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Abstract
Lactic acidosis is pathophysiologically classified into type A and type B. The latter is a rare but 
potentially life-threatening emergency, mainly described in hematological malignancies. The 
association between Type B lactic acidosis and malignancy is known as the Warburg effect. 
Patients with the Warburg effect have a very poor prognosis. Herein, we report a case of gas-
tric diffuse large B-cell lymphoma (DLBCL) with severe lactic acidosis and hypoglycemia owing 
to the Warburg effect that were effectively treated by prompt introduction of chemotherapy. 
A 73-year-old woman with a 2-month history of abdominal distension was referred to us for 
suspected peritoneal cancer. Pathological examination revealed gastric DLBCL with perito-
neal dissemination. After hospitalization, blood test results revealed prolonged hypoglyce-
mia, with a blood sugar level of 50–70 mg/dL; severe lactic acidosis with pH 7.166; lactate 
level 12.7 mmol/L; and base excess −21.0 mEq/L, despite continuous administration of glucose 
and sodium bicarbonate. The cause of lactic acidosis and/or hypoglycemia was considered to 
be the Warburg effect. We initiated a 50% reduced-dose CHOP (cyclophosphamide, vincris-
tine, doxorubicin, prednisolone) chemotherapy regimen without rituximab until information 
on the CD20-positive status was available. During chemotherapy, acidosis, hypoglycemia, and 
impaired consciousness promptly improved. If lactic acidosis or hypoglycemia is present in 
patients with malignant tumors, it is important to suspect the possibility of the Warburg ef-
fect and to introduce cancer treatment as soon as possible. © 2020 The Author(s).
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Introduction

The association between type B lactic acidosis and malignancy is known as the Warburg 
effect [1, 2]. The Warburg effect is a pathological condition in which cancer cells metabolize 
glucose to lactic acid under aerobic conditions and produce energy dependent on glycolysis, 
resulting in combined lactic acidosis and hypoglycemia [1, 2]. Malignant tumors are rarely 
associated with lactic acidosis, which is rapidly progressive and fatal if not promptly recog-
nized and treated [3]. The majority of patients with cancer who present with cancer-related 
elevated lactate levels are adults with rapidly progressive leukemia or lymphoma [4]. There 
are only few reported cases of lactic acidosis as a symptom of diffuse large B-cell lymphoma 
(DLBCL).

Fig. 1. Pretreatment CT images 
show peritoneal thickening (ar-
rows) and a small amount of asci-
tes (arrowheads).
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Herein, we describe a case of DLBCL with severe lactic acidosis and hypoglycemia owing 
to the Warburg effect that were effectively treated by prompt introduction of chemotherapy.

Case Report/Case Presentation

A 73-year-old woman with a history of hypothyroidism and hypertension visited another 
hospital because of a several-day history of nausea and vomiting and abdominal distension 
for several months. She had no family history of malignancy or neurological disease.

Arterial blood gas analysis showed lactic acidosis with increased anion gap (pH 7.248, 
base excess −10.6 mEq/L, lactate level 7.30 mmol/L). Her blood glucose level was 78 mg/dL. 
Abdominal CT imaging revealed peritoneal thickening and a small amount of ascites (Fig. 1).

She was referred to us for suspected peritoneal cancer or peritoneal dissemination of 
cancer of unknown primary site. On admission, she was afebrile, with a heart rate of 100 
beats/min, blood pressure of 173/90 mm Hg, respiratory rate of 20 breaths/min, and oxygen 
saturation at 98% on room air.

On physical examination, cardiac and pulmonary auscultation revealed normal findings. 
There was mild tenderness on abdominal examination, but no splenomegaly. The superficial 
lymph nodes were not palpable. After admission, esophagogastroduodenoscopy revealed a 
submucosal tumor-like mass with ulceration localized in the anterior wall of the gastric 
antrum and the greater curvature, and a few small flat elevated lesions with an apical 
depression in the gastric body. Biopsy was performed at the periphery of the ulcer and small 
flat elevated lesions. Histologically, the H&E sections of the biopsy specimens showed 
atypical large lymphocytic infiltrates with an irregular nucleus. Immunohistochemical 
studies showed that the atypical large cells were positive for CD20, CD79a, and BCL-6 and 
negative for CD3, CD10, and MUM1 (Fig. 2); therefore, we diagnosed the patient as having 
DLBCL.

Exploratory laparoscopy revealed disseminated nodules in the inferior abdominal 
omentum, mesenteric fatty tissue, and intestinal serosa, as well as pale bloody ascites. A 
disseminated nodule from the omentum was excised and submitted for pathological exami-

Fig. 2. A H&E staining of the biopsy specimens showed atypical large lymphocytic infiltrates with an irregu-
lar nucleus. B–F Immunohistochemical studies showed that the atypical large cells were positive for CD20, 
CD79a, and BCL-6, and negative for CD3, CD10, and MUM1. Original magnification, ×40.
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nation. The pathological results showed the same findings as did gastric biopsy, and the 
patient was diagnosed as having gastric DLBCL with peritoneal dissemination.

Blood test results after admission showed hypoglycemia with a blood glucose level of 
50–70 mg/dL; lactic acidosis with pH 7.166; lactic acid 12.7 mmol/L; and base excess −21.0 
mEq/L. Despite continuous intravenous glucose and sodium bicarbonate administration, the 
hypoglycemia and lactic acidosis aggravated. The patient’s consciousness was clear at the 
time of admission, but gradually deteriorated with respiratory failure.

At that time, we considered the Warburg effect as the cause of lactic acidosis and hypo-
glycemia associated with malignant lymphoma. We considered that the prompt introduction 
of treatment for gastric DLBCL was necessary because the Warburg effect has a poor prog-
nosis [5, 6]. Thus, on day 16 since admission, CHOP chemotherapy (cyclophosphamide, doxo-
rubicin hydrochloride, vincristine, prednisolone) without rituximab was initiated with a 50% 
dose reduction in light of the patient’s poor condition. After the treatment start, the acidosis, 
hypoglycemia, and impaired consciousness improved promptly.

Lactic acidosis resolved on day 22 from admission (Fig. 3). Thereafter, both the lactic acid 
and blood glucose levels remained within normal ranges.

On day 30, the patient developed weakness of the bilateral lower and upper extremities. 
She was diagnosed with Guillain-Barré syndrome and received intravenous immunoglobulin 
and steroid pulse treatment. The symptoms improved with the treatment and rehabilitation.

After the first course of chemotherapy, immunohistochemical examination revealed CD20 
positivity; hence, a second course of R-CHOP (rituximab, cyclophosphamide, doxorubicin hydro-
chloride, vincristine, prednisolone) chemotherapy at 100% dose was initiated on day 39. On day 
46, CT showed that the peritoneal thickening and ascites had almost disappeared. By day 107, 
the patient underwent five courses of chemotherapy. Although a total of eight courses were 
planned, subsequent chemotherapy was postponed as the patient developed pneumocystis 
pneumonia, cytomegalovirus infection, and candidemia after the fifth course. At day 226, the 
patient remains hospitalized and will resume chemotherapy after the infection is under control.

Discussion/Conclusion

In the present case, the patient had severe lactic acidosis as one of the early symptoms of 
DLBCL. Initially, peritoneal cancer was suspected at the time of admission, but histological 
diagnosis confirmed DLBCL. Until the histological diagnosis was made, we could not identify 

Fig. 3. A line graph showing the 
return of serum lactate levels to 
normal after the start of chemo-
therapy.
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the cause of lactic acidosis. We considered that the cause was the Warburg effect and intro-
duced chemotherapy early, which successfully improved the lactic acidosis.

Lactic acidosis occurs when there is an imbalance between production and clearance of 
lactate [7]. It is classified into type A and type B on the basis of the pathophysiology [7–9]. 
Type A lactic acidosis is the most common clinical type, reflecting poor oxygenation of tissues 
caused by hypoperfusion. The causes of Type A lactic acidosis include sepsis, cardiogenic 
shock, mesenteric ischemia, and severe dehydration [7–9]. Type B lactic acidosis occurs 
under physiological conditions and tissues remain normally perfused. The causes of type B 
lactic acidosis include liver disease, vitamin B1 deficiency, alcoholism, metformin, and malig-
nancy [7–9]. Type B lactic acidosis is a rare but potentially life-threatening emergency, mainly 
described in hematological malignancies, but several cases involving solid tumors have been 
reported as well [9, 10].

The association between type B lactic acidosis and malignancy is known as the Warburg 
effect [1, 2]. Warburg hypothesized that under aerobic conditions, tumor tissue metabolizes 
more glucose to lactose than does normal tissue. Several other hypotheses have been proposed 
for the mechanism of the Warburg effect, but they are not clearly understood [11]. Although 
the Warburg effect was thought to be the consequence of carcinogenesis, it has also been 
proposed that normal cells become cancerous when they switch glucose metabolism from 
oxidative phosphorylation to aerobic glycolysis [12].

Patients in whom the Warburg effect is manifested have a very poor prognosis. It has 
been reported that the mortality rate of lactic acidosis in patients with cancer exceeds 80% 
[5]. Previous reports have shown that only 2 of 28 patients with non-Hodgkin lymphoma with 
the Warburg effect achieved complete remission and that more than 75% of the patients died 
within a month [6].

There are several reports of lactic acidosis associated with DLBCL [13–15]. In one case 
report of a 54-year-old man diagnosed with DLBCL and lactic acidosis, the patient’s condition 
continued to deteriorate despite chemotherapy, resulting in palliative care [13]. In another 
case, a 55-year-old woman with newly diagnosed DLBCL achieved complete resolution of lactic 
acidosis with chemotherapy and renal replacement therapy. The patient was discharged, but a 
few months later, she succumbed to the primary disease [14]. Masood et al. [15] reported a case 
of DLBCL in which the lactic acidosis improved after vitamin B1 administration and emphasized 
that it is necessary to pay attention to the presence or absence of vitamin B1 deficiency.

In the present case, the patient could survive the critical events induced by the Warburg 
effect with prompt introduction of chemotherapy for DLBCL. Although the patient is still 
under treatment, this case indicates that even in cases of deteriorating general condition in 
patients with cancer due to the Warburg effect, identifying the cause of lactic acidosis early 
and introducing cancer treatment promptly may improve the patient’s prognosis.

Lactic acidosis is a non-specific finding, and it may be difficult to determine its cause. If 
lactic acidosis and/or hypoglycemia occurs in patients with malignant tumors, we should 
always consider the possibility of the Warburg effect. This may be overlooked, as these changes 
may be considered as one of the terminal symptoms of cancer. The Warburg effect is a rare but 
serious condition that needs to be recognized, not only in DLBCL but in many malignancies. 
Early and appropriate cancer treatment may improve the quality of life and prognosis of patients 
with the Warburg effect with lactic acidosis and/or hypoglycemia, as in the present case.
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