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Abstract

Hematological malignancies may require rapid-onset treatment because of their short doubling time, notably
observed in acute leukemias and specific high-grade lymphomas. Furthermore, in targeted onco-hematological
scenarios, chemotherapy is deemed necessary as an emergency measure when facing short-term, life-threatening
complications associated with highly chemosensitive hematological malignancies. The risks inherent in the disease
itself, or in the initiation of treatment, may then require admission to the intensive care unit (ICU) to optimize
monitoring and initial management protocols. Hyperleukocytosis and leukostasis in acute leukemias, tumor lysis
syndrome, and disseminated intravascular coagulation are the most frequent onco-hematological complications
requiring the implementation of emergency chemotherapy in the ICU. Chemotherapy must also be started urgently
in secondary hemophagocytic lymphohistiocytosis. Tumor-induced microangiopathic hemolytic anemia and plasma
hyperviscosity due to malignant monoclonal gammopathy represent infrequent yet substantial indications for
emergency chemotherapy. In all cases, the administration of emergency chemotherapy in the ICU requires close
collaboration between intensivists and hematology specialists. In this review, we provide valuable insights that aid in
the identification and treatment of patients requiring emergency chemotherapy in the ICU, offering diagnostic tools

and guidance for their overall initial management.
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Introduction

Some hematological malignancies have short tumor
doubling times (TDT) and specific related complications
incompatible with scheduled initiation of treatment,
necessitating rapid-onset chemotherapy. This emergency
is particularly evident in highly chemosensitive diseases
like acute leukemias and high-grade lymphomas,
characterized by short TDT, initial chemosensitivity, and
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frequent life-threatening complications without prompt
treatment [1-3].

Chemotherapy administration in the intensive care
unit (ICU) for malignancy-related complications, once
considered a double-edged sword, has emerged as a
potentially lifesaving intervention, even in the presence
of concurrent infections or organ failures [2, 4, 5]. While
studies focusing on ICU chemotherapy in hematological
patients report mortality rates ranging from 25% [6] to
32% [2], available data suggest encouraging long-term
outcomes with a reported 12-month survival rate of 30%
among cancer patients receiving ICU chemotherapy,
with 70% achieving complete remission [1].

Beyond drug-related toxicities, chemotherapy can
exacerbate tumor-associated complications, potentially
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leading to life-threatening conditions. Hence, the initia-
tion of chemotherapy represents a precarious phase that
may necessitate preemptive ICU admission for optimized
monitoring and management [7].

The literature on this topic is limited, and the
beneficial effects of chemotherapy administered during
ICU stays remain a subject of debate [8]. However,
anticancer therapy in the ICU is feasible and might
serve as a bridge to cure for selected, well-informed
hematological patients with reasonable prognostic
expectations [6, 9]. Intensivists play a crucial role in
identifying patients who could benefit from urgent
chemotherapy, collaborating closely with hematologists,
as timely diagnostic and therapeutic interventions may
significantly impact prognosis [4, 10].

In this review, we will first discuss common scenarios
requiring or complicating urgent chemotherapy, most
of the time in an ICU setting: hyperleukocytosis and
leukostasis in acute leukemia, tumor lysis syndrome
(TLS), and disseminated intravascular coagulation (DIC).
Chemotherapy must also be started urgently in secondary
hemophagocytic lymphohistiocytosis (HLH) [11].
Although less frequent, tumor-induced microangiopathic
hemolytic anemia (MAHA) and plasma hyperviscosity
due to malignant monoclonal gammopathy also
necessitate prompt initiation of chemotherapy.

The objective of this review is to offer clinicians
guidance and support in identifying and managing
patients requiring urgent chemotherapy.

Hematological complications requiring emergency
chemotherapy in the ICU

Hyperleukocytosis and leukostasis in acute leukemia
Hyperleukocytosis is often an unexpected finding
in outpatients or in the emergency ward, frequently
accompanied by non-specific symptoms like fever,
dyspnea, or mucocutaneous bleeding. Hyperleukocytosis
is defined as a circulating white blood cell count
greater than 100 x 10°/L [12], although the associated
complications can occur as early as 50 x 10°/L and may
require ICU management. Hyperleukocytosis is present
at diagnosis in up to 20% and 30% of patients with acute
myeloid leukemia (AML) and with acute lymphoblastic
leukemia (ALL) [13], respectively. Hyperleukocytosis can
also be found in chronic leukemias, but is less commonly
associated with complications, except in the acceleration
phase of chronic myeloid or myelomonocytic leukemia,
which highlights the role of circulating myeloid blasts in
the genesis of leukostasis [14].

Leukostasis is a hyperviscosity syndrome involving
cellular components encountered in up to 30% of
hyperleukocytic AML [15], especially with monocytic
characteristics and FLT3-ITD mutation [16]. Leukostasis

Take-home messages

In targeted onco-hematological scenarios, chemotherapy is
deemed necessary as an emergency measure when facing short-
term, life-threatening complications associated with highly
chemosensitive hematological malignancies.

The administration of emergency chemotherapy in the intensive
care unit requires close collaboration between intensivists and
hematology specialists, and may contribute to improving the
prognosis of hematological malignancies.

is more rarely described in ALL, mostly in pediatric
populations, and is associated with particularly high
leukocytosis, greater than 400 x 10°/L [14]. In this
context, leukostasis often manifests alongside multiorgan
failure, tumor lysis syndrome, and severe coagulopathy.

The pathophysiology of leukostasis involves endothelial
dysfunction, due to the adhesion of blast cells to the
endothelium, followed by their massive migration across
the endothelial barrier [17]. This phenomenon is initiated
by the exaggerated expression of integrins and selectins
by leukemia cells, which amplify endothelial dysfunction
through the production of proinflammatory cytokines
[18]. The endothelial dysfunction leads to a rupture of
the vascular barrier, a perivascular tissue infiltration
by the blasts, and hemorrhagic phenomena. The role
of hyperleukocytosis-induced blood hyperviscosity
itself has long been suggested [19], and although it is
only part of the mechanisms involved in leukostasis,
this hyperviscosity underscores the importance of
minimizing red blood cell transfusions during the
hyperleukocytic phase of acute leukemia [14].

Pulmonary involvement is the most common
manifestation of leukostasis, occurring in up to 40% of
cases [20]. Clinical signs are non-specific and may include
cough, dyspnea, and hypoxemia. Chest radiographs show
non-specific patterns, with frequent bilateral diffuse
alveolar infiltrates [21]. Pulmonary leukostasis often
requires the initiation of mechanical ventilation as it can
evolve into acute respiratory distress syndrome [22].

Brain involvement occurs in up to 30% of patients
with leukostasis and manifests as delirium, focal neuro-
logic deficits, or seizures. Brain imaging shows ischemic
or hemorrhagic lesions that may be localized or diffuse
[23], and in which blood hyperviscosity appears to play
an important role (Fig. 1).

Hyperleukocytosis, whether accompanied by leukosta-
sis or not, is linked to a high mortality rate ranging from
25% to 50% in the initial weeks [17], which justifies ICU
admission for close monitoring. Patients with hyperleu-
kocytosis are at high-risk of respiratory deterioration
after the initiation of induction chemotherapy, com-
monly termed acute lysis pneumopathy [22]. Effective
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Fig. 1 Inaugural complications of acute myeloid leukemia requiring emergency chemotherapy. A Pulmonary leukostasis, with bilateral alveolar and
interstitial opacities, related to hyperleukocytic (230 x 10%/L) acute monocytic leukemia (ex FAB-M5) at the time of diagnosis. B Pulmonary leuko-
stasis, with ground-glass opacity in the right upper lobe, secondary to hyperleukocytic (200 x 10%L) acute myelomonocytic leukemia (ex FAB-M4),
C Fundus image with fluorescein angiography revealing hyperviscosity-related retinopathy with disseminated retinal hemorrhages and vascular
dilation. D, E T2*-weighted and T2-flair MRI sequences revealing inaugural left fronto-temporal hemorrhage and cerebral edema linked to hyper-
leukocytic (330 x 10%/L) acute monocytic leukemia (ex FAB-M5). F Acute monocytic leukemia (ex FAB-M5): peripheral blood smear with numerous
promonocytes that have folded and convoluted nuclei and a finely granulated cytoplasm and vacuoles. DIC disseminated intravascular coagulation,
FAB French—American-British classification, MRl magnetic resonance imaging

management encompasses addressing organ failures and
implementing treatments such as hyperhydration and
urgent cytoreduction before introducing anthracycline
and cytarabine-based induction chemotherapy (Table 1)
[12].

Hydroxyurea has long been described as a reliable
method to reduce cell counts, taper clinical leukostasis
manifestations, and lower the risk of developing com-
plications from the cytotoxic effects associated with
definitive induction chemotherapy [24, 25]. The grad-
ual reduction of cell counts with hydroxyurea has been
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Table 1 Main hematological complications requiring emergency chemotherapy

Hyperleukocytosis in acute
leukemia

Tumor lysis syndrome®

Disseminated intravascular
coagulation®

Tumor-induced microangiopathic
hemolytic anemia

Malignancy-associated
hemophagocytic
lymphohistiocytosis

Plasma hyperviscosity syndrome

Multiple myeloma-associated
complications

Leukostasis (cerebral and/or
pulmonary)

Tumor lysis syndrome®
DICC

Biological TLS

4 LDH

K AP, JCa?
Hyperuricemia
Clinical TLS

Acute kidney injury
Seizures
Arrhythmia

Blood tests
Thrombocytopenia

1 INR

4 FDP or D-dimers

|} fibrinogen

Clinical forms

Hemorrhagic (cerebral++)
Thrombotic

Blood tests
Thrombocytopenia
Hemolysis, schistocytes
Negative DAT

Clinical forms
Atypical forms (not fitting
with HUS or TTP)

Biological

A ferritin, 4 TG
Cytopenias, DIC
Hemophagocytosis
Hepatic cytolysis

Clinical

Fever, lymphadenopathy
Hepatosplenomegaly

Biological
4 protidemia
4 monoclonal Ig

(IgM++) = cryoglobulinemia

Clinical

CNS symptoms
Visual disturbances
Mucosal bleeding
Fundoscopic exam
Dilated veins
Hemorrhage

Hypercalcemia

lon. Ca?* > 1.33 mmol/L
Acute kidney injury

4 urine free light chain
J albumin excretion

AML with monocytic features (ex
FAB-M4, M5, or M3v)®

ALL++, AML+

Acute promyelocytic leukemia++
(APL, ex FAB-M3)

Acute leukemia, according
to hyperleukocytosis
(lymphoblastic++)

High grade non-Hodgkin
lymphoma (Burkitt++, diffuse
large B-cell lymphoma)

Hemorrhagic (hyperfibrinolytic)
APL (ex FAB-M3)4+++
AML (monocytic features?)

Thrombotic (hypofibrinolytic)
ALL (L-asparaginase++)
Metastatic adenocarcinoma

Metastatic adenocarcinoma®

Non-Hodgkin lymphomas
Differential diagnoses
TTP

-Infectious causes

-Bone marrow invasion
Drug-induced MAHA®

Non-Hodgkin B- or T-cell
lymphomas

Differential diagnoses

«Infection (EBV++, sepsis)

-Autoimmune (Lupus, Still)

Myeloma (IgG, IgA)

Waldenstrom
macroglobulinemia+++

Others: rituximab IgM flare, Types |
and Il cryoglobulinemia, Sjégren
syndrome

Newly diagnosed or refractory
multiple myeloma

Hyperhydration (3L/m?)

Visual LVEF assessment advised
Avoid RBC transfusion initially
Early cytoreduction

AML: hydroxyurea

ALL: dexamethasone
Induction chemotherapy

Hyperhydration (3 L/m?)

Hydro-electrolyte rebalancing
(hypocalcemia should not be

corrected unless seizures occur)

Rasburicase ({ uric acid)

Early renal replacement therapy

Reducing tumor mass:

Acute leukemia: cf. supra

Lymphoma: corticosteroids

Less aggressive first chemotherapy

Platelet transfusion (> 20 G/L, 50 G/L
if active bleeding)

Etiological treatment:

APL: ATRA+++

Other AML: cf. supra

Lower platelet transfusion threshold
Anticoagulation according to platelet

count (LMWH or UFH)
Dexamethasone (ALL induction
phase)

Exclusion of alternative diagnoses
ADAMTS13 > 10% (rules out TTP)
Search for sepsis and HIV
Consider bone marrow biopsy
Check medication history®
Lymphoma: corticosteroids
Rapid-onset chemotherapy

High-dose dexamethasone

Etoposide++ (lymphoma, EBV)

Rituximab (B-cell lymphoma, EBV)

Emergency chemotherapy

(DEP or CHOEP regimen)

Ruxolitinib (hematological
malignancies, HSCT)

Hyperhydration

Plasmapheresis (with albumin)
Avoid RBC transfusion
Treatment of underlying disease
Dexamethasone
Chemotherapy

Waldenstrom: rituximab

Hyperhydration

Consider early RRT (AKI)

BDdoublet?

Hypercalcemia: bisphosphonates
(pamidronate++)

ADAMTS13 a disintegrin and metalloprotease with thrombospondin type | repeats-13, ALL acute lymphoblastic leukemia, AML acute myeloid leukemia, APL

acute promyelocytic leukemia, ATRA all-trans retinoic acid, ion. Ca®* ionized calcium, CNS central nervous system, DAT direct antiglobulin test, DIC disseminated
intravascular coagulation, EBV Epstein-Barr virus, FAB French-American-British classification, FDP fibrin degradation products, H/V human immunodeficiency virus,
HSCT hematopoietic stem cell transplantation, HUS hemolytic uremic syndrome, Ig immunoglobulin, INR international normalized ratio, K* potassium, LDH lactate
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Table 1 (continued)

dehydrogenase, LMWH low-molecular-weight heparin, LVEF left ventricular ejection fraction, P phosphorus, RBC red blood cell, RRT renal replacement therapy, TG
triglycerides, tiMAHA tumor-induced microangiopathic hemolytic anemia, TTP thrombotic thrombocytopenic purpura, TLS tumor lysis syndrome, UFH unfractionated

heparin

2 The French-American-British classification is no longer standard for the diagnosis, but distinguished acute myeloid leukemias based on cell morphology, with AMLs
with monocytic features being represented by AML4 (acute myelomonocytic leukemia), AML5 (acute monocytic leukemia), and AML3v (microgranular variant of

acute promyelocytic leukemia)

® Tumor lysis syndrome is defined by the diagnostic criteria of Cairo and Bishop (see also Supplementary Table 1) [35]

¢ Disseminated intravascular coagulation is diagnosed according to the International Society on Thrombosis and Hemostasis (ISTH) criteria (see also Table 2) [46]

94 The metastatic adenocarcinomas involved in paraneoplastic DIC and tiMAHA are mostly of digestive, pancreatic, mammary gland, prostatic, or pulmonary origin

¢ Several anti-tumor treatments may induce MAHA (e.g., gemcitabine, proteosome inhibitors, and oxaliplatin therapy)

f For the treatment of lymphoma-associated HLH, the main first-line chemotherapies include the DEP (dexamethasone, etoposide, and cisplatin) regimen or the
CHOEP (cyclophosphamide, doxorubicin, vincristine, etoposide, and prednisone) regimen

9 The BD doublet includes bortezomib (proteasome inhibitor) and dexamethasone

shown to decrease hospital mortality in patients with
hyperleukocytic AML when compared to a matched pop-
ulation that received induction chemotherapy without
prior cytoreduction [24]. However, response to hydrox-
yurea has not been shown to be predictive of favorable
short- and long-term outcomes [25]. The use of hydrox-
yurea is recommended by international guidelines to
reduce white blood cells (WBC) count below 25 x 10°/L
although high-quality evidence to support this treatment
is currently lacking [26].

Leukapheresis remains the frontline treatment for
hyperleukocytosis and leukostasis in a large number
of specialized centers worldwide [27]. While this
procedure rapidly removes circulating blasts, it
cannot eliminate cellular plugs already formed within
vessels or inhibit cellular proliferation in the bone
marrow. Although supported by several single-center
retrospective studies [28], the largest study conducted
to date found no discernible impact of leukapheresis on
overall survival [15]. Additionally, the complications
associated with central catheter insertion in patients with
thrombocytopenia or DIC and the risk of catheter-related
infection must be carefully considered before initiating
leukapheresis. Various cytoreduction regimens have been
described with no prospective data supporting the use of
one strategy over another [29].

Alongside cytoreduction, the use of dexamethasone
during induction chemotherapy has been suggested to
reduce short-term mortality when compared with either
a historical cohort or a propensity score-matched cohort
that did not receive dexamethasone [30, 31]. No impact
on infection occurrence has been demonstrated; however,
there is a lack of prospective data supporting this claim.
Dexamethasone has been shown to downregulate the
expression of adhesion molecules involved in leucocytes
adhesion, potentially alleviating the symptoms of
leukostasis [32].

Tumor lysis syndrome

TLS is a life-threatening condition secondary to the
release of tumor cells content into the bloodstream [33],
including deoxyribonucleic acid (DNA) and its metabo-
lites, intracellular ions (potassium, phosphorus), as well as
evocative proteins like lactate dehydrogenase (LDH) and
certain cytokines. The degradation of the purine bases of
DNA (adenine, guanine) leads to the increase of plasmatic
uric acid and the formation of uric acid crystals. Released
phosphorus precipitates with calcium, which induces
both hypocalcemia and the formation of calcium phos-
phate crystals [33, 34]. Thus, TLS-associated laboratory
abnormalities include hyperuricemia, hyperphosphatemia,
hypocalcemia, and hyperkalemia, which collectively define
the biological TLS according to Cairo and Bishop (see sup-
plementary Table 1). The combination of biological TLS
with acute kidney injury (AKI), seizures (related to hypoc-
alcemia), ventricular arrhythmia, or sudden cardiac death
(related to hyperkalemia) defines the clinical TLS [35].

TLS arises in patients with chemosensitive malignancy
and high tumor burden. It is therefore common in hyper-
leukocytic leukemia [17] or high-grade non-Hodgkin
lymphomas such as Burkitt’s lymphoma [36]. Although
TLS mainly affects patients undergoing chemotherapy,
spontaneous TLS might also occur. It is estimated that
up to 40% of TLS happen spontaneously in high-risk
patients [37]. Paradoxically, as a marker of high tumor
burden, spontaneous TLS is an indication for urgent
chemotherapy and close monitoring.

AKI severely affects the prognosis of TLS, and is
associated with a 66% mortality rate at 6 months, com-
pared to 21% in the absence of renal failure [37]. Thus,
hyperhydration (3L/m?/day or 70 mL/kg) is the treat-
ment’s cornerstone [33]. Alkalinization is no longer
recommended because it is associated with the risk of
precipitation of calcium phosphate crystals [38]. After
stopping any phosphorus and potassium supplemen-
tation, the hydro-electrolyte rebalancing is aimed at
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correcting hyperkalemia by using polystyrene sulfonate
alone in the absence of electrocardiographic (ECQG)
signs, and by combining insulin-glucose in hyper-
kalemia with ECG signs to avoid alkalinization. The
efficacy of phosphate binders on hyperphosphatemia is
disputed in this context, and hypocalcemia should not
be supplemented (except in cases of convulsions, or
hyperkalemia with ventricular arrhythmia) due to the
precipitation of calcium with phosphorus [33]. Electro-
lyte disturbances (hyperkalemia, hyperphosphatemia)
require initial monitoring in the ICU, including ECG
monitoring.

Due to the risk of uratic nephropathy, the treatment
includes a hypouricemic therapy, favoring rasburicase
over allopurinol starting from the biological TLS stage
[39]. However, ruling out glucose-6-phosphate dehydro-
genase (G6PD) deficiency is essential beforehand to pre-
vent rasburicase-induced methemoglobinemia.

Renal replacement therapy (RRT) should be discussed
early [40], in addition to the usual criteria, in the event
of persistent hyperphosphatemia, although no threshold
could be determined by consensus [34]. In this context,
the early consideration of hyperphosphatemia is part of
an approach to prevent the onset or worsening of AKI.
Clinical, ECG, and biological monitoring is essential
before and during the initiation of anti-tumor treatment
(cytoreduction or chemotherapy). The main biological
abnormalities (serum potassium, phosphoremia, calce-
mia, uremia, creatinine, uric acid level, and eventually
LDH) must be checked every 4—6 h during the acute
phase [33].

Disseminated intravascular coagulation

DIC of tumor origin is encountered in different clinical
forms depending on the causative malignancy, and is
categorized into two groups: hyperfibrinolytic, associated
with a hemorrhagic presentation, and antifibrinolytic,
characterized by thrombotic manifestations [41]. The
hemorrhagic phenotype is prominent in DIC induced by
hematological malignancies and mainly concerns AML,
while myeloproliferative disorders and asparaginase-
treated ALL are preferentially associated with thrombotic
phenotypes [41, 42].

Incidence of DIC among acute leukemias is estimated
at 15-25% at the time of diagnosis [42]. The incidence is
higher in the presence of hyperleukocytosis with leuko-
stasis, especially in cases of AML that display a normal
karyotype with FLT3-ITD mutation [43]. The pathophys-
iology of leukemia-induced DIC involves the production
of tissue factor by leukemic cells, which triggers the coag-
ulation cascade through the extrinsic pathway, and initi-
ates multifactorial endothelial activation and dysfunction
[44]. The hyperfibrinolytic and hemorrhagic presentation

is particularly common in acute promyelocytic leuke-
mia (APL), in which leukemia cells activate plasminogen
through the expression of tissue plasminogen activator
(tPA) thereby exacerbating fibrinolysis [45]. DIC is ini-
tially present in up to 80% of APL cases [42] according to
the International Society on Thrombosis and Hemostasis
(ISTH) definition [46]. ISTH criteria include thrombo-
cytopenia, prolonged prothrombin time (PT), decreased
fibrinogen, and increased fibrin degradation products
(FDPs), or D-dimers. Thrombocytopenia is a question-
able criterion in this context, as it may result from bone
marrow invasion. Hence, the Japanese Ministry of Health
and Welfare (JMHW) has proposed a platelet-free score
for the diagnosis of DIC in patients with hematological
malignancies (Table 2) [47].

Severe clinical manifestations of DIC are represented
by cerebral hemorrhages, followed by intra-alveolar
hemorrhages [42]. In patients with active bleeding, the
platelet transfusion threshold should attain 50 x 10°/L
and fibrinogen replacement therapy is indicated to
reach a level>1.5 g/L [42, 48]. Acute leukemia-associ-
ated DIC is an indication for emergency cytoreduction
and chemotherapy (Table 1). The treatment of DIC spe-
cifically induced by APL includes trans-retinoic acid
(ATRA), which should be administered as soon as the
diagnosis is established. However, ATRA can cause a
differentiation syndrome in which the massive transfor-
mation of blasts into mature cells induces acute febrile

Table 2 Definition of disseminated intravascular coagula-
tion according to the criteria of the International Society
on Thrombosis and Haemostasis [46] and the modified
Japanese Ministry of Health and Welfare criteria [47]

Clinical symptoms NA Organ failure 1
Platelet count (G/L) > 100 NA 0
50-100 1
<50 2
p-dimers or FDP No increase FDPs > 20 0
Moderate increase 1
Severe increase 2
PT increase (s)° or PT <35 1.25-1.67 (PTratio) O
ratio 3-65 >1.67 (PT ratio) 1
>6s 2
Fibrinogen (g/L) >1 NA 0
<1 1

Diagnosis of DIC > 5 points >4 points

DIC disseminated intravascular coagulation, FDP fibrin degradation products,
ISTH International Society on Thrombosis and Haemostasis, JMHW Japanese
Ministry of Health and Welfare, NA not applicable, PT prothrombin time, s second
2 JMWH criteria are modified for patients with thrombocytopenia of central
origin, including bone marrow invasion by hematological malignancies [47].
These modified criteria do not include points for platelet count or bleeding

b The value of prothrombin time increase is given in second(s) above the normal
upper limit
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multiorgan failure and whose treatment is based on
dexamethasone and cytoreduction by hydroxyurea [49].
Importantly, with the advent of targeted therapies for
AML, such as inhibitors targeting isocitrate dehydroge-
nase (IDH-1/2) and FMS-like tyrosine kinase 3 (FLT3),
differentiation syndrome is now increasingly reported
in non-APL AML [50]. Thrombotic manifestations
are more often encountered in ALL, mostly second-
ary to the prothrombotic effect of L-asparaginase [51].
Through reduced concentrations of asparagine, hepatic
synthesis of antithrombin and fibrinogen is lowered,
resulting in both a prothrombotic state and hypofibrin-
ogenemia in asparaginase-treated ALL patients [42].
Thus, antithrombin concentrates are recommended by
the ISTH to achieve a target level of 80% to 120% and
low-molecular-weight heparin thromboprophylaxis
is strongly suggested in patients with a platelet count
greater than 30 x 10°/L without bleeding [51]. A lower
threshold for platelet transfusion should be considered
in asparaginase-treated ALL patients, but no precise
guidelines have been published yet. Fibrinogen sub-
stitution is implemented in most studies to achieve a
target level >0.5 g/L [51]. Unfractionated heparin or
low-molecular-weight heparin is used preferentially
to oral anticoagulants to treat thromboembolic events
[52].

Tumor-induced microangiopathic hemolytic anemia

Tumor-induced MAHA is a differential diagnosis of
paraneoplastic DIC in the presence of peripheral throm-
bocytopenia [53]. In approximately 10-15% of cases,
MAHA and DIC can co-exist [53, 54], and they appear
to constitute the two facets of tumor-induced endothe-
lial activation and dysfunction [41]. While DIC firstly
activates secondary hemostasis through the production
of tissue factor by endothelial cells, the pathophysiology
of MAHA relies primarily on excessive platelet adhe-
sion and activation, in correlation with an enhanced
von Willebrand factor (VWF) activity of endothelial ori-
gin. Overexpression of VWF often accompanies a par-
tial decrease in a disintegrin and metalloprotease with
thrombospondin type I repeats-13 (ADAMTSI13) pro-
tease activity [55], the physiological role of which is to
cleave and inhibit VWF. This process leads to the forma-
tion of microthrombi, resulting in thrombocytopenia by
consumption, and secondarily to intravascular hemolysis
with the presence of schistocytes, by fragmentation of
red blood cells in contact with microthrombi. Erythro-
cyte fragmentation may also be related to disseminated
microvascular metastases or widespread bone marrow
involvement [54, 56]. Therefore, the diagnosis of MAHA
is based on a triad of thrombocytopenia, LDH elevation
and the presence of schistocytes, along with a negative

direct antiglobulin test. The search for schistocytes is a
major diagnostic element and should be repeated in case
of initial negativity [57].

Most cases of paraneoplastic MAHA occur in patients
with solid tumors, followed in frequency by non-Hodg-
kin lymphomas [56, 58]. A notable characteristic of
paraneoplastic MAHA is the prevalence of unclassified
forms because they do not fit with hemolytic uremic
syndrome (HUS) or thrombotic thrombocytopenic pur-
pura (TTP) [58]. When available, ADAMTS13 activity is
often decreased in tumor-induced MAHA, but does not
reach the diagnostic threshold characterizing TTP (less
than 10%), whether in solid tumors [59] or hematological
malignancies [60]. This reinforces the idea that treatment
strategies cannot be modeled on those used for TTP [61].
Corticosteroids, rituximab and caplacizumab cannot be
universally recommended and should be considered on a
case-by-case basis. In scenarios of suspected TTP with-
out determined etiology, failure of plasmapheresis should
raise the diagnosis of paraneoplastic MAHA, and in these
circumstances bone marrow biopsy is recommended by
some authors [56]. In the absence of recent clinical tri-
als focused on paraneoplastic MAHA, only emergency
chemotherapy has been shown to be associated with
survival thus far [58]. Infectious or treatment-related eti-
ologies must be ruled out, including gemcitabine, proteo-
some inhibitors (especially carfilzomib) and oxaliplatin
therapy [54, 62]. Regarding immunomodulatory drugs,
lenalidomide and checkpoint inhibitors may also trigger
authentic immune-mediated TTP through the expres-
sion of an anti-ADAMTS 13 autoantibody [54]. Finally,
hematopoietic stem cell transplantation (HSCT)-induced
MAHA is a well-documented complication [54, 62]

Secondary hemophagocytic lymphohistiocytosis

Malignancy-associated secondary HLH is a hyperin-
flammatory state occurring in cancer patients. It results
from an excessive stimulation of macrophages under the
effect of an inappropriate cytokine production, espe-
cially interferon-y by CD8" T cells, accompanied by a
loss of regulation by natural killer (NK) cells. Activated
macrophages in turn produce cytokines in inappropri-
ate quantities, including interleukin (IL) -6 and tumor
necrosis factor (TNF), which is enhanced during cell lysis
and boosted by tumor-infiltrating lymphocytes [11, 63].
Clinical signs are non-specific and include high fever,
lymphadenopathy, and hepatosplenomegaly [11]. The
hallmark biological signs combine cytopenia, hepatic
cytolysis, hyperferritinemia, hypertriglyceridemia, and
coagulation disorders, with hypofibrinogenemia being
associated with mortality [63]. Hemophagocytosis,
although frequently found in bone marrow aspiration
smears, is not imperative for diagnosis. The diagnosis is
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based on the HLH-2004 diagnostic criteria (supplemen-
tary Table 2) [64]. The HScore (HLH-probability calcu-
lator) is an alternative diagnostic tool available online
(http://saintantoine.aphp.fr/score/) [65]. Therefore, HLH
is highly suspected if 5 of 8 criteria are fulfilled, and the
diagnosis of HLH should be consistent with the overall
clinical assessment and patient’s history [66]. Onco-
hematological diseases account for 97% of malignancy-
induced HLH, with non-Hodgkin lymphoma ranking
first (roughly 74% of cases) followed by leukemia [11].
Secondary HLH is independently associated with mortal-
ity in lymphoma patients.

As untreated secondary HLH is systematically lethal
[63], the administration of high-dose dexamethasone and
emergency etoposide-based chemotherapy to eliminate
activated T cells is a therapeutic priority in onco-hema-
tological patients [66, 67]. Completion of the entire first-
line chemotherapy regimen appropriate to the lymphoma
subtype significantly improves patient prognosis. This
includes combinations of rituximab, cyclophosphamide,
doxorubicin, and vincristine in case of diffuse large B cell
lymphoma (DLBCL) [68], resulting in an adapted regi-
men such as CHOEP (cyclophosphamide, doxorubicin,
vincristine, etoposide, and prednisone) regimen [66].

Etoposide must also be administered urgently in
certain non-malignant underlying indications, espe-
cially in the case of Epstein-Barr virus (EBV)-induced
HLH, which requires the rapid addition of rituximab
to deplete EBV-infected B-cells [11]. However, first-line
administration of emergency chemotherapy does not
apply to all cases of secondary HLH. For this reason,
the etiological assessment of HLH must be meticulous,
with the main treatment remaining that of the under-
lying cause. Ruxolitinib, a selective Janus kinase (JAK)
inhibitor, used as a cytokine-reducing therapy with
minimal myelosuppressive effects, is currently being
incorporated into different treatment regimens for HLH
secondary to hematological malignancies and HSCT.
Emapalumab, a monoclonal antibody targeting inter-
feron-gamma, is increasingly used in various centers for
the treatment of secondary HLH. However, its applica-
tion derived from a narrow subset of pediatric patients
with primary HLH, warrants further assessment [69].
These new etoposide-reducing protocols help limit
treatment toxicities before the initiation of disease-spe-
cific chemotherapy [70].

Plasma hyperviscosity

In contrast to “cellular” hyperviscosity, plasma hypervis-
cosity syndrome (HVS) results from an abnormal protein
increase, often arising from plasma cell disorders with
immunoglobulin (Ig). Due to their pentameric structure
and their high molecular weight, IgMs are more likely to

induce HVS, which explains the importance of Walden-
strom macroglobulinemia (WM) among etiologies [71,
72]. At diagnosis, 40% of WM patients present with HVS,
compared to 3.4% of multiple myeloma (MM) patients
[72, 73]. Notably, the presence of a cryoglobulin can trig-
ger or worsen plasma hyperviscosity, due to the cold-
induced polymerization of the immunoglobulin involved.

Clinical signs of plasma hyperviscosity are dominated
by a triad [74], associating neurological abnormalities
(headache, delirium, tinnitus, ataxia), visual disturbances
(blurring, phosphenes, myodesopsia), and mucosal
bleeding (epistaxis, gum). In a context of HVS suspicion
or for asymptomatic patients with a high protein con-
centration, the diagnosis can be rapidly confirmed by
ophthalmologic examination revealing delayed venule
clearance and/or retinal hemorrhage [72, 73, 75]. Beyond
major hyperproteinemia, serum protein electrophoresis
reveals the monoclonal hypergammaglobulinemia, char-
acterized by immunofixation, with levels of IgM, IgG, and
IgA generally greater than 30, 40, and 60 g/L, respectively
[71]. Cryoglobulinemia should be specifically screened,
especially in the presence of IgM [76].

Main vital complications include thrombosis, digestive
and cerebral bleedings. Thus, HVS represents a therapeu-
tic emergency that should not be delayed for ophthalmic
examination in symptomatic patients. Early management
combines ICU admission, hyperhydration, and the elimi-
nation of all factors that may increase hyperviscosity, such
as diuretics or red blood cell transfusions, except in case of
active uncontrolled bleeding. Plasmapheresis, performed
urgently at 40 mL/kg with albumin as the primary replace-
ment fluid, except in cases of active hemorrhage, is essen-
tial [77]. One to three therapeutic plasma exchange(s) may
be sufficient to resolve symptoms of HVS. In otherwise
asymptomatic patients, retinal changes respond dramati-
cally to a single TPE with marked or complete reversal of
the fundoscopic findings [75].

As serum Ig levels will return to baseline in 4 weeks,
etiological treatment should be initiated soon after
plasma therapy, to avoid treatment clearance. For newly
diagnosed WM with bulky disease, a combination of ben-
damustine and rituximab is recommended as first line
therapy. Therapeutic alternatives include the dexameth-
asone-rituximab—cyclophosphamide combination in
cases of low disease burden, as well as novel agents such
as proteasome (bortezomib and carfilzomib) and Bru-
ton’s tyrosine kinase (BTK) inhibitors (ibrutinib) [72, 78].
The specific treatment of MM is detailed in the following
paragraph.

Myeloma-associated complications
Beyond HVS, newly diagnosed or refractory MM
typically presents with life-threatening complications
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such as hypercalcemia and AKI that may require ICU
admission [79]. Light-chain cast nephropathy (LCCN)
is the main cause of reversible AKI in MM patients and
a frequent mode of diagnosis. LCCN must be evoked
by the combination of low urinary albumin excretion
and high free light chains (FLCs) level (>500 mg/l)
[79]. Renal recovery, which is a major predictive factor
for survival, mostly depends on early reduction of
serum FLCs, particularly in patients requiring RRT
[80]. Therefore, specific treatment initiation is an
emergency that should not be delayed by RRT and/or
ICU admission [79].

Early management of MM-associated AKI is
based on the combination of symptomatic measures
and emergency chemotherapy with high-dose
corticosteroids. By reducing the urinary concentration
of FLCs and enhancing renal tubular flow,
hyperhydration using saline fluids reduces the risk of
intratubular precipitation [79]. The effectiveness of
urine alkalinization remains controversial and should
be avoided in hypercalcemic patients because of the
risk of calcium phosphate precipitation [81].

Treatment of hypercalcemia relies on rehydration
and intravenous bisphosphonates, adapted to estimated
glomerular filtration rate (eGFR) value. While zoledronic
acid is not contraindicated, pamidronate is preferred
due to its lower risk of renal toxicity [82]. Despite
controversial clinical benefit, calcitonin might be
initiated concurrently, as bisphosphonates may require
several days to exert their optimal therapeutic effects.
Nephrotoxic treatments should be discontinued.

Due to its anti-inflammatory, cytotoxic, and catabolic
properties, high-dose dexamethasone (40 mg/day)
improves renal recovery [83] and should be administered
immediately after the diagnosis [84]. Prudent hydration
and reduced-dose (20 mg/day) dexamethasone might
be considered in most frail patients (cardiovascular
comorbidities, age > 80 years).

Initiating early anti-plasma cell chemotherapy is
essential to reduce the tumor burden and monoclo-
nal FLCs secretion. Currently, the standard of care in
LCCN patients combines high-dose dexamethasone
with the proteasome inhibitor bortezomib, whose effi-
cacy and tolerance are established without dose adap-
tation, even in patients requiring RRT [83]. However,
the broader use of lenalidomide, carfilzomib, or cyclo-
phosphamide is constrained due to unfavorable toxicity
profiles and limited renal metabolism within the LCCN
setting [83, 85]. It is anticipated that in the coming
years, the combination of bortezomib with the mono-
clonal anti-CD38 antibody daratumumab is likely to
further improve both hematologic response and renal
recovery [86].

In addition, extracorporeal removal of circulating FLCs
through plasmapheresis or intensive hemodialysis using
new-generation “high-cutoft” (HCO) protein—leaking
dialyzers might be considered. This approach aims to
prevent the persistent accumulation of FLCs in both
vascular and extravascular compartments [80].

Conclusion

Indications for emergency chemotherapy are relatively
rare, yet demand early recognition due to the potentially
rapid and lethal nature presented of some malignant
complications. Admission to the ICU must be considered
for the implementation of emergency chemotherapy
and overall initial management particularly when an
initial worsening is expected, due to the disease itself
and/or its treatment. Depending on the etiology, the
rapid onset of the antineoplastic treatment may lead to
complete recovery, justifying full-code management,
especially in the case of initial treatment. The broadening
of indications for ICU admission, requiring close
interprofessional collaboration, may contribute to
the major prognostic improvement reported in onco-
hematological patients. Dedicated multicenter studies
are warranted to assess both the efficacy and safety of
emergency chemotherapies in the ICU.
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