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Abstract 

Background  The Warburg effect, characterized by elevated lactate levels without tissue hypoxia or shock, has been 
described in patients with aggressive lymphoproliferative malignancies. However, the clinical characteristics and long-
term outcomes in this population remain poorly understood.

Methods  We retrospectively analyzed 135 patients with aggressive lymphoproliferative malignancies admitted 
to the ICU between January 2017 and December 2022. Patients were classified into three groups: Clinical Warburg 
Effect (CWE), No Warburg with High Lactate level (NW-HL), and No Warburg with Normal Lactate level (NW-NL). Clini-
cal characteristics and outcomes were compared between the groups and factors associated with 1-year mortality 
and CWE were identified using multivariable analyses.

Results  Of the 135 patients, 46 (34%) had a CWE. This group had a higher proportion of Burkitt and T cell lympho-
mas, greater tumor burden, and more frequent bone and cerebral involvement than the other groups. At 1 year, 72 
patients (53%) died, with significantly higher mortality in the CWE and NW-HL groups (70% each) than in the NW-NL 
group (38%). Factors independently associated with 1-year mortality were age [HR = 1.02 CI 95% (1.00–1.04)], total 
SOFA score at admission [HR = 1.19 CI 95% (1.12–1.25)], and CWE [HR = 3.87 CI 95% (2.13–7.02)]. The main factors asso-
ciated with the CWE were tumor lysis syndrome [OR = 2.84 CI 95% (1.14–7.42)], bone involvement of the underlying 
malignancy [OR = 3.58 CI 95% (1.02–12.91)], the total SOFA score at admission [OR = 0.81 CI 95% (0.69–0.91)] and hypo-
glycemia at admission [OR = 14.90 CI 95% (5.42–47.18)].

Conclusion  CWE is associated with a higher tumor burden and increased 1-year mortality compared to patients 
without this condition. Our findings underscore the importance of recognizing patients with CWE as a high-risk 
cohort, as their outcomes closely resemble those of individuals with lymphoma and shock, despite not requiring 
advanced organ support. Clinicians should recognize the urgency of managing these patients and consider early 
intervention to improve their prognosis.
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Introduction
A century ago, in 1923, Otto. H Warburg raised the 
hypothesis that malignant cells may preferentially use 
the lactic fermentation pathway even in the presence of 
oxygen [1]. He suggested that this phenomenon could be 
attributed to an irreversible respiratory injury that may 
also have been the origin of cancer cells [2]. Based on 
Warburg’s work, several authors have reported that while 
this phenomenon appears to be a common feature of 
many types of tumors, there is clear evidence that glyco-
lysis is enhanced without significant mitochondrial dys-
function [3–7]. These results marked a turning point in 
the history of the Warburg effect, as they shifted the par-
adigm towards the idea that the effect is due to “dysregu-
lation of glycolysis” rather than “damage to respiration” 
[8]. Therefore, the upregulation of glucose conversion 
to lactate, even in the presence of functional mitochon-
dria, does not appear to be a response to the hypoxic 
tumor microenvironment. In contrast, this phenomenon 
appears to be an acquired hallmark that emerges early 
in oncogenesis and may even characterize the process 
of uncontrolled growth [9, 10]. Based on these studies, 
we now have a more precise understanding of the intri-
cate mechanisms underlying the Warburg effect histori-
cally classified as a B lactic acidosis [7, 11–18]. However, 
despite increasing pre-clinical knowledge about the 
Warburg effect, clinical data focusing on these patients 
remain scarce and rely only on case reports. Thus, we 
conducted a retrospective study to assess the long-term 
prognosis of patients with aggressive lymphoproliferative 
malignancy and identify the main clinical factors associ-
ated with the clinical Warburg effect.

Methods
We conducted a retrospective single-center cohort study 
in a university hospital Intensive Care Unit (ICU). This 
study was approved by an Institutional Review Board 
(IRB) (“Comité d’Evaluation de l’Ethique des projets de 
Recherche Biomédicale Paris Nord” (IRB  00006477- of 
Paris Cité University). According to the French regula-
tion, the need for informed consent was waived. How-
ever, patients were informed that their data might be 
used for research purposes and none of them refused. 
The study was conducted following the Declaration of 
Helsinki principles.

Definitions
We defined as Clinical Warburg Effect (CWE) the 
group of patients with lactatemia > 2  mmol/L without 
hemodynamic instability (mean arterial blood pressure 
< 65  mmHg or vasopressor requirement), severe hypox-
emia (PaO2:FiO2 ≤ 300  mmHg), tissue ischemia (any 

documentation of macrovessel occlusion), acute liver 
failure, medication, or toxic potentially involved in type 
B2 lactic acidosis or inborn mitochondrial disorders. 
We divided the remaining patients into two groups: (1) 
No Warburg with No Lactate elevation (NW-NL) and 
No Warburg with High Lactate level (NW-HL) (Fig.  1). 
Acute liver failure was defined following the 2017 EASL 
practical guidelines [19]. We classified patients receiving 
metformin in their medication as non-Warburg patients. 
Hypoglycemia was defined as a glucose level at ICU 
admission < 5.5  mmol/L. The Sequential Organ Failure 
Assessment (SOFA) score and the Simplified Acute Phys-
iology Score (SAPS II) score were also recorded, as previ-
ously defined [20–22]. Biological and clinical diagnosis of 
tumor lysis syndrome was established according to con-
sensus definition [23]. Finally, hemophagocytic lympho-
histiocytosis (HLH) diagnosis was established according 
to the classification developed by the Histiocyte Society 
and confirmed by attending hematologists and intensiv-
ists [24, 25].

Study population
We screened from each ICU reports of Saint-Louis Uni-
versity Hospital from January 2017 to December 2022 
for patients admitted with newly diagnosed aggressive 
lymphoproliferation or a new diagnosis of relapse. The 
screening method is detailed in Additional file 1. Patients 
were admitted from outside the hospital or from one 
of the eight hematology wards within the hospital. The 
Saint-Louis University Hospital is a 700-bed public hos-
pital with 483 beds for patients with hematological malig-
nancies and solid cancers. The ICU is a 20-bed medical 
unit that admits 1050 patients annually, of whom about 
one-third have hematologic malignancies. Information 

Fig. 1  Clinical Warburg effect algorithm
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on the organization of our ICU and criteria for ICU 
admission have been published elsewhere [26]. Of note, 
our center advocates for the early admission of critically 
ill cancer patients [27]. This approach is especially rel-
evant for patients with a newly diagnosed lymphoma or 
leukemia. For selected high-risk patients who are about 
to undergo their first line of chemotherapy, early ICU 
admission is then often considered. This approach often 
leads to admissions for patients with CWE who require 
the initiation of high-risk chemotherapy, even in cases 
where there is no organ failure upon admission. ICU 
admission policies remained unchanged throughout the 
study period.

Objectives and outcomes
The primary objective was to identify factors associated 
with mortality at 12  months. The secondary objective 
was to identify factors associated with the CWE.

Statistical analyses
Baseline characteristics are reported as absolute values 
with percentages for categorical variables or median with 
the interquartile interval for quantitative variables. Logis-
tic regression and Cox model were used to assess the 
risk factors of CWE and 1-year mortality, respectively. 
To further assess the influence of CWE on mortality, we 

performed an overlap propensity score weighting analy-
sis [28–30] and a complex bootstrap resampling. Further 
details about the statistical analysis are reported in Addi-
tional file 1.

Missing data management
All data regarding the primary outcome were retrieved. 
Patients with missing lactate concentration at admis-
sion were not included in the primary analysis but are 
described in the (Additional file 1: Table S1).

Results
Patients’ characteristics
From January 2017 to December 2022, we screened 
3858 medical reports of patients admitted to the ICU. 
Among them, 483 had an aggressive lymphoproliferative 
malignancy. We excluded 323 patients who had already 
received first-line chemotherapy treatment and 23 with-
out lactate measurement. We included 135 patients 
diagnosed with de novo lymphoproliferative disease or 
a diagnosis of relapse. Among them, 46 patients fulfilled 
the CWE criteria, 20 were classified as No Warburg with 
High Lactate level (NW-HL) and 69 as No Warburg with 
Normal Lactate level (NW-NL) (Fig. 2).

The main reason for admission of CWE patients was 
the administration of a first-line chemotherapy with a 

Fig. 2  Flowchart
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high risk of complications in 30% of cases, followed by 
tumor lysis syndrome (20%) and acute respiratory dis-
tress (17%). The comparative baseline characteristics 
of the three groups are reported in Table  1. The three 
groups were similar in terms of sex and age. However, 
the distribution of lymphoma subtypes differed between 
the groups, with the CWE group having a higher pro-
portion of patients with Burkitt lymphoma (24%) and T 
cell lymphoma (26%) compared to the other two groups. 
The most represented aggressive lymphoproliferation in 
the overall population was diffuse large B cell lymphoma 
(DLBCL), and the prevalence was higher in the CWE 
and NW-HL groups than in the NW-NL group (41% and 
50% versus 32%, respectively) (Fig. 3). Tumor burden was 
greater in the CWE group, as indicated by higher serum 
LDH levels with a median of 2422 UI/L compared to 
890 and 828 UI/L in the NW-HL and NW-NL groups, 
respectively. This was also reflected by the higher inci-
dence of tumor lysis syndrome in CWE patients (54% vs. 
40% and 32% in the NW-HL and NW-NL groups, respec-
tively). The subset of patients with HLH syndrome was 
underrepresented in the CWE group (11%). However, 6 
patients with HLH were excluded from the diagnosis of 
CWE due to the presence of shock and therefore cat-
egorized as NW-HL. Cerebral and bone involvements 
of the underlying hematological malignancy were more 
frequent in CWE patients, involving 28% and 24% of 
patients in the CWE group versus 15% and 10% in the 
NW-HL group, respectively (Additional file 1: Table S2). 
All patients with a CWE and non-Hodgkin B cell lym-
phoma with bone localization exhibited a c-MYC muta-
tion. Hypercalcemia was also found in 24% of cases in 
the CWE group compared to 15% and 8% in the NW-HL 
and NW-NL patients, respectively. Finally, CWE patients 
were more likely hypoglycemic (Table 1, Additional file 1: 
Figure S1).

The total SOFA score at admission was higher in the 
NW-HL group, with a median (IQR) of 6 (4–9) compared 
to 2 (0–4) for patients with a CWE. The mean arterial 
blood pressure was higher in CWE patients [98  mmHg 
(87–106)], with no patient requiring vasopressor support 
and none with mottled skin, while this was reported in 
30% of cases in the NW-HL group. Otherwise, the heart 
and respiratory rates, as well as body temperature, did 
not differ significantly. Despite a lower SOFA score, the 
lactate levels at baseline were similar between CWE and 
NW-HL patients, with a median of 4.4 mmol/L (3.6–7.6) 
and 5.1  mmol/L (2.6–8.6), respectively (Table  1). The 
serum lactate trajectories within the days following ICU 
admission were similar for patients presenting a CWE, 
with a significant drop on day one (Fig. 4). Upon admis-
sion, blood gases displayed decompensated metabolic 
acidosis in the NW-HL group, while it was compensated 

in the CWE group and normal in the NW-NL group 
(Table  1). Finally, the CWE group had a higher fre-
quency of patients who did not require organ support, 
with no patient requiring vasopressors, only 9% requiring 
mechanical ventilation and 17% requiring renal replace-
ment therapy.

Risk factors associated with 1‑year mortality
At 1 year, 72 patients (53%) had died. There was a notice-
able difference in the distribution of deaths among the 
three groups. Specifically, 70% of the patients in both the 
CWE and NW-HL groups died at 1 year, in contrast to 
the NW-NL group, which had a 1-year mortality rate of 
38% (Fig. 5, Additional file 1: Figure S2). Factors indepen-
dently associated with 1-year mortality by multivariable 
Cox survival analysis were the age [HR = 1.02 CI 95% 
(1.00–1.04)], total SOFA score at admission [HR = 1.19 
CI 95% (1.12–1.25)] and both CWE and NW-HL groups 
[HR = 3.87 CI 95% (2.13–7.02) and HR = 3.34 CI 95% 
(1.68–6.60)] (Table 2, Additional file 1: Table S3, S4).

Factors associated with a clinical Warburg effect
By multivariable analysis, the main factors associated 
with a CWE were the presence of tumor lysis syndrome 
[OR = 2.84 CI 95% (1.14–7.42)], bone involvement of the 
underlying malignancy [OR = 3.58 CI 95% (1.02–12.91)], 
the total SOFA score at admission [OR = 0.81 CI 95% 
(0.69–0.91)] and hypoglycemia at admission [OR = 14.90 
CI 95% (5.42–47.18)] (Table 3).

Robustness of findings
Bootstrapping and overlap propensity score weighted 
analyses were in line with mortality results suggesting 
that the Clinical Warburg status association remains 
robust in our cohort. The results are detailed in the sup-
plemental data (Additional file 1: Table S5, Figure S3–S5).

Discussion
This is the first and largest study describing the clini-
cal characteristics and long-term outcomes of patients 
admitted to the ICU with lymphoma and a CWE. We 
defined three homogeneous groups based on outcomes 
and clinical characteristics. Moreover, we found that a 
CWE was associated with a high tumor burden. Finally, 
we found that CWE was highly associated with 1-year 
mortality. In most cases, these patients were discharged 
alive from the ICU and then died within the follow-
ing year. Interestingly, we found that CWE and NW-HL 
groups had similar 1-year mortality rates.

The bulk of clinical evidence regarding this condi-
tion is derived from case reports [14, 15, 31, 32]. Simi-
lar to our study, these reports demonstrated a decrease 
in lactate levels after the initiation of chemotherapy, with 
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Table 1  Baseline characteristicsa

a Continuous values are reported as median (IQR)
b DLBCL refers to diffuse large B cell lymphoma
c According to the Ann Arbor classification

No Warburg/normal lactate level 
(n = 69)

No Warburg/high lactate level 
(n = 20)

Clinical Warburg 
effect (n = 46)

Demographic characteristics

 Sex male—no. (%) 49 (71) 13 (65) 26 (58)

 Age—year 58 (40–64) 61 (52–64) 60 (50–72)

Hemopathy characteristics

 Lymphoma type —no. (%)

  DLBCLb 22 (32) 10 (50) 19 (41)

  Burkitt 8 (12) 1 (5) 11 (24)

  Hodgkin 8 (12) 1 (5) 1 (2)

  T cell lymphoma 8 (12) 3 (15) 12 (26)

  Other 23 (33) 5 (25) 3 (7)

 Inaugural malignancy—no. (%) 60 (87) 14 (70) 32 (70)

 Stade IVc—no. (%) 63 (96) 20 (100) 45 (98)

 EBV associatedd—no. (%) 11 (18) 4 (20) 4 (9)

 HIV positive—no. (%) 13 (19) 4 (20) 7 (15)

 Serum LDH—UI/L 828 (433–1591) 890 (537–2066) 2422 (1099–4763)

 Ki67—% 88 (80–95) 85 (80–90) 90 (90–100)

 Associated hemophagocytic lymphohistiocytosis—no. (%) 18 (26) 6 (30) 5 (11)

 Associated tumor lysis syndrome—no. (%) 22 (32) 8 (40) 25 (54)

 Spontaneous tumor lysis syndrome—no. (%) 16 (23) 6 (30) 18 (39)

Clinical presentation at admission

 SAPS II 34 (23–51) 49 (40–59) 36.5 (28–49)

 Total SOFA score at admission 3 (0–6) 6 (4–9) 2 (0–4)

 Body temperature—°C 37.2 (36.7–37.8) 37.0 (36.2–37.4) 37.5 (36.8–38.0)

 Mean blood pressure—mmHg 87 (78–100) 80 (72–89) 98 (87–106)

 Heart rate—bpm 101 (88–110) 108 (103–121) 104 (91–120)

 Respiratory rate—/min 22 (17–26) 24 (20–29) 23 (20–28)

 Mottling skin—no. (%) 1 (1) 6 (30) 0 (0)

 Metformin—no. (%) 4 (6) 5 (25) 0 (0)

Biological parameters at admission

 Serum lactate—mmol/L 1.5 (1.1–1.7) 5.1 (2.6–8.6) 4.4 (3.6–7.6)

 Serum pH 7.42 (7.38–7.44) 7.38 (7.28–7.43) 7.40 (7.36–7.43)

 PaCO2—mmHg 38 (34–43) 31 (26–39) 33 (29–38)

 Serum bicarbonate—mmol/L 24 (22–29) 22 (17–24) 20 (18–23)

 Glycemia—mmol/L 6.5 (5.9–7.3) 7.0 (6.0–8.4) 5.3 (3.7–6.2)

 Hypoglycemia—no. (%) 6 (9) 3 (15) 26 (57)

 PT—% 77 (64–92) 70 (55–83) 76 (66–85)

 Factor V—% 124 (86–148) 100 (79–125) 130 (106–162)

 Acute liver failure—no. (%) 2 (3) 3 (15) 0 (0)

 Serum uric acid—mmol/L 387 (271–595) 357 (276–572) 551 (360–716)

 Hypercalcemia—no. (%) 8 (12) 3 (15) 11 (24)

 Serum albumin—g/L 31 (26–36) 31 (26–36) 33 (26–35)

Organ support at ICU admission

 Vasopressor—no. (%) 16 (23) 13 (65) 0 (0)

 Mechanical ventilation—no. (%) 16 (23) 9 (45) 4 (9)

 Renal replacement therapy—no. (%) 14 (20) 9 (45) 8 (17)
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normalization occurring within a week. The mortality 
among these patients was high and consistent with our 
findings emphasizing the urgent need to consider this 
cluster of patients as an oncological emergency. As previ-
ously contended by Otto H. Warburg, this condition may 
be associated with malignant progression and resistance 
to therapy [33].

Although lactate has primarily been considered as a 
biomarker, its biological effects should not be under-
estimated. Indeed, it is an oncometabolite involved in 
all main steps of malignant progression through several 
mechanisms [33–38]. Indeed, lactate is a key factor in 
tumor growth, promotes angiogenesis and cell migra-
tion by stimulating vascular endothelial growth factor 
(VEGF) expression on endothelial cells and enhances 
tumor immune escape [34]. However, while the lactate 
production by tumor cells itself may be harmful, the 
limited number of cases that reported the use of renal 
replacement therapy do not provide unequivocal support 
for this hypothesis [16, 39]. Based on this assumption, 

some authors have advocated the use of bicarbonate as 
anticancer adjuvant therapy in this subgroup of patients 
[40]. Most of these reports pertain to patients with solid 
tumors and have yielded mixed results. Owing to the 
close connection between CWE and tumor lysis syn-
drome in the lymphoma population on the one hand and 
the potentially detrimental effect of alkaline therapy in 
tumor lysis syndrome on the other, this treatment would 
be best tested in the setting of a trial [41]. Moreover, we 
have no evidence that influencing circulating lactate lev-
els and pH positively impacts the lactate production in 
the tumoral microenvironment. Indeed, the CWE leads 
to a unique metabolic state where the cytosolic lactate 
is mainly exported through up-regulated lactate-proton 
symporter (MCTs) [42, 43] implying the participation 
of Na+/H+ exchangers [44], vacuolar H+-ATPases [45], 
and carbonic anhydrases which hydrate CO2 from oxida-
tive metabolism to form H+ and bicarbonate [46]. These 
intricate mechanisms result in a specific acid–base met-
abolic microenvironment characterized by an alkaline 

Fig. 3  Distribution of hemopathy subtypes according to the Warburg category
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intracellular pH and an acidic extracellular environment 
[43, 46]. Non-tumoral cells exposed to such chronic 
acidic conditions are then able to induce renal compen-
sation, which could explain why CWE patients were 
more likely to maintain a normal pH despite minimal 

respiratory compensation and had higher serum bicarbo-
nate levels than expected.

Some authors also considered the administration of 
thiamine in adjunction to chemotherapy [17, 18, 47, 48]. 
Indeed, thiamine deficiency has been reported to be 

Fig. 4  Serum lactate evolution according to the clinical Warburg group

Fig. 5  Kaplan–Meier survival estimates according to the Warburg group
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associated with the CWE genesis. Thiamine is a cofactor 
in the conversion of pyruvate to acetyl-CoA through the 
action of pyruvate dehydrogenase. A deficiency in this 
cofactor leads to a pyruvate shunt through the glycolytic 
pathway causing lactate production. If the exact preva-
lence of thiamine deficiency among CWE patients is yet 
to be investigated, it could be contemplated as a safe, 
low-cost adjunctive therapy in this context.

Among several factors, the bone localization of the 
underlying malignancy was found to be independently 
associated with the development of CWE. Our primary 
hypothesis to explain this observation is that an inter-
action between tumor cells and the bone microenvi-
ronment may drive the glycolytic phenotype. Indeed, 
Diedrich et  al. demonstrated that bone marrow adipo-
cytes can enhance the glycolysis phenotype in metastatic 
prostate tumors through HIF-1α [49]. Additionally, other 
authors have reported the implication of aerobic glycoly-
sis in osteosarcoma, particularly through c-MYC [50, 51]. 
In our cohort, all patients with CWE and non-Hodgkin 
B cell lymphoma with bone localization had a c-MYC 
mutation which may support this hypothesis. However, 
further exploration is needed to confirm this relationship.

Approximately half of CWE patients were hypoglyce-
mic at the time of ICU admission, a phenomenon pre-
viously reported in several case reports and referred to 
as “Hyper-Warburgism” [52, 53]. Although the underly-
ing mechanisms remain unclear, several hypotheses can 
be proposed to explain this feature. First, mutations in 
isocitrate dehydrogenase 2 (IDH-2) have been linked to 
the stabilization of HIF-1 and enhanced glucose uptake 
in in vitro studies [54]. However, IDH-2 mutation is more 
commonly associated with angioimmunoblastic T cell 
lymphomas [55], which were underrepresented in our 
cohort. More interestingly, c-MYC and p53 mutations 
can induce the overexpression of glucose transporters 
(GLUT), possibly contributing to the clinical hypogly-
cemia observed in our population [54, 56]. A detailed 
analysis of the glucose course, immunohistological char-
acteristics, and long-term outcomes of these patients 
deserves further investigation in a larger cohort.

By identifying the specific subgroup of patients with 
CWE admitted to the ICU with a lymphoproliferative 
diagnosis, we highlighted the significant prevalence of 
this underdiagnosed phenomenon. This offers to the cli-
nician an early biomarker of the tumor burden. Despite 

Table 2  Covariates associated with death at 12 months by Cox survival analysis

Unadjusted analysis Multivariable analysis

HR 95% CI HR 95% CI

No Warburg/normal lactate level Reference Reference Reference Reference

Clinical Warburg 2.50 (1.49–4.21) 3.87 (2.13–7.02)

No Warburg/high lactate level 3.15 (1.64–6.04) 3.34 (1.68–6.60)

Tumor lysis syndrome 1.49 (0.94–2.37) – –

Spontaneous tumor lysis syndrome 1.88 (1.17–3.02) 1.53 (0.94–2.47)

Inaugural malignancy 0.54 (0.32–0.89) – –

Total SOFA score at admission 1.13 (1.08–1.17) 1.19 (1.12–1.25)

Age 1.02 (1.01–1.04) 1.02 (1.00–1.04)

Hemophagocytic lymphohistiocytosis 1.72 (1.03–2.89) – –

SAPS II at admission 1.03 (1.02–1.04) – –

Gynecological localization 3.08 (0.96–9.86) – –

Table 3  Covariates associates with a clinical Warburg effect by logistic regression

Unadjusted analysis Multivariable analysis
OR 95% CI OR 95% CI

Inaugural hemopathy 0.46 (0.20–1.08) 0.41 (0.14–1.21)

Bone localization 3.18 (1.19–8.88) 3.58 (1.02–12.91)

Tumor lysis syndrome 2.34 (1.14–4.89) 2.84 (1.14–7.42)

Central nervous system localization 2.79 (1.14–6.99) – –

Total SOFA score at admission 0.84 (0.74–0.94) 0.81 (0.69–0.91)

Hypoglycemia 11.56 (4.85–29.87) 14.90 (5.42–47.18)
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the absence of advanced organ support, their long-term 
outcome is similar to patients with lymphoproliferation 
associated with shock. Therefore, the emergency man-
agement of these patients requires specialized care from 
both hematological and ICU teams. The association with 
tumor lysis syndrome also deserves to be highlighted, 
placing these patients in the high-risk category of meta-
bolic complications.

Our study has several strengths. First, our extensive 
screening method allowed us to present an accurate 
proportion of patients presenting this condition. Addi-
tionally, as all patients were treated in our center, we 
obtained a complete follow-up for our primary outcome 
and reported the mortality rate with greater precision. 
Finally, thanks to our center’s extensive experience in 
managing these patients, we were able to provide a com-
prehensive understanding of this population. This study 
provides useful red flags for identifying these patients 
as a specific subgroup of cancer patients and as a start-
ing point for designing future interventional studies to 
improve their prognosis. However, the results presented 
must be interpreted in light of the study’s limitations. 
First, all concerns related to the study’s retrospective 
design apply here, and even sensitivity analyses may not 
account for potential unmeasured confounding variables. 
Furthermore, this study presents a homogeneous cohort 
from a single-center highly specialized in hematologi-
cal malignancies, which may limit the generalizability of 
the findings to other settings. In addition, multiple case 
reports have highlighted liver dysfunction related to lym-
phoproliferative disorders [57]. Although the incidence 
of this phenomenon has never been reported, its main 
mechanisms are direct infiltration, bile duct obstructions 
from enlarged lymph nodes, and paraneoplastic syn-
dromes (e.g., vanishing bile duct syndrome). Therefore, 
it is possible that some patients with a degree of partial 
liver insufficiency were classified as clinical Warburg. 
Finally, we had to contend with the absence of a previous 
clinical definition of this phenomenon, which may have 
affected the relevance of our case selection. Serum lac-
tate levels can be elevated by other circumstances, such 
as septic shock. Thus, we may have misclassified patients 
with a concomitant CWE and shock. However, as previ-
ously described by Hourmant et al. the prognosis of these 
patients is mainly driven by organ failures [27] and dif-
ferentiating patients with a Warburg effect among this 
population may be clinically irrelevant.

Conclusion
CWE is associated with a higher tumor burden and 
worse 1-year mortality compared to patients without this 
condition. When clinicians identify such patients, they 
should be wary of the urgency of their management, as 

their outcomes are comparable to those with lymphoma 
and shock, even when no advanced organ support is 
needed. Further studies are required to confirm and 
expand upon these findings.

Take‑home messages:

–	 CWE as an early biomarker: Identifying CWE in 
ICU patients can function as an early biomarker for 
assessing tumor burden. Moreover, it is associated 
with poor long-term outcomes.

–	 Specialized emergency care needed: Managing 
patients with CWE requires specialized care involv-
ing collaboration between hematological and ICU 
teams. Timely initiation of chemotherapy discussions 
is crucial in their emergency management.

–	 Consider thiamine supplementation: Consider pro-
posing thiamine supplementation for patients diag-
nosed with CWE.
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