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ABSTRACT: Tumour lysis syndrome (TLS) is a medical emergency occurring when large numbers of cancer cells rapidly undergo cell death.
The resultant metabolic abnormalities results in significant morbidity and mortality. Tumour lysis syndrome most commonly occurs in 5% of
haematological malignancies and is less commonly described in solid organ cancers. In breast cancer, TLS has been reported to occur both
spontaneously and as a result of cancer chemotherapy, targeted therapy, or radiotherapy. However, only 1 TLS case in a breast cancer patient
has been reported as a consequence of aromatase inhibitor letrozole. With the increased recent use of CDK4/6 inhibitors, 2 cases of hyperuri-
caemia in patients with breast cancer treated with palbociclib/letrozole combination treatment have also been reported. We present the second
case of letrozole-induced TLS in a 74-year-old woman with occult breast adenocarcinoma. Despite treatment with recombinant urate oxidase
and intravenous fluids, the patient deteriorated and was discharged with hospice care. Although rare, this life-threatening condition should be
considered in an acutely unwell patient commencing treatment for solid malignant tumours.
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Introduction

Tumour lysis syndrome (TLS) occurs as a result of the rapid
death of malignant cells and the subsequent necrosis-related
release of potentially harmful metabolites and electrolytes. The
syndrome was first reported in a case of solid organ malignancy
in 1983.! The syndrome can be detected based on laboratory
biochemical parameters, namely an increase in serum potas-
sium, uric acid, and phosphate and a reduction in serum cal-
cium. The widely accepted criteria for diagnosing laboratory
TLS were published by Cairo and Bishop in 2004.2 Clinical
TLS diagnosis is made when renal impairment, cardiac
arrhythmias, and seizures occur in the context of these bio-
chemically detected changes.

Tumour lysis syndrome is typically seen in haematological
malignancies rather than solid organ malignancies and most
commonly in Burkitt’s lymphoma and acute lymphoblastic
leukaemia. The incidence of TLS in acute leukaemias and non-
Hodgkin's Lymphoma (NHL) in an international retrospective
analysis was 5.3%.3 The incidence of TLS in solid organ malig-
nancies is difficult to determine because the data are mostly
limited to case reports and case series.

Several factors are known to increase the risk of TLS, the
most significant being large tumour burden of a rapidly prolif-
erating cancer, pre-existing renal impairment, advanced age,
and presence of a chemo-sensitive tumour. The risk is also
greater at the induction of chemotherapy.? Intravenous fluids
and/or prophylactic medication in the form of either allopuri-
nol or rasburicase is usually given before the induction of
chemotherapy to patients considered at risk. Guidance for
identifying  high-risk  patients ~with  haematological

malignancies has been offered by other authors.* Tumour lysis
syndrome may also occur spontaneously before any chemo-
therapy has been given in the presence of large tumour burden
and cell death occurring at a significant rate.

We present the case of a 74-year-old female patient with a
diagnosis of occult metastatic oestrogen-positive breast cancer,
who developed TLS days after commencing treatment with
the aromatase inhibitor letrozole. Given that the occurrence of
TLS was rare in this context, a search of the literature using a
PubMed search with the search terms ‘Breast cancer’/‘breast
adenocarcinoma’/‘breast carcinoma’ and ‘tumour lysis
syndrome’/“TLS returned 40 results, 14 of which were deemed
to be of relevance to review. One publication was in Japanese,
but the abstract was available in English.> Within these results,
there was only one published case of TLS reported following
treatment with letrozole. These papers will be elaborated in
the discussion.

Case Report

A 74-year-old woman with no prior history of cancer was admit-
ted under the acute medical team, presenting with a 3-month
history of progressively worsening dyspnoea and a 1-month his-
tory of nonproductive cough. She denied presence of haemopty-
sis, fevers, chest pain, or palpitations. She complained of
significant lethargy and anorexia but denied weight loss.

Her past medical history included hypothyroidism, Type-11
diabetes, hypertension, and osteoarthritis. She was independ-
ent with all Activities of Daily Living (ADLs) and was able to
perform tasks such as mowing the lawn. She was an ex-smoker
having stopped 18years ago with 5-pack years cigarette
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smoking history. She had never had spirometry performed and
did not have need for any inhalers; she was not suspected to
have chronic obstructive pulmonary disease (COPD). She had
been prescribed furosemide by her general practitioner (GP)
for presumed cardiac failure as the cause of her dyspnoea, but
this had not improved the symptoms.

On examination, Eastern Cooperative Oncology Group
(ECOG) score at presentation was 3. Her oxygen saturations
on arrival to the emergency department were 91% on room air.
She had reduced air entry of the left lung base and pitting leg
oedema bilaterally up to the shins. She had no palpable breast
masses or adenopathy.

Chest X-ray (CXR) on hospital admission showed a large
left-sided pleural effusion. Laboratory work returned an ele-
vated C-reactive protein (CRP) of 97 mg/L with normal white
cell count (WCC) (8.4 X 10%L) and reduced renal function
(urea 11.6 mmol/L,, creatinine 100 umol/L, and eGFR 48 mL/
min). Liver function tests were all within normal range (biliru-
bin 5umol/L, alkaline phosphatase 93 U/L, gamma-glutamyl
transferase 17 U/L, alanine transferase 16 U/L, total protein
76 ¢g/L, and albumin 34 g/L) except for a slightly elevated glob-
ulin (42¢/L).

A pleurocentesis was performed, and 1L of blood-stained
fluid was drained which achieved symptomatic improvement.
A subsequent CXR performed following pleurocentesis
showed a large underlying mass, suspicious for malignancy.
Computed tomography (CT) thorax, abdomen, and pelvis scan
showed subtotal consolidation and infiltration of the left lower
lobe with moderate size left pleural effusion, with widespread
mediastinal lymphadenopathy measuring up to 21 mm in the
pretracheal region (Image 1). No gastrointestinal or bladder
pathology was identified on imaging. Computed tomography
brain imaging was not performed because the patient did not
have any focal neurology, reduced conscious level, or headache
at presentation. Bronchoscopy was performed which showed
extrinsic compression, and washings were sent for analysis.

Histology from the pleural fluid returned to be metastatic
poorly differentiated adenocarcinoma, Gata-3 positive and
negative for cytokeratin 20, and thyroid transcription factor-1
(T'TF-1). While a primary breast tumour was not identified,
the presentation, CT imaging, and the patterns of staining
were consistent with occult metastatic breast carcinoma. On
microscopy, a significant level of cell cannibalism was identified
(Image 2). Oestrogen receptor (ER) status was strongly posi-
tive and human epidermal growth factor receptor-2 (HER-2)
negative. With the patient’s consent, letrozole 2.5 mg per dose
orally was commenced as part of palliative treatment for breast
cancer. The option of adding a CDK4-6 inhibitor was dis-
cussed with the patient to improve progression-free survival
but was unfunded in New Zealand at that juncture and was
beyond the financial means of the patient.

The following day, the patient was due to be discharged home
when she developed a fever of 38.2°C. At this time, she met the

Image 1. Computed tomography (CT) image showing a large infiltrating
mass in the left lung with moderate pleural effusion and bulky mediastinal

adenopathy.
CT indicates computed tomography.
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Image 2. Microscopy of pleural fluid sample showing cell cannibalism. In
the background, there are other vacuolated tumour cells, some of which
are engulfing cellular fragments and other material.

clinical criteria for sepsis management and as such broad-spec-
trum antibiotics were started (co-amoxiclav intravenous, 1.2¢ 3
times daily). Laboratory work identified an acute kidney injury
and a raised potassium of 6.1 mmol/L. Appropriate treatment
was given to manage hyperkalaemia and intravenous fluids were
given. Three days later, the serum creatinine had increased fur-
ther with associated elevated phosphate and uric acid. It was now
recognised that the patient was in TLS. Rasburicase 3 mg was
given once daily for 3 days with aggressive intravenous (IV') fluid
therapy. Serum levels were checked twice daily, and the labora-
tory analysis are shown in Table 1.

Renal function stabilised for 24 h; however at this point, it
was clear that the patient had clinically deteriorated signifi-
cantly. She was increasingly drowsy throughout the day and
less responsive. Her Glasgow Coma Scale (GCS) score fluctu-
ated between 12 and 14 due to confusion and was often not
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Table 1. The renal function results from admission (D -10), commencement of treatment (DO0), and until discharge to hospice care (D + 8).

D - 10: DAY OF
ADMISSION

DO:LETROZOLE  pio
INITIATED

D +6: TLS DIAGNOSIS D+7

SUSPECTED,
RASBURICASE GIVEN

Sodium (Na) mmol/L 137 136 136 133 127 124 124
Potassium (K) mmol/L 4.6 5.6 5.6 5.8 6.3 6.1 5.1
Urea mmol/L 11.6 16.3 13.9 16.0 21.4 26.1 30.5
Creatinine umol/L 100 137 114 131 211 284 262
eGFR mL/min 48 33 4 35 19 14 15
Uric acid mmol/L 0.74 0.21
Calcium mmol/L 2.20 2.26
Phosphorous mmol/L 1.87 1.86
CRP mg/L 97 125 280 462 428

Abbreviations: eGFR, estimated glomerular filtration rate; CRP, C-reactive protein; TLS, tumour lysis syndrome.

rousable to pain. Vital signs were progressively worsening with
reducing oxygen saturations and an increasing supplementary
oxygen requirement. Blood cultures never identified a causative
organism, and the patient had a single isolated fever at the time
of initiating sepsis management. The authors postulate that
this patient was not necessarily septic at all during the acute
illness but that these symptoms had been related to malignant
disease and the development of TLS. The impression was that
the patient was approaching the end of life, and after discussion
with family, she was discharged home with hospice cares in

place. She passed away 2 days after discharge.

Discussion
Tumour lysis syndrome is more commonly associated with
haematological malignancies. It is a medical emergency that
rarely occurs in metastatic solid tumours. Tumour lysis syn-
drome in metastatic solid tumours has predominantly occurred
in patients receiving chemotherapy. We present a rare and fatal
case of TLS in a patient with luminal metastatic breast cancer
which initially posed as a diagnostic challenge and manifested
within days upon commencement of letrozole. We conducted a
review of the literature and discuss the differential diagnosis
and challenges faced with management of this unique case.
Letrozole is a selective aromatase inhibitor, used predomi-
nantly in the treatment of hormone receptor-positive breast
cancer in postmenopausal women and has been approved for
medical use since 1996.° Common side effects include dizzi-
ness, low mood, fatigue, and arthralgia. The less common but
more serious adverse effects included in the safety information
for letrozole are osteoporosis and subsequent fractures, increases
in cholesterol, and fatigue with dizziness. To our knowledge,
there has only been one other case report describing TLS as a
consequence of letrozole and 2 cases of hyperuricaemia associ-
ated with palbociclib/letrozole combination treatment. Zigrossi

et al” reported in 2001 on a patient who went into cardio-pul-
monary shock with laboratory TLS after treatment with a sin-
gle dose of letrozole. The patient was in a critical condition for
2weeks but did gradually improve and had a 20-month period
in remission following discharge home and remained alive at
time of publication.

A recent review of the literature by Mirrakhimov et al identi-
fied and reviewed all published cases of TLS in solid organ
malignancies.® A total of 115 cases were reported between 1950
and February 2014. Eighteen cases of TLS occurring in breast
cancer have been reported in the literature,>2?3 13 of which
occurred in the context of systemic anticancer treatment. Twelve
of these are written in English and were available to be reviewed.
Bromberg et al'# reported 2 cases of hyperuricaemia occurring in
patients undergoing combination palbociclib/letrozole treatment,
and suggest that one if not both of these cases may be presenta-
tions of TLS. A summary of all these cases, as well as 2 cases of
spontaneous TLS in breast cancer'®!! and a case of TLS follow-
ing hemibody irradiation'3 can be found in Table 2.

The differential diagnosis in this case of a febrile elderly
patient with known cancer commencing antiendocrine treat-
ment initially included sepsis, hyperprogression of cancer or
pulmonary embolus (PE). Broad-spectrum antibiotics were
started when the patient developed a fever; however, there was
no significant change in her other vital signs, no further fever,
no rise in WCC to accompany the rise in CRP, and no evi-
dence for a focus of infection such as new infective symptoms
or positive investigations such as urinalysis. She was not com-
plaining of new chest pain and had no electrocardiograph
(ECG) changes characteristic of PE. A D-dimer test was not
performed because this is likely to be raised in widespread
malignancy and is of less diagnostic use. Alveolar-arterial gra-
dient was calculated by way of arterial blood gas and was not
reduced, thus was not in keeping with PE. Blood cultures were
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Table 2. A summary of all case reports of TLS and hyperuricaemia available in literature at time of publication, detailing publication author, patient
age, any specifics of the tumour type and stage (where reported in the publication), treatment given, risk factors specified, and outcome.

AUTHOR

Zigrossi et al”

Bromberg et al'4

Bromberg et al*

Mott et al's

Aslam et al'®

Baudon et al'?

Taira et al'8

Mott et al's

Stark et al'®

Vaidya and
Acevedo??

Ustiindag et al?!

Kurt et al??

Drakos et al®3

AGE

61

78

86

44

58

58

69

47

53

52

56

42

31

DIAGNOSIS

Invasive ductal cell
carcinoma, T2NO. ER+,
PR+.

Advanced, ER+, HER2-
ductal tumour.

Advanced, ER+, HER2-
ductal tumour.

Metastatic ER+, PR+ and
HER2 overexpressing
carcinoma.

Invasive poorly
differentiated ductal
carcinoma with
widespread metastases.
ER-, PR-, HER+.

Invasive grade-Ill ductal
carcinoma, ER-, PR-,
HER2-. Locally advanced

and very widespread bony

metastases.

Invasive ductal
carcinoma, triple-disease,
T2N1MO, stage 1IB

Stage |, ER+, PR-,
HER2- cancer diagnosed
4years earlier.

Infiltrating ductal
adenocarcinoma, ER+,
PR-.

Locally recurrent, invasive
ductal cell carcinoma,
ER+, PR+, HER2-.

Tumour type not specified.

Invasive ductal
carcinoma, stage IIB.

Infiltrating ductal

carcinoma, T2N1MO0, ER+.

CURRENT

TREATMENT

Letrozole

Palbociclib/letrozole

Palbociclib/letrozole

Gemcitabine and
cisplatin

Gemcitabine

Trastuzumab and

pertuzumab

Trastuzumab

5-Fluorouracil,
epirubicin,
cyclophosphamide

5-Fluorouracil,
docetaxel,
cyclophosphamide

Single dose
paclitaxel

Paclitaxel

Capecitabine

Mitoxantrone

RISK FACTORS
SPECIFIED

Widespread

metastases

Liver metastases

Widespread
metastases

High LDH at start of
treatment and
reduced eGFR (53).

Widespread disease

Liver metastases
present.

Extensive
metastases, very
elevated LDH, and
raised urea.

Liver metastases

Metastases,
pre-existing
elevated LDH.

Liver metastases
present.

Liver metastases.
Normal renal
function.

OUTCOME

Developed TLS on D2.
Letrozole held, supportive
management given was alive
20months later.

Severe kidney injury resolved
with intravenous fluids and
allopurinol. Palbociclib dose
reduced for ongoing treatment.

Developed hyperuricaemia
was given allopurinol and
encouraged to increase oral
fluid intake. Uric acid level
reduced and palbociclib
restarted at lower dose.

Developed nausea and
vomiting. Fluids and allopurinol
then rasburicase given, full
recovery of renal function made.

Developed TLS on D4. Was
discharged to hospice.

Developed organ failure on D2
and died 48h later from
multiorgan dysfunction.

Developed a cardiac
arrhythmia on D6 of
trastuzumab, died from acute
renal failure on D11.

Developed TLS 24h into
treatment. Fluids given with
allopurinol and renal function
gradually improved.

18 h posttreatment developed
TLS, suffered cardiac arrest
48hours later.

Became encephalopathic on
D7 and died during
haemofiltration.

Became oliguric during first
infusion and became confused.
Started haemofiltration but
died within 24 h from cardiac
arrest.

11 h into capecitabine became
confused, bradycardic, and
oliguric. GCS 11 and died
shortly after.

Developed biochemical and
clinical TLS on D3. Died

1 month later from hepatic
failure secondary to infiltrative
disease.

(Continued)
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Table 2. (Continued)

AUTHOR AGE DIAGNOSIS CURRENT RISK FACTORS OUTCOME
TREATMENT SPECIFIED

Cech et al® 94 Infiltrating ductal Tamoxifen Extensive metastatic = Renal function deteriorated on
carcinoma. Hormone disease including D7. Patient died 2months later
profile not performed. widespread bony from congestive cardiac failure.

metastases.

Parsi et al'2 36 Grade-4 invasive ductal No treatment started ~ Widespread Spontaneous development of
carcinoma. ER+, PR+, before developing innumerable TLS after diagnosis of breast
HER2+. TLS. metastases. cancer but before starting

treatment. Recovery from
acute TLS with IV fluids and
rasburicase.

Idrees et al'! 48 Infiltrating ER+, PR+, No treatment had Bony and liver Presentation with abdominal
HER2-, p53—, Ki67 10% been given before metastases. pain and oliguria. Found to be
carcinoma with bony and TLS. in spontaneous TLS from an
liver metastases. as-yet undiagnosed breast

cancer with widespread
metastatic disease.

Sklarin and 62 Infiltrating lobar No treatment before Bony and liver Already fulfilling criteria for TLS

Markham?© carcinoma, with lung, liver,  TLS diagnosis. Then = metastases. at time of initially presented
and bone metastases. recurred with with breast mass. Further

treatment. episode of TLS following
treatment with dibromodulcitol,
doxorubicin, vincristine,
tamoxifen, Halotestin,
methotrexate, and leucovorin.

Rostom et al'? 73 Male patient with Hemibody irradiation ~ Widespread Developed renal failure 48h
widespread LN infiltration metastases. after irradiation treatment,

and bony disease.

failed to respond to allopurinol
and IV fluids, developed coma,
and died 5days following
treatment.

Abbreviations: eGFR, estimated glomerular filtration rate; ER, oestrogen receptor; GCS, Glasgow Coma Scale; HER2, human epidermal growth factor receptor-2; LDH,
lactate dehydrogenase; LN, lymph node; —, negative; +, positive; PR, progesterone receptor; TLS, tumour lysis syndrome.

All patients were female. Number of days after treatment represented by ‘D’

sent and no causative organism was ever cultured. Serial CXR
excluded the presence of empyema or parapneumonic effusion.
The manner in which the patient deteriorated with fluctuating
but reduced conscious level and renal failure, without ongoing
tevers, tachycardia, or tachypnoea, was clinically less convincing
for infection and resultant sepsis.

Disease hyperprogression would be a possible cause for clini-
cal deterioration. A trending rise in CRP may well herald a dis-
ease progression. This rise was very rapid, with a tripling of
CRP over a few days. C-reactive protein rise is a well-known
predictor for cardiovascular mortality but poorly described in
association with TLS; a literature search for the significance of
rising CRP in the context of TLS did not return any results of
relevance to this case. Tumour lysis syndrome was not immedi-
ately suspected, and indeed it was only on review by a medical
oncologist that TLS was suggested as a differential diagnosis
and the appropriate laboratory work was sent. There may have
been a delay in recognition of the development of TLS, partly as
a result of the patient being managed on a general medical ward
and the scarcity of reports highlighted in the medical literature
of TLS induced by letrozole. The rapid deterioration in renal
function within 24h of commencing letrozole, with the rise in

potassium, phosphate, and uric acid and accompanying clinical
deterioration is diagnostic of laboratory and clinical TLS.
Serum calcium remained within normal range in this case.
Whether tumour lysis was spontaneous versus that induced by
letrozole also remains debatable. However, given the likely
lengthy time between carcinogenesis and presentation to hospi-
tal, it would seem less likely that a spontaneous TLS would hap-
pen to occur within 24h of commencing Letrozole treatment.

Microscopy performed on a sample of the pleural fluid
taken before commencing letrozole identified high levels of
cell cannibalism. Abodief et al** performed microscopy on fluid
from both malignant and benign pleural effusions and exclu-
sively identified cell cannibalism in malignant effusions.
Siddiqui et al?® identified a higher rate of cell cannibalism in
more aggressive de-differentiated oral squamous cell carcino-
mas (OSCCs) when compared to well-differentiated OSCC
and concluded that higher rates of cell cannibalism are sugges-
tive of aggressive tumour behaviour. The risk of TLS is greater
when treating a more aggressive and more rapidly growing
tumour. Whether significant levels of cell cannibalism should
raise clinical suspicion for the development of TLS in a solid
organ malignancy requires further research.
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Tumour lysis syndrome secondary to letrozole is a rare
occurrence, and it is not possible to calculate an incidence with
small numbers of case reports; larger cohort studies would be
required. Cohort studies would also be required to determine
any statistical significance of these factors to better stratify risk
and aid appropriate monitoring in future.

Conclusion

We present a rare case of TLS in an elderly patient with
occult luminal breast cancer with large tumour burden and
metastatic disease who developed TLS when commenced on
letrozole. Physicians should include TLS as a differential
diagnosis for an acutely deteriorating patient with metastatic
cancer. In particular, elderly patients with large tumour bulk,
pre-existing renal impairment, and those who have just com-
menced on anticancer treatment are at greater risk. Whether
cell cannibalism is associated with tumour lysis requires fur-
ther research.
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