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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 ben-

efit differently from a prophylactic platelet transfusion strategy.

Study design and methods: Using the data from the randomized controlled

TOPPS trial (Trial of Platelet Prophylaxis), we developed a prediction model

for World Health Organization grades 2, 3, and 4 bleeding risk (defined as at

least one bleeding episode in a 30 days period) 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 [CI] 0.54–
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% (CI �12.2 to 18.9) in the lowest risk

Abbreviations: ARD, absolute risk difference; CI, Confidence Interval; OR, odds ratio; SCT, stem cell transplantation; TOPPS, Trial of Platelet
Prophylaxis; WHO, World Health Organization.
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quartile (quartile 1), 7.4% (95% CI �8.4 to 23.3) in quartile 2, 6.8% (95% CI �9.1 to

22.9) in quartile 3, and 12.8% (CI �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.

KEYWORD S

platelet transfusion, transfusion practices (oncology-hematology)

1 | INTRODUCTION

Patients with hematological malignancies often develop
thrombocytopenia as a direct consequence of their dis-
ease and/or treatment regime. Thrombocytopenia is
weakly associated with bleeding, varying from skin
bleeds to major bleeding in organs, among others cere-
bral hemorrhage.1

Current guidelines recommend to administer prophy-
lactic platelet transfusions to patients with hemato-
oncological disorders at a platelet count threshold of
<10 � 109/L to prevent bleeding.2-6 Guidelines also rec-
ommend to consider giving prophylactic transfusions at
higher platelet count thresholds if patients have an
expected higher bleeding risk, or to withhold prophylac-
tic transfusions if the bleeding risk is relatively low, for
example in autologous stem cell recipients.2,3 The quanti-
fication of bleeding risks, however, is not standardized,
resulting in considerable variation in transfusion strate-
gies in clinical practice.2-7

In the randomized controlled TOPPS trial (Trial of
Platelet Prophylaxis), it was found that prophylactic platelet
transfusions reduce bleedings with a World Health Organi-
zation (WHO) bleeding grade of 2, 3, or 4, compared to
non-prophylactic platelet transfusions (i.e. therapeutic).8,9

What is more, this beneficial effect differed between sub-
groups of patients with the least effect for patients receiving
autologous stem cell transplantation (SCT).10 Other clinical
variables, like fever and sex, also seemed to influence the
effect of prophylactic platelet transfusion on bleeding in this
trial.11

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 quantifica-
tion of the effect of transfusion strategies for the “aver-
age” 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 (heterogene-
ity of treatment effect).12,13 Traditionally, heterogeneity
of treatment effects is investigated by comparing sub-
groups of patients based on a single variable. However,
combining multiple patient characteristics might enable
a better personalized prediction of the effect of prophy-
lactic platelet transfusions. For example, one can imagine
that a female patient with acute leukemia who has a
platelet count of 45 � 109/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 155 � 109/L at the day of admis-
sion. All these, and other, clinical factors when combined
can contribute to a bleeding risk, and patients with differ-
ent 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 plate-
let transfusion strategies.

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.

2 | METHODS

For this study, we used the data of the TOPPS trial. The
design was described previously.8,14 In short, 600 hemato-
oncological patients were randomized in a prophylactic
arm receiving platelet transfusions based on a threshold of
10 � 109/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
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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. Because 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
randomied control trial data.

2.1 | 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 treat-
ment (chemotherapy/allogeneic SCT versus autologous
SCT), disease status (new diagnosis versus relapsed dis-
ease), the presence of a SCT in medical history, and the

randomization arm.8,11,15-18 The randomization arm was
added because ignoring treatments that affect the out-
come in the prediction model can lead to an inaccurate
predicted probability.15,19 Thus, adding the randomization
arm improves the prediction of the treatment effect in a
heterogeneity of treatment effect analysis. Although proof
of interactions cannot be obtained with the present sam-
ple size, based on clinical reasoning, interaction terms
were included for the likely deemed interactions between
prophylactic platelet transfusions and diagnosis, as well
as for prophylaxis and treatment.

2.2 | Missing data

Missing values were imputed. Given the low numbers of
missing values (in total six subjects had one missing vari-
able, Table 1), we imputed the modal value for missing
categorical values. For the continuous variable platelet
count, the subsequent value within 3 days of the random-
ization 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).

TABLE 1 Baseline characteristics of randomized patients comparing characteristics for patients based on the occurrence of World

Health Organization (WHO) grade 2, 3, or 4 bleeding

Total cohort
(n = 598)

No WHO grade 2, 3 or 4
bleeding (n = 319)

WHO grade 2, 3 or 4
bleeding (n = 279) p-value*

Age at inclusion (years)a 58 (49–63) 57 (49–63) 59 (51–64) .1044

Platelet count day inclusion (�109/L)a,b 41 (30–50) 41 (31–51) 40 (29–50) .3391

Male sex (%) 387 (65%) 223 (70%) 164 (59%) .005

Diagnosis (%) .421

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

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

Disease modifying treatment (%) .726

Autologous stem cell transplantation (SCT) 420 (70%) 226 (71%) 194 (70%)

Chemotherapy/allogeneic SCT 178 (30%) 93 (29%) 85 (30%)

Disease status (%)b .407

New diagnosis 397 (66%) 207 (65%) 190 (68%)

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

Stem cell transplantation in history (%)b 45 (8%) 26 (8%) 19 (7%) .535

Randomization arm (%) .070

Therapeutic arm 300 (50%) 149 (47%) 151 (54%)

Prophylactic arm 298 (50%) 170 (53%) 128 (46%)

Note: 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.

*p-value refers to Kruskal-Wallis equality-of-populations rank test when median is reported and Pearson's chi-squared for equality of proportions.
aMedian (interquartile range).
bStatistical test.
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2.3 | 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.20 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 over-
optimistic in the original dataset.21 The linearity
assumption was visually checked for continuous vari-
ables; 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 Appendix S1.

2.4 | Model predictive performance

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

2.5 | Heterogeneity of treatment effect
analysis

To assess the heterogeneity of treatment effects, patients
were stratified in four quartiles 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 differ-
ence (ARD) with 95% confidence intervals (95% CI)
between the predicted number of bleedings with and with-
out prophylactic transfusions. These confidence intervals
are to be considered as a measure of precision only. They
were not used for formal statistical testing, given the appli-
cation of Ridge penalization, and the exploratory nature of
this study.

3 | 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

TABLE 2 Multivariable analysis for primary outcome of WHO grade 2, 3, or 4 bleeding: Odds ratios and 95% confidence intervals (CI),

for both the crude model as the model after ridge penalization

Crude model OR
(95% CI)

Odds ratio penalized
modela

Age at inclusion 1.01 (0.99–1.02) 1.00 (0.99–1.02)

Platelet count on day inclusion 1.00 (0.99–1.01) 1.00 (0.99–1.01)

Female sex (ref = male) 1.65 (1.17–2.33) 1.27 (0.90–1.80)

Diagnosis acute leukemia (ref = lymphoma/myeloma/other) 0.92 (0.37–2.31) 1.00 (0.40–2.49)

Disease modifying treatment chemotherapy or allogeneic SCT
(ref = Autologous SCT)

0.74 (0.34–1.61) 0.96 (0.44–2.09)

Disease status- relapsed disease (ref = new diagnosis) 0.96 (0.66–1.38) 0.96 (0.67–1.39)

SCT in history (ref = no) 0.82 (0.42–1.60) 0.92 (0.47–1.80)

Randomization arm (ref = therapeutic) 0.93 (0.63–1.38) 0.81 (0.55–1.19)

Interaction term randomization arm and diagnosis 1.45 (0.40–5.20) 1.22 (0.34–4.40)

Interaction term randomization arm and disease modifying
treatment

1.72 (0.57–5.19) 1.16 (0.38–3.49)

Abbreviations: ref, reference category; SCT, stem cell transplantation; WHO, Word Health Organization.
aRidge penalization method, confidence intervals are only to be interpreted as an indication of precision, not as a statistical test.
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received an autologous SCT (70%). Relapsed disease
occurred in approximately 1/3 of patients, and 8% had a
bone marrow transplantation in the past. About 65% of
patients were men, the median age was 58 years and the

median platelet count at day of inclusion was 41 � 109/L.
Women had more bleeding events (55%, compared to
42% of men) and as reported earlier,8 the incidence of
WHO bleeding grade 2, 3 or 4 was higher in the

FIGURE 1 The triangles in

this calibration plot of the

predictions of World Health

Organization 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 (0.76–3.32) with an

intercept of �0.06 (�0.22 to

0.10). The c-statistic is 0.58

(0.53–0.62)

FIGURE 2 Predicted

absolute risk of World Health

Organization 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
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therapeutic arm (50%) compared with the prophylactic
arm (43%). Results from Table 1 were not used for vari-
able selection for our prediction model (variable selection
was pre-specified), but are only descriptive.

Table 2 shows the OR for WHO grade 2, 3 or 4 bleed-
ing for all selected variables in the multivariable model,
with accompanying 95% CIs. After correcting for opti-
mism via penalization, the point estimates of most vari-
ables were approximating an OR of 1. The complete
model with intercept and all regression coefficients is
presented in the Appendix S1, as is the crude model
before penalization.

The c-statistic of the model after penalization and inter-
nal validation was 0.58 (95% CI 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.22 The calibration plot of our model is pres-
ented 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
themodel appears to be underfitted (i.e. calibration slope >1)
as is expected after penalization.

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 com-
paring 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 OR's per quartile are displayed along
with the overall OR of the trial. For all quartiles, the OR
is <1, indicating a general benefit of prophylactic transfu-
sions. The first risk quartile has an OR closer to 1, namely
0.87 (95% CI 0.45–1.68) compared to the overall OR
(overall OR 0.74, 95% CI 0.54–1.03). In the fourth risk
quartile the OR is more extreme compared to the overall
OR, namely 0.59 (95% CI 0.31–1.14). The ARD (panel C)
hence was most pronounced in the highest bleeding risk
quartile (12.8%, 95% CI �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 can-
not be drawn on these current data. The ARDs in the
other risk quartiles were 3.4% (95% CI �12.2 to 18.9),
7.4% (95% CI �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
Appendix S1).

4 | 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 com-
bination 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 ARD was most substan-
tial in patients with the highest baseline bleeding risks,
these differences were not statistically significant. Based
on these analyses, we cannot at baseline identify sub-
groups of patients who benefit more or less than the aver-
age 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 analy-
sis.2,10,11 From this analysis, also a limited benefit for pro-
phylactic platelet transfusions was shown for patients
receiving an autologous SCT as compared to those patients
receiving chemotherapy or an allogeneic SCT.10,23,24

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 because our aim was
to predict bleeding at baseline. We hypothesized that a “low
platelet count at baseline”might be predictive of “low plate-
let counts during admission,” the latter known to be associ-
ated with bleeding risk.8,11,23,25 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.26 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 discrimina-
tive ability of the model is that our baseline characteristics
contained mostly dichotomized variables. Incorporating
more continuous baseline variables leads to more
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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 actu-
ally identify the nuances in predictive values.

FIGURE 3 Event rates (A), odds ratios

(B) and absolute risk differences (C) are

presented for all four risk quartiles, comparing a

prophylactically and therapeutically platelet

transfusion strategy with respect to World

Health Organization 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
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Thirdly, an important explanation could be that,
although the included variables were shown to be associ-
ated with bleeding in isolation, bleeding is obviously
influenced by additional factors than baseline demo-
graphics alone. Instead, bleeding risk might be much bet-
ter 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 perfor-
mance of the model. Such biomarkers could be baseline
values as well (either inherited or acquired), or time vary-
ing during treatment. Thus, further research of time-
varying variations should preferably also focus on bio-
markers for hemostasis, as potential predictors for bleed-
ing in our patients.27-30

However, adding such dynamic characteristics was
not part of the present research question while time-
dependent modeling likely needs even larger data sets
than even that of the TOPPS trial. When such datasets
become available in the future, the predictive perfor-
mance 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 transfu-
sions. The ARDs 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 bene-
fit 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 characteris-
tics solely, we cannot conclude that the benefit for
patients truly differs between the risk quartiles. Our find-
ings, 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 combina-
tion 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 sub-
group effect is possible, meaning that an observed subgroup
effect cannot be causally attributed to the subgroup.31 The

ORs 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 confi-
dence interval of the variable “randomization arm” as pres-
ented in Table 2 does not mean that the original results of
the TOPPS trial should be viewed differently.

A further 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.32,33 We tried to minimize this
“overfitting” by applying Ridge penalization. This tech-
nique 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 origi-
nal logistic regression model, and substantial shrinkage
was needed. Earlier studies suggest that the more shrink-
age is needed, the harder it will be to estimate the
amount of shrinkage that is required.21 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% CI 0.55–0.64
and 0.58, 95% CI 0.53–0.62). Therefore, we conclude that
independent of additional penalization, baseline risk fac-
tors are suboptimal for predicting relevant bleeding.

The decision to divide patients in quartiles based on
their predicted risk was made because such a risk categori-
zation is described in literature before.20 Looking at more
than four groups, moreover, is likely increasingly impracti-
cal for clinical practice. Furthermore, more numerous cate-
gories 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 plate-
let transfusions in hemato-oncological patients differs in
patients with varying baseline bleeding risks, the latter
based on a combination of readily available patient char-
acteristics. 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.12,13 This allows for a more
comprehensive evaluation of bleeding risk prediction in
this population. In addition, with this technique, besides
the OR, we were able to estimate ARDs, which is
described to be of greater clinical relevance compared to

CORNELISSEN ET AL. 2585



a relative scale.12 Another strength is the fact that we
predefined all included variables and analysis, instead of
statistical selection procedures, to avoid overfitting.34

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.8

In summary, baseline risk factors have low discrimina-
tive 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
could not provide statistical evidence for this. Future
models that incorporate dynamic (time-dependent) clinical
characteristics and biomarkers of hemostasis and endothe-
lial 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.
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