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Radioligand therapy (RLT) is considered a safe treatment for
patients with metastasized neuroendocrine tumors and prostate
cancer, and the occurrence of tumor lysis syndrome (TLS) with
177|_u-labeled peptides has not yet been reported. We retrospec-
tively screened our patient database for TLS after RLT in neuroen-
docrine tumors and prostate cancer. Methods: The database was
searched for patients receiving RLT with '77Lu-DOTATATE, -DOTA-
TOC, or -prostate-specific membrane antigen and showing labora-
tory or clinical abnormalities typical of TLS within 7 d after the start
of treatment. Results: In total, 205 patients (539 cycles) were
screened; 4 patients developed TLS with clinical symptoms and
characteristic changes in laboratory parameters, which normalized
after appropriate treatment. Follow-up revealed partial remission in
2 patients, a mixed response in one, and progressive disease in one.
Conclusion: Clinical TLS is a rare but definite complication of RLT,
suggesting that patient monitoring for TLS should be mandatory.
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Tumor lysis syndrome (TLS), an oncometabolic emergency
described in highly proliferating cancers such as lymphoma or
leukemia, can occur spontaneously or after initiation of cytotoxic
treatment such as chemotherapy or, rarely, radiation therapy or
steroid treatment (/). Rapid tumor cell destruction leads to a mas-
sive release of intracellular contents such as potassium, phosphorus,
and uric acid. This release may overload excretory mechanisms,
leading to a clinicolaboratory derangement of cellular metabolism
that finally results in acute renal failure (ARF), cardiac arrhythmia,
central nervous system toxicity, and ultimately death (2). Serum
calcium levels typically decrease because of binding of calcium
to excess phosphorus (3).

Cairo et al. classified TLS based on laboratory and clinical
criteria (4). Laboratory TLS is present if 2 or more of the relevant
parameters—for example, uric acid, potassium, or phosphorus—
are increased or if calcium either is decreased by more than 25%
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from baseline within 7 d after initiation of therapy or goes out of
the reference range. For clinical TLS, the criteria are an increase
of creatinine to more than 1.5 times the upper normal limit, an
increase in blood urea nitrogen as a sign of renal failure, newly
manifest cardiac arrhythmia, or seizures (4).

Radioligand therapies (RLTSs) using '7’Lu-labeled somatostatin
receptor analogs or prostate-specific membrane antigen (PSMA)
ligands are established and safe options for metastatic neuroendo-
crine tumors (NET) or prostate cancers (5—7). However, to our
knowledge, TLS has never been reported for '77Lu-based RLT.
In this study, we retrospectively evaluated the occurrence of
TLS and its frequency in our patients.

MATERIALS AND METHODS

This study was approved by the institutional ethics review board
(EA2/177/17). All patients signed a written informed consent form.
The database of all patients undergoing RLT with 77Lu-DOTATATE,
-DOTATOC, or -PSMA-617 between February 2011 and December
2017 and having complete patient records, including follow-up, was
searched for prolonged hospitalization (more than the standard 48-h
period), typical clinical complications (e.g., ARF, cardiac arrhythmia,
or seizures within 7 d after RLT), typical laboratory constellations
(e.g., hyperkalemia, hypocalcemia, hyperphosphatemia, uricemia, ure-
mia, and increasing serum creatinine) (4), and clinical course during
the immediate follow-up period.

RLTs were performed according to guidelines and recommenda-
tions as described in the literature (6—10). For nephroprotection, NET
patients received amino acid solutions following the 3-d 50-g protec-
tion protocol (7); prostate cancer patients received 2 L of isotonic
saline plus furosemide (9).

Serum potassium, blood urea nitrogen, uric acid, calcium, creati-
nine, and phosphorus were routinely measured by certified standard
procedures by the university laboratory. RLT response based on
imaging (PET, SPECT, CT, MRI) according to RESIST, version 1.1,
or tumor markers (prostate-specific antigen, chromogranin A) at 2-3
mo after RLT was also recorded.

RESULTS

Of 539 RLTs performed on 205 patients with activities ranging
from 4.9 to 7.5 GBq of '""Lu, 4 patients (0.74% of RLT cycles,
1.9% of patients) developed clinical TLS: 1 patient receiving
DOTATATE (second cycle; pulmonary NET), 2 patients receiving
DOTATOC (first and third cycles; pancreatic and unknown pri-
mary NET), and 1 patient receiving PSMA (first cycle; prostate
cancer) (Table 1). One additional patient with prostate cancer de-
veloped a severe gout attack in both feet, revealing hyperuricemia
and a distinct increase in uric acid.
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TABLE 1
Characteristics of Patients with TLS After RLT

Cycle with
Patient Age occurrence Activity
no. Sex (y) Diagnosis Metastasis Radioligand of TLS (GBq) Response
1* Male 70  Pulmonary NET Bone, liver 177 y-DOTATATE 5.0 Mixed response
2* Male 66  Pancreatic NET Lymph node, spleen 77Lu-DOTATOC 3 7.5  Partial remission
3* Female 79 NET of Liver, lymph node  177Lu-DOTATOC 1 4.9  Partial remission
unknown
primary
4* Male 75  Prostate cancer Bone, lung, lymph  '77Lu-PSMA 1 6.0  Progressive
node, liver disease
5t Male 64  Prostate cancer Bone, lymph node '77Lu-PSMA 3 6.1 Partial remission

*Patients with clinical TLS.
TPatient with severe gout attack after RLT.

Within 3 d after initiation of RLT, all 4 patients with clinical
TLS went into ARF with increasing creatinine values (TLS grade
2 (4)), and a distinct increase in blood urea nitrogen was observed; 3 of
these patients developed clinical symptoms such as disorientation and
nausea within 24 h. Uric acid in 3 patients met the criteria for TLS
(Table 2). A calcium decrease was less prominent, with hypocalcemia
occurring in 3 patients and 1 patient reported a tingling paraesthesia of
the hands. Mild hyperkalemia was observed in 2 patients at 48 h. None
of the patients developed cardiac arrhythmia or seizures.

Patients were treated symptomatically according to TLS guide-
lines (/1). Patients with ARF received vigorous intravenous hy-
dration with isotonic solutions. Furosemide in a dose of 0.5 mg/kg
of body weight was administered to increase excretion. Allopurinol
was prescribed for uricemia, and rasburicase was given intrave-
nously to 1 patient. For treatment of the gout attack, ibuprofen
and celecoxib in combination with colchicine were prescribed. In
cases of symptomatic hypocalcemia, calcium was substituted orally
at a dosage of up to 1.5 g/d.

All patients were able to leave the hospital within 7 d without
clinical symptoms and with normalized or near-normal laboratory
parameters.
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FIGURE 1. Images of 79-y-old woman with NET of unknown primary
G1 (Ki-67 = 2%) and multiple liver and lymph node metastases showing
partial remission after 1 cycle of RLT with 4.972 GBq of '77Lu-DOTA-
TOC. TLS occurred 3 d after RLT, with ARF, disorientation, and nausea.
LDR = left, dorsal, right; RVL = right, ventral, left.
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Follow-up revealed partial remission in 2 TLS patients, a mixed
response in 1 patient, and progressive disease in 1 patient (Table 1;
Fig. 1). The patient with a mixed response had additional bone
lesions on PET without a morphologic correlation, but the target
lesions showed a clear response.

DISCUSSION

We observed TLS after RLT in 1.9% of patients and in 0.74% of
RLT cycles, and all 4 patients developed ARF. Historically, RLT is
well tolerated and high-grade nephrotoxicity occurs in less than
1% of patients, with a delay of months to years (6,/2,13). The
occurrence of ARF due to TLS after RLT with *°Y-DOTATOC has
been reported in 2 of 1,109 patients (/4). However, to our knowl-
edge TLS after treatment with 177Lu-labeled peptides has not yet
been reported. None of our patients received other cytotoxic treat-
ments within 4 wk of RLT. Therefore, TLS most probably was
caused by 77Lu-based RLT. The recommended treatment for
TLS was successfully started directly after indicated by labora-
tory abnormalities or after the onset of clinical symptoms in
these patients (4,7/7). To prevent or minimize TLS, appropriate
patient preparation, specific laboratory tests (creatinine, blood
urea nitrogen, uric acid, potassium, calcium, phosphate), and a
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FIGURE 2. Tumor load on pretherapeutic and intratherapeutic images
of all 4 TLS patients (A-D) and of patient with severe gout attack (E). MIP
= maximume-intensity projection; WB = whole body.
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TABLE 2
TLS-Related Laboratory Parameters and Clinical Symptoms
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eGFR (CKD-EPI) (mL/min/

BUN (mg/dL) [17-48] SUA (mg/dL) [2.2-7.8] Ca (mmol/L) [2.20-2.55] K (mmol/L) [3.4-4.5]

1,73m2) [>90]

SCr (mg/dL) [0.70-1.20]

After

Before

After
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Patient

RLT Change Symptoms

RLT

RLT Change

RLT

RLT Change

RLT

Change

RLT RLT

RLT Change

RLT RLT Change RLT

no.

ARF,

3.41 +144% 50 17 -66% 57 240  +239% 4.8 8.6 +79% 2.43 1.99 -18% 4.7 4.8 +2%

1.40

disorientation,
nausea

+197% 87 23 -74% 28 143 +411% NA NA NA 2.58 2.42 -6% 3.8 4.6 +21% ARF,

2.70

0.91

disorientation,

emesis

4.0 -2% ARF,

+194% 56 16 -71% 39 105 +169% 4.9 9.3 +90% 2.18 2.12 -3% 4.1

2.82

0.96

disorientation,
nausea

ARF, paresthesia
Gout attack

+12%

3.7

3.3
3.9

1.73 -20%
2.36

2.16

1.42 +33% 58 48 -17% 58 99 +71% 9.4 119  +27%
90 16 15 +158%

0.89

1.07
0.84

+3%

4.0

-2%

2.41

8.0

3.1

-6%

-2%

92

+6%

Chronic Kidney Disease Epidemiology Collaboration; BUN = blood urea nitrogen; SUA = serum uric acid; NA = not available.

SCr = serum creatinine; eGFR = estimated glomerular filtration rate; CKD-EPI

Laboratory parameters were assessed 24 h before RLT and repeated again 24-48 h after RLT in patients suspected of developing TLS. Parameters in brackets are reference range.

history of chronic renal or cardiac diseases should be established
in all patients scheduled for '77Lu-based RLT. One of the strat-
egies to prevent TLS after RLT is to intensively hydrate (infusion
of 1-2 L of isotonic solution per day) patients with elevated
serum creatinine or a very high tumor burden (assessed visually)
starting 1 d before RLT and continuing until discharge from the
hospital. Prophylactic treatment with allopurinol, 100-300 mg/d,
may be started if the uric acid level is elevated or in the upper
reference range. If hypocalcemia is detected before RLT, cal-
cium should be substituted orally. In severe cases of ARF, he-
modialysis may be considered (4). Because of the low number
of patients, we did not statistically test for predisposing factors
for TLS, such as age, sex, tumor burden, pretreatment, or lab-
oratory parameters. Our TLS patients were relatively old, rang-
ing from 64 to 79 y, whereas the age range for all RLT patients
was 45-83 y.

TLS was observed after the first, second, or third cycle of RLT
in different patients for both '7’Lu-PSMA and '7’Lu-DOTATATE/
DOTATOC. The amount of radioactivity had no relevant impact:
even patients treated with reduced radioactivity developed TLS.
Pretherapeutic laboratory parameters were rather inhomogeneous,
with values ranging from normal to marginally pathologic (Table
2). The extent of tumor burden was also not predictive in these few
patients, as both patients with very high and patients with very low
tumor burden developed TLS (Fig. 2). Future research is needed to
assess patient- or tumor cell-specific characteristics that might
predispose a patient to TLS (15).

TLS patients benefited from RLT: 2 of 4 patients with ARF
achieved partial remission within 2-3 mo, and 1 patient showed a
mixed response. Because partial remission due to RLT is report-
edly in the range of 30%—40% (16), TLS patients do not seem to
do worse than other patients, as has been shown for chemotherapy
in multiple myeloma (/7).

The major limitation of this study, besides the low number of
TLS patients, is that we did not routinely perform all relevant
TLS-specific laboratory parameters after RLT. Thus, the true
percentage of patients developing laboratory TLS may be higher
than observed. However, laboratory TLS only, with absence of
clinical symptoms, is not a life-threatening event in general.

CONCLUSION

Symptomatic TLS after RLT seems very rare but can lead to
severe symptoms, including ARF. Because predictive parameters
for TLS in RLT are not yet known, it is important to assess and
prepare patients before and after RLT by taking precautionary
measures with respect to laboratory parameters—for example,
allopurinol, hydration, and calcium substitution—and to keep
in mind that TLS may occur after '7’Lu-based RLT.
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