected in the low c-statistic, but also in the small range of predicted
risks, namely between 41% and 55%. There are several possible explanations for this
lack of predictive power reported in our analysis.

First, a potential explanation for the poor discriminative ability of the model is that
our baseline characteristics contained mostly dichotomized variables. Incorporating
more continuous baseline variables leads to more variation in predicted risks, but
besides age and platelet count, no other continuous variables at baseline were selected
beforehand to be likely predictors.

A second possible explanation may be that the sample size was not sufficient to
capture the differences to actually identify the nuances in predictive values.

Thirdly, an important explanation could be that, although the included variables
were shown to be associated with bleeding in isolation, bleeding is obviously influenced
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by additional factors than baseline demographics alone. Instead, bleeding risk might
be much better predicted by combining the baseline characteristics with characteristics
that vary during treatment. Examples of such time-varying variables, which were not
included in our model, are nadirs and averages of low platelet counts during admission,
transfusion yields, but also a range of clinical factors such as concurrent infections and
mucositis. In addition to clinical variables, biomarkers of platelet function, coagulation
or endothelial function that reflect hemostasis could add to the predictive performance
of the model. Such biomarkers could be baseline values as well (either inherited or
acquired), or time varying during treatment. Thus, further research of time-varying
variations should preferably also focus on biomarkers for hemostasis, as potential
predictors for bleeding in our patients.?’-3

However, adding such dynamic characteristics was not part of the present research
question while time-dependent modelling likely needs even larger data sets than even
that of the TOPPS trial. When such datasets become available in the future, the
predictive performance and the clinical applicability of such time-varying bleeding
prediction models, that require more frequent re-evaluation of bleeding risk compared
to a baseline bleeding risk model, needs to be shown.

In our model, all patients regardless of the predicted bleeding risk benefited from
the prophylactic transfusions. The absolute risk differences varied between 3.4% for
quartile 1 (patients with the lowest predicted risk) and 12.8% for patients in quartile 4.
Although beforehand a larger benefit in the highest risk groups was expected, with the
small range of predicted bleeding risk and the wide confidence intervals and based on
the included baseline characteristics solely, we cannot conclude that the benefit for
patients truly differs between the risk quartiles. Our findings, despite of the limitations
of our risk prediction model, can be of importance for clinicians to realize that in our
study of almost 600 participants even a combination of baseline risk factors could not
distinguish between subgroups with different prophylaxis effects. Of course if in future
better bleeding risk discrimination becomes possible, the benefit of prophylactic
platelet transfusions needs to be differentially assessed again.

There are some additional limitations that should be considered in our analysis.
Firstly, in both our current as well as the original subgroup analysis of the TOPPS RCT
- as in any study -, unmeasured confounding of the subgroup effect is possible,
meaning that an observed subgroup effect cannot be causally attributed to the
subgroup.® The odds ratios we present in Table 2 only serve a prediction purpose, and
should not be mistaken as evidence for a real causal (in this regard a weak protective)
effect of the variable on the risk of bleeding. In that regard, it is also important to clarify
that in a shrunken prediction model, the wide confidence interval of the variable
‘randomization arm’ as presented in table 2 does not mean that the original results of
the TOPPS trial should be viewed differently.
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Afurther intrinsic limitation of our study is that our predictive model was developed
and tested in the same dataset. Although necessary because qualitative good and large
datasets are not easily available, this can lead to an over-optimistic model.3>33 We tried
to minimize this ‘overfitting’ by applying Ridge penalization. This technique shrinks the
regression coefficients towards zero, which aims to result in a more reliable model
when applied to other datasets. This strategy to (partly) correct the optimism of the
model, comes at the cost of having predicted risks that are too close to the group
average risk. Indeed, there was overfitting of the data in the original logistic regression
model, and substantial shrinkage was needed. Earlier studies suggest that the more
shrinkage is needed, the harder it will be to estimate the amount of shrinkage that is
required.?’ What is more, Ridge regression confidence intervals do not have their usual
interpretation and are solely reported to show the spreading of the results. All in all,
similar as the crude model, the predictive performance of the penalized model
remained poor (respectively 0.59, 95% Cl 0.55 to 0.64 and 0.58, 95% Cl 0.53 to 0.62).
Therefore, we conclude that independent of additional penalization, baseline risk
factors are suboptimal for predicting relevant bleeding.

The decision to divide patients in quartiles based on their predicted risk was made
since such a risk categorization is described in literature before.?® Looking at more than
four groups, moreover, is likely increasingly impractical for clinical practice.
Furthermore, more numerous categories would negatively affect the power of analyses
leading to probably no additional information from such.

Strengths of this study are that this study is the first to investigate if the beneficial
effect of prophylactic platelet transfusions in hemato-oncological patients differs in
patients with varying baseline bleeding risks, the latter based on a combination of
readily available patient characteristics. Also, a strong suit of our analysis is that instead
of a subgroup analysis based on a single variable, we considered many characteristics
that likely influence each other, which can lead a more accurate prediction of
personalized treatment effects.'>'3 This allows for a more comprehensive evaluation
of bleeding risk prediction in this population. In addition, with this technique, besides
the odds ratio, we were able to estimate absolute risk differences, which is described
to be of greater clinical relevance compared to a relative scale.’? Another strength is
the fact that we predefined all included variables and analysis, instead of statistical
selection procedures, to avoid overfitting.3* Lastly, a major asset of our study is that it
is performed in a high quality RCT dataset. Indeed, with 598 patients the TOPPs study
is one of the largest studies investigating platelet prophylaxis in this patient population.®

In summary, baseline risk factors have low discriminative ability to predict bleeding.
With the limitations of the poor prediction of our model leading to uncertainty of our
conclusions, patients in all risk groups seemed to benefit from a prophylactic platelet
transfusion strategy. While patients in a higher risk group seem to benefit more, we
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could not provide statistical evidence for this. Future models that incorporate dynamic
(time-dependent) clinical characteristics and biomarkers of hemostasis and endothelial
disruption may support better prediction of bleeding, and influence the expected
individual benefit for patients with different bleeding risk in time. However, so far and
based on this study, we are unable to identify patients with more or less benefit of
prophylaxis. Therefore prophylactic platelet transfusions should remain a standard
practice for most hemato-oncological patients who receive intensive therapy, although
recognizing that many patients continue to experience bleeding events despite
prophylaxis.



Expected individual benefits of prophylactic transfusions

Acknowledgements

We would like to thank Cara Hudson (from NHSBT Clinical Trials Unit) for assisting with
the data management. Also, we would like to thank all the centers that participated in
the TOPPS trial.

Funding
The main trial was funded by the National Health Service Blood and Transplant
Research and Development Committee and the Australian Red Cross Blood Service.

Conflict of interest
JJZ is in a scientific advisory council of Sanofi and received a speaker’s fee. LLC, CCD,
SFF-G, RHHG, SJS, and JGvdB have disclosed no conflicts of interest.

Ethics and approval

The original study protocol was approved by independent ethics committees in the
United Kingdom and Australia. The current statistical analysis plan was approved by
the science committee of the department of Clinical Epidemiology of the Leiden
University Medical Center, in Leiden, the Netherlands. The main trial was registered
on Controlled-Trials.com number, ISRCTN08758735.

Authors contributions

LLC designed the study, interpreted the results, and wrote the manuscript; CCD
designed the study, interpreted results, analyzed the data and revised the manuscript;
SFFG advised on the study design and revised the manuscript; RHHG advised on study
design/statistical procedures, reviewed the statistical procedures and revised the
manuscript; SS designed the TOPPS study and revised the manuscript; JJZ designed
the study, interpreted results and revised the manuscript; JGB designed the study,
interpreted results and revised the manuscript.

| 117




118 |

CHAPTER 5

References

1

10

"

12

13

14

15

16

17

18

19

20

Slichter, S. J.; Kaufman, R. M.; Assmann, S. F.; McCullough, J.; Triulzi, D. J.; Strauss, R. G.; Gernsheimer, T.
B.; Ness, P. M.; Brecher, M. E.; Josephson, C. D.; Konkle, B. A.; Woodson, R. D.; Ortel, T. L.; Hillyer, C. D.;
Skerrett, D. L.; McCrae, K. R;; Sloan, S. R.; Uhl, L.; George, J. N.; Aquino, V. M.; Manno, C. S.; McFarland,
J. G.; Hess, J. R.; Leissinger, C.; Granger, S. Dose of prophylactic platelet transfusions and prevention of
hemorrhage. N Engl | Med 2010, 362, 600-613.

Estcourt, L. J.; Birchall, J.; Allard, S.; Bassey, S. J.; Hersey, P.; Kerr, J. P.; Mumford, A. D.; Stanworth, S. J.;
Tinegate, H.; British Committee for Standards in, H. Guidelines for the use of platelet transfusions. Br J
Haematol 2017, 176, 365-394.

Schiffer, C. A,; Bohlke, K.; Delaney, M.; Hume, H.; Magdalinski, A. J.; McCullough, J. J.; Omel, J. L.; Rainey, J.
M.; Rebulla, P.; Rowley, S. D.; Troner, M. B.; Anderson, K. C. Platelet Transfusion for Patients With Cancer:
American Society of Clinical Oncology Clinical Practice Guideline Update. J Clin Oncol 2018, 36, 283-299.
Kaufman, R. M.; Djulbegovic, B.; Gernsheimer, T.; Kleinman, S.; Tinmouth, A. T.; Capocelli, K. E.; Cipolle,
M. D.; Cohn, C. S.; Fung, M. K.; Grossman, B. J.; Mintz, P. D.; O'Malley, B. A.; Sesok-Pizzini, D. A.; Shander,
A, Stack, G. E.; Webert, K. E.; Weinstein, R.; Welch, B. G.; Whitman, G. J.; Wong, E. C.; Tobian, A. A.; Aabb.
Platelet transfusion: a clinical practice guideline from the AABB. Ann Intern Med 2015, 162, 205-213.
Padhi, S.; Kemmis-Betty, S.; Rajesh, S.; Hill, J.; Murphy, M. F.; Guideline Development, G. Blood transfusion:
summary of NICE guidance. BM/ 2015, 357, h5832.

Bloedtransfusiebeleid. (accessed 26-05-2020.

Kreuger, A. L.; Middelburg, R. A.; Zwaginga, J. J.; Bom, J. G.; Kerkhoffs, J. L. H. Clinical practice of platelet
transfusions in haemato-oncology. Vox Sanguinis 2015, 109, 91-94.

Stanworth, S. J.; Estcourt, L. J.; Powter, G.; Kahan, B. C.; Dyer, C.; Choo, L.; Bakrania, L.; Llewelyn, C.; Little-
wood, T.; Soutar, R.; Norfolk, D.; Copplestone, A.; Smith, N.; Kerr, P.; Jones, G.; Raj, K.; Westerman, D. A;;
Szer, J.; Jackson, N.; Bardy, P. G.; Plews, D.; Lyons, S.; Bielby, L.; Wood, E. M.; Murphy, M. F.; Investigators, T.
A no-prophylaxis platelet-transfusion strategy for hematologic cancers. N Engl | Med 2013, 368, 1771-1780.
Miller, A. B.; Hoogstraten, B.; Staquet, M.; Winkler, A. Reporting results of cancer treatment. Cancer 1981,
47,207-214.

Stanworth, S. J.; Estcourt, L. J.; Llewelyn, C. A,; Murphy, M. F.; Wood, E. M.; Investigators, T. S. Impact
of prophylactic platelet transfusions on bleeding events in patients with hematologic malignancies: a
subgroup analysis of a randomized trial. Transfusion 2014, 54, 2385-2393.

Stanworth, S. J.; Hudson, C. L.; Estcourt, L. J.; Johnson, R. J.; Wood, E. M.; Invest, T. S. Risk of bleeding and
use of platelet transfusions in patients with hematologic malignancies: recurrent event analysis. Haema-
tologica 2015, 100, 740-747.

Dahabreh, I. J.; Hayward, R.; Kent, D. M. Using group data to treat individuals: understanding heteroge-
neous treatment effects in the age of precision medicine and patient-centred evidence. Int J Epidemiol
2016, 45, 2184-2193.

Kent, D. M.; Steyerberg, E.; van Klaveren, D. Personalized evidence based medicine: predictive approaches
to heterogeneous treatment effects. BM/ 2018, 363, k4245.

Stanworth, S. J.; Dyer, C.; Choo, L.; Bakrania, L.; Copplestone, A.; Llewelyn, C.; Norfolk, D.; Powter, G.;
Littlewood, T.; Wood, E. M.; Murphy, M. F.; Group, T. S. Do all patients with hematologic malignancies and
severe thrombocytopenia need prophylactic platelet transfusions? Background, rationale, and design of a
clinical trial (trial of platelet prophylaxis) to assess the effectiveness of prophylactic platelet transfusions.
Transfus Med Rev 2010, 24, 163-171.

Groenwold, R. H.; Moons, K. G.; Pajouheshnia, R.; Altman, D. G.; Collins, G. S.; Debray, T. P.; Reitsma, J.
B.; Riley, R. D.; Peelen, L. M. Explicit inclusion of treatment in prognostic modeling was recommended in
observational and randomized settings. / Clin Epidemiol 2016, 78, 90-100.

Kim, H.; Lee, J. H.; Choi, S.J.; Kim, W. K; Lee, J. S.; Lee, K. H. Analysis of fatal intracranial hemorrhage in 792
acute leukemia patients. Haematologica 2004, 89, 622-624.

Zumberg, M. S.; del Rosario, M. L.; Nejame, C. F.; Pollock, B. H.; Garzarella, L.; Kao, K. J.; Lottenberg, R.;
Wingard, J. R. A prospective randomized trial of prophylactic platelet transfusion and bleeding incidence
in hematopoietic stem cell transplant recipients: 10,000/L versus 20,000/microL trigger. Biol Blood Marrow
Transplant 2002, 8, 569-576.

Friedmann, A. M.; Sengul, H.; Lehmann, H.; Schwartz, C.; Goodman, S. Do basic laboratory tests or clinical
observations predict bleeding in thrombocytopenic oncology patients? A reevaluation of prophylactic
platelet transfusions. Transfus Med Rev 2002, 16, 34-45.

Pajouheshnia, R.; Groenwold, R. H. H.; Peelen, L. M.; Reitsma, J. B.; Moons, K. G. M. When and how to use
data from randomised trials to develop or validate prognostic models. BMJ 2019, 365, 12154.
Fustolo-Gunnink, S. F.; Fijnvandraat, K.; van Klaveren, D.; Stanworth, S. J.; Curley, A.; Onland, W.; Steyer-
berg, E. W.; de Kort, E.; d'Haens, E. J.; Hulzebos, C. V.; Huisman, E. J.; de Boode, W. P.; Lopriore, E.; van der



21

22

23

24

25

26

27

28

29

30

32

33

34

Expected individual benefits of prophylactic transfusions

Bom, J. G.; PlaNeT; collaborators, M. Preterm neonates benefit from low prophylactic platelet transfusion
threshold despite varying risk of bleeding or death. Blood 2019, 734, 2354-2360.

Van Calster, B.; van Smeden, M.; De Cock, B.; Steyerberg, E. W. Regression shrinkage methods for clinical
prediction models do not guarantee improved performance: Simulation study. Stat Methods Med Res 2020,
29,3166-3178.

Caetano, S. J.; Sonpavde, G.; Pond, G. R. C-statistic: A brief explanation of its construction, interpretation
and limitations. Eur J Cancer 2018, 90, 130-132.

Wandt, H.; Schaefer-Eckart, K.; Wendelin, K.; Pilz, B.; Wilhelm, M.; Thalheimer, M.; Mahlknecht, U.; Ho, A.;
Schaich, M.; Kramer, M.; Kaufmann, M.; Leimer, L.; Schwerdtfeger, R.; Conradi, R.; Dolken, G.; Klenner, A;
Hanel, M.; Herbst, R.; Junghanss, C.; Ehninger, G.; Study Alliance, L. Therapeutic platelet transfusion versus
routine prophylactic transfusion in patients with haematological malignancies: an open-label, multicen-
tre, randomised study. Lancet 2012, 380, 1309-1316.

Kumar, A.; Mhaskar, R.; Grossman, B. J.; Kaufman, R. M.; Tobian, A. A.; Kleinman, S.; Gernsheimer, T.;
Tinmouth, A. T.; Djulbegovic, B.; Panel, A. P. T. G. Platelet transfusion: a systematic review of the clinical
evidence. Transfusion 2015, 55, 1116-1127; quiz 1115.

Cornelissen, L. L., Kreuger, A.L., Caram-Deelder, C. et al. Thrombocytopenia and the effect of platelet
transfusions on the occurrence of intracranial hemorrhage in patients with acute leukemia - a nested
case-control study. Ann Hematol 2020.

Steyerberg, E. W.; Harrell, F. E., Jr.; Borsboom, G. J.; Eijkemans, M. J.; Vergouwe, Y.; Habbema, J. D. Internal
validation of predictive models: efficiency of some procedures for logistic regression analysis. J Clin Epide-
miol 2001, 54, 774-781.

Larsen, A. M.; Leinoe, E. B.; Johansson, P. |; Birgens, H.; Ostrowski, S. R. High syndecan-1 levels in acute
myeloid leukemia are associated with bleeding, thrombocytopathy, endothelial cell damage, and leukocy-
tosis. Leuk Res 2013, 37, 777-783.

Leinoe, E. B.; Hoffmann, M. H.; Kjaersgaard, E.; Nielsen, J. D.; Bergmann, O. J.; Klausen, T. W.; Johnsen, H.
E. Prediction of haemorrhage in the early stage of acute myeloid leukaemia by flow cytometric analysis of
platelet function. BrJ Haematol 2005, 128, 526-532.

Batman, B.; van Bladel, E. R.; van Hamersveld, M.; Pasker-de Jong, P. C. M.; Korporaal, S. J. A.; Urbanus,
R. T.; Roest, M.; Boven, L. A;; Fijnheer, R. Agonist-induced platelet reactivity correlates with bleeding in
haemato-oncological patients. Vox Sang 2017.

Vinholt, P.J.; Knudsen, G. H.; Sperling, S.; Frederiksen, H.; Nielsen, C. Platelet function tests predict bleed-
ing in patients with acute myeloid leukemia and thrombocytopenia. Am / Hematol 2019, 94, 891-901.
Groenwold, R. H.; Donders, A. R.; van der Heijden, G.].; Hoes, A. W.; Rovers, M. M. Confounding of subgroup
analyses in randomized data. Arch Intern Med 2009, 7169, 1532-1534.

van Klaveren, D.; Balan, T. A.; Steyerberg, E. W.; Kent, D. M. Models with interactions overestimated
heterogeneity of treatment effects and were prone to treatment mistargeting. / Clin Epidemiol 2019, 114,
72-83.

Babyak, M. A. What you see may not be what you get: a brief, nontechnical introduction to overfitting in
regression-type models. Psychosom. Med. 2004, 66, 411-421.

Steyerberg, E. W.; Vergouwe, Y. Towards better clinical prediction models: seven steps for development
and an ABCD for validation. Eur Heart / 2014, 35, 1925-1931.

| 119




120 |

CHAPTER 5

Supplementary material
Complete models

Crude model

Logit(P (WHO bleeding grade 2, 3 or 4)) =-0.58241 + (0.0081 * age of inclusion) + (0.0031
* platelet count on day of inclusion) + (0.5022 * sex) + (-0.0794 * diagnosis) + (-0.0708
* randomisation armi) + (0.3703 * diagnosis * randomisation arm) + (0.5429 * disease
modifying treatment * randomisation arm)

Penalized model

Logit(P (WHO bleeding grade 2, 3 or 4)) =-0.26311 + (0.0035 * age of inclusion) +(0.0013
* platelet count on day of inclusion) + (0.2398 * sex) + (-0.0025 * diagnosis) + (-0.0417
* disease modifying treatment) + (-0.0398 * disease status) + (-0.0788 * SCT in history)
+(-0.2138 * randomisation arm#) + (0.2014*diagnosis * randomisation arm) + (0.1466
* disease modifying treatment * randomisation arm)

Add the following numbers in formula

Age of inclusion: Age in years

Platelet count on day of inclusion: Platelet count, ...x10°%/L

Sex: Female =1, Male =0

Diagnosis: Acute leukemia =1, Lymphoma, Myeloma or Other =0
Disease modifying treatment: Chemotherapy or allogeneic SCT =1, Autologous SCT =0
Disease status: Relapsed disease =1, New diagnosis =0

SCT in history: Yes =1, No =0

Randomization armi: Prophylactic =1, Therapeutic =0

tThe intercept of the models represents the risk for patients who would have the value
zero for all variables in the model, even for age and platelet count. It therefore is not
applicable for any individual patient but could be seen as a baseline risk to which can
be altered in both directions based on the true values of the other variables.

¥ The randomization arm was added because ignoring treatments that affect the out-
come in the prediction model can lead to an inaccurate predicted probability.(1) Since
the original TOPPS paper found that the therapeutic transfusion arm was on average
inferior to the prophylactic transfusion arm, the predicted risk of bleeding could be
lower than the ‘true’ risk when not taking the randomization arm into account.
Abbreviations: WHO = Word Health Organization, SCT = stem cell transplantation

1. Groenwold RH, Moons KG, Pajouheshnia R, Altman DG, Collins GS, Debray TP, et al. Explicit inclusion of
treatment in prognostic modeling was recommended in observational and randomized settings. J Clin Epidemiol.
2016;78:90-100.
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Sensitivity Analyses
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Figure S1. Calibration plot of predictions of WHO grade 2, 3 or 4 bleeding in complete case analysis
(n=592)

Validity of predictions of WHO grade 2, 3 or 4 bleeding in complete case analysis. The triangles indicate
the predicted probabilities and observed frequencies for all four risk quartiles (based on assumption of a
therapeutic transfusion strategy). The diagonal line represents ideal calibration, when observed and predicted
probabilities are identical. The calibration slope is 1.25 (0.43 to 2.06) with an intercept of -0.03 (-0.19 to 0.13).
The c-statistic is 0.57 (0.53 to 0.62).

Figure S1 is comparable to figure 1, meaning that imputing baseline values when missing (n=6) did not
influence our results in a relevant matter.

Abbreviations: WHO = Word Health Organization
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Figure S2. Histogram of predicted absolute risk of WHO grade 2, 3 or 4 bleeding in complete case

analysis (n=592)

Predicted absolute risk of WHO grade 2, 3 or 4 bleeding in complete case analysis (based on assumption
of a therapeutic transfusion strategy) is represented as the absolute risk of outcome on the x-axis and the
frequency of each absolute risk category (0.36-0.37, 0.37-0.38 etc.) in the trial population on the y-axis. The
dotted lines represent the cut-off for the four quartiles of predicted risk on bleeding.

Figure S2 is comparable to figure 2, meaning that imputing baseline values when missing (n=6) did not

influence our results in a relevant matter.
Abbreviations: WHO = Word Health Organization
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Figure S3. Observed risks, odds ratios and absolute risk differences between a prophylactically and
therapeutically platelet transfusion strategy with respect to WHO grade 2, 3 or 4 bleeding in complete
case analysis (n=592).

Event rates (panel A), odds ratios (panel B) and absolute risk differences (panel C) for the complete case
analysis are presented for all four risk categories, vertical lines represent 95% confidence intervals, horizontal
dotted lines represent overall trial results. A positive absolute risk reduction represents the risk decrease for
a prophylactic platelet transfusion strategy as compared to a therapeutic platelet transfusion strategy. Figure
S3is comparable to figure 3, meaning that imputing baseline values when missing (n=6) did not influence our
results in a relevant matter.

Abbreviations: WHO = Word Health Organization

| 123



124 |

CHAPTER 5

Results crude model
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Figure S4. Calibration plot of predictions of WHO grade 2, 3 or 4 bleeding of crude prediction model
Validity of predictions of WHO grade 2, 3 or 4 bleeding when applying a crude prediction model, i.e. without
correction for optimism. The triangles indicate the predicted probabilities and observed frequencies for all
four risk groups (based on assumption of a therapeutic transfusion strategy). The diagonal line represents
ideal calibration, when observed and predicted probabilities are identical. The calibration slope is 0.69 (0.16 to
1.22) with an intercept of 0.08 (-0.08 to 0.25). The c-statistic is 0.56 (0.52 to 0.61).

Abbreviations: WHO = Word Health Organization
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Figure S5. Histogram of predicted absolute risk of WHO grade 2, 3 or 4 bleeding of crude prediction
model

Predicted absolute risk of WHO grade 2, 3 or 4 bleeding based on the crude prediction model without
correction for optimism (based on assumption of a therapeutic transfusion strategy) is represented as the
absolute risk of outcome on the x-axis and the frequency of each absolute risk category (0.27-0.28, 0.28-
0.29 etc.) in the trial population on the y-axis. The dotted lines represent the cut-off for the four quartiles of
predicted risk on bleeding.

Abbreviations: WHO = Word Health Organization
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Figure S6. Observed risks, odds ratios and absolute risk differences between a prophylactically and
therapeutically platelet transfusion strategy with respect to WHO grade 2, 3 or 4 bleeding for crude
prediction model

Event rates (panel A), odds ratios (panel B) and absolute risk differences (panel C) based on the crude
prediction model, without correction for optimism, are presented for all four risk categories, vertical lines
represent 95% confidence intervals, horizontal dotted lines represent overall trial results. A positive absolute
risk reduction represents the risk decrease for a prophylactic platelet transfusion strategy as compared to a
therapeutic platelet transfusion strategy.

Abbreviations: WHO = Word Health Organization
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Abstract

Introduction

Haemato-oncological patients often receive platelet count driven prophylactic platelet
transfusions to prevent bleeding. However, many prophylactically transfused patients
still bleed. More knowledge on risk factors for bleeding is therefore needed. This will
enable identification of bleeding risk profiles on which future transfusion policy can
be optimised. The present BITE (Bleeding In Thrombocytopenia Explained) study aims
to identify clinical conditions and biomarkers that are associated with clinically relevant
bleeding events.

Methods and analysis

A matched case-control study nested in a cohort of haemato-oncological patients in
the Netherlands. We collect a limited number of variables from all eligible patients,
who together form the source population. These patients are followed for the
occurrence of clinically relevant bleeding. Consenting patients of the source population
form the cohort. Cases from the cohort are frequency matched to selected control
patients for the nested case-control study. Of both case and control patients more
detailed clinical data is collected.

Study Population

Adult haemato-oncological patients, who are admitted for intensive chemotherapeutic
treatment or stem cell transplantation, or who received such treatments in the past
and are readmitted for disease or treatment related adverse events.

Statistical analysis

Bleeding incidences will be calculated for the total source population, as well as for
different subgroups. The association between potential risk factors and the occurrence
of bleeding will be analysed using conditional logistic regression, to account for
matching of case and control patients.

Ethics and dissemination

The study was approved by the Medical Research Ethics Committee Leiden Den Haag
and Delft, and the Radboudumc Committee on Research Involving Human Subjects.
Approval in seven other centres is foreseen. Patients will be asked for written informed
consent and data is coded before analyses, according to Dutch privacy law. Results will
be published in peer reviewed journals.

Study registration
Dutch web portal Toetsing Online (NL62499.058.17), Clinicaltrials.gov (NCT03505086).
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Introduction

To prevent clinically relevant bleeding events, haemato-oncology patients usually
receive prophylactic platelet transfusions, mostly on a platelet count trigger of
10x10%L." Although platelet counts seem to be poorly related with the occurrence of
bleeding,? patients treated with trigger-based prophylactic platelet transfusions in
randomised controlled trials experience less bleeding as compared to patients with
therapeutic transfusions, i.e. triggered by bleeding symptoms.23 In one trial, the
incidence of bleeding was 50% in patients without prophylactic transfusions, compared
with 43% in patients who did receive prophylactic transfusions.? Hence, these data
show that the present prophylactic transfusion strategy, is largely ineffective because
it does not prevent bleeding in a significant percentage of patients. On the other hand,
half of the patients seem overtreated because this percentage shows no bleeding
symptoms without transfusions.

Personalisation of platelet transfusion strategies could improve patient care in the
haemato-oncological population. Additional to platelet counts, also other factors have
been implicated to influence bleeding risk in haemato-oncology patients, like disease
stage, disease type, type of treatment (chemotherapy and allogeneic stem cell
transplantation (SCT) versus autologous SCT), fever or presence of infection, Graft
versus Host Disease (GvHD), splenomegaly, need for RBC transfusion, and the presence
of uraemia.2*7 Finally, intrinsic factors of the patient are likely to be of influence, like
an increased bleeding or thrombotic tendency. Knowledge on these, and other
additional risk factors is so far not sufficient to change the currently applied prophylactic
transfusion strategy into a more personalised transfusion strategy.

The mechanisms explaining these risk factors, are likely changes in the haemostatic
system. So, additional to platelet counts, we hypothesize it is also important to gain
insight in biomarkers characterizing platelet function, vascular integrity, the plasmatic
coagulation and fibrinolytic system and their relation to the bleeding tendency in these
patients.

The BITE study investigates the role of potential risk factors on clinically relevant
bleeding in haemato-oncology patients who have or have had a thrombocytopenic
period. Most research investigating prophylactically platelet transfusions has been
performed in patients during their treatment (i.e. chemotherapy, SCT). Following such
treatments, readmission for disease or treatment related complications, however, is
quite common. We therefore also investigate bleeding incidence and bleeding risk
factors in patients readmitted after receiving intensive therapy in the past.

Additionally, the BITE study will study actual haemostatic biomarkers for platelet,
vascular and coagulation dysfunction,®'2 that are likely influenced by these clinical risk
factors. Therefore, the BITE study will, in a next phase, also incorporate blood and urine
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sampling in a subpopulation of patients during their admission. Such biomarkers could
possibly be used to identify high risk patients and even better predict bleeding, and
thereby add to a more personalized prophylactic regimen. Also, these biomarkers
could lead to a better understanding of the potential causal mechanisms for bleeding.

Study objectives

Primary objective

1. To describe and quantify the contribution of potential risk factors to clinically
relevant bleeding in haemato-oncological patients, who have or have had a
thrombocytopenic period.

Secondary objectives

1. To quantify the incidence of bleeding in hospitalized haemato-oncological patients,
and for subgroups based on their diagnosis and indication for admission.

2. To identify other haemostatic biomarkers besides platelet counts as predictors of
bleeding, and as potential mechanistic explanations of any associations between
clinical risk factors and bleeding.

3. To compare WHO and ISTH bleeding score grades for any associations with the
studied risk factors

4. To develop a risk factor-based prediction score for bleeding, as basis for personalized
prevention of bleeding.

5. To quantify the association between evident pre-existing bleeding tendencies and
bleeding during haemato-oncological disease.

Methods and analysis

Study design

The BITE study is a multicentre matched case-control study nested in a cohort of adult
haemato-oncological patients in the Netherlands from 2018 to 2023. Nine Dutch
hospitals have agreed to participate (5 university medical centres and 4 large regional
community hospitals). With 5 of 8 university centres in the Netherlands we estimate
to have about 25% of all Dutch haemato-oncologic patients in our source population.
Dutch transfusion guidelines ensure reasonable standardization on prophylactic
platelet transfusion strategies and additional support. However, by stratification of
case and control patients per centre any variations in transfusion strategies between
centres are expected to be largely controlled for. The hospital names are given in the
supplemental material.
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The study has a two-step approach (figure 1). First, in all participating hospitals all
patients admitted to the haematology ward are screened for eligibility by a trained
member of the local study team. If eligible, patients are part of the total source
population. For all patients in the source population information about diagnosis and
indication for admission is recorded, as well as the occurrence of a clinically relevant
bleeding during admission (also see study population, data collection and supplemental
material). Patients in the source population are asked informed consent for eventual
participation in the cohort for the nested case control study. Consenting patients form
the cohort population and are marked as BITE study participants in the local certified
electronic patient systems, e.g. HiX or EPIC.

Source population
All patients admitted in the haemato-oncology ward who fulfill the inclusion criteria
- Patients asked to participate who do not give informed consent ]
l— Patients not asked to participate
Cohort population
Patients who give informed consent
. Patients who do not bleed
( Patients who bleed ] [ Eligible controls ]
e 5y
! Case control study !
1 1 -
. Control patients Patients not

| [ Case patients J [ matched to cases ] i[selected as controlsJ
: cases controls 1
X 90 0 0 ' O O O
ewra @ BFRER O LU
1 1
: 00 . O O O
e fEE 000
1 1
| O ® 0 i 0 0 O
. Group3:0 ﬁ 99 ' Q Q D
l\ ,

Figure 1. Source population, cohort population and case control study

The source population consists of all patients fulfilling the eligibility criteria. The source population will be used
for calculation of incidence rates. For this purpose, minimal data is collected. The cohort population consists
of all consenting patients in the source population. Case identification and control selection is performed
from the cohort population. The case control study is performed with consenting patients who have clinically
relevant bleeding during admission (cases) and one to four matched controls per case. This population will
be used for estimating rate ratios for different potential risk factors and the occurrence of clinically relevant
bleeding and developing a prediction score. For these purposes, extensive data collection is performed.
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Second, within this cohort we perform a nested matched case control study. Case
patients are those with a clinically relevant bleeding. Control patients are sampled from
the cohort.

Definition clinically relevant bleeding
A uniform and practical scoring of bleeding severity is of great importance. The WHO
score for bleeding is often used.”> WHO grade 3 and 4 bleedings are mostly clinically
relevant, and for example can lead to red cell transfusions or haemodynamic instability.
On the other hand, grade 1 bleedings, like petechiae, are not directly harmful. The
WHO grade 2 score comprises a large variety of bleeding events of which some certainly
have clinical relevance.

Another scoring system, the ‘International Society on Thrombosis and Haemostasis
(ISTH) score explicitly discerns clinically relevant major and non-major bleedings. Here,

’

a bleeding is defined as major if it is fatal or symptomatic in a critical organ, when it
induces a haemoglobin (Hb) drop of at least 1.24 mmol/L (2 g/dL) or when it leads to
two or more red blood cell transfusions.’ Non-major bleeding according to the ISTH
criteria is only defined as clinically relevant if additional medical evaluation or
intervention is required.’ In the WHO criteria the latter are for a large part categorized
as grade 2 bleedings, but are there not discerned for their clinical relevance.

In this study, we define clinically relevant bleeding as all clinical relevant bleeding
according to ISTH criteria (i.e. major and non-major).’*'> Hence, case patients are all
patients with bleedings requiring substantial additional medical intervention. According
to the WHO scoring system,? this includes grade 3 and 4 bleedings, as well as all grade
2 bleedings leading to additional medical care. Both bleeding grade scores are
registered.

Study Population

Eligibility criteria for the source population

- Patients of > 18 years who are admitted with a haemato-oncological disease
(including myelodysplastic syndrome with intensive treatment and aplastic anaemia
with intensive treatment) or who are admitted because of disease or treatment
related complications for at least one night.

- Who receive chemotherapy or stem cell transplantation (SCT), or have received such
intensive therapy (likely to induce the need for prophylactic platelet support) at any
time since haematological diagnosis.

- Who (are expected to) have a thrombocytopenic period with platelet counts of <50
of at least 5 days or have experienced such a thrombocytopenic period in the past
because of the treatment mentioned above.
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Recruitment and consent

All patients in the source population are (if logistically possible) asked for written
informed consent via a local research team. Via this written informed consent patients
can consent for potential inclusion as case or control patient. Non-consenting patients
will be registered to determine the total number of eligible admissions and clinically
relevant bleedings, which is needed to calculate incidences. Inclusions started in
December 2018, currently two hospitals are including patients. So far, 468 patients
were registered in the logs of the source population, of which 318 (68%) were asked
for informed consent. The response rate of consent was 75% (239 patients with signed
informed consent). Of these, in 32 patients (13%) a clinically relevant bleeding was
reported, which is a slightly higher rate compared to the expected bleeding incidences
used for sample size calculation.

Identification and selection of cases and controls

Treating physicians are asked to report any case of clinically relevant bleeding to the
local study team. The study team registers all reported clinically relevant bleedings of
the entire source population. If needed physicians are asked for details of bleeding
incidents. To minimize underreporting of clinically relevant bleeding, reporting is
actively monitored on a weekly basis by the study team. This is done by asking whether
clinically relevant bleedings occurred in weekly grand rounds and by personal contact
with treating physicians on the ward. Patients with bleeding, if they gave consent,
become case patients. The bleeding event is thereafter graded according to both WHO
and ISTH scores by a trained member of the study team. Cases of doubt are discussed
with the local principal investigator (an experienced haematologist) for confirmation.
Control patients are selected from the cohort based on the matching criteria, which
are hospital, diagnosis, indication for admission, and time.

Matching is performed to efficiently adjust for diagnosis and treatment.'® Matching
per hospital allows for adjustment of local differences, e.g. in treatment. Additionally,
we match cases and controls on days from start therapy or days of admission if the
patient is currently not treated (figure 2). The time from admission is of influence on
the risk of many exposures, and primarily on the association of the effect of intensive
chemotherapy and bleeding. Without matching for time, cases and controls would
therefore not be comparable in this exposure time which can lead to incorrect effect
measures for other variables as well. A potential control patient is excluded as control
if he/she also experienced a clinically relevant bleeding up to the date that corresponds
with the index date of the case patient (see also figure 2 and section data collection).
If a control patient develops clinically relevant bleeding after the matched index date
for the case patient, the control can also be included as a case patient.

| 135




136 |

CHAPTER 6

R \

@:@ Limplicated period for data coIIection]

con;rols < > @ 5
tn

to

Figure 2. Graphic explaining the index period used for data collection

t,=first day of treatment or day of admission

t = index day: treatment day or admission day, and bleeding day for cases

Matching was performed for hospital of admission, diagnosis and admission indication

Per case, we match up to a maximum of 4 controls, as this is thought to be the most
optimal ratio to estimate risk ratios even when exposure is rare."” If more than four
eligible control patients are available, we select the ones closest in calendar time to
the case. The maximum time span between the bleeding event of the case and the
date of admission of the control is one year.

For validation of completeness of case identification, per hospital 100 patients from
the cohort will be randomly sampled. In this sample, we will check if the bleeding
incidence is as expected and if for ‘'non-bleeding patients’ no unreported clinically
relevant bleeding is noted in their clinical records.

Sample size

For calculation of the sample size, a power of 80% and confidence interval of 95%
(alpha=5%) was used. Based on a 1:4 ratio of cases and controls, inclusion of 1.000
patients (i.e. 200 cases and 800 controls) will give this case control study enough power
to detect risk ratio (RR) of 2 or smaller, depending on the prevalence of the risk factor.
However, inclusion of four control patients might not be feasible for (all) cases. Even
if for example only a 1:2 ratio is reached, the number of cases needed to detect a RR
of 2, is only slightly higher, especially when exposure prevalence is relatively high (see
figure 3). Therefore, during the entire study we intend to include 200 cases and 400-
800 control patients.

A previous study observed an incidence of WHO grade 2 bleedings of 56% and of
WHO grade 3-4 bleeding of 7.8%.'® Based on these incidences, and an expected number
of 2.000 admissions with a thrombocytopenic period in participating and future
participating hospitals per year, we expect between 75 and 150 patients with clinically
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Figure 3. Study size necessary to detect a relative risk of 2

Lines indicate the number of cases needed to achieve 80% power to detect a statistically significant difference
(i.e. type one error rate smaller than 5%), at different exposure prevalences, if the true relative risk is 2. Ratio
indicates the ratio of cases to controls. At a ratio of 1:4 fewer cases will always be needed to achieve the same
power, compared to the other rate ratios causing the 1:4 line to be entirely below the 1:1, 1:2 and 1:3 lines. The
more controls per case, the fewer cases we need to achieve this power.

relevant bleeding per year. Not all hospitals start enrolling patients at the same time,
and some of cases will be missed. Therefore, we estimate to initially include 30-50
cases of clinically relevant bleeding per year, this number will increase when more
hospitals enrol.

The biomarker sampling will start in a next phase of the study. Consequently, we
will not have samples of all cases and controls and we expect to only have power for
hypothesis generating conclusions.

Data collection

Clinical data and bleeding assessment tool

For all patients in the source population the following information is recorded:
diagnosis, indication for admission, age at admission, date of admission and discharge.
For cases the date of bleeding is recorded by the local study team.

For the case or control patients, additional clinical and laboratory data are collected.
Where possible, data collection is electronic (e.g. transfusion data and laboratory
results). Data will be requested and extracted after identification of all case patients
and selection of matched controls. The data will be extracted by each hospitals’
information technology department (IT). Every hospital involved in the BITE study has
a dedicated IT department regularly involved in research. The information is then
merged to the BITE study database.
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Other variables are extracted from the medical records. This includes among others
general characteristics (e.g. sex, age, BMI), infection parameters, relevant co-medication
(e.g. anti-coagulation), interventions, trauma or vomiting during admission,
comorbidities, and outcome after admission (see supplementary material). In addition,
we ask patients to fill out a questionnaire about their bleeding tendency before
diagnosis. The questionnaire is a Dutch translation of the validated ISTH self-bleeding
assessment tool.’?2°

Data is not collected for the entire duration of admission. Instead, for every case
an implicated period is determined, which is the 7 days preceding bleeding. For
controls, the implicated period will be the same 7 days calculated from day of start of
chemotherapeutic treatment or from day of admission, if the patient is not admitted
for chemotherapy or SCT (figure 2).

The source population data collection is performed daily by the local research team,
which registers all eligible patients as soon as possible after admission to the hospital.
Additional data of cases and controls is collected from medical records by the
researchers and trained study personnel.

Collection and storage of laboratory samples
In a subset of hospitals, after initial implementation of the BITE study, laboratory
sampling will also be started. Samples are only obtained from patients who are
admitted for chemotherapy or stem cell transplantation. During routinely performed
blood sampling from venepuncture or from a central line, additional blood samples
(10 ml of citrate plasma) will be drawn twice a week for a maximum of 4 weeks, with
additional samples directly after admission and in cases also after clinically relevant
bleeding. Additionally, urine samples will be collected to investigate microalbuminuria
as a marker for endothelial damage and potential predictor of bleeding. Urine samples
will be collected after admission and once a week for a maximum of four weeks of
admission.

All blood samples will be stored at -70/-80 degrees Celsius until enrolment of new
patients is ended. At that point measurements will be planned. Urine samples will be
measured within 1 year, since after that levels of albumin may decline. '

Data security

|u

We document identifiable source population data in a “per-hospital” secured excel file,
used as log file. This file is specifically designed for this study and only accessible for
the certified local study team authorized to the secured environment in which the log
file is safeguarded. For every unique patient, a unique study number is automatically
generated. The log file is also used as a key to the study codes at the local hospital.

Data is shared with the study team only after removal of all directly identifiable
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information. The documents shared at the end of the study period with the data
management of the study will only contain study numbers.

Non-directly identifiable data collected from the medical records of cases and
controls are coded and transferred to good clinical practice conform CRFs, in a certified
secured online system (Castor®, Information Security 1ISO 27001 - Standards for
Information Security Assurance). Access to the Castor CRF page is only possible for
registered users who are authorised by a data management team. Data collection is
only performed by persons certificated for Good Clinical Practice or the Dutch version
(BROK course). Electronically derived data from the electronic patient files will be
transferred without identifiable information to a GCP-certified data management team.
After data cleaning by the data management team, the data will be made available to
the researchers to perform analyses. The data is saved in a secured environment in
the Leiden University Medical Centre (LUMC) for a minimum of 15 years.

Monitoring and quality assurance

Each participating site of the BITE study will be monitored, with a minimum frequency
of once a year. Source data verification is performed for patients randomly sampled
from each hospital. Monitoring and auditing is performed according to a monitoring/
auditing plan that has been approved by the LUMC.

Patient and Public involvement

Patients are involved from the moment that the research team asks for consent. In
the design of the studies patients were not involved. For the questionnaire, we asked
the first group of patients that were included how they experienced the content and
time investment. Since no problems occurred in this respect, we kept the questionnaire
in the current format.

Statistical analysis

We will calculate incidence rates of bleeding in the total source population and for
subgroups of diagnosis and indication for admission. Besides induction, consolidation,
types of transplant, “other” indications for admission are described and grouped (e.g.
bleeding, granulocytopenic fever, (types or sites of) infections) to allow additional
analyses.

Furthermore, we will examine associations of potential risk factors with the
incidence of bleeding in the nested case control study by conditional logistic regression,
adjusting for matching factors (i.e. diagnosis and treatment) and other confounding
factors that will be selected for each exposure variable separately. Because controls
are selected via an incidence-density sampling procedure based on time at risk (see
also figure 2), the odds ratios will be interpreted as incidence rate ratios with 95%
confidence intervals.??
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Detailed analysis plans will be written and peer-reviewed by an established scientific
committee (e.g. Sanquin Research/LUMC) before data is made available for analyses.

Ethics and dissemination

The Medical Research Ethics Committee Leiden Den Haag and Delft approved the BITE
study, which is conducted according to the principles of the Declaration of Helsinki
(last update 2008) and the Dutch Medical Research Involving Human Subjects Act (last
update March 2017). Also, the Radboudumc Committee in Research Involving Human
Subjects approved enrolment in the Radboudumc. Seven other study sites have signed
a research declaration, showing their willingness to participate in enrolment (Erasmus
MC, Maastricht UMC, Amsterdam UMC (location VUmc), Meander Medical Center, St.
Antonius hospital, Haga teaching hospital and the Maxima MC). In each study centre
local procedures to obtain approval from the board of directors and/or ethical
committees are followed. We foresee approval in the Erasmus MC and Maastricht UMC
in the summer of 2020, and expect to start local procedures for the other hospitals
later in 2020 or beginning 2021.

The BITE study is registered at the Dutch web portal Toetsing Online (NL62499.058.17)
and at the international web portal clinicaltrials.gov (NCT03505086). Changes in
protocol and amendments will be approved by the involved ethical borders and
registered before implementation.

Data of consenting patients are coded for privacy reasons, according to the Dutch
version of the European General Data Protection Regulation, which is effective from
May 2018.

The final publication(s) of the study results will be written by the coordinating
investigators and principal investigator. A draft manuscript of each paper is first sent
to all co-authors for review and feedback. After revision, the manuscript will be sent
to a peer reviewed scientific journal. Authors of the manuscript will include the
coordinating investigators, principal investigator, local principal investigators who have
included more than five cases and others who have made significant scientific
contributions. The results will be published in several papers in peer reviewed journals,
based on the different objectives.
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Strengths and limitations of this study

. The prospective documentation of a cohort of haemato-oncology patients
with intensive chemotherapy or stem cell transplantation enables incidence
density sampling of incident cases of clinically relevant bleeding and optimally
matched control patients.

. This study design enables the quantification of associations between measured
risk factors and major bleeding maximally adjusted for confounding and
selection bias.

. The incidence of clinically relevant bleeding is reliably estimated in a large
unselected source population due to weekly communication of the study team
with treating physicians.

. Missing blood samples in a large number of patients may lead to imprecise
estimates of the associations between biomarkers and bleeding risk.

. Some haemato-oncology patients may die before measurements are done,
which may lead to selection bias.
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Supplementary material

Patient information letters can be found at BMJ Open. 2020 Jun 30;10(6):e034710. doi:
10.1136/bmjopen-2019-034710

Variables collected for source population

- Diagnosis: acute myelocytic leukemia, acute lymphatic leukemia, promyelocytic

leukemia, chronic myelocytic leukemia, Hodgkin lymphoma, non-Hodgkin lymphoma,
myelodysplastic syndrome, aplastic anemia
Indication for admission: remission-induction chemotherapy, consolidation

chemotherapy, autologous stem cell transplantation, myeloablative allogeneic stem
cell transplantation, non-myeloablative allogeneic stem cell transplantation, other
indication

Additional admission specifications: for example (type of) infection, chemotherapy
schedule, etc.

Date of admission and date of discharge

Clinically relevant bleeding during admission: yes or no (including date)

Sex
Age at date of admission

Informed consent: yes or no

Variables collected in cases and control patients

General characteristics: year of birth, WHO performance score at admission, BMI,
intoxications (alcohol and smoking), ABO rhesus status patient

Bleeding characteristics (cases only): involved organ system, bleeding description,
interventions after bleeding, WHO bleeding score (with distinction of grade 2a: not
clinically relevant, and grade 2b: clinically relevant), ISTH bleeding score, date of

clinically relevant bleeding (= index day, NB: controls also have a corresponding
index day registered)
Data about diagnosis and indication for admission: Diagnosis in groups, as well as

described in conclusions, additional diagnostic testing leading to diagnosis, disease
activity at index day (active disease, partial remission, complete remission), disease
status (new, relapse, transformation etc.), indication for admission (e.g. remission
induction chemotherapy, consolidation therapy, allogeneic SCT, etc, all including
description), previous stem cell transplantations in medical history, previous
radiation therapy in medical history, transplantation details, Indications for
admission to the hematology ward, including complications during admission for
previous admissions, etc.
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- Comorbidities: description of present comorbidities, need for usage of
antihypertensive medication/ cholesterol-lowering medication/medication for
diabetes mellitus/medication for ischemic heart disease, bleeding events reported
in medical history before diagnosis

- Medication in 10 days before index day: e.g. anti-coagulant medication, antiplatelet
medication, anti-infectious medication, chemotherapy, immuno-suppressive
medication, etc.

- Infection data in 7 days before index day: highest temperature per day, presence
or suspicion of infection, results of cultures and PCR's, active infection treatment,
radiology results, infection in conclusion or differential diagnosis, etc.

- Mucositis related data in 7 days before index day: Mentioning of mucositis (or
suspicion) in medical record, location (possible) mucositis, WHO grading mucositis,
usage of medication for mucositis, need for tube feeding or total parental feeding

- Clinically non-relevant bleedings in 7 days before index day: presence described in
medical records, and if so, description and WHO bleeding grade.
- Transfusion data in 7 days before index day: Triggers for platelet and erythrocyte

transfusions, prophylactic or therapeutic transfusions, number of transfused
products, platelet refractoriness described
- Transplantation related complications in 7 days before index day: which complication

(Venous occlusive disease, capillary leak syndrome, engraftment syndrome, HSCT-
associated thrombotic microangiopathy, haemorrhagic cystitis, idiopathic
pneumonia syndrome, graft versus host disease), in case of graft versus host disease:

acute versus chronic, location, severity.
Other possible risk factors in 7 days before index day: presence of trauma or
intervention, mobility status patients, vomiting
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CHAPTER 7

General discussion

Bleeding is a commonly encountered problem in hemato-oncology patients. Despite
widely applied prophylactic platelet transfusions that aim to prevent episodes of
hemorrhage, bleeding still occurs. It is estimated that between 1.2% and 7.8% of the
patients experience severe bleeding during treatment.'> Here, severe bleeding is
defined as a bleeding with a World Health Organization (WHO) bleeding score of grade
3 or 4.5 Bleeding of WHO grade 2 or higher may occur in up to 71% of patients within
30 days of admission for intensive chemotherapy,? while up to 89% of all patients
experience a bleeding of any grade during their hospital admission.®

For more effective prevention, and thus a further reduction in clinically relevant
bleeding episodes, more knowledge on bleeding in hemato-oncology patients is
needed. First, it is important to understand which factors are contributing to the
development of bleeding. This can help to establish targeted prophylactic interventions
in the future. Second, adequate prediction of bleeding is essential, to identify patients
who might benefit from specific preventive interventions.

The main goal of this thesis was to contribute to these knowledge gaps. We
described a part of the current clinical practice in patients with persistent deep
thrombocytopenia, a subpopulation that has had little attention in research so far.
Furthermore, we identified conditions that are associated with (intracranial) bleeding.
Also, we aimed to predict the effect of the most widely applied bleeding prophylaxis,
namely prophylactic platelet transfusions, for individual patients.

Current clinical practice

With the ultimate ambition to be able to prevent clinically relevant bleeding more
efficiently in the future, a first step is to identify potential points of improvement by
describing current clinical practice. For this, a summary of the general recommendations
and considerations for prophylactic platelet transfusions for hemato-oncology patients
from established transfusion guidelines is provided in table 1.712

Platelet prophylaxis in patients with transient thrombocytopenia

For hospitalized patients, who receive intensive therapies such as high dose chemo-
therapy or stem cell transplantations (SCT), and for whom the thrombocytopenia is
expected to be transient, all guidelines recommend giving prophylactic platelet trans-
fusions at platelet counts of < 10x10%L. However, for specific subgroups or clinical
conditions, recommendations in the different guidelines are inconsistent.’® Stable
patients receiving an autologous SCT form a specific group for whom prophylactic
platelet transfusions could be withheld, according to two guidelines.®® This advice is
based on secondary analysis of one randomized controlled trial (RCT), which suggest
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that these patients do not benefit from the transfusions, while patients with intensive
chemotherapy or allogeneic SCT do benefit."* A meta-analysis of the results of this RCT
with the results of one other RCT did not provide conclusive results regarding the lack
of benefit in patients with autologous SCT. Accordingly, some of the guidelines do not
give specific guidance for patients with autologous SCT.” %2 |t would be of great inter-
est to study the non-benefit in these patients once more. If confirmed, we would infer
that the advice to withheld platelet transfusions from patients receiving an autologous
SCT should be wider applied in guidelines, and clinical practice.

Likewise, for conditions in which bleeding risk is considered high, different guidelines
give conflicting advises, or are unspecific. This reflects the lack of evidence on which
risk factors, or combination of risk factors, are most important. Moreover, the effectivity
of prophylactic platelet transfusions, let alone altered prophylactic strategies, in
patients with various risk factor profiles are unknown. Examples of clinical conditions
or circumstances that potentially increase bleeding risk are infections or sepsis, graft
versus host disease, and the need for anticoagulant therapy.’® For clinically admitted
patients who undergo intensive therapy, there is substantial heterogeneity in
transfusion practice, especially in the presence of such expected risk factors.®

Platelet prophylaxis in patients with persistent severe thrombocytopenia

Next to the intensively treated population with transient thrombocytopenia, a significant
number of patients suffer from persistent severe thrombocytopenia. These patients
have chronic bone marrow failure and are not eligible for, or are refractory to, curative
treatments. Most often, they are outpatients. For this specific, and far less studied,
population, incidences of bleeding have only scarcely been described. These outpatients
are generally more ‘stable’, with a relatively low bleeding risk profile in the absence of
inflammation and other risk factors that complicate intensive treatments. Hence the
momentary incidence of bleeding among these clinically stable, outpatients with
persistent severe thrombocytopenia is expected to be relatively low. However, due to
the long period of thrombocytopenia, the cumulative bleeding incidence increases with
time, likely leading to substantial long term bleeding incidences.

For patients with persistent severe thrombocytopenia, evidence on how best to
prevent bleedings is lacking. Based on expert opinion, some international guidelines
suggest to consider to withhold part of the prophylactic transfusions in this population
(table 1).%°" However, these recommendations are, again, not consistent between the
different guidelines.

The clinical practice of bleeding prevention in these outpatients with persistent
severe thrombocytopenia in the Netherlands has not been described before, and was
explored in chapter 2. Platelet prophylaxis appeared widely applied in these patients,
especially when recently receiving intensive chemotherapy, or when treated with
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hypomethylating agents as anti-cancer therapy. The most applied platelet transfusion
threshold is 10x10°%/L, conform the guidelines in intensively treated patients. A minority
of physicians choose higher thresholds, like a trigger of 20x10°L, up to sporadically
even 80x10°%L. For some subpopulations a therapeutic only transfusion policy is
considered by others.

Another group of patients do not receive any disease modifying therapies, like low-
dose chemotherapy. These patients are transfused with prophylactic platelet
transfusion far less. Mostly, they are frailer and/or have a shorter life expectancy
compared to patients who do receive treatment.222 Our survey did not provide insight
in the reasoning behind withholding prophylactic platelet transfusions. However, we
presume the benefit of prophylaxis is probably weighed smaller as compared to the
burden a patient may experience by visiting the hospital frequently. Another reason
for less platelet support may be that, in the absence of disease modifying treatment,
the bleeding risk is often estimated as low.

Alternative anti-bleeding strategies
Besides bleeding prevention via prophylactic platelet transfusions, alternative strategies
to avoid (clinically relevant) bleeding are also of interest. Hemostasis is an interplay
between platelets, the endothelium, and coagulation and fibrinolysis. Therefore, agents
optimizing any of these factors can potentially help in the prevention of bleeding.”
Agents that have been studied in the hemato-oncological population include
thrombopoietin mimetics, platelet poor plasma and desmopressin. Although the data
is scarce, so far, no benefits of these measures have been described. 242>

Another potentially effective anti-bleeding strategy is to inhibit fibrinolysis. In this
context, tranexamic acid is the most frequently used anti-fibrinolytic agent. It is a
synthetic drug, which binds plasminogen and thereby reduces the conversion to
plasmin, and consequently decreases fibrin degradation. In several non-hemato-
oncological populations, tranexamic acid provides adequate protection against
bleeding.?*?” Moreover, tranexamic acid has the advantages of being easily administered
orally and having relatively little adverse effects. Therefore, it is sometimes used as an
alternative or adjunct to transfusions to prevent bleeding in patients with (persistent)
thrombocytopenia.?® 2

Since there is little known on the extend of usage of tranexamic acid, as well as on
the clinical reasoning for prescription, we surveyed the clinical use of tranexamic acid
in hematological outpatients. The results were presented in chapter 2. In the
Netherlands, clinicians hardly ever prescribe tranexamic acid to patients without recent
or active clinically non-relevant bleeding. The fact that tranexamic acid is not often
given for pure prophylactic purposes in the Netherlands, may not reflect its usage
elsewhere. A Canadian observational study of 99 patients with myelodysplastic
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syndrome, described the incidence of bleeding for different antibleeding strategies.?®
It was found that 28% of patients received solely prophylactic tranexamic acid, and
39% had both platelet transfusions and tranexamic acid as bleeding prophylaxis. Only
19% received solely platelet prophylaxis and 13% did not receive any prophylaxis. So,
in contrary to our results, in this study the majority of patients received tranexamic
acid. Intriguingly, this study reported no significantly different number of WHO grade
3 or 4 bleedings between the four patient groups.? Yet the efficacy of tranexamic acid
remained uncertain, because the study was small and potentially the result of
confounding. In other small studies, tranexamic acid has not been shown to be effective
to prevent bleeding in the hemato-oncological population.® Preliminary results of a
large RCT suggest that prophylactic tranexamic acid in adjunct to regular platelet
prophylaxis in patients with intensive chemotherapy or SCT does not positively affect
the clinical outcomes of patients®' Similarly it is not clear whether tranexamic acid, as
adjunct or substitute, positively affects the prognosis of outpatients with persistent
deep thrombocytopenia,. Thus, there remains an important medical need in identifying
effective alternative interventions to prevent bleeding.

Prediction of the effect of prophylactic platelet transfusions on bleeding

The beneficial effect of prophylactic platelet transfusions at a threshold of 10x10°/L on
reducing the occurrence bleedings in intensively treated hemato-oncology patients is
clearly established.3? However, bleeding is by far eradicated. Thus, although this
strategy is effective for part of the patients, many still bleed. Additionally, other patients
would never bleed even in absence of prophylaxis. 2 Therefore, to establish a more
efficient use of transfusions, it is important to identify patients that do benefit from
prophylactic transfusions, those that might need additional measures, and patients
that do not need transfusions at all.

In the literature, by far most attention has gone to the effect of platelet count, and
platelet count driven transfusion strategies, on the occurrence of bleeding. However,
besides platelet counts, several other patient characteristics and clinical conditions
associated with the bleeding risk have been described.® '>7:333¢ These expected risk
factors are also potentially important to identify patients who could benefit more from
transfusions. However, a risk prediction model that includes risk factors to predict the
effect of prophylactic transfusions is lacking so far.

In chapter 5, we present a prediction model based on baseline characteristics of
clinical intensively treated patients with hemato-oncological diseases. We included
baseline risk factors that have been described to be associated with bleeding before.
When combined, their predictive power was low. Furthermore, based on these baseline
bleeding risks, no patient subgroups could be identified that clearly benefitted more
or less from prophylactic transfusion strategies. Several reasons, all argued in the
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discussion of chapter 5, can explain why the selected baseline risk factors together
could not predict bleeding more accurately. In our opinion the lack of information on,
mostly short term, time-varying clinical conditions, plays a pivotal role. These time-
varying conditions, like platelet count, inflammation, or other processes that temporarily
impact the hemostatic integrity, are however not available for data analysis in most
studies. One would need large numbers of both patients and relevant variables and
take timing of the separate conditions and the eventual (absence of) bleeding events
into account.

Intracranial hemorrhage - etiology and prediction

Of all bleeding complications in patients with leukemia, intracranial hemorrhage is one
of the most feared, since it has a strong impact on quality of life and life expectancy.374°
In chapter 3 we demonstrated it is likely that low platelet counts are associated with
intracranial hemorrhage. This result may not come as a surprise, since several studies
already described an association.*"* Mostly, the platelet count at the day before
bleeding, or the bleeding day itself, is studied. However, we show that in time periods
up to 7 days preceding the bleeding event, this association becomes stronger than the
more generally applied association of platelet count one day before bleeding. Also, the
percentage of time with low platelet counts is likely associated with intracranial
hemorrhage. Platelet transfusions also seem associated with intracranial hemorrhage.
Probably, this is due to general conditions that lead to raised transfusion thresholds
and hence more transfusions. Higher thresholds are among others applied when
anticoagulant medication or platelet aggregation inhibitors is needed, or when other
(non-intracranial) bleeding events occur. In other words, intracranial hemorrhage is
more likely to be caused by these threshold-increasing clinical conditions, instead of
by the ensuing raise in platelet transfusions.

To prevent intracranial hemorrhage, it would be worthwhile to identify patients
who are more likely to develop these events. Bleeding is obviously not only influenced
by platelet counts, but also by the condition of the vascular wall.** 4> Therefore, we
focused on cardiovascular risk factors that are likely to compromise the vascular wall
chronically. In chapter 4, we demonstrate that pre-existing hypertension and a history
of ischemic heart disease both are strongly associated with the occurrence of
intracranial hemorrhage in patients with acute leukemia. Such predictors are easily
obtainable in clinical care. It needs further investigation to confirm if these predictors,
as hypothesized, lead to intracranial hemorrhage via the combination of chronic
vascular damage and acute vascular effects of chemotherapy and thrombocytopenia.
Also, studies on the clinical consequence of alternative preventive strategies in patients
with increased risk might eventually lead to improved clinical outcomes.
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Future perspectives

With the studies presented in this thesis, we assessed aspects of bleeding in hemato-
oncology patients. First, we described clinical care to prevent bleeding. Second, we
investigated clinical risk factors for and predictors of (intracranial) bleeding in hemato-
oncology patients. Finally, we studied the effect of risk factors of bleeding on the
treatment effect of prophylactic platelet transfusions.

Given the continuing high incidence of bleeding, and the large amounts of
prophylactic platelet transfusions administered, it is essential to identify both
hematology patients with high, and low bleeding risks. Moreover, for efficient clinical
use of transfusions it is important to identify patients who are likely to benefit from
platelet prophylaxis. Accordingly, identification of patients who don't need prophylactic
transfusions would improve transfusion practice. The harms of platelet transfusions,
the burdens, and the considerable costs should be avoided if they serve no benefit.
Moreover there is a remaining medical need for more effective bleeding prevention
by adjunctive or altered bleeding prevention strategies.

The current standardized and generalized - platelet count threshold based-
prophylactic platelet transfusion policy, which is used for a very heterogeneous patient
population, is suboptimal. Our studies are steps towards more effective and efficient
bleeding prevention, by exploring options beyond platelet counts.

Clinically relevant bleeding and patient perspectives

When striving to have a both effective and efficient policy to prevent bleeding, there
are several considerations that need to be addressed. As an important first step, one
must wonder what we truly aim to prevent when giving platelet prophylaxis. Not all
bleeding events lead to substantial burden or harm for patients. AlImost all evidence
about prophylactic platelet transfusion medicine is based on bleedings classified by
the WHO bleeding grade.® This score was originally validated for another purpose,
namely to score therapy related toxicity instead of primarily reporting of bleeding.
While using slightly different variations of the WHO score, most studies focus on WHO
2,3 and 4 bleedings as a combined main outcome. However, not all of these bleedings
may lead to direct danger, alterations of medical treatment, intensified care,
transfusions, or invasive procedures. Instead, there are other bleeding scores, namely
the ISTH bleeding score and BSMS bleeding score, that try to divide bleedings into
clinically relevant versus non-relevant.“® 4’ These scores have so far not often been
used in the hemato-oncological population. A recent study (P.F. Ypma, submitted for
publication) reports on readjudication of WHO bleeding scores used in a large platelet
transfusion RCT in hemato-oncological patients.“® They describe that 97.1% of the WHO
grade 2 bleedings and even 30.4% of WHO grade 3 bleedings were classified as non-
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relevant bleeding according to the ISTH bleeding score. This would mean that these
bleedings did not lead to increased or altered medical care. For the BSMS scores, even
97.8% of WHO grade 2 bleedings were not judged as clinically significant, for WHO
grade 3 bleedings this percentage was 34.8%. These interesting findings emphasize
that indeed the combined outcome of WHO bleeding grade 2, 3 and 4 consist of many
bleedings that are not of clinical relevance. Although both the ISTH and the BSMS
bleeding scores are in need for further evaluation and validation in the particular
patients population of thrombocytopenic hemato-oncological patients, these scores
might align better with the present medical needs.

An obstacle in studying the outcome of only clinically relevant bleedings is that the
incidence is low. One needs large sample sizes in a RCT or cohort study with clinically
relevant bleeding as an outcome. For these rare outcomes, case control studies may
be preferred as study design to efficiently and realistically study clinically relevant
bleeding.*

It is increasingly recognized that studies focusing on clinically relevant bleedings,
should also include how patients experience the burden of bleeding. At the same time,
their opinion on both benefits and inconveniences of preventive strategies needs to
be accounted for. Patient centered outcomes are more and more acknowledged as an
important end point for clinical studies.*®>>' Yet all the before mentioned bleeding
scores are designed by physicians or expert researchers, and lack patients perspectives.
It is the patient who might experience the benefit from transfusions, but also who is
at risk of transfusion related complications and burdens. This applies to transfusions
given to bridge transient or therapy induced thrombocytopenia, but perhaps even
more so for outpatients with persistent thrombocytopenia. For the latter group, the
benefits are less known, and the burdens of recurrent and cumulative transfusions
are likely higher. In transfusion medicine, so far few studies examined patient
perspectives, and none reported on platelet transfusions specifically.>> Weighing the
patients view on prophylactic strategies to prevent bleedings is worthy to receive more
clinical and scientific attention.

Persistent deep thrombocytopenia and prevention of bleeding
Another subject that needs attention when aiming to optimize efficient and effective
anti-bleeding strategies, is persistent deep thrombocytopenia due to chronic bone
marrow failure. For these patients, well registered bleeding incidences as well as the
evidence for effectiveness of bleeding preventive strategies are almost completely
lacking.

The ultimate step to improve both knowledge and treatment policies in this group
would be to perform a RCT, comparing various prophylactic platelet transfusion
thresholds. Ideally, as studied in intensively treated patients,’-2 a prophylactic platelet
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transfusion strategy should be compared with only prescribing transfusions in case of
active bleeding. Also, it could be of value to include an arm with an alternative
prophylactic strategy. Though, such a study may have practical difficulties, like
completeness of bleeding registration in outpatients. For adequate registration a
patient likely needs to be seen or contacted regularly. Another complicating factor may
be the long follow-up time needed when studying an outcome that is not very frequent.
Where WHO grade 2, 3 and 4 bleedings are not very rare, clinically relevant bleedings
have lower incidences.*® Nonetheless, it would lead to the best possible evidence on
how to prevent bleeding via transfusions in this vulnerable patient population.

An alternative could be an observational study, for example on retrospective data
or a prospective cohort or case control population. In both of these study designs, also
quality of bleeding registration can influence the study results significantly. Reporting
of bleeding is likely less in patients without prophylactic transfusions, since they are
not as frequently seen in the hospital. For mild bleedings without clinical relevance
this perhaps is not worrisome, since these are not the bleedings we are trying to avoid
by platelet transfusions. However, missing relevant bleeding would confound the
results. Another important difficulty of an observational study would be that physicians
often do not report extensively why they choose a prophylactic strategy for one patient,
and not for the other. Likely there will be confounding by indication that will be hard
to correct for. All difficulties can be expected to be more challenging in retrospective
data, compared to prospective observational data. Prospective observational research
has the advantage that physicians can be asked to be aware on how they score and
report important data in the medical chart. If performed diligently, this would lead to
less confounding. Additionally, also in observational prospective studies a long follow-
up time is needed in when studying an outcome that is not very frequent. Since
bleeding incidences are not widely described for patients with chronic bone marrow
failure, sample size calculations will likely be largely based on estimations or small
studies. Therefore, in my opinion, also in this patient population a case control design
would be preferable for the outcome of clinically relevant bleeding.

Although perhaps not easy, it is important to study the outpatient population with
persistent thrombocytopenia specifically, both for their efficiency and for the patient
perspectives. While this is important for many treatments and populations, given the
expected chronic use of, and time consuming and invasive nature of platelet
prophylaxis, especially for these patients this is of crucial importance.

Identification of bleeding risk and expected benefits of transfusions

A crucial step in preventing clinically relevant bleeding is to be able to identify patients
with a high bleeding risk, or even patients who are likely to profit from transfusions or
not.
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Bleeding risk continuously changes. The risk in time likely differs more in intensively
treated patients compared to patients with chronic thrombocytopenia. The intensive
chemotherapy, or conditions that develop during therapy or admission, like infections,
fever and mucositis, influence platelet numbers and function, as well as vascular
integrity. So far, although likely, it is neither known how these factors interact, nor how
they are influenced by other patient characteristics. Therefore, a model that can
incorporate time varying variables with ‘fixed' risk factors is needed to accurately predict
bleeding risk. Such a model could take along many clinical variables, but biomarkers
that represent the pathophysiological effects of the clinical conditions might prove to
be most informative.

Biomarkers indeed can serve as predictors, while in the mean time learning us more
about the balance between vascular integrity, platelet function, platelet counts, the
coagulation system and fibrinolysis. Thereby, biomarker studies can help unravel the
complex pathophysiologic pathways of bleeding in this particular patient population.
This could be helpful in steps toward alternative, biomarker-based, approaches to
prevent bleeding, namely therapies that directly target the pathway mostly involved
in the impaired hemostasis.

Although most emphasis so far has been on identifying patients who benefit from
bleeding preventive strategies, there are two sides of the medal. We also need tools
to identify patients that will not benefit from the transfusions, as is described for
patients undergoing autologous SCT.>'* As a biological agent that is being administered,
platelet transfusions are not without risk. Acute transfusion reactions are rare, but
may lead to substantial burden if they occur.>*>* Platelet transfusions furthermore can
lead to HLA antibodies, which potentially lead to refractoriness.> ¢ Therefore, exposure
of patients who will likely not benefit of transfusions should be avoided where possible.
More evidence, perhaps from observational studies investigating the safety of a non-
prophylaxis strategy in low risk patient subgroups, is likely needed before withholding
of transfusions will be implemented more consistently in guidelines.

BITE study

As described, previous studies investigated the effect of prophylactic platelet
transfusions in intensively treated hemato-oncology patients, as well as some risk
factors for bleeding. Yet, there is still a need to identify additional risk factors, and
confirm previously suggested risk factors. Also, it is of importance to clarify how the
several risk factors interact over time, and even more importantly which (combination
of) risk factors can serve as a robust prediction model to identify patients that are likely
to bleed, or not.
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In chapter 6, we described an ongoing case control study, that intends to fill some
of the described gaps of knowledge: the BITE study (Bleeding In Thrombocytopenia
Explained). We gather the clinical data for such prediction models in cases with clinically
relevant bleeding, and in control patients. Importantly, in this case control study,
besides baseline characteristics also time depending data will be collected. Time
dependent variables will be looked into from a period of time preceding clinically
relevant bleeding for cases, and in a matched time for controls. In this way, risk factors
are aimed to be both identified and quantified, taking into account potential time
dependent effects of intensive treatment. Also, a dynamic prediction model can be
realized, which will be an important next step in accurate bleeding prediction, and
hopefully more personalized preventive strategies in future. Furthermore, for a part
of the included patients also biomarkers will be measured, concentrating on platelet
and endothelial function.

Subsequently, new studies will be needed to show the efficacy of prophylaxis in
patients with different bleeding risks. For patients at high risk despite prophylactic
platelet transfusions, alternative or additional treatment should be studied. In case of
alternative or additional treatments, it would be preferable to focus on treatments that
encounter the biological bleeding mechanisms shown by biomarkers. For patients with
low bleeding risk, larger studies need to identify the populations that will also have
low bleeding risks in absence of prophylactic therapy. For these patients, this would
mean they do not need to be exposed to transfusions they will likely not benefit from,
but that can burden or harm them. Also, identification of the population that can do
without transfusions is important to reduce health care costs and blood supply
demands.

To conclude, within the field of transfusion medicine and hematology, there remains
a medical need for improved bleeding preventive strategies for hemato-oncology
patients. Identification of risk factors, and prediction models leading to personalized
estimates of risks and expected benefits, are of great importance to prevent bleeding
more effectively and thereby improve the care for and outcomes of hemato-oncology
patients.
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Summary

Summary

In the hemato-oncological population bleeding events are frequently seen, despite
widely applied prophylactic platelet transfusions. Part of these bleedings are clinically
relevant, leading to for example extended care, invasive procedures, additional
medication or transfusions. They may even lead to serious morbidity or mortality.
Therefore, to more effectively prevent especially these relevant bleedings, it is
important to understand which factors contribute to their development, and to be able
to predict which patients are more likely to develop bleeding, or not. In this thesis, we
focused on current clinical practice of bleeding prevention in hemato-oncology patients
with persistent deep thrombocytopenia, on risk factors for bleeding, and prediction of
bleeding.

In chapter 2, we evaluated the current clinical practice of bleeding prevention in a
subgroup of hemato-oncology patients, namely outpatient patients with persistent
deep thrombocytopenia. Also for this subgroup, prophylactic platelet transfusions are
commonly provided in the Netherlands, and conform to the guidelines for patients
with transient thrombocytopenia applied mostly beneath a platelet count of 10x10%/L.
We also showed that when patients are not actively treated for their underlying
hematological disease, prophylactic transfusions are far less prescribed. Furthermore,
we found many different clinical conditions that determine the decision making on
platelet prophylaxis. In this regard, previous bleeding events and the use of platelet
aggregation inhibitors or anti-coagulant medication were considered most important.
For patients with clinical conditions that likely increase bleeding risk, the chosen platelet
transfusion thresholds differed substantially. In addition, we surveyed tranexamic acid
usage. We showed that this antifibrinolytic agent is mostly prescribed to patients with
active or recent bleeding, but hardly ever as prophylaxis in the absence of bleeding.
Our results reflect the lack of knowledge on risk factors for bleeding in this particular
patient population, and underline the need for more research of bleeding preventive
strategies.

Chapter 3 and chapter 4 focus on acute leukemia patients with intracranial
hemorrhage. In chapter 3, we described how absolute platelet counts and the
percentage of time with low platelet counts (exploring time-frames up to seven days)
were associated with intracranial hemorrhage. We found that longer periods of
thrombocytopenia coincide with a higher risk of intracranial hemorrhage. However,
due to a small number of patients with intracranial hemorrhage, we could not
substantiate a true effect size, nor correct for confounding factors that influence the
association between thrombocytopenia and intracranial hemorrhage. We additionally
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showed that patients who need a higher numbers of platelet transfusions also seem
to have a higher risk. This was especially the case for more than two platelet transfusions
in a five to seven day period preceding the intracranial hemorrhage. This association
likely reflects conditions that lead to the greater need for transfusions, and thus no
direct causal relation.

In chapter 4 we investigated the predictive association of pre-existent cardiovascular
risk factors with intracranial hemorrhage in leukemia patients. Cardiovascular risk
factors are described as risk factors and/or predictors of intracranial, mostly
intracerebral, hemorrhage in the general population. However, it was not known if
these associations are also equally important for leukemia patients. We showed that
especially pre-existent hypertension or a history of ischemic heart disease are strong
predictors of intracranial hemorrhage in leukemia patients. Moreover, the predictive
power seems higher than is expected in the general population. The possible causality
of course needs more research, but we hypothesize that the combination of chronic
vascular damage (of which hypertension and ischemic heart disease are surrogates)
and the acute endothelial damage and low platelet counts during treatment of acute
leukemia, synergize and explain the even stronger association. If confirmed, it is of
interest to see of patients with pre-existing cardiovascular risk factors benefit from
altered or additional interventions to prevent bleeding.

To prevent bleeding more effectively on one hand, while also avoiding unnecessary
platelet transfusions, one should be able to predict who is likely to bleed or not, and
hence who will likely benefit from prophylactic platelet transfusions. In chapter 5 we
therefore studied the effect of platelet prophylaxis in groups of patients with different
baseline characteristics as possible bleeding predictors. To do so, we first designed a
prediction model from several baseline characteristics that in previous studies seemed
to associate with bleeding. Yet, this prediction model of combined baseline risk factors,
had low predictive power and could not really differentiate between high and low
bleeding risk groups. Within the small range of predicted risks, via a heterogeneity of
treatment effect analysis, we could conclude that patients with different risk factor
distributions all seem to benefit more or less equally from the prophylactic platelet
transfusions. However, from clinical practice, and other studies, we know that present
practice does prevent bleeding in some patients but not in all. On the other hand, other
patients could likely do without prophylactic transfusions and not have any relevant
hemorrhage. From our findings, we hypothesize that a model including time varying
variables should lead to a more accurate prediction of bleeding. This could potentially
also better discriminate which patients do or do not benefit from the platelet
prophylaxis. Such a dynamic prediction tool in our opinion is an important step in
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improving bleeding prevention for hemato-oncology patients and additionally averting
unnecessary use of platelet transfusions.

In chapter 6 we describe the BITE study protocol, an ongoing case control study by
which we eventually aim to describe and quantify potential risk factors of bleeding in
hemato-oncology patients, as well as the combined effects of risk factors. The way the
data is collected namely allows for dynamic prediction as well; by this a personalized
and time-specific bleeding risk can be predicted. Hopefully, this will eventually allow
more effective and personalized strategies to prevent bleeding in future, and to avoid
those strategies if likely unnecessary.
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Ondanks dat er veel profylactische trombocytentransfusies (bloedplaatjes-transfusies
om een bloeding te voorkomen) worden gegeven aan hemato-oncologische patiénten
komen bloedingen nog steeds vaak voor. Een deel van deze bloedingen zijn klinisch
relevant. Dat houdt in dat ze leiden tot uitbreiding van zorg, invasieve ingrepen of
onderzoeken, veranderingen van medicatie, of tot additionele bloedtransfusies. Klinisch
relevante bloedingen kunnen zelfs leiden tot ernstige co-morbiditeit of het overlijden
van een patiént. Om in te toekomst zulke relevante bloedingen effectiever te voorkomen
is het van belang beter te weten welke factoren bijdragen aan het ontstaan van de
bloeding. Ook is het belangrijk om te kunnen voorspellen welke patiénten een hoog
danwel laag bloedingsrisico hebben. In dit proefschrift hebben we gekeken naar drie
aspecten omtrent bloedingsrisico en preventieve maatregelen bij hemato-oncologische
patiénten. Ten eerste keken we naar de huidige klinische praktijk van bloedingspreventie
in een subgroep patiénten met een chronische diepe trombocytopenie (verlaagde
waarden van bloedplaatjes). Ten tweede hebben we ons gericht op risicofactoren, en
tot slot hebben we gekeken naar het voorspellen van bloedingen.

In hoofdstuk 2 hebben we de huidige klinische praktijkvoering omtrent bloedings-
preventie bekeken in een subgroep hemato-oncologische patiénten, namelijk poli-
klinische patiénten met een chronische diepe trombocytopenie. Aan deze subgroep
worden in Nederland ook vaak profylactische trombocytentransfusies gegeven.
Verreweg de meeste artsen houden dan dezelfde streefwaarden aan die in de
transfusierichtlijnen staan voor klinische patiénten met een tijdelijke trombocytopenie,
namelijk een trombocytengetal van 10x10°%/L. Middels onze enquéte hebben we laten
zien dat patiénten die geen actieve behandeling meer krijgen om hun onderliggende
hematologische ziekte te bestrijden veel minder vaak profylactische trombocyten-
transfusies krijgen. Ook hebben we in kaart gebracht dat er veel verschillende
gezondheidskarakteristieken meegenomen worden in de weging om wel of geen
profylactische transfusies te geven. Hiervan worden eerder doorgemaakte bloedingen
en het gebruik van antistollingsmedicatie of trombocytenaggregatie-remmers
(medicatie die bloedplaatjes-activatie tegengaan) het meest belangrijk geacht. Indien
patiénten inderdaad karakteristieken hebben waarvan verwacht wordt dat het
bloedingsrisico omhoog kan gaan, dan worden er zeer uiteenlopende grenzen aan-
gehouden waarbij transfusies worden voorgeschreven. Daarnaast hebben we ook in
deze enquéte gevraagd in welke situaties tranexaminezuur (medicijn dat afbraak van
gevormde bloedstolsels remt) wordt voorgeschreven. Dit zogeheten antifibrinolyticum
wordt vooral voorgeschreven indien patiénten een actieve bloeding hebben, maar
zelden als profylaxe om bloedingen te voorkomen. Onze resultaten laten zien dat er
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nog een kennishiaat is omtrent bloedingspreventie in deze specifieke patiéntpopulatie,
en ondersteunen dat er meer onderzoek nodig is naar adequate bloedingspreventie
in deze patiénten met een chronische diepe trombocytopenie.

In hoofdstuk 3 en hoofdstuk 4 focussen we ons op patiénten met acute leukemie die
een hersenbloeding, of intracraniéle bloeding, hebben. In hoofdstuk 3 beschrijven we
dat zowel absolute trombocytengetallen, als het percentage van de tijd waarin de
patiént lage trombocytengetallen heeft (verdeeld over tijdsperiodes tot 7 dagen voor
een bloeding) geassocieerd waren met intracraniéle bloedingen. Langere episodes van
trombocytopenie lijken het risico op dit soort bloedingen te vergroten. Echter, onze
onderzoekspopulatie was maar klein, hierdoor kunnen we het precieze effect niet goed
schatten, en kunnen we niet corrigeren voor ‘confounders’ (factoren die de associatie
tussen trombocytopenie en intracraniéle bloedingen kunnen beinvioeden). We hebben
ook laten zien dat patiénten die in deze tijdsepisodes meer trombocytentransfusies
nodig hebben, ook een verhoogd bloedingsrisico hebben. Dit gold vooral voor patiénten
die meer dan twee trombocytentransfusies kregen in een periode van vijf tot zeven
dagen voorafgaand aan de intracraniéle bloeding. Deze associatie ontstaat meest
waarschijnlijk door de klinische condities die tot trombocytentransfusie-behoefte
leiden, en niet door een oorzakelijk direct effect van de transfusie op de bloeding.

In hoofdstuk 4 hebben we onderzocht of pre-existente cardiovasculaire risicofactoren
een predictieve waarde hebben voor het ontstaan van intracraniéle bloedingen bij
patiénten met acute leukemie. In de algemene populatie zijn cardiovasculaire
risicofactoren eerder beschreven als risicofactoren en voorspellers voor intracraniéle
bloedingen, vooral voor hersenbloedingen. Het was echter niet bekend of deze
associaties in gelijke mate belangrijk waren voor patiénten met acute leukemie. We
hebben aangetoond dat vooral een voorgeschiedenis van hypertensie of ischemische
hartziekten sterke voorspellers lijken voor het ontstaan van intracraniéle bloedingen
in leukemiepatiénten. Deze voorspellende waarde lijkt groter dan in de algemene
populatie. Hoewel de potentiéle causaliteit meer onderzoek behoeft, is onze hypothese
dat de combinatie van chronische vaatschade (waarvoor hypertensie en ischemische
hartziekten surrogaatmarkers kunnen zijn) met acute vaatschade en lage
trombocytengetallen gedurende intensieve leukemiebehandelingen elkaar versterken
en zo de sterkere associatie kan verklaren. Indien toekomstig onderzoek dit kan
bevestigen, is het van belang om te onderzoeken of patiénten met een voorgeschiedenis
van hypertensie of ischemische hartziekten voordeel zouden ondervinden van
aangepaste of aanvullende interventies om bloedingen te voorkomen.
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Om bloedingen beter te voorkomen, en tegelijkertijd onnodige trombocytentransfusies
te besparen bij patiénten die ze niet nodig hebben, is het noodzakelijk dat we leren
voorspellen wie er waarschijnlijk gaan bloeden, en wie niet. Daarnaast is het van belang
om te kunnen voorspellen welke patiénten waarschijnlijk baat gaan hebben van
profylactische transfusies. In hoofdstuk 5 hebben we daarom bestudeerd wat het
effect is van trombocytentransfusies in groepen van patiénten met verschillende
baseline risicofactoren (risicofactoren die bij de start van een behandeling aanwezig
zijn). Om dit te doen hebben we eerst een predictiemodel gemaakt, met daarin
opgenomen een groep van dergelijke risicofactoren die in eerdere studies geassocieerd
zijn met bloedingen. Doch, dit predictiemodel met gecombineerde baseline
risicofactoren had een lage voorspellende waarde en kon daardoor niet goed
differentiéren tussen hoge en lage bloedingsrisico’s. De voorspelde bloedingsrisico’s
lieten weinig spreiding zien. Wel konden we middels een ‘heterogeneity of treatment
effect analysis’ (analyse die kijkt naar hoe het effect van een behandeling verschilt voor
verschillende patiénten) aantonen dat patiénten met verschillende baseline factoren
min of meer evenveel baten hadden van de profylactische trombocytentransfusies.
Vanuit klinische ervaring, alsmede uit eerdere studies, weten we echter dat de
transfusies bloedingen voorkomen bij sommige, maar niet bij alle patiénten. Ook weten
we uit andere studies dat sommige patiénten ook zonder profylaxe geen klinisch
relevante bloedingen ontwikkelen. We denken dat een model dat niet enkel baseline
risicofactoren meeneemt, maar ook naar factoren die wisselen in de tijd, mogelijk tot
een meer accurate predictie van bloedingsrisico’s. Dit zou uiteindelijk ook kunnen
helpen om een onderscheid te maken welke patiénten wel of niet voordeel ondervinden
van profylactische transfusies. Een dergelijk ‘dynamisch predictiemodel’ is naar onze
mening een belangrijke stap en betere preventie van bloedingen in hemato-
oncologische patiénten. Tegelijkertijd kan het bijdragen aan het voorkomen van het
geven van transfusies aan patiénten die ze niet nodig hebben.

In hoofdstuk 6 presenteren we het BITE studieprotocol. De BITE studie is een lopende
case control studie, waarin we beogen om potentiéle risicofactoren voor bloedingen
in de hemato-oncologische populatie te beschrijven en kwantificeren. De data wordt
verzameld op een manier die dynamische predictie mogelijk maakt. Hierdoor willen
we een gepersonaliseerd en tijd specifiek bloedingsrisico voorspellen. Hopelijk kan dit
in de toekomst bijdragen aan meer effectieve en geindividualiseerde strategieén om
bloedingen te voorkomen, en aan het tegengaan van profylactische behandelingen
die bij sommige patiénten niet nodig zijn.
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