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Abstract

Purpose: To describe the modern incidence and predictors of ICU admission for adult patients newly diagnosed with
a hematologic malignancy.

Methods: We conducted a population-based cohort study of adults with a new diagnosis of hematologic malig-
nancy (April 1, 2006—March 31, 2017) in Ontario, Canada. We described the baseline demographic, clinical and labora-
tory predictors of ICU admission and subsequent mortality. The primary outcome was the incidence of ICU admission
within 1 year of hematologic malignancy diagnosis. We assessed the predictors of ICU admission using Cox-propor-
tional models that accounted for the competing risk of death and reported as subdistribution hazard ratios (sHR) with
95% confidence intervals (Cl).

Results: A total of 87,965 patients (mean [SD] age, 67.8 (15.7) years) were included. The 1-year incidence of ICU
admission was 13.9% (median time 35 days), ranging from 7.3% (indolent lymphoma) to 22.5% (acute myeloid
leukemia). After multivariable adjustment, compared to indolent lymphoma, acute myeloid leukemia (sHR, 3.09; 95%
Cl 2.84-3.35), aggressive non-Hodgkin lymphoma (sHR, 2.47; 95% Cl 2.31-2.65) and acute lymphoblastic leukemia
(sHR, 2.46; 95% Cl 2.15-2.80) had the highest risk of ICU admission. Comorbidities such as cardiovascular disease (sHR,
2.09;95% Cl 2.01-2.19), chronic obstructive pulmonary disease (sHR, 1.33; 95% Cl 1.26-1.39) and baseline laboratory
abnormalities (anemia, thrombocytopenia and high creatinine) were also associated with ICU admission. Among ICU
patients, 36.7% required invasive mechanical ventilation and in-hospital mortality was 31%.

Conclusion: Critical illness in patients with a newly diagnosed hematologic malignancy is frequent, occurring early
after diagnosis. Certain baseline characteristics can help identify those patients at the highest risk.
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Introduction

Treatment of hematologic malignancy has changed dra-
matically in recent years [1, 2]. Novel diagnostic strate-
gies permit earlier detection, and the elucidation of
molecular disease pathways has allowed the develop-
ment of new therapeutic strategies [3, 4]. These advances
along with improvement in supportive care have led to an
increase in survival for patients with hematologic malig-
nancy [2, 5, 6]. However, these changes have also been
accompanied by an increased number of patients sus-
ceptible to life-threatening complications [7, 8]. Critical
illness can occur as a direct consequence of the under-
lying disease or its treatment, requiring admission to an
intensive care unit (ICU) [9-14]. Historically, ICU mor-
tality across this cohort has been reported as high as 90%;
however, more recent reports from high-volume centers
have demonstrated an improvement to 50% or lower [13,
15-18].

Information on the incidence and predictors of ICU
admission in patients with hematologic malignancy has
mostly been provided by subspecialized cancer centers
[7, 9, 19-21]. Prior studies may be limited by historic
data that may not reflect contemporary practices, low
precision of the incidence estimates, lack of information
surrounding hematologic malignancy subtypes, limited
details regarding baseline patient factors and lack of gen-
eralizability [22, 23]. Population-based research using
cancer registries captures all cases in a region and thus
reflects disease trajectories across a broader spectrum of
the population [24, 25].

The objective of this study was to characterize the
epidemiology of critical illness after a new diagnosis of
hematologic malignancy in a population-based cohort,
describing the cumulative incidence and predictors of
ICU admission. Furthermore, we also described the use
of invasive mechanical ventilation and related mortality
over time.

Patients and methods

Study design and setting

We conducted a population-based cohort study includ-
ing all adult patients who had an incident diagnosis of
a hematologic malignancy between April 1, 2006 and
March 31, 2017 in the province of Ontario, Canada’s larg-
est province (population 14.7 million). The study was
conducted using relevant provincial administrative data-
bases available at ICES in Toronto, Canada. ICES is an
independent, non-profit research institute whose legal
status under Ontario’s health information privacy law
allows it to collect and analyze health-care and demo-
graphic data, without consent, for health system evalua-
tion and improvement. The use of this data is authorized

Take-home message

Critical illness occurs frequently after a new diagnosis of hemato-
logic malignancy and has high associated mortality. Baseline charac-
teristics at diagnosis can help identify those patients at the highest
risk of critical illness.

under section 45 of Ontario’s Personal Health Informa-
tion Protection Act (PHIPA) and does not require review
by a research ethics board.

Data sources

The datasets assembled for this study and their details are
available in eTable 1 in the Supplement. These include the
Ontario Cancer Registry [26, 27], Canadian Institute for
Health Information Discharge Abstract Database (CIHI-
DAD), Ontario Health Insurance Plan database, Cancer
Level Activity Reporting database, New Drug Funding
Program database, the Registered Persons Database and
the Ontario Laboratories Information Services data-
base. These datasets were linked using unique encoded
identifiers.

Study population

We included all adult patients (>17 years old) who had
a new diagnosis of a hematologic malignancy between
April 1, 2006 and March 31, 2017, with follow-up of all
patients until March 31, 2018. Hematologic malignancy
cases were identified by specific codes present in the
Ontario Cancer Registry, a validated and prospectively
created dataset which collects information on incident
cancer diagnosis in the province [26, 27].

Classification of hematologic malignancy

The type of hematologic malignancy was classified into
the following categories: aggressive non-Hodgkin lym-
phoma, indolent lymphoma, multiple myeloma, chronic
lymphocytic leukemia, myeloproliferative neoplasm,
myelodysplastic syndrome, acute myeloid leukemia,
Hodgkin lymphoma and acute lymphoblastic leukemia.
Each category was defined based on the International
Classification of Disease for Oncology (ICD-O3) cod-
ing system as contained in the Ontario Cancer Registry
(eTable 2).

Measurements and variables

We included baseline characteristics of study partici-
pants, including age, sex, neighborhood income quin-
tile, urban versus rural status, comorbidities (e.g.,
cardiovascular disease, diabetes, chronic obstructive
pulmonary disease, neurologic condition, chronic
kidney disease, other oncologic disease), type of
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underlying hematologic malignancy, and treatments for
the hematologic malignancy provided during the year
after diagnosis but prior to ICU admission (systemic
therapies/receipt of autologous or allogeneic hemat-
opoietic stem cell transplant). We also described the
baseline laboratory parameters (hemoglobin, white cell
count and differential, platelet count and creatinine),
between 60 days before and 30 days following the index
date of hematologic malignancy diagnosis. If multiple
laboratory values were present, we used the value clos-
est to the index date. Only laboratory parameters meas-
ured before the ICU admission were considered. Since
blood work parameters were systematically available
only in more recent years in the province of Ontario,
these data were limited to 2012 and onward.

The primary outcome of this study was admission to
the ICU during the first year after a new diagnosis of a
hematologic malignancy, identified by the presence of
special care unit codes and using an algorithm shown
to have very high accuracy [28, 29]. For patients with
more than one ICU admission during the first year, only
the first one was considered. We also described 1-year
mortality for the overall cohort. Secondary outcomes
restricted to those admitted to the ICU included receipt
of mechanical ventilation, dialysis and ICU and hospi-
tal mortality. Furthermore, we described the cumula-
tive incidence in use of invasive mechanical ventilation,
ICU and hospital mortality for each study year.

Statistical analysis

We summarized patients’ baseline characteristics
using proportions for categorical variables and means
(standard deviation [SD]) or medians (interquartile
range [IQR]) as appropriate for continuous variables.
We described the cumulative incidence of ICU admis-
sion during the year after diagnosis of hematologic
malignancy for all patients and for each subtype of
hematologic malignancy. We compared the baseline
characteristics of patients who were admitted versus
those who were not admitted to the ICU during the
year after diagnosis. To better quantify the difference
in baseline characteristics between these two groups in
a large sample, we reported standardized mean differ-
ences, considering a threshold of 10% as clinically rel-
evant [30].

The association between patients’ baseline characteris-
tics and the primary outcome of time to ICU admission
within the first year was analyzed using a multivariable
proportional hazards model that accounted for the com-
peting risk of death using the approach described by
Fine and Gray [31]. The criteria for including variables
in the multivariable model were based on our conceptual
model and guided by biological plausibility and previous

literature (eFigure 1). Hematopoietic cell transplant dur-
ing follow-up was included as a time varying covariate in
the model, and only the occurrence of transplant before
ICU admission was considered. Estimates of association
for each predictor were reported as subdistribution haz-
ard ratios (sHR) with 95% confidence intervals (CI).

Secondary analysis: baseline laboratory

Due to the high proportion of missing data for laboratory
variables in the early years of the study (2006-2011), we
did not include laboratory characteristics in the primary
analysis. As a secondary analysis, we re-fitted our model
in a restricted cohort with an index diagnosis of hema-
tologic malignancy in the year 2012 and onward. This
model included the same variables for the primary analy-
sis with the addition of available laboratory parameters
(hemoglobin, white blood cell count, platelet count and
creatinine). Platelet count and creatinine were included
in the model as categorical variables considering clini-
cally relevant thresholds. We assessed for interaction
between baseline laboratory variables and subtype of
malignancy. Assessment of linearity of continuous pre-
dictors is detailed in the eMethods section.

Sensitivity analyses

To assess the robustness of our findings, we performed
a series of sensitivity analyses. We repeated our primary
analysis using a cause-specific proportional hazards
model which treated death before ICU admission as a
censoring variable instead of a competing event. We also
performed multiple imputation for missing laboratory
values using the Markov chain Monte Carlo (MCMC)
methods creating five imputed datasets (eMethods).

Assessment of secondary outcomes
In the restricted cohort of those patients that were
admitted to the ICU, we reported the receipt of invasive
mechanical ventilation, dialysis and tracheostomy as well
as ICU and hospital mortality. To assess for changes in
hospital mortality over time among critically ill patients,
we fitted a generalized estimating equations model that
accounted for clustering at the institution of diagnosis
and was adjusted for potential confounders (eMethods).
For all analyses we considered a p value<0.05 for sta-
tistical significance. All analyses were performed in SAS
Enterprise version 7.15 at ICES. Additional Figures were
created using RStudio version 1.4.

Results

Baseline characteristics

During the 11-year study period, 87,965 patients were
diagnosed with a new hematologic malignancy. Base-
line characteristics of study participants are detailed
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in Table 1. Mean age was 67 years (SD 15.7) and 39,075
(44.4%) were female. The most frequent type of hemato-
logic malignancy was aggressive non-Hodgkin lymphoma
(n=21,211 [24.1%]), followed by multiple myeloma
(n=12,303 [14%]), chronic lymphocytic leukemia
(n=12,081 [13.7%]) and indolent lymphoma (n=11,623
[13.2%]). Acute myeloid leukemia was diagnosed in 7149
(8.1%) of the patients. Cardiovascular disease (n=19,364
[22.3%]) and chronic obstructive pulmonary disease
(n=13,002 [14.8%]) were frequent comorbidities. During
the first year after diagnosis, chemotherapy was adminis-
tered to 42,779 (48.6%) patients and 4076 (4.6%) under-
went hematopoietic stem cell transplantation (n=3155
[77.5%] autologous transplants and n=921 [22.5%] allo-
geneic transplants, eTables 3 and 4, in the Supplement).

Cumulative incidence of ICU admission within 1 year

The cumulative incidence of ICU admission during the
year after diagnosis of hematologic malignancy is shown
in Figs. 1 and 2. Overall, 12,247 (13.9%, 95% CI 13.7—
14.2) patients were admitted to ICU during the first year
after diagnosis. The highest incidence of ICU admission
was among those with acute myeloid leukemia (n=1607
[22.5%, 95% CI 21.5-23.4]), followed by aggressive non-
Hodgkin lymphoma (n=3745 [17.7%, 95% CI 17.1-18.2])
and acute lymphoblastic leukemia (n=272 [17.5%, 95%
CI 15.6-19.4]) (Fig. 2). Intensive care unit admission
occurred within 30 days of hematologic malignancy diag-
nosis for half (n=5887 [48.1%, 95% CI 47.2—-49]) of the
patients, and the median time from diagnosis to ICU
admission was 35 days (IQR 3-132, eFigure 2). Intensive
care unit subtypes are described in eTable 5.

Factors associated with increased risk of ICU admission
The factors associated with increased risk of ICU admis-
sion within a year of diagnosis of a hematologic malig-
nancy are shown in Fig. 3A. In the multivariable analysis,
female sex and a higher neighborhood income quintile
were associated with a lower risk of ICU admission,
whereas age cohorts of 50-69 (compared to 18-29) and
presence of comorbidities were associated with a higher
risk of ICU admission. Compared to indolent lymphoma,
all other subtypes of hematologic malignancy had a
higher risk of ICU admission except chronic lympho-
cytic leukemia; the highest risk was among patients with
acute myeloid leukemia (sHR, 3.09; 95% CI 2.84-3.35),
aggressive lymphoma (sHR, 2.47; 95% CI 2.31-2.65) and
acute lymphoblastic leukemia (sHR, 2.46; 95% CI 2.15—
2.8). Treatment with hematopoietic cell transplant also
increased the risk of ICU admission (sHR, 2.79; 95% CI
2.48-3.15). We did not observe an association between
the year of diagnosis (sHR, 1; 95% CI 0.99-1.01, per year
increase) and ICU admission.

In the analysis restricted to 2012 and onward, we
observed that the presence of baseline anemia (sHR,
1.31; 95% CI 1.21-1.41, hemoglobin<100 g/L), low
platelets (sHR, 1.13; 95% CI 1.04-1.24 [platelet count
50-100 x 10°/L versus>100 x 10°]; sHR, 1.30; 95% CI
1.12-1.45 [platelet count <50 x 10°/L versus > 100 x 10°])
and high creatinine at baseline (sHR, 1.13, 95% CI 1.05-
1.22 [creatinine 100-200 pmol/L versus<100 umol/L];
sHR, 1.36; 95% CI 1.22-1.50 [creatinine>200 pmol/L
versus < 100 umol/L]) were also associated with a higher
risk of ICU admission (Fig. 3B). The results of our sen-
sitivity analyses using cause-specific hazard models and
multiple imputation yielded similar results (eFigures 3, 4,
in the Supplement).

ICU diagnosis, procedures and mortality

Across the cohort admitted to the ICU, 5896 (48.1%)
patients had acute respiratory failure, 4597 (37.5%) acute
kidney injury and 3707 (30.3%) sepsis (Fig. 2). One-third
(n=4490 [36.7%)]) of patients received invasive mechani-
cal ventilation, 741 (6.0%) hemodialysis and 414 (3.4%)
received a tracheostomy. The ICU procedures and out-
comes across each subtype of hematologic malignancy,
age subgroup and year of ICU admission are available in
eTables 6, 7 and 8. A higher proportion of patients with
acute myeloid leukemia had a diagnosis of acute respira-
tory failure and required invasive mechanical ventilation
compared to other hematologic malignancy subgroups
whereas a higher proportion of patients with multi-
ple myeloma required dialysis in the ICU compared to
other subgroups (eTable 6). The frequency of use inva-
sive measures such as mechanical ventilation and dialysis
decreased over the age of 80 (eTable 7).

Among patients admitted to the ICU, 2441 (19.9%,
95% CI 19.2-20.6) died in the ICU and 3790 died (31%,
30.1-31.8) during hospital stay. Across the entire cohort
admitted to the ICU, 6343 (51.8%, 95% CI 50.9-52.7)
died up until 1 year following diagnosis of hematologic
malignancy. Out of the 8457 patients discharged from the
hospital alive after critical illness, 3076 (36.4%, 95% CI
35.4-37.4) died within 1 year of hospital discharge. Con-
sidering the entire cohort of 87,965 patients diagnosed
with hematologic malignancy (including those admit-
ted to the ICU), 21,666 (24.6%, 96% CI 24.4—24.9) died
within 1 year (Fig. 1).

ICU admission and in-hospital mortality over time

The incidence of ICU admission for each of the 11-year
period ranged from 14% (95% CI 13.2-15) in 2006 to
12.6% (95% CI 12.0-13.3) in 2016 (eTable 9, in the Sup-
plement). Figure 4 depicts the cumulative incidence of
invasive mechanical ventilation, ICU mortality and hos-
pital mortality by every year of ICU admission. The crude
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Table 1 Baseline characteristics of study population

ICharacteristic All patients ICU admission No ICU admission
within 1 year
No. (%)* No. (%)
Demographic characteristics n==87,965 n=12,247 n=75718
Female sex 39,075 (44.4) 4859 (39.7%) 34,216 (45.2%) —01
Age group
18-29 2464 (2.8) 263 (2.2%) 2201 (2.9%) —0.05
30-39 2988 (34) 357 (2.9%) 2631 (3.5%) —0.03
40-49 6053 (6.9) 754 (6.2%) 5299 (7%) —0.04
50-59 12,748 (14.5) 1751 (14.3%) 10,997 (14.5%) —0.01
60-69 19,514 (22.2) 2997 (24.5%) 16,517 (21.8%) 0.06
70-79 22,825 (26) 3516 (28.7%) 19,309 (25.5%) 0.07
80-89 17,849 (20.3) 2305 (18.8%) 15,544 (20.5%) —0.04
>90 3524 (4.0) 304 (2.5%) 3220 (4.3%) —0.10
Income quintile®
1 16,781 (19.1) 2515 (20.6%) 14,266 (18.9%) 0.04
2 17,702 (20.2) 2596 (21.3%) 15,106 (20%) 0.03
3 17,207 (19.6) 2401 (19.7%) 14,806 (19.6%) 0.01
4 17,526 (20) 2338 (19.2%) 15,188 (20.1%) —0.02
5 18,471 (21.1) 2351 (19.3%) 16,120 (21.4%) —0.05
Urban status?
Urban (versus rural) 76,317 (86.8) 10,520 (86%) 65,797 (87%) —0.03
Type of hematologic malignancy
Aggressive non-Hodgkin lymphoma 21,211 (24.1) 3745 (30.6%) 17,466 (23.1%) 0.17
Indolent non-Hodgkin lymphoma 11,623 (13.2) 850 (6.9%) 10,773 (14.2%) —024
Multiple myeloma 12,303 (14) 1849 (15.1%) 10,454 (13.8%) 0.04
Chronic lymphocytic leukemia 12,081 (13.7) 970 (7.9%) 11,111 (14.7%) —021
Myeloproliferative neoplasm 10,178 (11.6) 1281 (10.5%) 8897 (11.8%) —004
Myelodysplastic syndrome 8240 (9.4) 1322 (10.8%) 6918 (9.1%) 0.06
Acute myeloid leukemia 7149 (8.1) 1607 (13.1%) 5542 (7.3%) 0.19
Hodgkin lymphoma 3629 (4.1) 351 (2.9%) 3278 (4.3%) —0.08
Acute lymphoblastic leukemia 1551 (1.8) 272 (2.2%) 1279 (1.69%) 0.03
Specific comorbidities
Cardiovascular disease 19,634 (22.3) 4510 (36.8%) 15,124 (20%) 0.38
Diabetes 7635 (8.7) 1566 (12.8%) 6069 (8%) 0.16
COPD 13,002 (14.8) 2636 (21.5%) 10,366 (13.7%) 0.21
Neurologic condition 2300 (2.6) 357 (2.9%) 1943 (2.6%) 0.02
Chronic kidney disease 22,051 (2.3) 495 (4%) 1556 (2.1%) 012
Oncologic disease 4641 (5.3) 843 (6.9%) 3798 (5%) 0.08
Laboratory data® N=46329 N=6275 N=40,054
Hemoglobin, mean (SD) 120 (26.1) 112 (26.8) 121 (26.1) —033
White blood cells, median (IQR) 76(53-11.8) 7.8(52-12.3) 76(53-11.8) 0.02
Neutrophils, median (IQR) 4.1 (26-6.2) 42(2.1-6.8) 4.1 (26-6.1) 0.03
Platelets, median (IQR) 213 (147-290) 195 (115-282) 216 (152-292) —0.15
Creatinine, median (IQR) 82 (68-103) 86 (69-116) 81 (67-101) 0.19

ICU intensive care unit, SMD standardized mean differences, SD standard deviation, QR interquartile range, COPD chronic obstructive pulmonary disease

@ Unless otherwise indicated, the number in parentheses is the percentage of patients

b Standardized mean differences refer to the comparison between patients admitted to an ICU versus those without ICU admission within 1 year

€ N missing=278

4 N missing=57

¢ Laboratory data is restricted to the cohort with diagnosis during 2012 or later (total = 46,239, hemoglobin =43,251, white cells =43,206, neutrophils = 45,480,
platelets =43,213, creatinine =42,967)
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Mortality within One Year

Incident Diagnosis of ICU Admission within One
A A Year
Hematologic Malignancy 12247 (13.9%) [ |
Among patients admitted to ICU within one year, 6343/12247
Iy mortality was 19.9% and hospital mortality (51.8%)* Among 87965
was 31.0%. patients diagnosed
87965 patients were diagnosed with W'th. a hematologic
hematologic malignancy in the mallinan'cy, 21'66'6
province of Ontario between 2006 No ICU Admission within One Year 15323/75718 (24.6%) died within
and 2016 _ 75718 (86.1%) of patients did not require ICU ‘ (20.2%) one year.
admission within the first year

Fig. 1 Intensive care unit admission and mortality at 1 year in patients with hematologic malignancy. ICU, intensive care unit. 'This describes the
1-year mortality for patients admitted to the ICU considering the diagnosis of hematologic malignancy as the index date. It includes those patients
who died during hospital stay (n=2441[19.9%] in the ICU and n=3790 [31.0%] in-hospital). The 1-year mortality for those patients that were
discharged alive was 36.4% (3076/8457) which considers hospital discharge as the index date. Created with BioRender.com

Panel A Cumulative incidence of ICU within 1-year and time to ICU admission

025 Group Incidence % (95% Cl) Median time to ICU
AML 22.5% (21.5-23.4) 27 (3-101)
= Aggressive NHL 17.7% (17.1-18.2) 28 (5-110)
g ALL 17.5% (15.6-19.4) 34 (6-128)
o
MDS 16.0% (15.3-16.8) 59 (5-170)
MM 15.0% (14.4-15.7) 45 (5-156)
MPN 12.6% (11.9-13.2) 22 (0-137)
Follow-up time (within 1 year) HL 9.7% (8.7-10.6) 63 (8-163)
Type of Hematologic Malignancy
Acute Myeloid Leuk lodysplastic Synd
Aeute Lymphobiasts Lockermia Mpevpaoma cL 8.0% (7.5-8.5) 35 (1-175)
Aggressive NHL Indolent NHL
- h Neopl Hodgkin Lymph
Chronic Lymphocyc Leukeria o bmpnems Indolent NHL 7.3% (6.8-7.8) 71(6-186)
Panel B. Time to ICU admission and frequent conditions and procedures
ICU Conditions
Acute respiratory failure 48.1% (47.3-49.0)

Acute kidney injury 37.5% (36.7-38.4)

Sepsis 30.3% (29.5-31.1)

Type of Hematologic Malignancy
— Aggressive NHL
~— Acute Myeloid Leukemia
— Multiple Myeloma
— Myeloprolipherative Neoplasm
== Chronic Lymphocytic Leukemia
= Indolent NHL
~ Myelodysplastic Syndrome
~ Acute Lymphoblastic Leukemia
Hodgkin Lymphoma

Pneumonia 22.9% (22.2-23.6)

Myocardial Infarction 14.7% (14.1-15.3)

Percent

Major bleeding 7.5% (7.0-7.9)

Tumour Lysis Syndrome 2.0% (1.8-2.3)

ICU Procedures

Mechanical ventilation 43.3% (42.4-44.2)

Invasive mechanical ventilation 36.7% (35.8-37.5)

200
Time from Index to First ICU admission

300 Hemodialysis 6.0% (5.6-6.5)

Tracheostomy 3.4% (3.1-3.7)

Fig. 2 Cumulative incidence, time to ICU admission and related conditions and procedures. A The plot represents the cumulative incidence func-
tion curves for each type of hematologic malignancy, ordered by frequency as detailed in the table beside the plot. B Description of time to ICU
admission using kernel density plots, frequent conditions and procedures of critically ill patients. The procedure “mechanical ventilation”includes
both invasive and noninvasive ventilation. /CU intensive care unit, C/ confidence interval, NHL non-Hodgkin lymphoma, CLL chronic lymphocytic
leukemia, HL Hodgkin lymphoma, MPN myeloproliferative neoplasm, MM multiple myeloma, MDS myelodysplastic syndrome, ALL acute lympho-
blastic leukemia, AML acute myeloid leukemia
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Panel A. Baseline Patients’ Characteristics

Predictor
Sex

Female vs Male -
Age at Diagnosis

Hazard Ratio (95% CI)

0.856 (0.825, 0.888)

18-29 (reference) 1.00 (1.00, 1.00)
30-39 ™ 1.09 (0.939, 1.28)
40-49 1 1.09 (0.941, 1.25)
50-59 - 1.16 (1.01, 1.83)
60-69 —=— 1.19(1.04, 1.37)
70-79 -+ 1.04 (0.910, 1.20)
80-89 —-— 0.765 (0.665, 0.880)
>90 — 0.477 (0.384, 0.592)

Income Quintile
1 (reference) 1.00 (1.00, 1.00)
4 0.992 (0.939, 1.05)
3 - 0.961(0.908, 1.02)
4 - 0.915 (0.865, 0.969)
5 - 0.890 (0.840, 0.942)

Place of Residence

Urban vs Rural - 0.969 (0.921, 1.01)
Year of Diagnosis
Every year increase 1.00 (0.995, 1.01)
Type of Hematological Malignancy
Indolent NHL (ref) 1.00 (1.00, 1.00)
e 1.08 (0.986, 1.18)
HL - 1.43 (1.26, 1.62)
MPN - 1.66 (1.54, 1.80)
MM - 1.81(1.67, 1.96)
MDS - 1.91(1.75, 2.08)
ALL - 2.46(2.15,2.80)
Aggressive NHL - 2.47 (2.31, 2.65)
- 3.00(2.84,3.35)
H ietic Cell
HCT (time varying) -  279(2.48,3.15)
Baseline Comorbidity
Cardiovascular Disease - 2.09(2.01,2.19)
Diabetes - 1.16 (1.10, 1.23)
COPD - 1.33(1.26, 1.39)
Neurologic Condition = 0.899 (0.788, 1.03)
Liver Failure —— 1.29 (1.11, 1.50)
Chronic Kideney Disease - 1.27 (1.16, 1.40)
Oncologic Disease - 1.16 (1.08, 1.25)
0.3 1 4
Lower Risk Higher Risk
Panel B Baseline Laboratory Abnormalities
Predictor Hazard Ratio (95% Cl)
Complete Blood Count
Hemoglobin <100 — 1.31 (1.21, 1.41)
Leucocytes >50 1 1.08 (0.947, 1.24)
Neutrophils <0.5 e 1.05 (0.912, 1.20)
Platelets >100 (reference) 1.00 (1.00, 1.00)
Platelets 50-100 — 1.13(1.04, 1.24)
Platelets <50 —_— 1.30(1.12, 1.45)
Creatinine
<100 (reference) 1.00 (1.00, 1.00)
100-200 —— 1.13(1.05, 1.22)
>200 —— 1.36 (1.22, 1.50)
1
09 1 2
Lower Risk Higher Risk

Fig. 3 Association of patients'characteristics and ICU admission within 1 year.
The plots show the subdistribution hazard ratio for time to ICU admission

for each predictor. A All variables included in the model are included in the
plot. Of note, the place of residence and the year of diagnosis of hematologic
malignancy were not associated with ICU admission. B The plot shows

the subdistribution hazard ratio for time to ICU admission for each blood
work parameter. This model is restricted to patients with a diagnosis of
hematologic malignancy in the year 2012 and onward. This model has been
adjusted by the following variables: sex, age group, income category, place
of residence, year of diagnosis, type of hematologic malignancy, time varying
hematopoietic stem cell transplant and baseline comorbidities included in
A.We observed interaction between certain malignancy subtypes and the
presence of anemia (eTable 10 in the supplement). ICU intensive care unit, C/
confidence interval, NHL non-Hodgkin lymphoma, CLL chronic lymphocytic
leukemia, HL Hodgkin lymphoma, MPN myeloproliferative neoplasm, MM
multiple myeloma, MDS myelodysplastic syndrome, ALL acute lymphoblastic
leukemia, AML acute myeloid leukemia, HCT hematopoietic stem cell trans-
plantation, COPD chronic obstructive pulmonary disease

hospital mortality ranged from 32.3% (95% CI 28.7-36) in
2006 to 31.5% (95% CI 29-34.2) in 2016. After adjusting
for age, sex, comorbidities and use of invasive mechanical
ventilation we observed a decrease in the odds of mortal-
ity with time (odds ratio 0.97, 95% CI 0.96—0.98, per year
increase in ICU admission: eFigure 5 in the Supplement).

Discussion

In this population-based cohort study of 87,965 adult
patients with an incident diagnosis of a hematologic
malignancy, 13.9% required ICU admission within 1 year.
However, the incidence of ICU admission was variable
and ranged from 7.3% for patients with indolent lym-
phoma to 22.5% in patients with acute myeloid leukemia.
Several patient-related and treatment factors increased
the risk of ICU admission, including sex, baseline comor-
bidities, and hematopoietic cell transplant. Overall hos-
pital mortality for patients admitted to an ICU was 31%,
although this incidence decreased over time.

Our study is the largest to date to evaluate a contempo-
rary cohort of newly diagnosed patients with hematologic
malignancy and highlights the variable incidence of criti-
cal illness after diagnosis across different subtypes. Our
data are population level, derived from an entire prov-
ince, improving generalizability and allowing for compre-
hensive population-based assessment of risk rather than
being derived solely from high volume academic centers
[22]. Importantly, our findings are a reflection of a public
health care system where health insurance and access are
less likely to influence care and candidacy for ICU admis-
sion. Indeed, thresholds for ICU admission likely vary
based on multiple factors [32, 33], and some units tend to
admit patients with cancer to the ICU primarily for mon-
itoring. In Ontario, ICU admission is largely restricted to
those patients requiring advanced respiratory support,
vasopressors or close hemodynamic or neurologic mon-
itoring. Almost one in four patients with acute myeloid
leukemia in our cohort required ICU admission, similar
to findings from a study by Halpern and colleagues [13].
In our cohort, acute lymphoblastic leukemia and aggres-
sive types of non-Hodgkin lymphoma were other sub-
types with a high risk of ICU admission. These findings
suggest that disease subtypes that are more aggressive—
or which require more intensive treatment regimens—
are likely to impact on risk of critical illness [9, 12, 13, 21,
34]. In our cohort, more than 25% of the ICU cohort was
admitted very early in the disease trajectory, highlighting
the central role of the ICU in the peri-diagnostic period.

Understanding the frequency and timing of critical ill-
ness after a new diagnosis of hematologic malignancy
can help inform treatment recommendations and pol-
icy planning. Knowledge that a patient has a high risk
of requiring admission to an ICU during treatment can
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provide important context in the consent process for
treatment. For example, advance care planning would be
particularly useful across patients who are anticipated to
be poor candidates for ICU admission based upon dis-
ease characteristics, comorbidities or frailty status [35,
36]. Our results are important for policy makers and
health planners, as they demonstrate the high likelihood
of expensive ICU treatments after diagnosis—but also
highlight the improved hospital mortality rates (31%) for
these patients when compared to historic controls who
had a mortality that often exceeded 50% [7, 16, 37, 38].
Despite the improved mortality over time, when com-
pared to a general ICU population, the mortality still
remains high [39]. Furthermore, our study highlights that
among all deaths within the first year of patients with
hematologic malignancy, 30% occur in an ICU.

This study has several limitations. Although we aimed
to describe the occurrence of critical illness in patients
with hematologic malignancies, we used admission to the
ICU as a surrogate of critical illness. Most patients who
developed critical illness and need organ support were

admitted to the ICU; however, patient preferences (i.e.,
desire to not be admitted to an ICU) were not captured
by this population-based cohort—and therefore our
study may underestimate the true risk [40, 41]. We were
not able to capture all variables that might impact on the
risk of admission to an ICU and subsequent mortality,
as our study relied only on data available across multiple
administrative health databases. For example, we were
not able to assess the proportion of patients that required
vasopressors or hemodynamic support, and therefore,
we could not accurately compare the severity of dis-
ease between this and previous cohorts. Moreover, the
exact date of chemotherapy administration could not be
ascertained from this data, and thus we did not include
this variable in our multivariable model. However, we
were able to estimate the incidence of ICU admission
for different types of hematologic malignancy, a vari-
able that is easily extrapolated to different settings. Fur-
thermore, our secondary analysis considering laboratory
results obtained near the time of diagnosis offers addi-
tional insights that have not been available from other
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population-based studies. Our study was not designed to
assess a causal association between the predictors and the
risk of ICU admission, and many of the variables associ-
ated with ICU admission are not modifiable. However,
these findings are still clinically important to raise aware-
ness of which patients might benefit for a closer follow-
up after diagnosis, to help inform the consent process for
patients contemplating treatments (e.g., hematopoietic
stem cell transplant), and to help plan resource alloca-
tion after diagnosis of hematologic malignancy. Finally,
although we examined a contemporary cohort in the era
of novel cancer therapies, most patients were diagnosed
with hematologic malignancy prior to the incorporation
of chimeric antigen receptor T cell (CAR-T) therapy as
a therapeutic option for certain types of hematologic
malignancy (e.g., acute lymphoblastic leukemia, diffuse
large B cell lymphoma); CAR-T may further increase the
risk of critical illness [42-45].

In summary, our study confirms that the risk of criti-
cal illness is high among patients with a new diagno-
sis of hematologic malignancy, though this risk varies
according to baseline patient characteristics and across
different subtypes of hematologic malignancy. While
mortality rates have improved markedly compared to
historic reports, in-hospital mortality rates remain high.
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