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SUMMARY
We describe a rare case of a 19-year-old male patient
with a history of epilepsy and developmental delay who
presented with acute renal failure (ARF) and lactic
acidosis (LA) as the first manifestation of T-cell
lymphoblastic lymphoma. Renal ultrasound and CT of
the abdomen showed renal parenchymal infiltration, and
renal biopsy demonstrated T-cell lymphoblastic
lymphoma. LA, ARF and electrolyte abnormalities were
refractory to the initial treatment of bicarbonate infusion
and hydration. However, these abnormalities rapidly
normalised after the initiation of chemotherapy,
suggesting that the LA and ARF were secondary to
lymphomatous renal infiltration.

BACKGROUND
Patients with cancer occasionally present with acute
renal failure (ARF) and lactic acidosis (LA) from
multiple aetiologies: tumour lysis syndrome (TLS),
neutropenic sepsis, nephrotoxic agents, nutrition
deficiency and dehydration. However, ARF from
primary renal infiltration and LA as first manifest-
ation of their underlying malignancy are very rare,
and LA frequently occurs in the absence of tissue
ischaemia. This is classified as type B LA, and its
mechanism in patients with cancer is multifactorial
including high glucose metabolism affected by ele-
vated levels of growth factors and cytokines in
malignant cells, and the lactate accumulation
process is facilitated by Warburg effect. Type B LA
and ARF associated with malignancy are refractory
to hydration and bicarbonate infusion, and they are
considered as an oncological emergency requiring
accurate diagnosis and prompt treatment with che-
motherapeutic agents.

CASE PRESENTATION
A 19-year-old male patient with a history of epilepsy
and developmental delay secondary to hypoxic brain
injury was directly admitted from clinic for high-
blood pressure and urinary frequency. Two weeks
prior to presentation, the patient had reported light-
headedness while standing from a seated position
and urinary frequency every 2 h associated with bilat-
eral mid-back pain. Blood pressure on admission was
161/100 mmHg with heart rate of 99 bpm. The rest
of the vitals were normal. Physical examination was
remarkable for a palpable spleen in the left upper
quadrant. There was no lymphadenopathy or lower
extremity swelling. Pertinent laboratory data revealed
white cell count of 8.8 K/μL (normal 3.4–10.4 K/μL),

haemoglobin 17.7 g/dL (normal 13.5–17.5 g/dL),
haematocrit 51.3% (normal 40–51%), platelet
316 K/μL (normal 150–425 K/μL), sodium
139 mmol/L (normal 136–145 mmol/L), potassium
4.5 mmol/L (normal 3.4–5.1 mmol/L), chloride
100 mmol/L (normal 98–107 mmol/L), bicarbonate
(HCO3) 17 mmol/L (normal 20–29 mmol/L), blood
urea nitrogen 33 mg/dL (normal 8–23 mg/dL), cre-
atinine 2.5 mg/dL (normal 0.67–1.17 mg/dL; the
patient’s baseline was 0.7), calcium (Ca) 11.1 mg/dL
(normal 8.8–10.2 mg/dL; corrected Ca 11.4 mg/dL),
magnesium 1.7 mg/dL (normal 1.6–2.6 mg/dL),
phosphorus 6.6 mg/dL (normal 2.7–4.9 mg/dL), uric
acid 8.8 mg/dL (normal 3.5–8.2 mg/dL) and anion
gap was 22 (figure 1). Subsequent venous blood gas
demonstrated pH 7.24, partial pressure of carbon
dioxide (CO2) 28 mmHg, partial pressure of oxygen
87 mmHg and HCO3 17 mmol/L with lactate of
11.2 mmol/L (normal 0.5–2.2 mmol/L). Laboratory
studies revealed ARF and LA. Additional workup
included: urine eosinophils, metanephrines, aldoster-
one/renin, ammonia, thyroid stimulating hormone,
serum protein electrophoresis with immunofixation,
C3, C4, antinuclear antibodies, antineutrophil cyto-
plasmic antibody and HIV test which were all nega-
tive or within normal range. Lactate dehydrogenase
and pyruvate were elevated at 733 U/L (normal 135–
225 U/L) and 0.293 mmol/L (normal 0.03–
0.107 mmol/L), respectively, suggesting possible
underlying malignancy and type B LA.1 Subsequent
renal ultrasound showed bilateral large kidneys with
infiltrative process (figure 2), and CTof the abdomen
demonstrated grossly enlarged kidneys with infiltra-
tive changes in the parenchyma, splenomegaly and
para-aortic lymphadenopathy (figure 3).
Bicarbonate infusion was initiated to treat the meta-

bolic acidosis, however creatinine and lactic acid levels
continued to trend up without resolution of the meta-
bolic acidosis (figure 1). A diagnostic renal biopsy was
performed and demonstrated a monotonous popula-
tion of small-to-medium sized lymphoid cells with
scant cytoplasm diffusely effacing the normal renal
parenchyma, and obscured renal architecture with
compressed glomeruli from dense lymphocytic infil-
tration. Immunohistochemistry staining was positive
for CD1a, CD3, CD5, CD43 and terminal deoxynu-
cleotidyl transferase, and was negative for CD10,
CD20, CD30, CD45, cyclin D1 and Bcl-2. Follow-up
bone marrow (BM) biopsy, flow cytometry and per-
ipheral smear did not demonstrate circulating blasts.
The BM was normocellular with 3+ iron and no evi-
dence of neoplasm. Thus, confirming the diagnosis of
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primary T-cell lymphoblastic lymphoma (T-LBL) with primary
renal infiltration.2

OUTCOME AND FOLLOW-UP
Rasburicase, allopurinol and intravenous hydration were started
immediately,3–7 and the first course of cyclophosphamide, doxo-
rubicin, vincristine and prednisone (CHOP) chemotherapy was
started on day 10.8–12 Uric acid and potassium levels rose tem-
porarily due to tumour lysis from chemotherapy,6 7 13–17 while
serum creatinine, lactate and bicarbonate levels normalised
shortly after the initiation of CHOP therapy, suggesting that
ARF and LA were secondary to lymphomatous renal infiltration
(figure 1). The patient completed two courses of CHOP chemo-
therapy without further complication and was discharged home
with plans for future outpatient chemotherapy.

DISCUSSION
T-LBL is a rare subtype of non-Hodgkin lymphoma (NHL) with
an incidence of less than 2% (Surveillance, Epidemiology, and
End Results, SEER cancer statistics: http://seer.cancer.gov/csr/
1975_2010/). According to the WHO classification, T-LBL is
differentiated from T-cell acute lymphocytic leukaemia (T-ALL)

by a mass in the mediastinum or elsewhere composed of T lym-
phoblasts and BM with less than 25% of blasts.2 Although 50–
70% of T-ALL carry abnormal karyotypes such as translocation
at 14q11.2, 7q35 and 7p14–15 involving the T-cell receptors,18

there is no proven association between genetic abnormality and
the biological feature of T-ALL or T-LBL. Accordingly, revised
WHO classification does not include further subclassification of
T-ALL.2

Mediastinum and lymph nodes are the most commonly
involved sites in T-LBL and T-ALL. However, patients can
present with extranodal involvement including bone, testicle,
skin, pancreas and kidney.19 Renal infiltration with lympho-
blastic or leukaemic cells was shown to be relatively common,
occurring in 36.7% of cases in one autopsy study of 322
patients with lymphoma.20 However, ARF and LA as presenting
features of lymphoma or leukaemia is relatively rare.21 22 Many
different conditions including TLS, use of nephrotoxic medica-
tions and chemotherapeutic agents can also cause ARF in T-LBL
or T-ALL and must be ruled out before assuming renal tumour
infiltration is the aetiology of ARF. Proper diagnosis of ARF and
LA in haematological malignancy is critical in determining
appropriate treatment and improving outcomes. Renal biopsy
plays a pivotal role in the diagnosis of primary renal
lymphoma.6

The mechanism of renal failure from lymphomatous or leu-
kaemic infiltration remains elusive, although several hypothesis
including intrarenal obstruction by compression of the tubular
lumen from dense tumour cell infiltration, and exacerbation of
fibrosis by cytokines released from tumour cells have been sug-
gested.23 Previous case reports of ARF associated with primary
tumour infiltration have successfully been treated with chemo-
therapy and support the hypothesis that tumour cell infiltration
has a direct role in ARF.23

In many cases of lymphoma and leukaemia, ARF is associated
with LA.16 23–25 LA is classified as types A, B and D LA.23 26 27

Type A LA occurs with acute ischaemia or tissue hypoperfusion,
and it is frequently observed in hypovolaemic or septic shock.28

However, type B LA occurs without any evidence of ischaemia
or decreased organ perfusion. Instead, it is caused by an under-
lying systemic pathology including malignancy, diabetes, HIV
infection, severe alcoholism and medications such as metformin
(table 1).1 Haematological malignancy is one of the most
common underlying causes of type B LA, although the mechan-
ism still remains unclear. Several hypothesis such as liver and

Figure 1 Laboratory values during the hospital course. Patient presented with elevated serum creatinine level and lactic acidosis. HCO3 infusion
was started to correct the severe acidosis, however with little effect. CHOP chemotherapy was started at day 10 after diagnosis of T-LBL, and
creatinine and lactate level returned to the normal level over the hospital course (CHOP, cyclophosphamide, doxorubicin, vincristine and prednisone;
HCO3, bicarbonate; T-LBL, T-cell lymphoblastic lymphoma).

Figure 2 Ultrasonography of the renal showing markedly enlarged
right kidney measuring 18 cm with increased echogenicity, decreased
cortical medullary differentiation and no evidence of focal cortical
thinning, discrete renal mass, calcification or hydronephrosis.
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kidney dysfunction, overexpression of insulin growth factor-1
and hexokinase along with anaerobic glycolysis, tumour necrosis
factor-α (TNF-α) secretion, thiamine deficiency and the use of
certain chemotherapeutic agents have been postulated as the
mechanisms of type B LA (table 1).23 The liver and kidney are
the two major organs that convert lactate into pyruvate, and
subsequently into glucose. As such, dysfunction of these two
organs from any cause may lead to lactate accumulation.
However, the low incidence of LA in other liver and kidney dis-
eases suggests the presence of additional unknown factors that
contribute to the development of type B LA. In addition,
tumour cells have a predilection for anaerobic glycolysis even
with adequate oxygen supply, and a significant amount of
glucose is converted to lactate.29 This is known as the Warburg
effect. Pyruvate dehydrogenase and its cofactor, thiamine,
convert pyruvate to acetyl coenzyme A, and also play a pivotal
role in glucose metabolism and lactate production (figure 4).30

Thiamine deficiency, frequently observed in patients with
cancer, diminishes the activity of pyruvate dehydrogenase, and
leads to lactate accumulation.31 Also, TNF-α is a known pyru-
vate dehydrogenase inhibitor and is often elevated in lymph-
oma. This may lead to further anaerobic glycolysis and lactate
production.32 As an extrinsic factor, certain types of chemother-
apeutic agents can exacerbate LA as well. Methotrexate, a dihy-
drofolate reductase inhibitor, competes with thiamine for
intracellular transport, lowering the level of thiamine in the
cells, and subsequently diminishes pyruvate dehydrogenase
activity.33 In conclusion, LA in a patient with cancer depends on
multiple factors, and careful review of nutrition status and che-
motherapeutic regimen is important.

Treatment of lymphomatous renal infiltration-induced ARF
and type B LA is different from that of TLS or type A LA,
which needs aggressive volume resuscitation, haemofiltration,
haemodialysis or medications such as allopurinol or

rasburicase.17 Type B LA and kidney dysfunction are usually
refractory to the above treatments, and correction of the under-
lying pathology is the essential treatment. Accordingly, chemo-
therapy is the treatment of choice in type B LA associated with
malignancy. Thiamine supplementation may also be used if
there is concern for thiamine deficiency. In severe LA with pH
lower than 7.2, bicarbonate infusion may be used, although it
will not alter the course of the disease and it might actually
exacerbate the acidosis via CO2 retention.

34

In conclusion, ARF and LA as an initial manifestation of
primary lymphoma or leukaemia are rare and renal biopsy plays

Figure 3 CT of the abdomen and
pelvis demonstrating gross
enlargement of both kidneys with
lymphomatous infiltration and
splenomegaly. Renal spans are 18 cm
on the right and 16 cm on the left.
There is abnormal para-aortic
lymphadenopathy at the level of the
renal veins, with the largest node in
the left para-aortic position measuring
24×15 mm axially. The span of the
spleen is 14.5 cm with no focal
abnormality.

Table 1 Aetiologies and mechanisms of type B lactic acidosis in
cancer23

Aetiologies of type B lactic
acidosis

Mechanisms of type B acidosis in
cancer

Diabetic ketoacidosis
Metformin
Haematological malignancy
Severe alcoholism
HIV infection

Liver and kidney dysfunction
IGF-1 overexpression
Hexokinase overexpression
TNF-α
Thiamine deficiency
Methotrexate treatment

IGF-1, insulin-like growth factor 1; TNF-α, tumour necrosis factor-α.

Figure 4 Glucose metabolism pathway. PDH converts pyruvate to
acetyl-CoA, which enters into Krebs cycle to generate ATP. However,
cancer cells have predilection to anaerobic glycolysis leading to lactate
accumulation.29 This process is facilitated by overexpression of IGF-1,
hyperactivation of hexokinase and thiamine deficiency, which are
frequently observed in the malignancy (CoA, coenzyme A; IGF-1,
insulin-like growth factor 1; LDH, lactate dehydrogenase; PDH, pyruvate
dehydrogenase complex).

Learning points

▸ The majority of haematological malignancies including
lymphoma and leukaemia are associated with lactic acidosis
(LA), a poor prognostic indicator.

▸ Acute kidney injury and type B LA secondary to
lymphomatous or leukaemic renal infiltration are oncological
emergencies, and chemotherapy is the treatment of choice.

▸ Sodium bicarbonate infusion should be avoided as it can
exacerbate metabolic acidosis. Although, it may be used
with severe acidosis (pH lower than 7.2) and haemodynamic
instability.
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an essential role in the diagnosis of primary renal lymphoma or
leukaemia. Type B LA associated with malignancy is a result of
multiple mechanisms including thiamine deficiency, growth
factors, cytokines and the Warburg effect. The main treatment
of type B LA and ARF in patients with lymphoma/leukaemia is
chemotherapy with careful review of nutritional status and
medications.
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