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Abstract
Purpose A high percentage of paragangliomas express so-
matostatin receptors that can be utilized for targeted radio-
isotope therapy. The aim of this study was to describe and
discuss the challenges of treating these tumors with
177Lu-[DOTA0,Tyr3]octreotate (DOTATATE) radioisotope
therapy using established protocols.
Methods and Results Three paraganglioma patients were
treated with 4–5 cycles of 177Lu-DOTATATE and were eval-
uated for side effects and response to therapy. Two of the three
patients developed severe adverse reactions following their
first 177Lu-DOTATATE treatment. One patient developed a
catecholamine crisis and tumor lysis syndrome within hours
of treatment, requiring intensive care unit (ICU) support, and
another developed a catecholamine crisis 3 days after treat-
ment, requiring hospitalization. The treatment protocols at our
institution were subsequently modified by increasing the ra-
dioisotope infusion time from 15 to 30 min, as recommended
in the literature, to 2–4 h and by reducing the administered
dose of 177Lu-DOTATATE. Subsequent 177Lu-DOTATATE
treatments utilizing the modified protocols were well tolerat-
ed, and response to therapy was achieved in all three patients,
resulting in significantly improved quality of life.
Conclusion 177Lu-DOTATATE is an exciting new therapeutic
option in the management of paragangliomas; however, cur-
rent treatment protocols described in the literature may need to
be modified by lengthening the infusion time and/or lowering

the initial treatment dose to prevent or reduce the severity of
adverse reactions.
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Introduction

Paragangliomas are rare neuroendocrine tumors that may arise
anywhere along the paraganglial system and can be associated
with the sympathetic or parasympathetic nervous system.
They have a high frequency of hereditary forms with a pro-
pensity for multifocal disease and are metastatic in about 10%
of cases. Paragangliomas are known to express high levels of
somatostatin receptors (sst), especially subtype sst2, and a
new generation of somatostatin analogs such as DOTANOC
and DOTATATE has been used successfully in both diagnosis
and therapy.

177Lu-DOTATATE is a promising new radioisotope thera-
py agent that has been used to achieve partial response or
stability of disease in up to 80 % of neuroendocrine tumor
patients. Its successful use in the treatment of malignant
paragangliomas has recently been described in only a few case
reports, and severe adverse reactions due to catecholamine
crisis or tumor lysis syndrome have not been previously re-
ported in the literature.

The objective of this study was to describe and discuss the
challenges of treating paraganglioma patients with currently
established 177Lu-DOTATATE protocols and to examine
some protocol modifications that may be necessary to reduce
the frequency and severity of adverse reactions so that subse-
quent 177Lu-DOTATATE treatments can be administered to
improve patient outcomes.
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Methods

Since August 2010, 115 neuroendocrine tumor patients have
been treated with 177Lu-DOTATATE radioisotope therapy at
our institution, of which 3 were histologically diagnosed
with paraganglioma. These three patients are the focus of
this case series.

The 177Lu-DOTATATE therapy protocol developed at our
institution consists of four induction treatment cycles of 100–
200 mCi each, given 8–12 weeks apart, followed by mainte-
nance cycles of 50–100 mCi each, given 6–9 months apart,
until evidence of progression of disease or significant toxicity.
177Lu-DOTATATE is given by IV infusion over 2 h, and the
patient concurrently receives 1 l of an amino acid solution
(2.5 % L-arginine and 2.5 % L-lysine in NS) starting 30 min
prior to 177Lu-DOTATATE treatment and given over 2–4 h.
The role of the amino acid solution is to prevent renal tubule
reabsorption of the radioisotope to prevent the development of
renal toxicity. Patients can be treated as inpatients or outpa-
tients. All patients receive whole-body post-177Lu-DOTATA
TE treatment planar and SPECT/CT imaging at 1–4 days after
treatment. Patients also receive a contrast-enhanced diagnostic
CT prior to the first 177Lu-DOTATATE treatment and follow-
ing the fourth 177Lu-DOTATATE treatment.

Results

Patient 1

A 40-year-old female presented with headaches, sweating,
hypertension and back pain and was diagnosed with a ma-
lignant abdominal paraganglioma originating from the or-
gan of Zuckerkandl, which was resected. Three years later,
she developed recurrences in the left frontal bone of the
skull and retroperitoneal region, both of which were
resected. A 123I-MIBG scan showed additional disease in
abdominal and pelvic lymph nodes and bones. She was
subsequently treated with nine cycles of Sunitinib, which
failed to control her blood pressure (BP) (over 200/
100 mmHg), followed by two cycles of 131I-MIBG therapy
(200 and 150 mCi, or 7400 and 5550 MBq), which were
well tolerated but did not stop the progression of her dis-
ease. Her second post-131I-MIBG treatment scan is shown
in Fig. 1a. An 111In-octreotide study showed intensely
octreotide-avid disease (Fig. 1b), which was also intensely
18F-FDG avid on PET/CT (Fig. 1c), and she was referred
for peptide receptor radioisotope therapy (PRRT) with
177Lu-DOTATATE. Her urinary norepinephrine was 30,
140 (normal 0–505 nmol/day), urinary metanephrine 22.4
(normal 0.64–5.20 umol/day), urinary normetanephrines
22.0 (normal 0.64–4.20 umol/day), vanillylmandelic acid
440 (normal 9–34.0 umol/day), homovanillic acid 140

(normal 0–82 umol/day), epinephrine<22 (normal 0–
125 nmol/day) and 24 h urinary 5-HIAA of 20 (normal
0–43 umol/day).

Her first 177Lu-DOTATATE treatment (Fig. 2a) was done
as an inpatient with 175 mCi (6475 MBq) and was not well
tolerated. Prior to her 177Lu-DOTATATE infusion her blood
pressure (BP) was 136/76 mmHg. About 30 min into the
infusion of 177Lu-DOTATATE, she developed tachycardia
(>100 bpm), profound sweating, shortness of breath and
BP around 200/120 mmHg. Her 177Lu-DOTATATE infusion
rate was slowed down and given over 4 h instead of the
planned 2 h. Her symptoms progressed overnight with wors-
ening lability of blood pressure, flash pulmonary edema, low
output failure, acral cyanosis and somnolence, resulting in
ICU admission for a catecholamine crisis. Her potassium
rose to 6.6 (normal 3.3–4.8 mmol/l), creatinine to 107 from
76 (normal 50–105 umol/l), glucose random to 41.3 from
8.2 (normal 3.3–11.0 mmol/l), phosphorus to 2.01 from 1.26
(normal 0.80–1.45 mmol/l), calcium dropped to 2.33 from
2.54 (normal 2.10–2.60 mmol/l) and LDH rose to 303 from
167 (normal 100–225 U/l), consistent with tumor lysis syn-
drome in addition to catecholamine crisis. Her troponin I
was elevated at 2.06 (normal<0.15 ug/l); however, serial
ECGs were normal, and troponin normalized on serial mea-
surements. She was stabilized in the ICU and discharged 6 h
later. Within 2 weeks, her paraganglioma symptoms im-
proved significantly with less frequent headaches and flush-
ing as well as resolution of sweating. Her mobility also
started to improve.

Her second treatment was modified by reducing the dose
from 175 mCi (6475 MBq) to 125 mCi (4625 MBq), and
the infusion was again given over 4 h. The second treatment
was much better tolerated, and while she developed inter-
mittent headaches, sweating, palpitations and labile blood
pressure during the second 177Lu-DOTATATE infusion, the-
se symptoms resolved shortly after the infusion was com-
pleted. The next three treatments were done with a further
reduced dose of 50 mCi (1850 MBq), infused over 4 h.
These treatments were well tolerated with only occasional
spikes in blood pressure, usually toward the end of the
177Lu-DOTATATE infusion, which were treated and con-
trolled with 0.1 mg of clonidine. The patient experienced a
dramatic improvement in symptoms and quality of life, and
despite being barely mobile with a walker prior to the start
of 177Lu-DOTATATE therapy, after five treatments she was
able to walk comfortably with a cane. Her chromogranin A
decreased from 3200 prior to the first treatment to 550 after
the fifth treatment (normal<40 U/l), and post-treatment scans
showed mild improvement of metastatic disease (Fig. 2b).
Unfortunately, prior to her sixth 177Lu-DOTATATE treat-
ment (14 months after start of therapy), she developed a
pathological fracture of the cervical spine and passed away
a few months later from sepsis, while hospitalized.
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Patient 2

A 29-year-old female was diagnosed with eclampsia during her
second trimester with blood pressure of approximately 180/
120 mmHg. She had an emergency C-section at 28 weeks be-
cause of difficulty controlling her blood pressure and delivered
an 890 g male infant. Prior to her pregnancy, she had
complained of constant headaches, dizziness, vertigo, sweating
and fatigue. Imaging workup revealed a 7.4×5.6-cm posterior
mediastinal mass between the pulmonary arteries, aorta, SVC
and atria, which was pathologically confirmed to be a malig-
nant paraganglioma, later confirmed to be hereditary with a
SDH-C mutation c.397C>T, p.R133X. This mass was 18F-
FDG positive (Fig. 3a-c), and MRI showed high signal inten-
sity on T1-weighted imaging with a low intensity core, consis-
tent with central necrosis (Fig. 3d). The mass was also 123I-
MIBG (Fig. 4a) and 111In-octreotide (Fig. 4b) positive. Al-
though an attempt at surgical resection was made, the tumor
was attached to the heart, pulmonary artery and veins and was
deemed unresectable. She was referred for PRRT with 177Lu-
DOTATATE. Her urinary metanephrines were 41.9 (normal
<5.6 umol/day) [13.3 normetanephrine, (normal<2.6), 28.1 3-
methoxytyramine (normal<1.3) and 0.6 metanephrine (normal
<1.7)]. Norephinephrine total was 3962 (normal<600 nmol/
day), dopamine total 12,199 (normal<2600 nmol/day) and epi-
nephrine total 38 (normal<71 nmol/day).

Her first 177Lu-DOTATATE treatment was done as an
inpatient with 175 mCi (6475 MBq) (Fig. 5a), initially
planned to be given over 2 h. Approximately 45 min into
the infusion, she developed flushing and a feeling of
warmth, followed by headache, chest pain, diaphoresis and
labile BP, and the infusion was slowed down and given over
4 h, which was better tolerated. However, 3 days following
the treatment she developed dizziness, shortness of breath
and palpitations and was found to have a BP of 72/
32 mmHg. Her blood pressure medications were stopped,
and she was hospitalized for 2 days while her blood pressure
was stabilized.

Her next three treatments with 150 mCi (5550 MBq)
were given over 4 h and were well tolerated with no
significant symptoms. After the four cycles, each given
12 weeks apart (total cumulative dose of 660 mCi or
24.4 GBq), the patient reported dramatically reduced fre-
quency of headaches and complete resolution of diaphore-
sis and blood pressure instability. After the fourth 177Lu-
DOTATATE treatment scan (Fig. 5b), an MRI done 1 year
after initiation of 177Lu-DOTATATE therapy showed stable
disease with no change in tumor size. Her chromogranin
A decreased from 210 prior to the first 177Lu-DOTATATE
treatment to 56 following the fourth treatment (normal<40
U/l). She is currently awaiting her fifth 177Lu-DOTATATE
treatment.

Fig. 1 Patient 1. a Second
post-131I-MIBG treatment scan. b
111In-octreotide scan. c 18F-FDG
PET/CT

Fig. 2 Patient 1. a First post
177Lu-DOTATATE treatment
scan. b Fifth post 177Lu-DOTATA
TE treatment scan
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Patient 3

A 41-year-old female was operated on for a presumed uterine
fibroid and had an 8-cm mass removed from the pelvis that
was histologically confirmed to be a hereditary malignant
paraganglioma with an SDH-B mutation in exon 3 (c.286+
1G>A), (PGL4), in the region of the organ of Zuckerkandl,
attached to the right iliac vessels. Twenty-two years later, she
developed back pain, and CT showed a destructive L3 lesion
with soft tissue extension into the spinal canal. She was sur-
gically managed with partial resection of L3, decompression
of the extradural spinal tumor and pedicle screw fixation,
followed by radiotherapy (45 Gy in 25 fractions to L3). She
was then treated with sunitinib for 42 days, followed by
nine cycles of chemotherapy with VCD (vincristine, cyclo-
phosphamide, dacarbazine), but her disease progressed further
with new metastases in the right carotid body and thoracic and
lumbar spine. An 18F-FDG PET/CT showed an intensely 18F-
FDG-avid 2.5-cm right carotid body mass with maximum
standardized uptake value (SUVmax) 4.3 (Fig. 6). Her 111In-
octreotide scan (Fig. 7a) showed intense uptake in the right
carotid body mass and mild uptake in the lumbar spine bone
metastases, and she was referred for PRRT with 177Lu-
DOTATATE. Prior to PRRT, she complained of severe back

pain and fatigue. Her chromogranin Awas in the normal range
at 36 (normal<40 U/l). Her urinary catecholamines were also
in the normal range.

Her first 177Lu-DOTATATE treatment (Fig. 7b) was done
as an inpatient and was administered with a cautious dose of
100 mCi (3700 MBq) given over 2 h. The treatment was well
tolerated with no significant side effects. Her subsequent four
177Lu-DOTATATE treatment cycles were done with an in-
creased dose of 150 mCi (5550 MBq) given over 2 h, which
were all well tolerated. Her symptoms improved significantly,
and her back pain and fatigue resolved almost completely. The
post fifth 177Lu-DOTATATE treatment scan (Fig. 7c) as well
as a follow-up MRI showed an improvement in manubrial
(Fig. 8), thoracic and lumbar bone metastases as well as the
right carotid body mass, which decreased in size from 2.5 cm
to 1.5 cm. She is currently awaiting her sixth 177Lu-DOTATA
TE treatment cycle.

Discussion

Somatostatin (SS) is a polypeptide that is mainly produced by
the delta cells of the gastrointestinal tract and by pancreatic
islet cells. It exerts inhibitory effects on almost all endocrine

Fig. 3 Patient 2. a 18F-FDG PET/CT maximum intensity projection (MIP) image; b PET/CT fusion images; c PET; d MRI T1 transaxial and T1 post
gadolinium coronal images

Fig. 4 Patient 2. a 123I-MIBG
whole-body scan; b 111In-
octreotide scan
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and exocrine secretions and acts as an endogenous cell-
proliferation inhibitor in various normal and neoplastic tis-
sues. These actions are mediated through specific membrane
G-protein-coupled receptors [1]. Five somatostatin receptor
subtypes (sst1–sst5) have been identified in humans. Each
sst subtype mediates different biological actions of SS via
activation of different intracellular systems such as inhibition
of adenylate cyclase and reduction of intracellular calcium
levels, resulting in inhibition of hormonal secretion [2].

Paragangliomas are rare neuroendocrine tumors that may
arise anywhere along the paraganglial system and can be as-
sociatedwith the sympathetic or parasympathetic nervous sys-
tem. They have a high frequency of hereditary forms (20–
30 % have a familial PGL syndrome with germline mutations
in genes such as SDH-B, C, D, c-RET, VHL and TMEM127),
with a propensity for multifocal disease, and are malignant in
about 10 % of cases [3]. Somatostatin receptors are expressed
in paragangliomas with the predominant expression of sst2.
Mean levels of sst2 mRNA are similar to those observed in

GET-NETs; however, some paragangliomas have cytoplasmic
localization of sst2 receptor rather than membrane localiza-
tion, and it has been suggested that this may account for not
only the failure of sst2 agonists in controlling catecholamine
secretion and tumor proliferation, but also failure of 111In-
octreotide imaging to detect some paragangliomas [4–6].

111In-Octreotide is a somatostatin analog with modest sst2
binding that has been reported to have a good sensitivity for
head and neck paragangliomas, up to 90 % [7], but a lower
sensitivity for detecting paragangliomas overall (74 % report-
ed by Charrier in 2011) with a sensitivity as low as 20 % for
abdominal paragangliomas [8]. A new generation of somato-
statin analogs with superior sst2 binding has been developed
for use with PET/CT imaging including 68Ga-DOTATOC,
68Ga-DOTANOC and 68Ga -DOTATATE (see affinity profiles
for sst receptors in Table 1) [9, 10].

Maurice et al. reported a 68Ga-DOTATATE PET/CT sensi-
tivity of 80 % in the detection of pheochromocytomas and
paragangliomas, superior to 123I-MIBG [11], and Naswa

Fig. 5 Patient 2. a First post
177Lu-DOTATATE treatment
scan. b Fourth post 177Lu-
DOTATATE treatment scan

Fig. 6 Patient 3. a 18F-FDGPET/
CT MIP image; b PET/CT fusion
image; c PET; d CT images (with
and without contrast
enhancement)
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reported a sensitivity of 100 % for 68Ga-DOTANOC in 35
patients with pheochromocytoma and paraganglioma, superi-
or to 131I-MIBG [12]. Similar results were obtained by
Sharma et al. who reported a sensitivity of 100 % for 68Ga-
DOTANOC in 26 head and neck paraganglioma patients [13].

177Lu-DOTATATE has been found to be superior to other
radiolabeled somatostatin analogs for use in PRRT because of
its high somatostatin receptor subtype 2 binding, superior tu-
mor uptake and lower toxicity profile due to the lower tissue
penetration range of the 177Lu radioisotope [9, 14]. PRRT of
gastroenteropancreatic neuroendocrine tumors can yield partial
response or stability of disease in up to 80 % of patients [15].

The use of 177Lu-DOTATATE in the treatment of pheochro-
mocytoma or paraganglioma patients has been described in a
very limited number of patients. Successful treatment has been
described in a case of spinal and cranial paraganglioma [16],
four patients with non-metastatic neck or mediastinal
paragangioma [17], and a carotid body paraganglioma [18].
None of these studies described details of the 177Lu-DOTATA
TE therapy protocol used or any adverse reactions encountered.

Hormonal crises due to excessive catecholamine secretion in
patients with metastatic paraganglioma can lead to hyperten-
sion, hypotension, myocardial ischemia, pulmonary edema and
shock [19], and such crises have been reported with 131I-MIBG
therapy [20–22]. Safford et al. also reported two deaths from

myocardial infarction following high dose 131I-MIBG therapy
with a dose of 300 mCi (11.1 GBq) [22]. However, a 177Lu-
DOTATATE treatment-induced catecholamine crisis in a pheo-
chromocytoma or paraganglioma patient has been described in
only one case of malignant pheochromocytoma, in which the
patient developed hypotension, excessive sweating and cardiac
ischemia 1 day after 177Lu-DOTATATE therapy [23]. The pa-
tient was pre-treated with corticosteroids for subsequent treat-
ments; however, the authors did not provide further details.
This pre-treatment approach is concerning, as catecholamine
crisis induced by exogenous glucocorticoids has recently been
described in the literature [24]. Attempts to reduce the patient’s
dose or increase the 177Lu-DOTATATE infusion time (177Lu-
DOTATATE is given over a 30-min infusion at this institution)
were not made in this patient, nor suggested by the authors [25].

Institutions that offer 177Lu-DOTATATE therapy have pro-
tocols with varying 177Lu-DOTATATE infusion times ranging
from 10 to 15 min [26, 27], to 20 min [28] to 30 min [25, 29].
The protocol developed at our institution involves treating
neuroendocrine patients with 177Lu-DOTATATE given over
2 h, which was based on our early observations that longer
infusion times decreased the incidence of adverse reactions
such as nausea or fatigue. While this is the longest infusion
time described in the literature to date, two of our patients still
developed a catecholamine crisis even when the infusion time

Fig. 7 Patient 3. a 111In-
Octreotide whole-body scan; b
first post-177Lu-DOTATATE
treatment scan. c Fifth post 177Lu-
DOTATATE treatment scan

Fig. 8 Patient 3. a Sagittal first
post-177Lu-DOTATATE
treatment scan showing an
intensely avid manubrial bone
metastasis (top row); sagittal fifth
post-177Lu-DOTATATE
treatment scan showing excellent
treatment response (bottom row).
b Transaxial SPECT/CT and c
SPECT images
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was slowed to 4 h, with one patient requiring ICU support
(while also developing tumor lysis syndrome), and another
patient requiring short-term hospitalization.

Tumor lysis syndrome due to 177Lu-DOTATATE therapy
has not been previously described. It is characterized by mas-
sive tumor cell lysis with release of large amounts of potassi-
um, phosphate and uric acid. Deposition of uric acid and cal-
cium phosphate crystals in the renal tubules may lead to acute
renal failure. It is extremely rare in solid tumors and is more
commonly seen in hematologic malignancies. Management
involves clearing the plasma of high potassium, uric acid
and phosphorus and prevention of acute renal failure by ag-
gressive intravenous hydration [30–32]. Patient 1 exhibited
the classical biochemical markers of tumor lysis syndrome
within 12 h of 177Lu-DOTATATE therapy with severely ele-
vated potassium, phosphorus, low calcium and high creatinine
levels, which were managed in the intensive care unit setting.

Our experiences suggest that in paraganglioma patients,
177Lu-DOTATATE should be administered over 2 h at least,
but preferably over 4 h, and not over 15–30 min as described
in the literature. The first 177Lu-DOTATATE treatment should
be done as an in-patient, patients should be monitored very
closely, and intensive care support should be available if need-
ed. Lower initial 177Lu-DOTATATE treatment doses may also
play a role in the design of an optimal treatment protocol. Pre-
treatment with glucocorticoids is not recommended as it may
potentially increase the risk of a catecholamine crisis occur-
ring. Further research is needed to establish the optimal 177Lu-
DOTATATE protocols for treating paraganglioma patients in
order to minimize severe adverse reactions.

Conclusion

177Lu-DOTATATE is an exciting new therapeutic agent in the
management of paragangliomas; however, severe adverse re-
actions can occur during and up to several days following
treatment. Existing 177Lu-DOTATATE treatment protocols
could be modified by lengthening the infusion time of
177Lu-DOTATATE, and/or lowering the initial treatment dose

to help prevent adverse reactions or reduce their severity. Such
modifications are likely to help paraganglioma patients toler-
ate 177Lu-DOTATATE treatments better and allow subsequent
treatment cycles to maximize the benefits of this therapy and
improve treatment outcomes.
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