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Abstract

Metastatic paraganglioma treatment options are limited. Peptide receptor radionuclide therapy (PRRT) has been introduced as a
novel management option for metastatic neuroendocrine tumors demonstrating safety, efficacy, and increased quality of life. We
present two cases of marked progression of metastatic paraganglioma following initial partial response to PRRT. Given their
positivity on **Ga-DOTATATE PET/CT and '''In-octreotide SPECT, they underwent PRRT. Imaging following treatment
revealed significant improvement in size and intensity, with some foci nearly completely resolved in one patient, and disease
regression with a decrease in the number and size of bone and liver lesions in the second patient. Within months, repeat imaging
in both patients revealed extensive metastatic disease with new lesions, which eventually lead to their deaths. The mechanism for
rapid disease progression after partial response is not well understood, although it could be related to initially high Ki-67 levels or
"F-FDG PET/CT SUV,p. values. However, naturally rapid disease progression despite PRRT response cannot be excluded.
This finding warrants the importance of proper patient counseling along with early and accurate pre-PRRT assessment, taking
into consideration the above potential risk factors for therapy response in order to personalize treatment regimens and achieve
maximum patient benefit.
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Introduction

Pheochromocytomas (PHEOs) and paragangliomas (PGLs)
are neuroendocrine tumors derived from neural crest cells of
the adrenal medulla or extra-adrenal PGL, respectively [1, 2].
The prevalence of malignancy strongly depends on the
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underlying genetic background, with a higher risk of malig-
nancy associated in patients with mutations in succinate dehy-
drogenase subunit (SDH) B gene [3, 4]. In the presence of
PHEO/PGL-associated metastases, patients have a 50% 5-
year overall survival [5]. With less than 40% of patients with
malignant PHEO/PGL responding to current therapeutic
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modalities such as '*'I-metaiodobenzylguanidine (MIBG)
and chemotherapy, attention has shifted to developing novel
systemic antineoplastic therapies [1]. Over the last several
decades, peptide receptor radionuclide therapy (PRRT) has
been introduced as a treatment option for patients with meta-
static neuroendocrine tumors (NETs) [6, 7]. Recent data has
shown that PRRT is a promising treatment option with im-
proved patient quality of life [6, 8, 9]. Here, we present two
cases that show rapid progression of disease following suc-
cessful partial treatment response with '7’Lu/*°Y-DOTATOC
and '”’Lu-DOTATATE.

Case Report

(Patient A) A 53-year old Caucasian female presented to the
National Institutes of Health (NIH) following a workup for
flu-like symptoms 3 months prior. Outside computed tomog-
raphy (CT) and ultrasound of the abdomen revealed an ab-
dominal mass, which was subsequently biopsied and histolog-
ic findings were consistent with PGL. Initial symptoms in-
cluded hypertension accompanied by diffuse diaphoresis, pal-
pitations, weight loss, and increasing levels of anxiety over
4 years. Her endocrinologist recommended further evaluation
with a full biochemical workup. Elevated laboratory results
led her to seek a specialized consult for PHEO/PGL.

Upon presentation to the NIH in March 2014, she
underwent further imaging studies, including whole body
magnetic resonance imaging (MRI), CT, and functional imag-
ing using ['*F]-fluorodeoxyglucose ('*F-FDG) positron emis-
sion tomography-computed tomography (PET/CT), ['*F]-
dihydroxyphenyalanine ('*F-FDOPA) PET/CT, and
[**Ga]-(DOTA)-[Tyr3]-octreotate (**Ga-DOTATATE) PET/
CT, which all revealed a large, heterogeneous 6.0-centimeter
(cm) retroperitoneal mass enveloping the aorta with a maxi-
mal standardized uptake (SUV,,.) value on "8E_FDG PET/
CT of 48.9 (Fig. 1a), as well as multiple bone and bone mar-
row metastases. The SUV,,,, of metastases in the left iliac
bone, T5, and L2 ranged from 36.0 to 51.2. Biochemical eval-
uation revealed elevated metanephrine and catecholamine
values upwards of 40 times above the upper reference limit
(URL) (Table 1, Fig. 2). Genetic testing was positive for an
SDHA gene nonsense pathogenic mutation: (c.1534C>T
(p.Arg512%*)), but there was no family history of PHEO/PGL
or other NETs.

In April 2014, the patient underwent an exploratory laparoto-
my to resect the left retroperitoneal mass, which measured
9.0 cm. Surgical pathology confirmed the lesion was PGL. Her
3- and 4-month post-operative MRI follow-ups showed multiple
bone lesions located in the spine, pelvis, ribs, and left parietal
skull, which had progressed. Due to the ®*Ga-DOTATATE PET/
CT from March 2014 (Fig. 1b) showing scattered skeletal lesions
with intense uptake as high as an SUV,,,,, of 224.0, she was
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referred outside of the NIH for PRRT, where she received one
cycle of “Y-DOTATOC (160 milicurie (mCi)) followed by two
cycles of '”’Lu-DOTATOC (200 mCi) over a 10-week timespan.

The patient returned to the NIH in April 2015 following com-
pletion of her last PRRT treatment in February of the same year.
Biochemical workup revealed an 83-fold decrease in elevated
urine norepinephrine (99 mcg/24 h, previously 8255 mcg/24 h)
and an 18-fold decrease in normetanephrine (1055 mcg/24 h,
previously 18,754 mcg/24 h), as well as a decrease in plasma
normetanephrine (Table 1, Fig. 2). Functional imaging with '*F-
FDG PET/CT revealed significant improvement in the size and
intensity of many lesions, with near complete resolution of some
foci and a decrease in SUV 5, to 17.5 of the residual retroperi-
toneal tumor (Fig. 1c). Based on biochemical workup and func-
tional imaging, the patient was assessed as having responded
very well to treatment.

In October of 2015, the patient returned to the NIH with
recurring daily symptoms of sweating, elevated blood pres-
sure, chest tightness, and pain radiating to the back. CT and
MRI reports revealed extensive metastatic bone involvement
with interval progression of existing disease and multiple new
lesions. A repeat %8Ga-DOTATATE PET/CT (F ig. 1d) and
"F_FDG PET/CT (Fig. le) likewise showed marked progres-
sion of skeletal metastatic involvement. On 'F-FDG PET/CT,
the SUV,,,.« of the residual retroperitoneal tumor was 64.7,
more than 3 times higher than her results 6 months prior
(Fig. le). Based on her progression, she began six cycles of
chemotherapy with cyclophosphamide, vincristine, and
dacarbazine (CVD) in November 2015. In February 2016,
'SF-FDG PET/CT revealed an SUV p,, 0f 44.5 in the residual
retroperineal tumor, indicating stable disease and partial re-
sponse to CVD (Fig. 1f). However, in May 2016, CVD che-
motherapy was aborted after the 10th cycle due to pancytope-
nia and subsequent development of myelodysplastic syn-
drome. In August 2016, further disease progression was ap-
preciated on '"F-FDG PET/CT (Fig. 1g) and **Ga-
DOTATATE PET/CT (Fig. 1h). While the "*F-FDG SUV s
of the retroperitoneal tumor remained stable at 43.0, there
were increased bone metastases and several newly developed
lung metastases. Experimental therapy with bortezomib and
clofarabine began in September 2016, but was discontinued in
October 2016 after '*F-FDG PET/CT demonstrated new bone
marrow lesions and an increase in the SUV,,,, of the residual
retropertineal tumor to 75.5 (Fig. 11). As the patient desired to
continue her treatment plan, she was started on lanreotide and
combination capecitabine and temozolomide. However, the
patient died in May 2017.

(Patient B) A 50-year old Caucasian female was evaluated by
a neurologist at her local hospital for cervical radiculopathy pre-
senting as pain in her left shoulder radiating to her arm and
fingers. She lacked symptoms of headache, sweating, or palpita-
tions and her blood pressure was normal. An MRI of the spine
revealed a lesion in her C6 vertebrae with invasion of the
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Fig. 1 Patient A’s course of disease. Upon Patient A’s first presentation to
the NIH in March 2014, her '*F-FDG PET/CT (a) and °*Ga-DOTATATE
PET/CT (b) showed similar, multiple skeletal lesions and a 6.0cm large,
heterogeneous left retroperitoneal mass (dotted circle in a and b), which
was surgically removed in April 2014. She returned to the NIH for func-
tional imaging after PRRT in April 2015. "®F-FDG PET/CT (c) revealed
significant improvement in the size and intensity of many lesions, with
some foci nearly completely resolved, in comparison to her '*F-FDG
PET/CT from March 2014 (a). She returned to the NIH in October
2015. **Ga-DOTATATE PET/CT (d) and '®F-FDG PET/CT (e) both
revealed extensive progression of skeletal metastatic involvement with

neuroforamen and epidural space as well as cervical myelopathy.
Additional bone lesions were seen in the right ilium, the T6
vertebra, and the left proximal femur. Furthermore, a 10-cm ret-
roperitoneal mass was found adjacent to the aorta and the duo-
denum, as well as a 2.2-cm liver lesion suspicious for metastasis.
A fine-needle aspiration biopsy of the retroperitoneal mass was
performed and histological examination revealed a PGL. She
was referred to the Radboud University Medical Center in
Nijmegen, The Netherlands, for further evaluation.
Biochemical examination showed completely normal
plasma levels of metanephrines and 3-methoxytyramine,
consistent with biochemically silent PGL (Table 2,
Fig. 3). However, her chromogranin A level was elevated
over 8.5x the upper reference limit at 865 mcg/L (URL <
100 mcg/L, Table 2, Fig. 3). Genetic testing revealed a
deletion of exon 3 in the SDHB gene (c.201-4429 287-
934del), a Dutch founder mutation. Her family history
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the highest tumor burden in the axial skeleton. Following completion of
6 cycles of CVD, which began in December 2015, '*F-FDG PET/CT in
February 2016 revealed evidence of partial response to chemotherapy
treatment and stable disease (f). She returned to the NIH in August
2016. "*F-FDG PET/CT (g) and **Ga-DOTATATE PET/CT (h) showed
disease progression owing to worsening bone metastases and new small
hypermetabolic lung metastases developed. She returned to the NIH in
October 2016 after initiation of bortezomib and clofarabine experimental
therapy in September 2016. "®F-FDG PET/CT (i) showed disease pro-
gression owing to development of new bone marrow lesions

was negative for PGL, but her mother had surgery of a
non-functional pituitary adenoma at age 32.

An "®F-FDG PET/CT in July 2014 showed high metabolic
activity of both the retroperitoneal tumor and liver and bone
metastases including bone marrow lesions (Fig. 4a). After
vascular embolization, debulking of the C6 metastasis was
performed. In September 2014, the patient underwent a
debulking surgery to resect the para-aortal retroperitoneal
mass which measured 9.0 cm. Histopathology of both sites
was consistent with PGL.

In November 2014, follow-up scanning showed progres-
sion of liver and bone metastasis. She underwent '**I-MIBG
scintigraphy, which showed weak uptake in only part of the
lesions, therefore excluding '*'I-MIBG therapy as a treatment
option (Fig. 4b). Somatostatin receptor scintigraphy was per-
formed using '''In-octreotide single photon emission tomog-
raphy (SPECT) and all metastases showed avid uptake of this
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Table 1  Biochemical data and clinical characteristics across all time points for Patient A
March 2014 April 2015 September 2015 February 2016 October 2016
Presentation Post-treatment Follow-up Follow-up Follow-up
Plasma epinephrine <20 <20 33 24 <20
[URL 50 pg/mL] (<1.0%) (<1.0%) (1.7%) (1.2%) (< 1.0x)
Plasma Norepinephrine 14,755 745 9387 5148 18,043
[URL 750 pg/mL] (19.7%) (<1.0x) (12.5%) (6.9%) (24.1%)
Plasma Dopamine 221 54 196 147 205
[URL 29 pg/mL] (7.6%) (1.9%) (6.8%) (5.1%) (7.1x)
Plasma normetanephrine 4620 176 7278 3118 17,106
[URL 112 pg/mL] (41.2%) (1.6%) (65.0x) (27.9%) (152.7%)
Plasma 110 <20 25 165 256
3-methoxytyramine (5.0%) (< 1.0%) (1.3%) (8.3%) (12.8%)
[URL 20 pg/mL]
Chromogranin A 646 171 1312 1260 N.A.
[URL 93 ng/mL] (7.0%) (1.8%) (14.1%) (13.6%)
Blood pressure 150/65 127/63 149/70 110/64 118/63
[mm Hg]
Heart rate 107 83 77 86 109
[bpm]

Abbreviations: URL, upper reference limit; mm Hg, milimeters of mercury; bpm, beats per minute; N.A., not available

Values in parentheses represent multiples of the upper reference limit

tracer (Fig. 4¢). To control bone pain, external beam radiother-
apy was performed on the cervical, thoracic, and pelvic le-
sions (6 fractions, total dose 4 Gray). In January 2015,
follow-up examination again showed progression, with lytic
bone lesions and pathological fractures of the pelvic and pubic

bone. Chromogranin A increased to 1701 mcg/L, now 17x the
URL of normal. She was referred to the Erasmus Medical
Center in Rotterdam, the Netherlands, for PRRT where she
received two cycles of '7"Lu-DOTATATE within a 6-week
interval (200 mCi and 197 mCi, respectively). A planned third
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Fig.2 Biochemical data across all time points for Patient A. A graph showing multiples of the upper reference limit of biochemical markers on the Y-axis
and various timepoints at which biochemical markers were measured on the X-axis in patient A
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Table 2  Biochemical data across all time points for patient B
June 2014 October 2014 March 2016 April 2016
Presentation Pre-treatment Post-treatment Follow-Up
Plasma metanephrine 123 158 149 182
[URL 450 pmol/L] (<1.0%) (<1.0x) (<1.0x) (<1.0%)
Plasma normetanephrine 314 315 244 543
[URL 747 pmol/L] (< 1.0%) (< 1.0%) (< 1.0%) (< 1.0%)
Plasma <100 <100 106 147
3-methoxytyramine (<1.0%) (<1.0x) (1.1x) (1.5%)
[URL 100 pmol/L]
Chromogranin A 865 958 2780 13,020
[URL 100 mcg/mL] (8.7%) (9.6x) (27.8%) (130.2x)

Abbreviations: URL, upper reference limit

Values in parentheses represent multiples of the upper reference limit

cycle was postponed due to mild thrombocytopenia (platelet
count 96 x 10°/L, URL 150-400 x 10°/L). The patient was
followed with CT scans every 3 months, which initially
showed stable disease, but later displayed regression in July
and November 2015, with a decrease in the number and size
of bone and liver lesions (not pictured). Her chromogranin A
decreased to 988 mcg/L, now 9.9x the URL of normal. Her
platelet count fluctuated between 60 and 90 x 10°/L.

An "®F-FDG PET/CT scan in March 2016, revealed severe
progression of disease with multiple new liver and diffuse skel-
etal involvement (Fig. 4d). In April 2016, she was admitted to

Radboud University Medical Center because of quickly progres-
sive, generalized weakness, increased bone pain, and spontane-
ous hematomas. Laboratory investigations showed a hemoglobin
of 7.6 g/dL, leukocytes at 2.3 x 10°/L, and platelets at 12 x 10°/L.
Her chromogranin A level vastly increased to 13,020 mcg/L,
now 130.2x the URL of normal (Table 2, Fig. 3). Plasma
metanephrines and 3-methoxytyramine remained normal during
her disease course except mild elevation in plasma 3-
methoxytyramine when she demonstrated progressive disease
(Table 2, Fig. 3). A bone marrow aspirate and biopsy, including
immunophenotyping, was consistent with displacement of the
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Fig.3 Biochemical data across all time points for Patient B. A graph showing multiples of the upper reference limit of biochemical markers on the Y-axis
and various timepoints at which biochemical markers were measured on the X-axis in patient B
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Fig.4 Patient B’s course of disease. Functional imaging scans for Patient
B. '8F-FDG PET/CT (a) scan before '”’Lu-DOTATATE therapy showing
high metabolic activity of both the retroperitoneal tumor and liver and
bone metastases including bone marrow lesions. '**I-MIBG scintigraphy
(b) before '""Lu-DOTATATE therapy showing weak uptake in only part
of the lesions, therefore excluding '*'I-MIBG therapy as a treatment

bone marrow by PGL cells, with no signs of myelodysplasia.
Repeated erythrocyte and platelet transfusions were adminis-
tered. Further systemic treatment was considered impossible be-
cause of her poor general performance status and pancytopenia.
Palliative supportive care was offered, including erythrocyte and
platelet transfusions at 7—-10 days intervals. In July of 2016, the
patient died of opiate-induced respiratory arrest.

Discussion

Previous studies have reported significant therapeutic re-
sponses and increased progression free survival in patients
with various neuroendocrine tumors, including metastatic
PHEO/PGL, undergoing PRRT [6, 10—15]. Currently, PRRT
is performed according to different protocols: a combination
of *°Y-DOTATOC and '""Lu-DOTATOC or monotherapy
with '"7Lu-DOTATATE. '""Lu-DOTATOC or *°Y-
DOTATOC are also performed with 2—4 treatment cycles as
part of one treatment session. Mild adverse events resulting
from this type of therapy include nausea, vomiting, fatigue,
fever, and diarrhea [6]. Greater hematological and renal tox-
icities have been also reported, particularly with *°Y-
DOTATOC versus ' ’Lu-DOTATATE [16]. While most
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option. "M p-octreotide SPECT scan (c) before '”’Lu-DOTATATE thera-
py showing all avid uptake of this tracer by all the lesions demonstrated
on "*F-FDG PET/CT scan (a) favoring """Lu-DOTATATE therapy. 18-
FDG PET/CT scan (d) after 2 cycles of '7"Lu-DOTATATE therapy show-
ing severe disease progression with multiple new liver and diffuse skeletal
involvement

symptoms are described as manageable, several studies have
shown resultant myelodysplastic syndrome, acute leukemia,
or other cancers, which have also been reported in other stan-
dard of care radiotherapies, such as with BI_MIBG [13,
16-21]. Here, we show two cases where the patients received
cither '""Lu/*°Y-DOTATOC or '”’Lu-DOTATATE and dem-
onstrated remarkable response rates with almost complete res-
olution of several foci. Within the following months, both
patients presented with marked progression and extensive
metastatic disease to the bone and eventual death of the pa-
tients. The median progression free survival of these 2 patients
was 14.5 months which is much lower than the 39 months in
the retrospective study by Kong et al. in 20 patients who
underwent a median of four cycles of '7’Lu-DOTATATE ther-
apy [14]. In 2017, Kong et al. described a PGL patient who
initially responded to PRRT, but subsequently developed mul-
tiple osseous metastases. After additional cycles of PRRT, the
patient responded clinically, biochemically, and
scintigraphically once more. However, disease relapse oc-
curred 16 months later and the patient died [14]. Kong and
colleagues attributed the relapse to the patient’s functional
hypertensive disease, which can give way to catecholamine
crisis or tumor lysis syndrome [14]. The mechanism for rapid
disease progression after achieving partial response is not well
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understood. However, it may indicate the more naturally ag-
gressive behavior of poorly differentiated tumors, especially
those with high Ki-67 values, as previously reported in other
neuroendocrine tumors [22-25]. For patient A, the Ki-67 val-
ue was overall elevated with 15% in focal areas and a mitotic
count greater than 15 per 50 high power fields. For patient B,
the Ki-67 values ranged from 20 to 30% in focal areas, with as
low as 2% seen elsewhere in the tissue. This is likewise sup-
ported by highly positive '*F-FDG PET/CT scans with signif-
icantly higher SUV ., values, which correlates to clinically
aggressive cases and is a predictor of rapid progressive disease
and poor prognosis [26-32]. High mitotic counts combined
with increased glucose turnover may be linked to the patho-
genesis of rapidly progressive disease following initial partial
response to PRRT. Additionally, PRRT-induced immunosup-
pression could result in rapid progression of a tumor, in this
case, metastatic PGL.

Overall, international experience has shown that most pa-
tients undergoing PRRT respond very positively with either
disease stabilization or regression. A recent study from
Strosberg et al. likewise demonstrated that PRRT is strongly
supported in metastatic neuroendocrine tumors [7]. While the
above two cases could represent the natural history of the
disease, their rapid progression could also be related to their
high primary tumor Ki-67 values or elevated '*F-FDG PET/
CT SUV ax, particularly in their bone marrow lesions. In
patient B, prior radiotherapy could also be one of the reasons
of rapid progression which has been associated with
myelotoxicity apart from age > 70 years, impaired renal func-
tion, baseline cytopenias, prior number of therapies, and prior
chemotherapy (alkylating agents) [21]. In 2016, Basu et al.
performed a retrospective analysis on 5 neuroendocrine tumor
patients with bone marrow involvement who underwent
77Lu-DOTATATE therapy, which reported no hematological
toxicity in any of their patients [33]. However, '*F-FDG PET/
CT uptake in the bone marrow lesions was non-existent, bar-
ring just two patients who showed low-grade '*F-FDG uptake
[33]. In the two cases we present here, both patients had very
high SUV .« values of their bone marrow lesions prior to
PRRT therapy. This finding could explain why they
responded poorly to PRRT, while 4 of the 5 patients from
Basu et al. had no significant relapse in their clinical course
after therapy. Additionally, both patients had high Ki-67
values, which were recently studied by Yordanova et al. who
reported their results on the safety of repeated cycles of ' ""Lu-
DOTATATE therapy in patients with various neuroendocrine
tumors. While no life-threatening adverse events occurred
during the treatment, they described that the patients who died
suddenly after the last administration of PRRT had significant-
ly higher Ki-67 values than their living counterparts [34]. The
risk factors of poor response to PRRT apart from higher Ki-67
index and high uptake on '®F-FDG have been found to be
higher tumor burden, involvement of more than two organ

systems, poor performance status (Karnofsky performance
scale score), and identified progressive discase after first
PRRT [35, 36]. Furthermore, several results have also shown
that when PRRT is delivered as salvage therapy after chemo-
therapy in particular, there was a tendency for progression free
survival to decline and a greater tendency for long-term he-
matologic consequences [6, 16, 21]. Therefore, following re-
lapse, the tumor could become increasingly aggressive or its
sensitivity to radiation could have diminished, which may
warrant a repeat tumor biopsy to reassess Ki-67 levels after
recurrence of the disease [34]. This potential finding and risk
factors of poor response to PRRT warrants the importance of
proper patient counseling before beginning treatment, and ear-
ly and accurate assessment of radiotherapy responses, includ-
ing post-therapy ®*Ga-DOTA-peptide or '*F-FDG PET/CT
scans to not only identify good or poor responders, but to also
detect patients who are at risk for rapid progression.
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