Abdel-Nabey et al. Annals of Intensive Care
https://doi.org/10.1186/513613-022-00990-1

(2022) 12:15

® Annals of Intensive Care

RESEARCH Open Access

Tumor lysis syndrome, acute kidney injury

®

Check for
updates

and disease-free survival in critically ill patients
requiring urgent chemotherapy

Moustafa Abdel-Nabey'", Anis Chaba'’, Justine Serre', Etienne Lengliné??, Elie Azoulay'?,

Michael Darmon'~ and Lara Zafrani"**"

Abstract

IC 95% [1-1.03]).

may be deleterious in terms of long-term outcomes.

Rasburicase

Background: Tumor lysis syndrome (TLS) is a life-threatening complication during the treatment of malignant
neoplasia. We sought to describe characteristics and predictors of acute kidney injury (AKI), remission and mortality in
high-risk TLS patients. In this retrospective monocentric study, we included all patients with the diagnosis of biologi-
cal and/or clinical TLS from 2012 to 2018. The primary outcome was the prevalence of AKI during the acute phase of
TLS. Secondary outcomes were overall mortality and remission of the underlying malignancy at 1 year.

Results: Among 153 patients with TLS, 123 (80.4%) patients experienced AKl and 83 (54.2%) required renal replace-
ment therapy. mSOFA score (OR=1.15,1C 95% [1.02-1.34]), age (OR=1.05, IC 95% [1.02-1.08]) and male gender
(OR=6.79, IC 95% [2.59-19.44]) were associated with AKI. Rasburicase use (HR=245, IC 95% [1.17-5.15]) was asso-
ciated with remission of the underlying malignancy at 1 year. Parameters associated with mortality at 1 year were
mechanical ventilation (HR=1.96, IC 95% [1.02-3.78]), vasopressors (HR=3.13, IC 95% [1.59-6.15]), age (HR=1.02, IC
95% [1-1.03]), spontaneous TLS (HR=1.65, IC 95% [1.01-2.69]) and delay of chemotherapy administration (HR=1.01,

Conclusions: AKl is highly prevalent in TLS patients. Rasburicase is associated with better outcomes regarding
remission of the underlying malignancy. As rasburicase may be an indirect marker of a high degree of tumor lysis and
chemosensitivity, more studies are warranted to confirm the protective role of urate oxidase. Delaying chemotherapy
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Background

Tumor lysis syndrome (TLS) is a life-threatening com-
plication that may occur during the treatment of hema-
tological malignancies or, less frequently, solid tumors.
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TLS occurs due to rapid destruction of tumor cells after
cancer chemotherapy initiation, but also spontaneously
in one-third of the cases [1, 2]. According to consensus
definition, biological TLS is characterized by the rapid
release of intracellular contents with subsequent 25%
change or level above or below average, for any two or
more serum values of uric acid, potassium, phosphate,
and calcium within 3 days before or 7 days after the ini-
tiation of chemotherapy [3, 4].

In addition, high amounts of purine bases stem-
ming from extracellular deoxyribonucleic acid (DNA)
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are converted into xanthine and then uric acid, which
becomes highly concentrated in the blood compartment.
In this context, acute kidney injury (AKI) negatively
impacts complete remission and survival rates [5-7].
The primary reported mechanisms of TLS-induced AKI
are crystal nephropathies due to the precipitation of
uric acid, xanthine and/or calcium phosphate crystals
in renal tubules [2]. Nevertheless, in this context, other
mechanisms can lead to acute tubular necrosis such as
the release of pro-inflammatory cytokines impacting
renal microcirculation but also tubulointerstitial lesions
via tumor infiltration of the renal parenchyma or ureteral
compression by tumor mass [8, 9]. As defined by consen-
sus definition, other clinical TLS manifestations are car-
diac arrhythmia and seizures [3]. TLS sometimes mimics
sepsis with systemic inflammatory response syndrome
and multiple organ failures including acute respiratory
failure and/or hemodynamic instability [10].

Early identification of high-risk TLS (HR-TLS) patients
is of utmost importance to prevent the occurrence of
clinical TLS [11]. Hydration with physiological serum
and hypouricemic agents (allopurinol and rasburicase)
are the cornerstone of TLS management. Rasburicase, a
recombinant urate oxidase, metabolizes urate in allan-
toin, a compound ten times more soluble than uric acid
[12]. Despite its large use, Darmon et al. [1] found an
occurrence of TLS in two-thirds of HR-TLS patients
with AKI in half of them. Moreover, data are scarce
on the general management and outcome of TLS in
adults, especially in the rasburicase era. Previous stud-
ies included only a small number of patients, and most of
them excluded intensive care unit (ICU) patients. Here,
we report a large retrospective cohort of ICU patients
developing TLS. Our objectives were to report the preva-
lence of AKI in patients with TLS and to correlate acute-
phase data with disease-free survival and mortality at 1
year.

Methods

This is a retrospective single-center cohort study per-
formed in a university hospital ICU. This study was
approved by an Institutional Review Board (IRB) (“Com-
ité d’Evaluation de I'Ethique des projets de Recherche
Biomédicale Paris Nord”—IRB 00006477—of Paris 7
University). According to the French regulation, the need
for informed consent was waived. Patients were informed
that their data might be used for research purposes, and
none refused. The study was conducted following the
Declaration of Helsinki principles.

Study population
We included consecutive patients admitted to the ICU
of the Saint-Louis University hospital and having either
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biological and/or clinical TLS from January 2012 to July
2018. Patients were admitted to the ICU either from out-
side the hospital or from one of the 8 hematology wards
in the hospital. The Saint-Louis University Hospital is a
700-bed public hospital with 483 beds for patients with
hematologic malignancies and solid cancers. The ICU is a
12-bed medical unit that admits 950 patients per year, of
whom about one-third have hematologic malignancies.
Information on the organization of our ICU and criteria
for ICU admission have been published elsewhere [13].
ICU admission policies remained unchanged through-
out the study period. At our institution, senior hema-
tologists and intensivists are available 24 h a day 7 days
a week and work together to manage all high-risk hema-
tology patients. Chemotherapy was prescribed by the
hematologist in charge of the patient, according to the
best standard of care [14, 15]. Due to the lack of data on
the indication and timing of renal replacement therapy
(RRT) initiation in this context, the choice was left to the
clinician’s discretion in charge of the patient. Clinical,
biological and imaging data were retrieved from medi-
cal records. Treatment and outcomes were also collected
retrospectively. Assessment of complete remission was
achieved according to recent criteria for each hematolog-
ical malignancy [16].

Definitions

Biological and clinical diagnosis was established accord-
ing to consensus definition [3] (Additional file 1). The
risk of TLS was assessed according to usual guidelines
[4]. AKI was considered for an elevation of serum creati-
nine and/or a decreased urine output as defined by the
KIDGO Clinical Practice Guidelines [17] within 7 days
after the TLS. When available, the pre-admission serum
creatinine available in a time period of a maximum of 1
year and a minimum of 7 days from the moment of hos-
pital admission was considered as baseline. Baseline cre-
atinine was only available in 86 (56%) patients. When
baseline creatinine was unavailable (corresponding to
67 (44%) patients), we used the lowest creatinine meas-
ured during ICU hospitalization [18—21]. Estimated glo-
merular filtration rate (eGFR) was calculated by the CKD
Epidemiology Collaboration equation. The clinical, labo-
ratory and imaging data for each patient were reviewed
by two nephrologists, who reached a consensus regarding
AKI diagnosis.

As previously defined, the Sequential Organ Failure
Assessment (SOFA) score was also recorded [22]. To
avoid the potential burden of renal failure in the SOFA
score, we used a modified SOFA (mSOFA) without renal
criteria to assess the impact of organ failure on the occur-
rence of AKL
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The follow-up of patients with high-grade malignan-
cies is performed every month and then every 3 months
during the first year after induction chemotherapy. The
status of remission, relapse, or refractory disease was
defined by the hematologist in charge of the patient at 1
year.

Outcomes

The primary outcome was the prevalence of AKI during
the acute phase of TLS. Secondary outcomes were overall
mortality and remission of the underlying malignancy at
1 year.

Tumor lysis syndrome management

For the high-risk TLS or with biological TLS manage-
ment, we followed the guidelines of Jones et al. [23]. As
recommended, hydration status was assessed every day
and hydration with 3 1/m?/24 h of saline serum was per-
formed to maintain a urine output of 100 ml/m?/h. Bal-
anced or isotonic solutions were used with no potassium
addition to the hydration fluid. Urine output was meas-
ured every 3 h and a formal assessment of fluid balance
was undertaken at least 6 hourly. We did not use diuret-
ics in TLS patients unless there was pulmonary edema.
There is a lack of studies concerning the indications and
timing of RRT during TLS. RRT is started as recom-
mended in untraceable fluid overload, hyperkalemia and
rapidly increasing hyperphosphatemia. In our depart-
ment, RRT is commonly started when phosphatemia
is above 7.7 mg/dl or when phosphatemia increase
is>3 mg/dl every 6 h.

Statistical analyses

Data are reported as absolute value with percentage
for categorical variables or median with an interquar-
tile interval for quantitative variables. A competing risk
analysis was performed to assess the cumulative risk of
remission and depict it. Concomitant competing risks
considered were “discharged alive from the ICU” and
“ICU mortality” The time-dependent Cox model and
Fine and Gray model were used to assess risk factors
of remission at 1 year and one-year mortality. Logistic
regression was used to assess risk factors of AKI after
TLS.

Models were built using a conditional backward step-
wise variable selection process based upon variable
influence in univariate analysis. Critical entry and exit p
values were 0.2 and 0.1, respectively. It was preplanned to
force clinically relevant variables (TLS risk) into the final
model if they were not previously selected. Correlation
and interaction were carefully checked within final mod-
els as were checked assumption for log-linearity of con-
tinuous variables and proportional hazard assumptions
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for survival models. Data are given as odds ratios (OR,
95%CI), hazard ratios (HR; 95%CI), or sub-hazard ratios
(sHR; 95%CI) according to the used model.

In a way to further explore the influence of rasburicase
on mortality and remission, we performed a propensity
score weighting analysis. Briefly, overlap weighting was
performed. This strategy allows weighting patients from
each treatment group with probability to be assigned
to the other treatment group [24]. This allows assign-
ing a higher weight to patients with intermediate-risk
and lower weight to outliers in both treatment groups,
the analysis emphasizing the proportion of the popula-
tion where the most treatment equipoise exists in clinical
practice [25]. This model has demonstrated high stability
and the ability to obtain precise adjustment in various sit-
uations [26]. The propensity score was built using logistic
regression according to variables associated with rasbur-
icase and likely to have participated in to use of this treat-
ment. Covariates included in the model were age, gender,
underlying G6PD deficiency, underlying malignancy, HIV
infection, severity, AKI and its severity and urates level at
ICU admission. Quality of matching was assessed using
propensity score distribution before and after weight-
ing and variables distribution after weighting. The influ-
ence of rasburicase on mortality and remission was then
assessed using Kaplan—Meier survival curve, cumulative
incidence, and time-dependent Cox model.

To further assess the influence of outliers in our results,
and as sensitivity analysis aiming to assess the robustness
of our findings, we performed a complex bootstrap resa-
mpling [27]. Briefly, we used a bootstrapping technique,
resampling the original set 1000 times with replacement
then in each of the sets we assessed, for both mortal-
ity and the cumulative rate of remission, the unadjusted
risk, the matched risk (propensity score matching like the
one used in the first analysis with nearest neighbor tech-
nique) and last the weighted risk (overlap weighting like
the previously described one).

Statistical significance was considered using two-sided
tests with a critical alpha risk of 0.05.

Statistical analyses were performed using R version
3.6.2 (R Foundation for Statistical Computing), “survival’,
“emprisk’; “survey’; and “Weightlt” packages.

Results

Patients’ characteristics and outcome

Data of 170 patients were collected following TLS crite-
ria. Seventeen patients were excluded because of miss-
ing data. The 153 remaining patients were included
(Fig. 1). Baseline characteristics, clinical and laboratory
data are shown in Table 1. The median age at diagno-
sis was 61 (46—69) years. Most of the patients had an
underlying hematological malignancy. Among them,
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Biological or clinical tumor lysis syndrome admitted in ICU
between January 1, 2012 and July 31, 2018
n=170

Excluded for missing datan=17

Initially included in study cohort
n=153

A4

Acute kidney injury

A4

No acute kidney injury

n=123 (80%)

, !
One-year One-year non
survivors survivors

n =48 (39%) n=75 (61%)

n =30 (20%)
| !
One-year One-year non
survivors survivors
n=19 (63%) n=11 (37%)

Fig. 1 Study flowchart

52 (34%) patients had leukemia and 90 (59%) patients
had non-Hodgkin lymphoma (NHL). One patient with
TLS underwent cardiac arrhythmia and one had sei-
zures. The overall mortality rate at 1 year was 56.2%
(n=286). By univariate analysis, non-survivors at 1
year presented more spontaneous TLS (65.1% versus
50.7%, p=0.012), a higher SOFA score at admission
(median="7.5 versus 5, p<0.001) and required more
vasopressors (36% versus 1.5%, p <0.001) and mechani-
cal ventilation (33.7% versus 7.5%, p <0.001) than sur-
vivors. There was no difference in terms of TLS risk
and biological markers of TLS between survivors and
non-survivors. Rasburicase has been administered
in 60 (69.8%) of 1-year survivors versus 54 (80.6%) in
non-survivors. Due to G6PD deficiency, 9 patients did
not receive rasburicase. The first rasburicase dose was
administered the day of ICU admission in 42 (36.8%)
patients and 66 (57.9%) in the first 24 h of ICU admis-
sion. Only 6 patients received rasburicase before ICU
admission. Clinical TLS was present in all patients on
the day of admission. One administration was given in
114 (74.5%) patients at a dose of 7.5 mg, two admin-
istration in 46 (30.3%) and 3 in 11 (7.2%) patients.
Allopurinol was used in 19 (12.5%) patients at inter-
mediate risk of TLS (without hyperuricemia) and in
high-risk patients with G6PD deficiency. None of the
patients received febuxostat.

Chemotherapy administration

The majority of patients (72%) received chemotherapy
and/or corticoids during the week before ICU admis-
sion or ICU stay. The other patients received it during
the month after the ICU stay. First chemotherapy was
administered 4 days (0.5-12) after ICU admission in
non-survivors, versus 1 day (0-7) in survivors (p =0.05).

Ninety patients had non-Hodgkin lymphoma with
57 (63%) of them experiencing spontaneous TLS. The
median (IQR) time of chemotherapy initiation was
5.5 days (1-9.5) in the spontaneous TLS group versus
14 days (1.0-20.0), (p=0.092).

In the leukemia group (n=>52), 31 patients had sponta-
neous TLS. The combination of hydroxycarbamide with
dexamethasone was the most used cytoreduction therapy
(46.2% in spontaneous TLS group versus 36.8% in other
patients). The median (IQR) time of chemotherapy initia-
tion was 0 days (0.0-1.5) in the spontaneous TLS group
versus 0.50 (0.0-3.75), p=0.45, with day O representing
the ICU admission.

Characteristics and risk factors of AKI

One hundred and twenty-three patients (80.4%) expe-
rienced AKI during ICU stay including 71.5% (n=88)
of AKI stage III (Table 2). The pre-admission serum
creatinine was available in 86 patients. At admission,
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Table 1 Demographics details, clinical data, and laboratory data. Results are reported as n (%) or median (IQR)

Death at 1 year

Total (N=153)

No (N=67)
Age (years) 60.00 (38.50-68.50)
Male 45 (67.2)
G6PD deficiency 7(10.4)
Underlying malignancy
Solid cancer 0(0)
Leukemia 23 (34.3)
Non-Hodgkin lymphoma 38(56.7)
Multiple myeloma 2(3.0)
Other 4(6.0)
Spontaneous TLS 34(50.7)
Risk of TLS
Low risk 9(134)
Intermediate risk 5(7.5)
High risk 53 (79.1)
Cardiovascular risk
Chronic hypertension 19 (284)
Diabetes 7(104)
Cardiovascular event 5(7.5)
Chronic kidney disease 6(9.2)
HIV positive status 7(104)
SOFA score 5.00 (3.00-8.00)
Vasopressors 1(1.5)
Mechanical ventilation 5(7.5)
Rasburicase use 54 (80.6)

Laboratory data at admission

4.60 (4.00-5.00)
4.59 (3.61-6.08)
8.94 (7.90-9.50)

Kalemia, mEg/L (
(
(
8.96 (5.64-13.10)
(
1(0-
0
4 (

Phosphatemia, mg/dL

Calcemia, mg/dL

Uricemia, mg/dL

LDH, UI/L 2700
Delay admission-chemotherapy (days)

1544-5168)
7)

0)

80.6)

ICU mortality
One-year remission

Yes (N =86)

63.00 (50.25-70.00) 61 (46-69)
60 (69.8) 105 (69)
2(23) 9(6)
2(23) 2(1)
29(33.7) 52(34)

52 (60.5) 90 (59)
0(0) 2 (1%)
3(3.5) 7 (5%)
56 (65.1) 90 (59)
15(174) 24(16)
4(4.7) 9(6)
67 (77.9) 120 (78)
27 (314) 46 (30.1)
12 (14.0) 19(124)
10(11.6) 15(9.8)
4(4.7) 10 (6.6)
19 (22.1) 26(17)

7.50 (5.00-12.00) 6.5 (4-9)
21(36) 24(16)
29(33.7) 34 (22.2)

60 (69.8) 114 (75)

4.30 (3.90-5.00) 3(3.9-5.0)

4.19 (3.08-5.94) 445 (341-5.88)

8.50 (7.84-9.45) 8.80 (8-9.60)

749 (5.12-12.16) 846 (5.23-1241)

2855 (1544-5263) 2819 (1533-5169)
4(0.5-12) 25(0-11)
27 (31.4) 27 (18)
0(0.0) 54 (353)

G6PD glucose 6 phosphate dehydrogenase, TLS tumor lysis syndrome, HIV human immunodeficiency virus, LDH lactate dehydrogenase, ICU intensive care unit

the mean serum creatinine level was 1.4 mg/dL and
urinary sediment was most often bland. Eighty-three
(54.2%) patients required RRT, either intermittent
hemodialysis (IHD) in 80.7% of the cases or continuous
renal replacement therapy (CRRT) (Additional file 1:
Table S2). The median peak of serum phosphate lev-
els before RRT initiation was 7.13 mg/dl (5.98-8.84).
The highest serum phosphate levels in AKI patients
and increases of serum phosphate levels from phos-
phatemia at admission to the peak of phosphatemia
are shown in Additional file 1: Table S3 and Additional

file 1: Figure S1. There was no use of nephrotoxic
chemotherapy except for 2 patients (1 patient received
ifosfamide and 1 received methotrexate) (Additional
file 1: Table S4). Other nephrotoxic drugs are detailed
in Additional file 1: Table S5. In the survivor’s group,
the serum creatinine level at 1 year was available for 61
patients with a median of 0.87 mg/L (IQR [0.62-1.03]).
By multivariate analysis, covariates associated with
AKI were mSOFA score (OR=1.15, IC 95% [1.02-
1.34]), age (OR=1.05, IC 95% [1.02-1.08]) and male
gender (OR=6.79, IC 95% [2.59-19.44]) (Table 3).
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Table 2 Demographics details, clinical data, and laboratory data according to the occurrence of acute kidney injury during ICU stay

Acute kidney injury p
No (N=30) Yes (N=123)

Age (years) 4850 (31.50-64.75) 63.00 (50.50-70.00) 0.004
Male 12 (40.0) 93 (75.6) <0.001
G6PD deficiency 1(3.3) 8(6.5) 0.819
Underlying malignancy 0452

Solid cancer 0(0) 2(2.3)

Leukemia 13 (43.3) 39(31.7)

Non-Hodgkin lymphoma 17 (56.7) 73 (59.3)

Multiple myeloma 0(0.0) 2(1.6)

Other 0(0.0) 7(5.7)

Spontaneous TLS 12 (40.0) 78 (63.4) 0.033

Nephrotoxic use 6 (20.0) 48 (39.0) 0.082
Cardiovascular risk

Chronic hypertension 5(16.7) 41 (33.3) 0.118

Diabetes 2(6.7) 17 (13.8) 0.449

Cardiovascular event 2(6.7) 13(10.6) 0.763

Chronic kidney disease 2(6.7) 8(6.6) 1.000

HIV positive status 1(3.3) 5(20.3) 0.051

mSOFA score 4.00 (2.00-4.75) 5.00 (2 00-7.00) 0.021

Vasopressors 1(3.3) 3(18.7) 0.073

Mechanical ventilation 2(6.7) (26 0) 0.041

Rasburicase use 24 (80.0) 90 (73.2) 0.592
Laboratory data at admission

Kalemia, mEqg/L 4.10 (3.70-4.70) 4.60 (4.00-5.00) 0.084

Phosphatemia, mg/dL 3.53(2.82-437) 4.71(3.49-6.18) 0.003

Calcemia, mg/dL 8.94 (8.17-9.48) 8.68 (7.80- 944) 0421

Uricemia, mg/dL 6.84 (5.38-9.32) 878 (5.17-13.10) 0.166

LDH, UI/L 2700 (2008 4630) 2855 (1466 5286) 0.925
ICU mortality 3(10. 24 (19.5) 0338
One-year mortality 1 (36. ) 75 (61.0) 0.028
One-year remission 6 (53.3) 38 (30.9) 0.036

Results are reported as n (%) or median (IQR)

G6PD glucose 6 phosphate dehydrogenase, TLS tumor lysis syndrome, HIV human immunodeficiency virus, nSOFA modified Sequential Organ Failure Assessment,

LDH lactate dehydrogenase, ICU intensive care unit

Table 3 Covariates associated with acute kidney injury by
logistic regression

Multivariate analysis

OR 95%(Cl p
Age (per year) 1.05 (1.02-1.08) <0.001
Male gender 6.79 (2.59-19.44) <0.001
mSOFA (per point) 1.15 (1.02-1.34) 0.044
Uricemia at admission 1.03 (0.95-1.13) 042

(per mg/dL)

mSOFA modified Sequential Organ Failure Assessment

One-year outcome

At 1 year, 54 patients (35.3%) were considered in remis-
sion of their hematological malignancy. By univariate
analysis, AKI stage III was associated with mortality and
less remission (Fig. 2). Finally, patients with AKI stage I-
II seem to have a closer profile to patients without AKI in
contrast to patients with AKI stage III (Fig. 2a and b).

By multivariate survival analysis, rasburicase use
(HR=2.45, IC 95% [1.17-5.15]) was associated with
remission of the underlying malignancy at 1 year, inde-
pendently of the initial risk of TLS. Vasopressors were
associated with less remission at 1 year (HR=0.12, IC
95% [0.01-0.98]) (Table 4).
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Table 5 Covariates associated with death at one year by Cox

Table 4 Covariates associated with remission at one year by  sypvival analysis

Fine and Gray

Multivariate analysis

Multivariate analysis

HR 95%Cl p
sHR 95%(Cl p

Mechanical ventilation 1.96 (1.02-3.78) 0.04
Mechanical ventilation 061 (O 22-1.72) 0.35 Vasopressors 313 (1.59-6.15) 0007
Vasopressors 0.12 (0.01-0.98) 004 Acute kidney injury 1.09 (0.55-2.18) 0.80
Acute kidney injury 0.69 (O 37-1.26) 0.23 Spontaneous TLS 165 (1.01-2.69) 004
High risk of TLS 157 (0.78-3.16) 0.20 Age (per year) 102 (1-1.03) 003
Rasburicase use 245 (1.17-5.15) 002 Delay admission-chemother-  1.01 (1-1.03) 0.04
TLS tumor lysis syndrome apy (per day)

Rasburicase use 1.08 (0.65-1.79) 0.76

TLS tumor lysis syndrome
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Parameters associated with mortality at 1 year were
mechanical ventilation (HR=1.96, IC 95% [1.02—
3.78]), vasopressors (HR=3.13, IC 95% [1.59-6.15]),
age (HR=1.02, IC 95% [1-1.03]), spontaneous TLS
(HR=1.65, IC 95% [1.01-2.69]) and delay of chemo-
therapy administration after ICU admission (HR=1.01,
IC 95% [1-1.03]) (Table 5).

AKI was not associated by multivariate analysis with
remission or mortality

To confirm the association between rasburicase
use and remission, we performed a propensity score
weighting. After weighting, both groups and propen-
sity score were adequately balanced (Additional file 1:
Figures S2 and S3). Rasburicase was associated with
increased remission rate (Figs. 3a, b and 4b) but not
with 1 year mortality (Figs. 3c and 4a).

Among the 67 survivors, renal outcomes were avail-
able for 49 patients. Median (IQR) GFR was 85 ml/
min/1.73 m? (80-113) in the non-AKI group and 78 ml/
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min/1.73 m? (57.25-104.25) in the AKI group, p =0.26.
In the survivor group, among those who had AKI, 9
(26.5%) patients had a GFR below 60 ml/min/1.73 m?
versus 1 (6.7%), p=0.23 (Additional file 1: Figure S4).

Robustness of findings

Results from bootstrapping analysis were in line with the
main results suggesting our findings may not be ascrib-
able to outliers (Additional file 1: Figure S5).

Discussion
To the best of our knowledge, this is the largest study
describing general management and outcomes of high-
risk TLS patients. These patients are more often excluded
from trials or are included in studies classically focused
on preventing AKI [28-30].

As previously shown by Darmon et al. [5], we found
that AKI stage III was associated with poor outcomes
(less remission of the underlying malignancy and
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Survival and remission after overlap weighting
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survival) in univariate analysis. AKI requiring RRT
may lead to sub-optimal chemotherapy administration
and decrease the chances of optimally effective chemo-
therapy, even when the complete regimen is given. One
possible explanation may pertain to the lack of knowl-
edge on drug pharmacokinetics in renal dysfunction
patients or under RRT. However, AKI was not associ-
ated with less remission or mortality by multivariate
analysis.

In our cohort, AKI was highly prevalent at admission,
occurring in 80% of the patients. These results may be
explained by the majority of patients at high risk of TLS
in our cohort (77%) in a selected ICU cohort. However,
in our hospital, hematologists and intensivists work
together to manage patients at high risk of TLS with an
early policy of admission in ICU before the occurrence
of organ failures.



Abdel-Nabey et al. Annals of Intensive Care (2022) 12:15

One-third of the patients were considered in remission
at 1 year. Rasburicase use and high risk of TLS were asso-
ciated with higher remission rates. By performing three
different analyses (propensity score weighting using over-
lap weights, propensity-matched analysis, and sensitivity
analysis), we did not find any confounding factors in our
data that could explain these results. The association of
rasburicase with remission of the underlying malignancy
may be explained by a protective effect of rasburicase
on renal function, allowing optimal oncological treat-
ment administration. Indeed, rasburicase prevents uric
acid nephropathy and may improve renal outcomes. [31].
However, if rasburicase has been shown to be efficient
in rapidly decreasing uricemia, its benefit in terms of
renal outcomes and mortality are unclear [32]. Although
rasburicase was a protective factor for remission inde-
pendently of the initial risk of TLS at ICU admission in
the multivariate analysis, rasburicase use may rather be
the marker of a high degree of tumor lysis and chemo-
sensitivity that could explain a better rate of remission
of the underlying malignancy. In our cohort, we did not
found that rasburicase administration was predictive of
AKI occurrence. Since rasburicase is commonly used in
TLS patients, the question of calcium phosphate crystals
that may precipitate into the tubules is raised. However,
the evidence for calcium phosphate crystals during TLS
relies on scarce data from relatively old case reports [33,
34] with no available data estimating the prevalence of
calcium phosphate crystals in urine patients, which led
us to question the role of additional crystal-independ-
ent mechanisms in the pathophysiology of TLS-induced
AKI. Nevertheless, uric acid has shown potential delete-
rious renal effects beyond crystal-induced mechanisms
by inducing renal vasoconstriction and increasing renal
oxidation and inflammation [35, 36]. According to our
results, Pui et al. documented decreases in creatinine
levels among 131 patients at high risk for TLS and were
treated with rasburicase [37]. Canet et al. showed that the
plasma uric acid decrease after rasburicase was signifi-
cantly larger in patients who did not develop AKI than in
those who did. Accordingly, we did not find any benefit of
rasburicase in terms of mortality in our study. Hydration
remains the cornerstone of TLS prophylaxis and treat-
ment in these patients. Maintaining a high urine output
with hydration and careful monitoring of fluid balance is
crucial to prevent uric acid crystallization [4, 38, 39].

Other factors, such as spontaneous TLS, mechanical
ventilation and vasopressors were associated with mor-
tality. Spontaneous TLS before the administration of
chemotherapy is usually a marker of high proliferative
and extensive malignancies with a large tumor burden,
explaining the higher mortality in these patients. Inter-
estingly, delayed chemotherapy after ICU admission was
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also associated with increased mortality, independently
of organ failures. This suggests that prompt chemo-
therapy should always be considered by intensivists and
hematologists when managing these patients with high
tumor burden.

This study also has several limitations. First, this is
a retrospective study with inherently associated bias,
such as unknown confounding factors that may have
been overlooked in the data collection. Second, this
study was conducted in a single-center, raising concern
about the generalizability of our results. However, the
large number of hematological patients managed in the
different departments of our institution and the stand-
ardized policy of early ICU admission suggests that our
results may apply to other settings. Third, due to the
lack of histological data in these patients with a high
risk of bleeding, the mechanisms of AKI are uncertain
and may be multifactorial in the ICU setting and not
directly the consequence of TLS. Many causes of AKI
may indeed coexist, including hemodynamic instability,
nephrotoxic use, mechanical ventilation, specific infil-
tration of the kidney and TLS per se. Moreover, fluid
overload and venous congestion are essential factors
that may participate to AKI. Finally, we could not dis-
tinguish among patients with AKI stage III those who
had been dialyzed because of TLS but who would not
have required RRT in other settings and precise data
on phosphatemia kinetics before RRT initiation were
unavailable. Indeed, in the absence of life-threatening
metabolic disturbances, the optimal timing for initiat-
ing RRT in TLS-induced AKI is unknown. There are
no guidelines concerning the threshold that should
be used to start RRT. To this day, randomized control
studies are lacking to prove the benefit of early RRT in
this population.

Conclusions

In high-risk patients, AKI is prevalent during TLS. Ras-
buricase and high risk of TLS were found to be asso-
ciated with higher remission rates of the underlying
malignancies. As rasburicase may be an indirect marker
of a high degree of tumor lysis and chemosensitivity,
more studies are warranted to confirm the protective
role of urate oxidase. Delaying chemotherapy may be
deleterious in terms of long-term outcomes.

Abbreviations

AKI: Acute kidney injury; CRRT: Continuous renal replacement therapy; DNA:
Deoxyribonucleic acid; eGFR: Estimated glomerular filtration rate; HR-TLS:
High-risk TLS; ICU: Intensive care unit (ICU); IRB: Institutional Review Board;
mSOFA: Modified SOFA; NHL: Non-Hodgkin lymphoma; OR: Odds ratios; RRT
:Renal replacement therapy; sHR: Sub-hazard ratios; SOFA: Sequential Organ
Failure Assessment; TLS: Tumor lysis syndrome.



Abdel-Nabey et al. Annals of Intensive Care (2022) 12:15

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513613-022-00990-1.

[ Additional file 1. Additional figures and tables. }

Authors’ contributions

LZ designed the study; MD performed data management and analysis; MAN,
AC, JS, EA, MD and LZ wrote the paper. All authors read and approved the final
manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by an Institutional Review Board (IRB) (“Comité
d'Evaluation de I'Ethique des projets de Recherche Biomédicale Paris Nord”
(IRB 00006477- of Paris 7 University). Informed consent was waived.

Consent for publication
Not applicable.

Competing interests

L. Zafrani has received research a grant from Jazz Pharmaceuticals; M. Darmon
reports having received grant from MSD, speaker fees from MSD, Astelas and
Gilead-Kite and having attended an advisory board for Gilead-Kite. E. Azoulay
has received fees for lectures from MSD, Pfizer and Alexion. His institu-

tion and research group have received support from Baxter, Jazz Pharma,
Fisher&Payckle, Gilead, Alexion and Ablynx. The remaining authors declare
having nothing to disclose.

Author details

"Medical Intensive Care Unit, Saint-Louis University Hospital, Assistance
Publique-Hopitaux de Paris (AP-HP), 1 Avenue Claude Vellefaux, 75010 Paris,
France. 2Umversity of Paris, Paris, France. 3Hematology Department, Saint-
Louis University Hospital, Assistance Publique-Hopitaux de Paris (AP-HP), Paris,
France. *INSERM UMR 976, University of Paris, Paris, France.

Received: 13 July 2021 Accepted: 4 February 2022
Published online: 15 February 2022

References

1. Darmon M, Vincent F, Camous L, Canet E, Bonmati C, Braun T, et al.
Tumour lysis syndrome and acute kidney injury in high-risk haematology
patients in the rasburicase era. A prospective multicentre study from
the Groupe de Recherche en Réanimation Respiratoire et Onco-Héma-
tologique. Br J Haematol. 2013;162:489-97.

2. Howard SC, Jones DP, Pui C-H. The tumor lysis syndrome. N Engl J Med.
2011;364:1844-54.

3. Cairo MS, Bishop M. Tumour lysis syndrome: new therapeutic strategies
and classification. Br J Haematol. 2004;127:3-11.

4. Cairo MS, Coiffier B, Reiter A, Younes A. Recommendations for the evalua-
tion of risk and prophylaxis of tumour lysis syndrome (TLS) in adults and
children with malignant diseases: an expert TLS panel consensus. Br J
Haematol. 2010;149:578-86.

5. Darmon M, Guichard |, Vincent F, Schlemmer B, Azoulay E. Prognostic
significance of acute renal injury in acute tumor lysis syndrome. Leuk
Lymphoma. 2010;51:221-7.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Page 11 of 12

Soares M, Salluh JIF, Carvalho MS, Darmon M, Rocco JR, Spector N.
Prognosis of critically ill patients with cancer and acute renal dysfunction.
J Clin Oncol Off J Am Soc Clin Oncol. 2006;24:4003-10.

Canet E, Zafrani L, Lambert J, Thieblemont C, Galicier L, Schnell D, et al.
Acute kidney injury in patients with newly diagnosed high-grade hema-
tological malignancies: impact on remission and survival. PLoS ONE.
2013;8:€55870.

Mantadakis E, Aquino VM, Strand WR, Quigley R. Acute renal failure due to
obstruction in Burkitt lymphoma. Pediatr Nephrol. 1999;13:237-40.
UImperio V, Rossi M, Abdul A, Mehta SR, Shaver AC, Fogo AB. Lym-
phoma and the kidney: a kidney biopsy teaching case. Kidney Med.
2020;2:663-6.

. Soares M, Feres GA, Salluh JIF. Systemic inflammatory response syndrome

and multiple organ dysfunction in patients with acute tumor lysis syn-
drome. Clinics. 2009,64:479-81.

. Jones GL, Will A, Jackson GH, Webb NJA, Rule S. Guidelines for the man-

agement of tumour lysis syndrome in adults and children with haemato-
logical malignancies on behalf of the British Committee for Standards in
Haematology. Br J Haematol. 2015;169:661-71.

. Cammalleri L, Malaguarnera M. Rasburicase represents a new tool

for hyperuricemia in tumor lysis syndrome and in gout. Int J Med Sci.
2007;4:83-93.

. Thiéry G, Azoulay E, Darmon M, Ciroldi M, De Miranda S, Lévy V, et al.

Outcome of cancer patients considered for intensive care unit admission:
a hospital-wide prospective study. J Clin Oncol Off J Am Soc Clin Oncol.
2005;23:4406-13.

. Dohner H, Estey EH, Amadori S, Appelbaum FR, Bichner T, Burnett AK,

et al. Diagnosis and management of acute myeloid leukemia in adults:
recommendations from an international expert panel, on behalf of the
European LeukemiaNet. Blood. 2010;115:453-74.

. Sanz MA, Grimwade D, Tallman MS, Lowenberg B, Fenaux P, Estey EH,

et al. Management of acute promyelocytic leukemia: recommendations
from an expert panel on behalf of the European LeukemiaNet. Blood.
2009;113:1875-91.

. Younes A, Hilden P, Coiffier B, Hagenbeek A, Salles G, Wilson W, et al.

International Working Group consensus response evaluation criteria in
lymphoma (RECIL 2017). Ann Oncol. 2017;28:1436-47.

Khwaja A. KDIGO Clinical Practice Guidelines for Acute Kidney Injury.
Nephron. 2012;120:c179-84.

Matheny ME, Peterson JF, Eden SK, Hung AM, Speroff T, Abdel-Kader K,

et al. Laboratory test surveillance following acute kidney injury. PLoS
ONE. 2014;,9:e103746.

Lafrance J-P, Miller DR. Defining acute kidney injury in database studies:
the effects of varying the baseline kidney function assessment period
and considering CKD status. Am J Kidney Dis. 2010;56:651-60.

Siew ED, lkizler TA, Matheny ME, ShiY, Schildcrout JS, Danciu |, et al. Esti-
mating baseline kidney function in hospitalized patients with impaired
kidney function. Clin J Am Soc Nephrol. 2012;7:712-9.

Cooper DJ, Plewes K, Grigg MJ, Patel A, Rajahram GS, William T, et al. An
evaluation of commonly used surrogate baseline creatinine values to
classify AKI during acute infection. Kidney Int Rep. 2021;6:645-56.

Ferreira FL. Serial evaluation of the SOFA score to predict outcome in criti-
cally il patients. JAMA. 2001,286:1754.

Jones GL, Will A, Jackson GH, Webb NJA, Rule S, the British Committee for
Standards in Haematology. Guidelines for the management of tumour
lysis syndrome in adults and children with haematological malignancies
on behalf of the British Committee for Standards in Haematology. Br J
Haematol. 2015;169:661-71.

Thomas LE, Li F, Pencina MJ. Overlap weighting: a propensity score
method that mimics attributes of a randomized clinical trial. JAMA.
2020;323:2417.

Li F, Thomas LE, Li F. Addressing extreme propensity scores via the overlap
weights. Am J Epidemiol. 2019;188:250-7.

Mehta N, Kalra A, Nowacki AS, Anjewierden S, Han Z, Bhat P, et al. Associa-
tion of use of angiotensin-converting enzyme inhibitors and angiotensin
ii receptor blockers with testing positive for coronavirus disease 2019
(COVID-19). JAMA Cardiol. 2020;5:1020.

Austin PC, Steyerberg EW. Bootstrap confidence intervals for loess-based
calibration curves. Stat Med. 2014;33:2699-700.

Spina M, Nagy Z, Ribera JM, Federico M, Aurer |, Jordan K, et al. FLORENCE:
a randomized, double-blind, phase Il pivotal study of febuxostat versus


https://doi.org/10.1186/s13613-022-00990-1
https://doi.org/10.1186/s13613-022-00990-1

Abdel-Nabey et al. Annals of Intensive Care

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

(2022) 12:15

allopurinol for the prevention of tumor lysis syndrome (TLS) in patients
with hematologic malignancies at intermediate to high TLS risk. Ann
Oncol Elsevier. 2015;26:2155-61.

Personett HA, Barreto EF, McCullough KB, Dierkhising R, Leung N, Haber-
mann TM. Impact of early rasburicase on incidence of clinical tumor lysis
syndrome in lymphoma. Leuk Lymphoma. 2019,60:2271-7.

Lengliné E, Raffoux E, Lemiale V, Darmon M, Canet E, Boissel N, et al.
Intensive care unit management of patients with newly diagnosed
acute myeloid leukemia with no organ failure. Leuk Lymphoma.
2012;53:1352-9.

Canet E, Cheminant M, Zafrani L, Thieblemont C, Galicier L, Lengline E,
et al. Plasma uric acid response to rasburicase: early marker for acute

kidney injury in tumor lysis syndrome? Leuk Lymphoma. 2014;55:2362-7.

Cheuk DKL, Chiang AKS, Chan GCF, Ha SY. Urate oxidase for the preven-
tion and treatment of tumour lysis syndrome in children with cancer.
Cochrane Database Syst Rev. 2014;1:CD006945.

Boles JM, Dutel JL, Briere J, Mialon P, Robasckiewicz M, Garre M, et al.
Acute renal failure caused by extreme hyperphosphatemia after chemo-
therapy of an acute lymphoblastic leukemia. Cancer. 1984;53:2425-9.
Kanfer A, Richet G, Roland J, Chatelet F. Extreme hyperphosphataemia
causing acute anuric nephrocalcinosis in lymphosarcoma. Br Med J.
1979;1:1320-1.

Ejaz AA, Johnson RJ, Shimada M, Mohandas R, Alquadan KF, Beaver TM,
et al. The role of uric acid in acute kidney injury. Nephron Karger Publish-
ers. 2019;142:275-83.

Shimada M, Johnson RJ, May WS, Lingegowda V, Sood P, Nakagawa T,
et al. A novel role for uric acid in acute kidney injury associated with
tumour lysis syndrome. Nephrol Dial Transplant. 2009;24:2960-4.

Pui C-H, Mahmoud HH, Wiley JM, Woods GM, Leverger G, Camitta B,

et al. Recombinant urate oxidase for the prophylaxis or treatment of
hyperuricemia in patients with leukemia or lymphoma. J Clin Oncol.
2001;19:697-704.

Tosi P, Barosi G, Lazzaro C, Liso V, Marchetti M, Morra E, et al. Consensus
conference on the management of tumor lysis syndrome. Haemato-
logica. 2008;93:1877-85.

Will A, Tholouli E. The clinical management of tumour lysis syndrome in
haematological malignancies. Br J Haematol. 2011;154:3-13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Tumor lysis syndrome, acute kidney injury and disease-free survival in critically ill patients requiring urgent chemotherapy
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Definitions
	Outcomes
	Tumor lysis syndrome management
	Statistical analyses

	Results
	Patients’ characteristics and outcome
	Chemotherapy administration
	Characteristics and risk factors of AKI
	One-year outcome
	Robustness of findings

	Discussion
	Conclusions
	References




