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Abstract
Gastric cancer is one of the most common cancers worldwide and is one of the deadliest types 
of neoplasm. Many patients present with an advanced stage where palliative chemotherapy 
is the standard of care. 5-Fluorouracil (5-FU) remains the backbone of systemic therapy treat-
ment in advanced gastric cancer, although is associated with many side effects. While cases 
of encephalopathy caused by hyperammonemia have been reported, lactic acidosis after sys-
temic 5-FU exposure is exceedingly rare. We present here for the first time a case of type B 
lactic acidosis secondary to mFOLFOX6 therapy in advanced gastric cancer. This patient pre-
sented with acute delirium, dystonia, and a lactate of 11.7 mmol/L, which peaked to 18.7 
mmol/L, within 48 h of chemotherapy treatment. Routine clinical monitoring of lactate may 
be beneficial to avoid this potentially life-threatening adverse event.
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Introduction

Gastric cancer is one of the most common and deadliest forms of malignancy. It is the 
third leading cause of cancer deaths worldwide [1]. Despite improvements in early detection, 
many patients present with unresectable disease where palliative chemotherapy is the 
standard treatment [2]. Chemotherapy has been shown to improve survival and quality of life, 
and 5-fluorouracil (5-FU) in combination with oxaliplatin (FOLFOX) remains the main choice 
of treatment for patients with locally advanced unresectable or metastatic gastric cancer [3]. 
Common adverse effects associated with systemic exposure to 5-FU include hematologic, 
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gastrointestinal, dermatologic, and cardiovascular side effects [4]. While cases of encepha-
lopathy caused by hyperammonemia have been reported, lactic acidosis associated with 
5-FU-based chemotherapy is exceedingly rare [5–10]. Here, we present the first case of type 
B lactic acidosis secondary to systemic 5-FU treatment in advanced gastric cancer.

Case Report

A 56-year-old East Asian male was diagnosed with HER2-negative gastric adenocar-
cinoma by diagnostic upper endoscopy (Fig. 1). He was well until 3 months prior to this diag-
nosis, at which time he was also incidentally found to have poor renal function with an EGFR 
of 29 mL/min. A staging CT scan of the chest, abdomen, and pelvis showed no obvious evidence 
of metastatic disease, but there was minimal ascites and bilateral hydronephrosis with no 
clear etiology. He was seen by Urology, and bilateral nephrostomy tubes were inserted, 
resulting in an improvement in his hydronephrosis and renal function.

He had a diagnostic laparoscopy that confirmed malignant ascites on cytology. Given his 
advanced disease, he was initiated on palliative chemotherapy with mFOLFOX6. After cycle 
2, he was admitted for febrile neutropenia and completed a course of antibiotics for a Lacto-
coccus garvieae urinary tract infection. His blood cultures were negative, and his lactate was 
1.7 mmol/L. Due to his febrile neutropenia, cycle 3 was dose reduced with the 5-FU bolus 
omitted.

Fig. 1. Representative esophagogastroduodenoscopy images of near circumferential mass in the gastric 
body, fundus, and on the lesser curvature of the stomach.
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On day 3 of cycle 3, he presented to the emergency room with acute delirium, dystonia, 
and an anion-gap metabolic acidosis with lactate of 11.7 mmol/L, which increased to 18.7 
mmol/L on the same day. His symptoms started during the second half of the 46-h 5-FU 
continuous infusion as part of the mFOLFOX6 protocol. Vital signs at presentation included a 
blood pressure of 132/76, heart rate of 80, respiratory rate of 18, SpO2 of 100% in room air, 
and a temperature of 36.4°C. Other blood work included a white blood cell count of 14.8•109/L, 
hemoglobin of 103 g/L, platelet count of 477•109/L, sodium of 141 mmol/L, potassium of 3.8 
mmol/L, bicarbonate of 15 mmol/L, creatinine of 157 mmol/L, EGFR of 42 mL/min, anion 
gap of 24 mmol/L, phosphate of 1.2 mmol/L, and a magnesium of 0.9 mmol/L. He had normal 
liver enzymes, bilirubin, and lipase. His CRP was 6.8 mg/L, and CK was 80 U/L. His beta-
hydroxybutyrate and urine toxicology screen were negative. Venous blood gas showed a pH 
of 7.35 with a CO2 of 27 mm Hg and bicarbonate of 15 mmol/L. Blood and urine cultures were 
negative. CT scan of the head, abdomen and pelvis, and a chest X-ray showed no obvious 
etiology for his presentation. He was not on any medications or natural supplements other 
than the chemotherapeutic agents.

He was initiated on piperacillin-tazobactam and vancomycin as per sepsis protocol. The 
5-FU continuous infusion was disconnected on admission. He was then admitted to the High 
Acuity Unit for monitoring. Within 16 h of its peak level, his lactate normalized to 1.2 mmol/L 
with no further interventions. His delirium and dystonia also resolved. At the time of normal-
ization of his lactate, his EGFR remained stable at 43 mL/min. He was discharged on the third 
day with a lactate of 0.8 mmol/L.

His mFOLFOX6 therapy was discontinued and was switched to ramucirumab and pacli-
taxel. He responded to this treatment with CT evidence of a decrease in size of the gastric 
mass and no evidence of new metastatic disease after 4 cycles. However, midway through 
cycle 7, he was admitted to hospital with headache, neck stiffness, and nausea. He was diag-
nosed with leptomeningeal carcinomatosis with a lumbar puncture revealing malignant cells 
on cytology and an MRI of the head and spine showing leptomeningeal thickening and 
enhancement. He continued to decline despite being on high-dose steroids and was even-
tually transferred to hospice.

Discussion

Although 5-FU-based chemotherapy is associated with many well-known side effects [4], 
lactic acidosis during FOLFOX therapy is exceedingly rare with only 6 cases having been 
described in the literature among all cancer types [5–10]. None of these reported cases were 
within the context of gastric cancer. Lactic acidosis is defined as a serum lactate level greater 
than 4.0 mmol/L with a blood pH of 7.35 or lower. Typically, lactic acidosis is classified as type 
A or B depending on tissue hypoperfusion. This patient had a severe lactic acidosis of 11.7 
mmol/L on initial presentation, which peaked to 18.7 mmol/L, that spontaneously normalized 
to 1.2 mmol/L within 24 h. His negative sepsis workup and absence of tissue hypoperfusion 
suggests a type B lactic acidosis. Lactic acidosis due to gastric malignancy has been reported 
in the literature [11], but the acute and short presentation in this case makes this unlikely. 
Also, lactic acidosis has not been associated with oxaliplatin. A single case of renal tubular 
acidosis after oxaliplatin has been described, but this was in the context of normal lactate 
levels [12]. This patient presented during the 5-FU continuous infusion portion of his chemo-
therapy, making it the most likely causative agent, but its mechanisms are poorly understood.

Thiamine deficiency and hypotriglyceridemia have been proposed as mechanisms for 
5-FU-induced lactic acidosis [5]. 5-FU increases thiamine metabolism inside cells, and this can 
lead to lactic acidosis because it prevents the oxidation of pyruvate into acetyl-CoA. Also, fluo-
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roacetate, which is an intermediate metabolite of 5-FU, has been shown to impair the tricar-
boxylic acid cycle [10]. Anaerobic respiration resulting from ATP-deprived state caused by 
fluoroacetate can be prolonged by hypotriglyceridemia, as it impairs the oxidation of fatty 
acids [5]. Thiamine and triglyceride levels were not measured, but this patient exhibited no 
signs of dry beriberi and had a good appetite, making their deficiency unlikely [6].

Ammonia is the final metabolite of 5-FU, and hyperammonemia has been associated with 
systemic 5-FU therapy in gastric cancer [13]. While cases of encephalopathy caused by hyper-
ammonemia have been reported, there are only 4 cases of simultaneous presentation of lactic 
acidosis and hyperammonemia that have been reported in the literature [5, 6, 9, 10]. 
Ammonium was not measured in this patient because he had unremarkable liver enzymes, 
but it may have contributed to his delirium and dystonia. On a similar note, it is unknown if 
this patient had dihydropyrimidine dehydrogenase (DPD). DPD is the enzyme responsible for 
breaking down 5-FU into 5-fluoro-β-alanine, carbon dioxide, and ammonia [14], and signif-
icant toxicities have been associated with rare familial deficiency of the enzyme [15]. Although 
DPD deficiency is unlikely to be the cause of lactic acidosis in this case given how well he 
tolerated the initial 2 cycles of treatment, it has not been completely ruled out.

Of note, this patient had poor renal function secondary to bilateral hydronephrosis with 
no clear etiology. Although the clearance of lactate is only minimally influenced by the kidneys, 
Yeung et al. [8] reported a case of type B lactic acidosis from 5-FU treatment in a colorectal 
cancer patient on hemodialysis. This raises the possibility that perhaps the mechanism 
driving type B lactic acidosis after 5-FU chemotherapy is influenced by renal function.

In conclusion, lactic acidosis is an extremely rare event associated with systemic 5-FU 
treatment. There are only 6 prior reports, and this is the first to identify this event in gastric 
cancer. Although the exact mechanisms are unclear, therapies involving 5-FU should be used 
with caution, and routine clinical monitoring with measurements of lactate may be beneficial 
within 24–48 h of bolus administration, particularly in patients with poor renal function.
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