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Parsimonious Subphenotyping Algorithms
Perform Differently in Patients With Sepsis and

Hematologic Malignancy

OBIJECTIVES: Latent class assignment-derived subphenotyping algorithms may
identify treatment-responsive subgroups of critically ill patients with sepsis and
acute respiratory distress syndrome. It is unclear if these algorithms are general-
izable to patients with comorbid malignancy, a state which may perturb influential
inflammatory biomarkers. This study aimed to test whether malignancy or neu-
tropenia modified the effect of subphenotype assignment by two algorithms as
applied to a prospective cohort enriched for ICU patients with active malignancy.

DESIGN: Prospective cohort study at a single U.S. quaternary referral center.

SETTING/PATIENTS: ICU patients older than 18 admitted to an ICU with a pri-
mary admission indication of sepsis.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: We applied two published subphe-
notyping algorithms utilizing either interleukin (IL)-6 or IL-8 (in addition to soluble
tumor necrosis factor receptor 1 and bicarbonate) to our cohort of 930 patients with
sepsis, 396 (42%) of whom had active malignancy. A greater proportion of hema-
tologic malignancy patients were assigned the “hyperinflammatory” subphenotype
by the IL-8-utilizing algorithm than the IL-6 algorithm (58% vs. 32%). Patients with
leukemia and neutropenia were overrepresented among those classified as hyper-
inflammatory by IL-8 algorithm. We constructed Cox proportional hazards models
to assess for interaction between the presence of solid malignancy, hematologic
malignancy, and severe neutropenia and the subphenotype/mortality association.
Hematologic malignancy uniquely appeared to attenuate the associated mortality of
the IL-6-assigned hyperinflammatory subphenotype (interaction; p = 0.037), but not
the IL-8-assigned hyperinflammatory subphenotype (interaction; p = 0.260), which
retained an independent association with mortality in hematologic malignancy sub-
jects (hazard ratio, 1.50; 95% ClI, 1.08-2.07; p=0.014).

CONCLUSIONS: As subphenotyping algorithms are being tested as point-
of-care prognostic tools, it is important to understand their generalizability to
patients with comorbid malignancy, which constitute an increasing proportion of
ICU patients. The differential behavior of these algorithms in patients with hema-
tologic malignancy suggests a need for independent derivation and validation in
this specific population.

KEYWORDS: critical iliness subphenotyping; hematologic malignancy; oncologic
intensive care unit; sepsis

wo subphenotypes have been reliably identified using unsupervised
clustering and latent class assignment (LCA) algorithms in patients
with acute respiratory distress syndrome (ARDS) or with sepsis and “at-
risk” for ARDS (1-11). A “hyperinflammatory” subphenotype—characterized
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Question: Do sepsis and acute respiratory dis-
tress syndrome subphenotyping algorithms gen-
eralize to ICU patients with active malignancy?

Findings: Two “parsimonious” subphenotyp-
ing algorithms, which yield comparable subphe-
notype/mortality associations when applied to
patients without malignancy, appear to behave
differently when applied to patients with active he-
matologic malignancy.

Meaning: Independent derivation and validation
of subphenotyping algorithms in ICU patients with
hematologic malignancy may be necessary if these
patients are to be included in future attempts at
subphenotype-directed ICU care.
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by higher levels of circulating pro-inflammatory bio-
markers and poorer survival—was retroactively shown
in trial data from the ARDS network to derive a mor-
tality benefit from high positive-end expiratory pres-
sure, simvastatin, and a liberal fluid management
strategy. The corresponding “hypoinflammatory” sub-
phenotype did not benefit from these interventions (1,
12-14). Point-of-care identification of these subpheno-
types follows as a key step toward assessing the clinical
value of subphenotype-directed care in the ICU (15,
16). To this end, several “parsimonious” subphenotype
assignment algorithms were developed and validated
against the original LCA analyses (12). Two of these
parsimonious algorithms reliably infer LCA subphe-
notype: an interleukin (IL)-8/soluble tumor necrosis
factor receptor 1 (sTNFR1)/bicarbonate-utilizing al-
gorithm (“IL-8 algorithm”), and an IL-6/sTNFR1/
bicarbonate-utilizing algorithm (“IL-6 algorithm”)
(previously reported area under the curves: IL-8, 0.95;
95% CI, 0.93-0.96; IL-6, 0.94; 95% CI, 0.92-0.95) (12).
The “Clinical Evaluation of a Point of Care assay to
identify PHenotypes IN the Acute Respiratory Distress
Syndrome” (PHIND) prospective study is currently
deploying this same IL-6 algorithm into the clinical re-
search setting (17).

However, it remains unknown if these subpheno-
typing algorithms are generalizable to patients with
cancer. The contribution of malignancy to the patho-
physiologic and immunologic heterogeneity of critical
e2416
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illness is incompletely understood, although there is
strong rationale to suspect that host response to in-
fection is perturbed in its presence (18-21). Murine
models of sepsis in the context of subcutaneously
implanted lung or pancreatic tumor suggest signif-
icant differences in T-cell activation, apoptosis, and
response to immunomodulation (22-24). A prospec-
tive analysis of neutropenic sepsis patients observed
higher plasma concentrations of IL-6 and IL-8 rela-
tive to nonneutropenic patients with sepsis, as well as
higher risk for acute kidney injury (AKI) (25). These
observations question whether subphenotyping algo-
rithms that rely on inflammatory biomarkers and
derived in a primarily nononcologic population can
be extended to patients with comorbid malignancy.
Patients with a predicted 6-month mortality rate of
50% or those with bone marrow transplantation were
excluded from ARDS network trials, and the original
LCA derivation datasets contain an unreported but
presumably low proportion with cancer (13, 26, 27).
As the real-world proportion of patients admitted to
ICUs globally with comorbid malignancy approaches
20%, and as subphenotype-directed therapy in the
ICU moves toward clinical use, we felt that patients
with cancer should be included in the effort to test
these approaches (19, 28, 29).

To this end, we used a prospectively enrolled cohort
study of critically ill patients with sepsis at a quater-
nary referral center with a large cancer center to assess
whether two described parsimonious subphenotyping
algorithms behave consistently and contain similar
prognostic information in patients with active malig-
nancy compared with those without. We hypothesized
that the association between subphenotype assignment
and mortality would be independently modified by the
presence of solid malignancy, liquid malignancy, or se-
vere neutropenia. We additionally hypothesized that
these modifications would be present and comparable
across the two algorithms tested, one relying on meas-
urement of IL-6, and the other on IL-8.

MATERIALS AND METHODS

Patients

We constructed a nested cohort from patients enrolled
in the Molecular Epidemiology of SepsiS in the ICU
(MESSI) cohort study between 2008 and 2019. The
study was approved by the University of Pennsylvania
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Institutional Review Board and was performed in
accordance with the ethical standards of the 1964
Declaration of Helsinki (Protocol 808542: “Molecular
Epidemiology of SepsiS in the Intensive Care Unit,’
initially approved August 5, 2008). Patients were
approached for enrollment if their primary ICU in-
dication was infection-associated organ dysfunction
in accordance with Sepsis-2 criteria before 2016 and
Sepsis-3 criteria from 2016 onward (30, 31). We ret-
rospectively confirmed that all pre-2016 participants
demonstrated a change in Sequential Organ Failure
Assessment score greater than or equal to 2. Patients
were excluded if they declined participation, desired
exclusively palliative measures at ICU admission, or
were admitted from a long-term acute care facility.
“Active” hematologic malignancy was defined as ex-
plicit documentation of the diagnosis in emergency
department, floor, or ICU admission notes. Active
solid malignancy was additionally defined by docu-
mentation of either metastatic disease or a current
chemotherapeutic plan at time of admission. These
definitions followed the Acute Physiology and Chronic
Health Evaluation (APACHE) foundations user guide
(rev 1.0, September 2010).

Cytokine and Biomarker Measurement

Plasma from study subjects was collected into citrated
vacutainers on the day of ICU admission (+ 12hr).
Blood was centrifuged within 30 minutes of blood
draw and kept at 4°C for 12-48 hours and then frozen
at -80°C until analysis. Electrochemiluminescence
(MesoScaleDiscovery, Meso Scale Diagnostics,
Rockville, MD) was used to measure plasma IL-8, IL-6,
and sTNFRI in multiplex (32). Bicarbonate and abso-
lute neutrophil count (ANC) were abstracted from the
electronic medical record (EMR). Day 0 values were
taken from the day of ICU admission if available, oth-
erwise day 1 was used. If the patient had multiple lab-
oratory values available for day 0, the mean was used.

Subphenotype Assignment

Two parsimonious algorithms utilizing sTNFRI,
serum bicarbonate, and either IL-8 or IL-6 as pub-
lished by Sinha et al (12) were applied to generate
probabilities of hyperinflammatory subphenotype
assignment for every patient (formulas are reproduced
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in the accompanying Rscript/txt file). These algorithms
are logistic regression equations, which predict LCA-
subphenotype utilizing a limited set of the biomarkers
previously deemed to be most influential in the orig-
inal LCA derivation. Patients with a probability greater
than 0.5 were designated as “hyperinflammatory,
whereas patients with probability less than or equal to
0.5 were designated “hypoinflammatory” (12). These
two algorithms were selected on the basis of excellent
performance in the original derivation and validation
cohorts (receiver operating characteristic: IL-8, 0.95;
IL-6, 0.94), the availability of cytokine measurements
within our cohort, and previously published work
showing substantial increases in plasma IL-8 and IL-6
measurements within our hematologic malignancy co-
hort (12, 25).

Statistical Analysis

Differences in baseline characteristics by malignancy
status were characterized by standardized mean dif-
ference (SMD), considering values greater than or
equal to 0.2 as meaningfully indicative of imbalance,
and warranting consideration for inclusion in mul-
tivariable modeling (33-35). The use of SMDs over
univariate hypothesis testing for comparison of base-
line covariates is preferable in observational research
as it preserves descriptive information regarding the
magnitude of covariate imbalance, allows for relative
comparison of imbalance across indices with different
units, and may provide a more reliable assessment of
imbalances with small n (33). Cox proportional haz-
ards models were built controlling for either IL-8 or
IL-6-assigned subphenotype, presence and type of
malignancy (as a categorical variable with levels: “no
malignancy,” “solid malignancy, and “hematologic
malignancy”), age, sex, race (White vs. nonwhite), se-
vere neutropenia (ANC < 500 cells/uL), history of con-
gestive heart failure, history of chronic kidney disease
(CKD), and history of solid organ or bone marrow
transplant, in order to estimate the independent associ-
ation between subphenotype assignment and survival.
These covariates were rationally selected as potentially
influencing  subphenotype-assignment, mortality,
or both (25, 36). Although APACHE III scores were
available for all subjects, they were not included in
multivariable modeling due to concern over colline-
arity with malignancy status and neutropenia. Survival
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functions were plotted using both the Kaplan-Meier
and the average covariate method. Although inclusion
in MESSI requires primary suspicion for infection, we
additionally retroactively queried the EMRs of our sub-
jects for billing codes for potential sepsis-mimicking
conditions that are more common with hematologic
malignancy, including hemophagocytic lympho-
histiocytosis (HLH, International Classification of
Diseases, 10th revision D76.1), receipt of chimeric
antigen receptor T-cell (CAR-T) therapy, and receipt
of tocilizumab associated with the encounter. As a sen-
sitivity analysis, we reconstructed our primary analysis
with identified patients removed. We also constructed
a sensitivity analysis assessing for interactions between
subphenotype and immunosuppression (as defined by
the APACHE user guide), which included those with
baseline corticosteroid use, other immunosuppressive
medication use, history of solid organ or bone mar-
row transplantation, hematologic malignancy, solid
malignancy with recent chemo or radiotherapy, or
metastatic solid malignancy. We finally conducted a
sensitivity analysis, assessing for interactions between
subphenotype and antecedent steroid use alone. For
all survival analyses, patients continued to be followed
after hospital discharge via medical record review of
subsequent encounters and are censored at date of last
contact with the health system.

Hypothesizing that the presence and type of malig-
nancy or severe neutropenia (agnostic of malignancy)
would alter the phenotype/mortality association of
either assignment algorithm, models containing rele-
vant interaction terms were constructed. If significant
interaction was detected (considering p < 0.05 signif-
icant), we followed with stratified models to compare
the differences in these associations across subgroups.

During initial descriptive analysis, we observed that a
high proportion of patients with hematologic malignancy
were being categorized as hyperinflammatory by IL-8 al-
gorithm but not IL-6 algorithm. In a post hoc analysis,
we compared these “discordantly” subphenotyped hema-
tologic malignancy patients with those assigned a “con-
cordant” subphenotype by both algorithms, reasoning
that differences between these groups might highlight
factors driving discordant assignment in these patients.
We again considered factors with SMD greater than or
equal to 0.2 to be meaningful in these comparisons.

All analyses were conducted in R (Version 4.2.2, R
Foundation for Statistical Computing, Vienna, Austria)

e2418
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using package survminer (Version 0.4.9) for Cox
model construction, and package tableone (Version
0.13.2) for SMD calculations. An abridged dataset and
Rscript file (also available in .txt format) containing all
elements needed to replicate the primary analysis are
available as Supplemental Material (https://links.lww.
com/CCM/H749).

RESULTS

MESSI prospectively enrolled 2491 patients between
2008 and 2019 (37, 38). Of these, 930 had measured
IL-8, IL-6, sTNFRI1, and serum bicarbonate and were
therefore included in our analysis (Fig. 1). The base-
line characteristics of the cohort, grouped by malig-
nancy status, are summarized in Table 1 (an expanded
table is provided as Table S1, https://links.lww.com/
CCM/H749). Patients without malignancy were
more likely to be nonwhite and have CKD. Patients
with hematologic malignancy had a higher frequency
of severe neutropenia, bloodstream infections, and
higher APACHE III scores. IL-8 and IL-6 algorithms
assigned 40% and 32% of patients without malignancy
to the hyperinflammatory subphenotype. However,
a large difference was noted in hyperinflammatory
assignment by IL-8 algorithm vs. IL-6 algorithm
among hematologic malignancy patients (58% vs.
32%), reflecting a significant difference in the median
IL-8 serum concentration in this group. Patients with
severe neutropenia, of whom 62% had a diagnosis
of acute leukemia, had significantly higher median
serum concentrations of both IL-6 and IL-8 (Table S3,
https://links.Iww.com/CCM/H749).

Ninety percent of our patient cohort had com-
plete follow-up through 90 days post-ICU admission,
whereas 10% were discharged from the hospital and
were censored at time of last contact with the health
system before 90 days. In the full cohort, IL-8 hyper-
inflammatory subphenotype was associated with
increased mortality (hazard ratio [HR], 1.66; 95% CI,
1.40-1.97; p < 0.001). The association between sub-
phenotype and survival was not modified by the pres-
ence of solid malignancy, hematologic malignancy,
or severe neutropenia. IL-6 hyperinflammatory sub-
phenotype was comparably associated with mortality
in the full cohort (HR, 1.40; 95% CI, 1.18-1.67; p <
0.001). However, this association was significantly
modified by the presence of hematologic malignancy
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constructed, where the

2491 consented for
inclusion in MESSI cohort

14,317 ICU or ED R hyperinflammatory
subjects assessed for h :
MESSI cohort eligibility phenotype  remained
between 9/22/2008 and strongly associated with
04/11/2019 ) higher mortality in both
subgroups (heme malig-
e nancy: HR, 1.48; 95% CI,
——  » 9954 not septic 1.08-2.05; P = 0.015; no
L malignancy: IL-8—HR,
A 4 1.75; 95% CI, 1.39-2.21;
4363 eligible p < 0.091). These. results
) are depicted in Figure 2
- both as unadjusted
1007 met exclusion criteria Kaplan-Meier plots and
— P 402 declined participation adjusted using the av-
463 without consenting proxy, or missed erage covariate method.
-
v Adjusted survival curves

representing  patients
with solid malignancy
can be viewed in Figure

= intensive care unit, ED = emergency department

Abbreviations: MESSI = Molecular Epidemiology of Severe Sepsis in the ICU cohort, ICU

4 S1  (https://links.lww.
N 1561 day 0 plasma not assayed or com/CCM/H749). Our
unavailable ¢ i
L retrospective query
of the EMR revealed
Y « that six patients, none
[ 930 analyzed of whom had hemato-

logic malignancy, had
a billing code for HLH-
associated with their
encounter. Two patients
received CAR-T therapy

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram depicting inclusion into
Molecular Epidemiology of SepsiS in the ICU (MESSI) cohort and selection of phenotyping subcohort.

ED = emergency department.

(interaction; p = 0.037), but not solid malignancy (in-
teraction; p = 0.260) or neutropenia (p = 0.221). We
proceeded to build stratified models to compare the
phenotype/mortality associations between patients
with hematologic malignancy and those without ma-
lignancy. In patients with hematologic malignancy,
a significant association between IL-6 hyperinflam-
matory subphenotype and higher mortality was no
longer detected (HR, 1.10; 95% CI, 0.80-1.51; p =
0.578), whereas it remained significantly associated
with mortality in patients without malignancy (HR,
1.68; 95% CI, 1.32-2.14; p < 0.001). For comparison,
stratified models using the IL-8 algorithm were also

Critical Care Medicine

within the month be-
fore ICU admission. Six
patients received tocili-
zumab, although all re-
ceived it following their initial ICU-admission blood
draw. We reconstructed our primary analysis with
these patients removed, with unchanged results. We
additionally assessed for an interaction between the
subphenotype-mortality association and APACHE-
defined immunocompromised status. Again, no
interactions were detected. Similar results were seen
in an assessment for interaction with baseline cor-
ticosteroid use. These analyses are discussed in the
Supplemental Material, Section 1 (https://links.Iww.
com/CCM/H749).

Of 235 patients with hematologic malignancy, 69
(29%) were classified as hyperinflammatory by the
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Figure 2. Survival of sepsis patients stratified by subphenotype and presence of hematologic malignancy. IL = interleukin.

IL-8 algorithm but not IL-6. Hematologic malignancy
patients were nearly twice as likely to be “IL-8 dis-
cordantly” subphenotyped as patients with solid ma-
lignancy (16%) or no malignancy (12%). We therefore
compared these hematologic malignancy patients to
their concordant hyperinflammatory and hypoinflam-
matory counterparts to identify factors associated
with the IL-8 algorithm’s apparent propensity toward
hyperinflammatory assignment in this subgroup.
Compared with the patients assigned concordant
hyperinflammatory subphenotype, the IL-8 discordant
patients (IL-8 hyperinflammatory, IL-6 hypoinflamma-
tory) were less likely to be severely neutropenic (52% vs.
69%), had lower APACHE III scores (median, 109 vs.
134), and appeared less likely to develop positive blood
cultures within 7 days of ICU admission (44% vs. 65%).
There did not appear to be meaningful differences in
development of ARDS or 30-day mortality, although a
smaller proportion of IL-8 discordant patients devel-
oped AKI (74% vs. 82%). Patients with leukemia com-
prised a high proportion of both IL-8 discordant and
concordant hyperinflammatory groups (67% and 71%).

e2422

www.ccmjournal.org

The IL-8 discordant patients stood in greater contrast
to the hypoinflammatory concordant patients across
several relevant characteristics. APACHE III scores
were higher (median, 109 vs. 84), perhaps in part re-
lated to the increased frequency of severe neutropenia
(52% vs. 17%), as was blood culture positivity (44% vs.
15%). There were meaningful differences in the devel-
opment of ARDS (65% vs. 48%) and AKI (74% vs. 51%),
although 30-day mortality was comparable. Patients
with leukemia comprised a larger proportion of the IL-8
discordant subgroup (67% vs. 43%), whereas lymphoma
was less prevalent (22% vs. 44%). These results are sum-
marized in Table 2 (an expanded table is provided as
Table S2, https://links.lww.com/CCM/H749). Kaplan-
Meier survival curves comparing the IL-8 discordant
group to to concordant groups can be viewed in Figure
S2 (https://links.Iww.com/CCM/H749).

DISCUSSION

Two previously validated parsimonious algorithms
utilizing sTNFRI, bicarbonate, and either IL-8 or
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IL-6 appeared to perform comparably in patients with
sepsis or ARDS in the absence of malignancy, in agree-
ment with previous reports (12). However, the algo-
rithms appeared to inconsistently predict mortality
and discordantly assign subphenotype, specifically in
patients with hematologic malignancy, the majority of
whom had leukemia. These results persisted in a sensi-
tivity analysis excluding the small number of patients
who may have had sepsis-mimicking conditions, such
as HLH or cytokine release syndrome. Our results
demonstrate differential prognostic utility of the IL-6/
sTNFR1/bicarbonate model in this specific popula-
tion and raise questions about whether these partic-
ular comorbidities should influence subphenotyping
strategy.

The larger proportion of patients with hematologic
malignancy categorized as hyperinflammatory by the
IL-8 algorithm (58%) over the IL-6 algorithm (32%)
warrants attention. In prior publications, only a third
of patients were identified as hyperinflammatory when
either parsimonious or more complex LCA phenotyp-
ing algorithms were applied to ARDS trial cohorts (1,
2, 12). It is not possible to say if the IL-8 algorithm
“over-assigns” the hyperinflammatory phenotype, the
IL-6 algorithm “under-assigns” it, or if these inflam-
matory subphenotype labels cannot be directly applied
to this population. Examination of the discordantly
subphenotyped hematologic malignancy population
reveals general similarity with those assigned a hyper-
inflammatory subphenotype by either algorithm. They
are more likely to have leukemia as opposed to lym-
phoma or a plasma cell dyscrasia, are more likely to
have severe neutropenia, and have comparably poor
outcomes. Leukemia specifically may perturb endoge-
nous IL-8 production in several ways. Leukemic blasts
have been shown to stimulate IL-8 secretion from mes-
enchymal marrow stem cells (39). IL-8 also primarily
functions as a neutrophil chemotactic and may be es-
pecially elevated in patients who are unable to mount
a satisfactory granulopoietic response to a site of in-
fection, as is more likely to be the case in patients with
myeloid malignancy (40). The administration of exog-
enous granulocyte colony stimulating factor (G-CSF)
may also increase baseline levels of IL-8, although
a previous analysis of a subset of these patients sug-
gests less than 10% of our leukemic cohort receive it
(25, 41). These factors may in part explain why the IL-8
algorithm classifies more patients with hematologic

Critical Care Medicine

malignancy as hyperinflammatory, and specifically
why a large proportion of those assigned to the “IL-8
discordant” group had leukemia. In contrast, patients
assigned a concordant hypoinflammatory subpheno-
type appeared more likely to have lymphoma and were
less likely to be neutropenic. Infectious source may
also exert an effect on subphenotype assignment, as we
note that abdominal and bloodstream primary sources
were less common in the concordantly hypoinflamma-
tory patients though this may simply reflect infectious
susceptibility patterns in patients with different hema-
tologic malignancies.

To our knowledge, this is the first attempt to deploy
subphenotyping algorithms in an adult oncologic pop-
ulation. The studied cohort is sizeable and contains
detailed clinical and biomarker data that were prospec-
tively collected. However, there are significant limita-
tions. We did not derive de novo subphenotypes using
LCA as a gold-standard comparator to our parsimo-
nious subphenotype assignments. This was a single-
center study at a quaternary referral center and as such
our patient population and practice patterns, particu-
larly as they pertain to the treatment of patients with
hematologic malignancy, may not broadly generalize.
We lacked granular data regarding timing and type
of anticancer therapies given, including supportive
measures such as G-CSF administration. As no cause-
of-death adjudication was performed, it was not pos-
sible to determine what proportion of mortality in the
malignant cohort was attributable to critical illness vs.
complications of, or decision-making influenced by,
the participant’s malignancy. Given median survival
times in our hematologic malignancy cohort rang-
ing from 14 to 24 days depending on subphenotype
assignment, we suspect that critical illness was more
often the proximal cause of death. Finally, our anal-
ysis may overgeneralize “hematologic malignancy”
as a single disease entity. Significant heterogeneity in
treatment, prognosis, and immune perturbation exists
between broad classifications such as “leukemia” and
“lymphoma,” and within these classifications, for ex-
ample, acute myeloid leukemia with specific recurrent
cytogenetic abnormalities or different types of non-
Hodgkin lymphoma.

Patients with malignancy have long been excluded
from randomized trials of critical care interventions
despite their growing presence in modern ICUs.
This exclusion is founded on reasonable concerns
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regarding the clinical and immunologic heteroge-
neity expressed by this patient population, as well as
concerns that cancer-related death may function as
a competing risk that complicates interpretation of
intervention-attributable mortality differences. As
ICU survival, post-ICU survival, post-ICU disease
control, and quality of life have greatly improved in
cancer patients over the past several decades, their
systematic exclusion from major randomized trials
may no longer be justifiable (42). As clinical trials
begin to introduce biologic stratification tools in the
search for precision sepsis and ARDS treatments, we
recommend independent derivation and validation
in cohorts exclusively consisting of such patients
(28, 29).

CONCLUSIONS

Two parsimonious phenotyping algorithms derived in
ARDS patients were applied to a general cohort with
sepsis and a high frequency of malignancy. The algo-
rithm utilizing IL-6 as a discriminatory biomarker
exhibited a heterogeneous effect on survival in the
presence of hematologic malignancy, whereas an IL-8-
utilizing model retained its association with mortality
while classifying a high proportion of this subpopula-
tion as hyperinflammatory. The differential behavior of
these two algorithms in this specific population points
to the need for validation or de novo derivation of sub-
phenotyping algorithms in patients with hematologic
malignancy.
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