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Introduction

Hyperlactatemia is defined as a serum lactate 

level exceeding 2.0 mmol/L without acidemia (1). 

Lactic acidosis is characterized with a pH of <7.35 

accompanied by lactate elevation. The etiology of 

lactic acidosis needs to be clarified early because it 

carries an ominous prognosis (2). There are two types 

of lactic acidosis; Type A being the most common one 

associated with hypoxia or hypoperfusion and Type-B 

lactic acidosis which is rare compared to type-A and 

is associated with liver disease, vitamin B1 deficiency, 

alcoholism, medications such as metformin and 
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ABSTRACT

Type B lactic acidosis is a rare life-threatening condition associated 
with hematological malignancies. This condition is of great clinical 
importance because it requires rapid diagnosis and treatment. Its 
association with malignancies is based on the Warburg effect. The 
Warburg effect is a condition in which tumor cells prefer glycolysis 
over oxidative phosphorylation for energy production, which may 
lead to severe lactic acidosis.

Here, we report two cases of patients who presented with severe 
lactic acidosis and hypoglycemia that could be explained by 
Warburg phenomenon, were followed up in the intensive care unit 
and subsequently diagnosed with lymphoma. We aim to contribute 
to the literature on Warburg phenomenon by detailing the rapid and 
successful management of these cases.

Keywords: type B lactic acidosis, hypoglycemia, hematologic 
malignancy, intensive care

ÖZ

Tip B laktik asidoz, nadir görülen, hayatı tehdit eden ve hematolojik 
malignitelerle ilişkilendirilmiş bir tablodur. Bu tablo, hızlı tanı ve 
tedavi gerektirmesi nedeniyle klinik açıdan büyük önem taşır. 
Malignitelerle ilişkisinin temelinde Warburg etkisi yer alır. Warburg 
etkisi, tümör hücrelerinin enerji üretimi için oksidatif fosforilasyon 
yerine glikoliz yolunu tercih etmesi durumudur ve bu durum ciddi 
laktik asidoz gelişimine yol açabilir.

Burada Warburg fenomeni ile açıklanabilecek şekilde ciddi laktik 
asidoz ve hipoglisemi ile başvuran, yoğun bakımda takip edilen 
ve ardından lenfoma tanısı alan iki vakayı paylaşacağız. Vakaların 
hızlı ve başarılı bir şekilde yönetilmesini detaylandırarak, Warburg 
fenomeni ile ilgili literatüre katkıda bulunmayı amaçlıyoruz.

Anahtar kelimeler: tip B laktik asidoz, hipoglisemi, hematolojik 
malignite, yoğun bakım
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adrenalin, and malignancies (3). Lactic acidosis 

developing due to the high turnover of malignant cells 

is called the Warburg effect (4). Otto Warburg first 

described this phenomenon in the 1920s, and it is 

mainly since tumor cells prefer the glycolytic pathway 

even in the presence of oxygen (4,5).

Herein, we present 2 cases admitted with hypoglycemia 

and lactate elevation and subsequently diagnosed 

with lymphoma. In these cases, we observed that 

serum lactate decreased gradually and hypoglycemia 

resolved after chemotherapy initiation. We also report 

this a literature review, emphasizing the relationship 

between the Warburg phenomenon and malignancy.

Patients and Methods

We utilized the retrospective medical records of two 

patients admitted to the intensive care unit (ICU) who 

developed type-B lactic acidosis and hypoglycemia 

as a complication of hematologic malignancy. 

Literature review was conducted by searching 

“PubMed” and “Google Scholar” in English literature 

from January 2002 to June 2022 using ‘’Warburg 

effect and lymphoma’’ and ‘’type-B lactic acidosis, 

hypoglycemia and lymphoma’’ keywords.

Case Series

Case 1

A 19 years-old female was admitted to the emergency 

department at 22 weeks of pregnancy presenting 

with fever, abdominal pain, and generalized fatigue. 

Her physical examination revealed generalized 

lymphadenopathy. Laboratory examination showed 

normocytic anemia (hemoglobin (Hb) 6.8 g/dL, 

mean corpuscular volume (MCV) 86 fL), neutrophilic 

leukocytosis (leukocyte count 26x103/μL, neutrophil 

count 18.2x 103/μL), lymphopenia (lymphocyte count 

0.79x103/μL) and elevated inflammatory markers 

(C-reactive protein 35 mg/dL [normal <0.5mg/

dL] and erythrocyte sedimentation rate 61 mm/h). 

Lactic acidosis (pH 7.27, bicarbonate 9 mmol/L, and 

lactate 8 mmol/L) and asymptomatic hypoglycemia 

(glucose level 55 mg/dL) were noted. There was no 

coagulopathy, encephalopathy and jaundice. Sepsis 

was suspected and broad-spectrum antibiotics were 

started. Infectious work-up, including blood and urine 

cultures, have not revealed any meaningful results. 

Fluid resuscitation and thiamine (vitamin B1) were 

also administered to the patient. She was intubated 

due to severe metabolic acidosis. The patient became 

anuric and continuous renal replacement therapy was 

started. She was extubated after metabolic acidosis 

recovered and her bicarbonate level returned to 

normal range. However, serum lactate levels did not 

normalize despite optimal treatment. Even with 25 

cc/h 30% dextrose infusion was administered, serum 

glucose levels remained low. Spontaneous abortion 

occurred at the 22nd week of gestation.

After the abortion, the patient was evaluated by 

computerized tomography (CT). Numerous lymph 

nodes were reported in cervical tomography, 

suggesting lymphoproliferative disease. A cervical 

lymph node biopsy was performed. As infectious 

causes were excluded, 6 mg dexamethasone 

therapy was started with the initial diagnosis of 

lymphoproliferative disease. In a few days, clinical 

recovery was observed. Cervical lymph node biopsy 

pathology revealed “anaplastic lymphoma kinase 

(ALK)-positive anaplastic large cell lymphoma”, 

stained positive for CD30, CD4, CD2, ALK, and 

granzyme. Small cells were stained positive for CD20, 

CD3, CD8, and CD5 and negative for CD56. Ki67 

index was found as 70%. 

The Cyclophosphamide, Vincristine, Prednisone 

chemotherapy protocol was initiated and after that 

resistant hypoglycemia resolved, and lactate levels 

returned to normal range (Figure 1a). The patient 

received multiple chemotherapy regimens. However, 

she passed away due to septic shock approximately 1 

year after the diagnosis.
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Case 2

A 19 years-old female was admitted to the emergency 

department with nausea, vomiting, and abdominal 

pain. Her vital signs were within normal range except 

hypotension. Physical examination showed epigastric 

tenderness with moderate ascites. Lung sounds were 

diminished at the subzone of the lungs, and a bilateral 

2-3 positive pretibial edema was observed.

Figure 1. represent pre and post treatment serum levels of lactic acid (blue line) and glucose (yellow line). The green arrows indicate the 
beginning of steroid therapy and the red arrows indicate the beginning of chemotherapy

CVP: Cyclophosphamide, Vincristine, Prednisone; R CHOP: Rituximab, Cyclophosphamide, Doxorubicin, Vincristine, Prednisone



Özdemir ZÖ, et al. Warburg Effect–Related Lactic Acidosis in Lymphoma 329

Turk J Intensive Care 2025;23(4)﻿:326-334

Laboratory assessment revealed microcytic anemia 

(Hb 9.9 g/dL, MCV 72 fL), neutrophilic leukocytosis 

(neutrophil count 11.2x103/μL), lymphopenia 

(0.21x103/μL), thrombocytosis (426x103/μL), elevated 

inflammatory markers (C-reactive protein 6.2 mg/dL) 

and pancreatic enzymes (amylase 357 U/L [normal 

28-100 U/L], pancreatic amylase 270 U/L [normal 8-53 

U/L], lipase 425 U/L [normal <67 U/L]). There was no 

coagulopathy, encephalopathy and jaundice.

CT scan of the abdomen performed at the admission 

to the emergency department revealed diffuse 

thickening of the head of the pancreas and an 

appearance compatible with periaortitis. With the 

preliminary diagnosis of sepsis, broad-spectrum 

antibiotic therapy was initiated as the lactate level 

raised to 12.0 mmol/L during the patient’s follow-up. 

One-gram methylprednisolone was commenced with 

the initial diagnosis of IgG4-related disease. There 

was no improvement in lactate levels despite optimal 

fluid resuscitation, antibiotic therapy and thiamine 

replacement. Infection workup, including blood and 

urine cultures, were negative. During her ICU stay, 

multiple hyperemic nodular lesions appeared in whole 

body with approximately 3x3 cm diameter in which the 

biggest lesion was seen on her abdominal skin, and 

punch biopsies were obtained from there.

After the methylprednisolone dose had started to be 

reduced to 48 mg, her abdominal pain recurred, and 

pancreatic enzymes and lactate levels increased. 

Therefore, the methylprednisolone dose was 

increased again to 64 mg/day. Despite oral intake 

and administration of IV dextrose solution, the patient 

had persistent hypoglycemia (lowest level 41 mg/dL). 

Endoscopic retrograde cholangiopancreatography 

(ERCP) was performed to exclude intrahepatic 

cholestasis and duodenal biopsy was obtained. 

The pathology of both skin and duodenal biopsy 

revealed high-grade diffuse large B cell lymphoma. 

The skin biopsy specimen stained positive for CD20, 

BCL6 and negative for CD3, CD5, Cyclin D1, CD23, 

MUM1 and CD10. The proliferative index (Ki67) was 

found over 90%. Duodenal biopsy stained positive 

for CD20, BCL6 and negative for MUM1 and CD10 

. The proliferative index (Ki67) was found as 90%. 

The biopsy results excluded the diagnosis of IgG4-

related disease. The Rituximab, Cyclophosphamide, 

Doxorubicin, Vincristine, Prednisone chemotherapy 

protocol was immediately initiated. After initiation of 

chemotherapy, resistant hypoglycemia resolved and 

serum lactate level decreased dramatically (Figure 1b). 

After she had received 5 cycles of chemotherapy, 

febrile neutropenia developed. She passed away 

due to septic shock approximately 1 year after initial 

diagnosis.	

Literature review

There have been 30 cases of Warburg effect 

associated malignancies reported in the last 21.5 

years that we have reviewed (Table 1). Twenty-three 

cases had lymphoma, three had multiple myeloma, 

two had chronic lymphocytic leukemia (CLL), one 

with acute myeloid leukemia (AML) and one with 

adenoma of unknown origin. Diffuse large B cell 

lymphoma (DLBCL) was the most common cause 

(46%) among the defined cases. Twenty-one of the 

cases were male. The median age was 58 (min-

max, 19-79 years). The median lactate level was 

13.5 mmol/L (min-max, 3.24-29). Hypoglycemia was 

reported in 43% of cases. Eight of the cases were 

followed in the ICU. Twenty-three of 30 patients had 

received treatment (22 received chemotherapy and 

one received only steroid treatment). Others could 

not receive chemotherapy due to deterioration in their 

clinical status, refusal of treatment or postmortem 

diagnosis. The overall mortality was 76%, whereas it 

was reported that mortality was 69% in patients who 

received chemotherapy. 

Discussion

Current case reports demonstrated that lactate 

elevation and hypoglycemia might be associated with 

occult lymphomas in critically ill patients admitted to 

ICU, which has been described as so-called “Warburg 

phenomenon”. Lymphomas are a heterogeneous 
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Table 1. Case reports associated with type B lactic acidosis and lymphoma in the literature

No Year Ref
Sex/
Age

Max. 
lactate pre-
treatment 
(mmol/L)

Hypoglycemia Diagnosis
ICU 

admission
Chemotherapy

Lactate
Post-

treatment
(mmol/L)

Outcome

1 2002 (16) M/55 11.7 NR MM - VAD 3 Death
2 2007 (17) M/28 11.2 + NK/ T-cell 

lymphoma
NR CHOP 1.05 Death

3 2007 (9) M/79 19 + AML NR No NR Death
4 2007 (9) F/75 5.4 NR FL NR Etoposide NR Death
5 2007 (9) F/54 12 - DLBCL NR Rituximab, 

cyclophosphamide, 
doxorubicin

NR Death

6 2007 (9) M/54 12 - Extranodal -T cell 
lymphoma

NR CHOP NR Death

7 2007 (9) F/66 7.5 - CLL NR CHOP NR Death
8 2007 (9) F/61 11.6 - Intravascular 

lymphoma
+ High dose 

dexamethasone, 
Rituximab

NR Death

9 2007 (9) M/54 18 + DLBCL + No NR Death
10 2011 (18) F/55 19 + DLBCL + CHOP <2.0 Death
11 2012 (19) F/64 28.5 + DLBCL - R-CHOP 4.3 Death
12 2013 (20) M/50 14.4 NR DLBCL NR R-CHOP 2.2 Death
13 2013 (21) M/58 21.5 NR MM NR VRD-PACE NR Death
14 2013 (22) M/73  14.7 + DLBCL - No NR Death
15 2013 (23) M/58 7.3 NR MM NR VRD-PACE 5.5 Death
16 2014 (24) M/76 7.7 NR Adenocarcinoma 

of unknown origin
+ No NR Death

17 2014 (25) M/19 11.2 NR T cell lymphoma NR CHOP <2.0 Discharged 
18 2014 (26) F/54 18.3 NR DLBCL NR EPOCH 2.6 Unknown
19 2015 (27) M/67 24 + CLL NR Rituximab NR Death
20 2018 (28) M/67 11.3 - Mantle cell 

lymphoma
NR VR-CAP 3.5 Discharged 

21 2018 (29) M/54 18.7 NR DLBCL NR Methylprednisolone, 
doxorubicin, 

cyclophosphamide, 
etoposide

NR Death

22 2018 (30) M/24 9.4 NR DLBCL NR EPOC-RR 1 Discharged 
23 2019 (31) F/74 >20 + Haematolymphoid 

leukemia/ 
lymphoma

NR No NR Death

ICU: Intensive care unit, M: Male, NR: Not reported, MM: Multiple myeloma, VAD: Vincristine, Adriamycin and Dexamethasone, NK/T-cell lymphoma: Natural killer/T 
cell lymphoma, CHOP: Cyclophosphamide, doxorubicin, vincristine (or oncovin) and prednisone, AML: acute myelocytic leukemia, F: Female, FL: Follicular lymphoma, 
DLBCL: Diffuse large B cell lymphoma, CLL: Chronic lymphocytic leukemia, R-CHOP: Rituximab, Cyclophosphamide, doxorubicin, vincristine (or oncovin) and prednisone, 
VRD-PACE Bortezomib, dexamethasone, cisplatin, doxorubicin, cyclophosphamide, and etoposide, EPOCH: etoposide, epirubicin, vincristine, cyclophosphamide, 
and prednisolone, VR-CAP: Bortezomib, rituximab, cyclophosphamide, doxorubicin, and prednisone, EPOC-RR: Rituximab, etoposide, prednisone, vincristine, 
cyclophosphamide, and doxorubicin, R-EPOCH: Rituximab, etoposide, doxorubicin, vincristine, cyclophosphamide, and prednisone, CV: Cyclophosphamide and 
vincristine.
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group of malignancies of the lymphoid system. The 

majority of lymphomas are non-Hodgkin lymphomas 

(NHL) ranging from low-grade to rapidly growing 

and high-grade histology (6). NHL usually presents 

with painless lymphadenopathy, whereas some may 

have accompanying systemic symptoms. The definite 

diagnosis is made by histopathological examination 

of the appropriate and adequate biopsy specimen (7). 

It is not always possible to diagnose with appropriate 

lymph node sampling in patients with rapidly 

progressive clinics, eventually it may be fatal if not 

diagnosed and treated. High lactate levels and lactic 

acidosis during lymphoma are associated with poor 

prognosis. Mortality is more than 80% when Warburg 

effect is present (8). Although the best treatment for 

patients with malignancies who develop type-B lactic 

acidosis is not clear yet, chemotherapy seems to be 

the most appropriate first choice (9). The Warburg 

Effect is visually summarized in Figure 2.

The first stage of oxidative phosphorylation is known 

as glycolysis and takes place in the cytoplasm. As a 

result of glycolysis, 2 molecules of pyruvic acid are 

formed and converted to acetyl-coenzyme A (acetyl-

co A). Acetyl-co A enters the Krebs cycle in the 

mitochondria. By entering the electron transport chain 

(ETC) in the inner membrane of the mitochondria, 

36 adenosine-three-phosphate (ATP) is obtained at 

the end and a water molecule is also formed. In the 

absence of oxygen, pyruvate was not converted to 

Acetyl-co A, but transformed to lactic acid, known 

as anaerobic glycolysis. In this way, the net energy 

balance is only two ATP molecules (10). On the 

other hand, in cancer cells, the glycolytic pathway 

is preferred even in the presence of oxygen, which 

is known as aerobic glycolysis or the Warburg effect 

(11). As a result, only 2 ATP is obtained. More glucose 

must be consumed in cancer cells for the same 

amount of energy. This mechanism why cancer cells 

Table 1. Continued

No Year Ref
Sex/
Age

Max. 
lactate pre-
treatment 
(mmol/L)

Hypoglycemia Diagnosis
ICU 

admission
Chemotherapy

Lactate
Post-

treatment
(mmol/L)

Outcome

24 2020 (32) F/73 12.7 + DLBCL - CHOP <2.0
Day 226, 

hospitalized
25 2021 (33) M/65 18.8 + DLBCL + Steroid 36 Death
26 2021 (34) M/52 16 + DLBCL + R-EPOCH 1.2

6 cycles of 
chemotherapy 

no sign of 
relapse

27 2021 (35) M/53 3.2 - DLBCL NR No NR Death
28 2021 (36) M/60 7.4 + Burkitt lymphoma + CV NR One year 

follow-up CT 
normal

29 2021 (37) M/63 14.5 NR Burkitt lymphoma + R-EPOCH NR Death
30 2022 (38) M/42 18 + DLBCL - No NR Death

ICU: Intensive care unit, M: Male, NR: Not reported, MM: Multiple myeloma, VAD: Vincristine, Adriamycin and Dexamethasone, NK/T-cell lymphoma: Natural killer/T 
cell lymphoma, CHOP: Cyclophosphamide, doxorubicin, vincristine (or oncovin) and prednisone, AML: acute myelocytic leukemia, F: Female, FL: Follicular lymphoma, 
DLBCL: Diffuse large B cell lymphoma, CLL: Chronic lymphocytic leukemia, R-CHOP: Rituximab, Cyclophosphamide, doxorubicin, vincristine (or oncovin) and prednisone, 
VRD-PACE Bortezomib, dexamethasone, cisplatin, doxorubicin, cyclophosphamide, and etoposide, EPOCH: etoposide, epirubicin, vincristine, cyclophosphamide, 
and prednisolone, VR-CAP: Bortezomib, rituximab, cyclophosphamide, doxorubicin, and prednisone, EPOC-RR: Rituximab, etoposide, prednisone, vincristine, 
cyclophosphamide, and doxorubicin, R-EPOCH: Rituximab, etoposide, doxorubicin, vincristine, cyclophosphamide, and prednisone, CV: Cyclophosphamide and 
vincristine.
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prefer a less efficient pathway has not fully been 

understood yet. The plausible hypothesis is that 

cancer cells use the formed carbon chains derived 

from aerobic glycolysis for amino acids, nucleotides, 

and lipid synthesis which are significant for cancer cell 

proliferation (12). In addition, an acidic environment is 

created with the activation of the glycolytic pathway in 

cancer cells, which paves the way for tumor invasion 

with local toxicity (13). Warburg effect also forms 

the basis of the fluorodeoxyglucose and positron 

emission tomography (FDG-PET) system, which is 

based on increased glucose metabolism and utilized 

for the diagnosis and follow-up of several tumors (14).

Remarkably, 2 patients in this report were younger 

than the other reports. Although most of the cases 

in the literature were male, 2 of our cases were 

female. The pre-treatment lactate levels were 8 and 

12.6 mmol/l, and hypoglycemia was present in both 

of our cases. One of our cases was diagnosed with 

DLBCL and the other one with ALK+ lymphoma in the 

ICU. Lactic acidosis and hypoglycemia disappeared 

with appropriate early chemotherapy and both of our 

patients received chemotherapy and passed away 1 

year after admission. 

We know that lactic acidosis can have numerous 

causes. Septic shock is the most common etiology of 

lactic acidosis in ICUs (15). We could not rule out septic 

shock in these patients and started fluid replacement 

and antibiotic therapy. We also administered thiamine. 

Despite this, the persistence of lactic acidosis and the 

deterioration of the clinical condition of the patients 

in addition to the presence of hypoglycemia despite 

continuous glucose infusion directs the potential role 

of the Warburg effect. 

Figure 2. Schematic representation of the Warburg Effect



Özdemir ZÖ, et al. Warburg Effect–Related Lactic Acidosis in Lymphoma 333

Turk J Intensive Care 2025;23(4)﻿:326-334

In both of our patients, imaging could not be 

performed with PET-CT, as it was deemed necessary 

to make a quick diagnosis and to start the treatment 

as quick as possible. Biopsy was planned as a result 

of CT imaging. There was no hepatic failure in the 

differential diagnosis of hypoglycemia. Since both 

of our patients were under steroid treatment, cortisol 

levels were not tested. Unfortunately, patients were 

not tested for insulin and c-peptide levels for the 

differential diagnosis of hypoglycemia.

Conclusions

We wanted to emphasize the relationship between 

the Warburg effect and lymphoma, which has been 

known for years. Clinicians should always keep in 

mind the possibility of malignancy after excluding 

other potential causes of lactate elevation. Lactic 

acidosis and hypoglycemia could resolve with rapid 

initiation of efficient chemotherapy in chemo-sensitive 

tumors.
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