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ABSTRACT
131

I-meta-iodobenzylguanidine (131I-MIBG) radiotherapy has shown some survival

benefits in metastatic neuroendocrine tumors (NETs). European Association of Nuclear
Medicine (EANM) clinical guidelines for 131I-MIBG radiotherapy suggest a repeated
treatment protocol, although none currently exists. The existing single-high-dose 131IMIBG radiotherapy (444 MBq/kg) has been shown to have some benefits for patients
with metastatic NETs. However, this protocol increases adverse effects and it requires
alternative therapeutic approaches. Therefore, the aim of this study was to evaluate the
effects of repeated 131I-MIBG therapy on tumor size and tumor metabolic response in
patients with metastatic NETs.

Methods: Eleven patients with metastatic NETs (age 49.2±16.3) prospectively had
repeated 5550 MBq of 131I-MIBG therapy within 6-month intervals. A total of 31
treatments were performed. Mean treatments were 2.8 ± 0.4 times and cumulative 131IMIBG dose was 15640.9 ±2245.1 MBq (286.01 MBq/kg). The tumor responses were
observed by computed tomography (CT), 18F-FDG PET or PET/CT before and 3 to 6
months after the final 131I-MIBG treatment.

Results: Based on CT findings with Response Evaluation Criteria in Solid Tumors
(RECIST) criteria, 3 patients showed a partial response (PR) and 6 patients showed stable
disease (StaD). The remaining 2 patients showed progressive disease (PD). Although
there were 2 PD patients, analysis of all patients showed that there was no increase in
sum longest diameter (SLD) [228.7 (37.0-336.0) to 171.0 (38.0-270.0) mm, P = 0.563].
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In tumor region-based analysis with PR and StaD patients (n=9), 131I-MIBG therapy
significantly reduced tumor diameter [n = 79 lesions, 16 (12-22) to 11 (6-16) mm, P <
0.001). Among 5 patients with hypertension, there was a strong trend in systolic blood
pressure (BP) reduction, (P = 0.058) and diastolic BP was significantly reduced (P =
0.006).

Conclusions: Eighty-two percent of metastatic NETs patients effectively achieved
disease progression inhibition with reduced tumor size and metabolic activity through
repeated 131I-MIBG therapy. Therefore, this relatively short-term repeated 131I-MIBG
treatment may have potential as one option in a therapeutic protocol for metastatic NETs.
Larger prospective studies with control groups are warranted.

Key Words: 131I-MIBG, 18F-FDG PET, Metastasis, Neuroendocrine tumor,
Radiotherapy, RECIST
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INTRODUCTION
Beginning in 2017, the World Health Organization (WHO) has defined
pheochromocytoma and paraganglioma (PPGL) as a malignant disease given that all
those affected may develop metastatic lesions during their lifetime (1). The mean
expected survival time with pheochromocytoma is 20.7 years and with paraganglioma is
9.8 years. These are longer survival times than those commonly associated with cancers
of the lung, pancreas, and other malignancies but shorter than the life expectancy of
members of the normal population (2). In addition, metastatic pheochromocytoma has a
5-year survival rate of 50% to 60% after diagnosis (3,4).
After the initial surgery, therapeutic options for metastatic PPGL include
chemotherapy (cyclophosphamide, vincristine and dacarbazine (CVD) therapy), external
radiotherapy, and radiotherapy (1,4,5). CVD has been most widely applied in clinical
practice (1). Although it was a retrospective study, the largest study looking at the effects
of chemotherapy showed decreased tumor size and facilitated blood pressure control in
about a third of patients (6). However, the median effective time is 40 months and the
survival benefits are not clear because of the lack of prospective comparative studies.
Iodine-131-meta-iodobenzylguanidine (131I-MIBG) is a substrate of the norepinephrine
transporter system and the structure is similar to norepinephrine (7). Norepinephrine
works as a neurotransmitter in the central and autonomic nervous systems. The
concentrations of norepinephrine in the nervous systems are regulated by the
norepinephrine transporter. 131I-MIBG also accumulates; however, unlike norepinephrine,
131

I-MIBG has little or no affinity for adrenergic receptors (8). 131I-MIBG radiotherapy

has been used to treat NETs including metastatic PPGL, medullary thyroid carcinoma,
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and carcinoid tumors that have the uptake-1 mechanism (7,9,10).

131

I-MIBG therapy may

be associated with survival improvement although this assertion needs to be evaluated in
a prospective randomized clinical trial. However, this type of trial could be very difficult
to develop given the rarity of the disease. On the other hand, 131I-MIBG radiotherapy is
looked to in order to further increase the beneficial treatment effects with fewer side
effects. Loh et al. reviewed a total of 116 pheochromocytoma cases treated with 131IMIBG radiotherapy doses ranging from 3552 MBq to 85914 MBq (11). In this analysis, 4
patients whose 131I-MIBG dose ranged from 7400 MBq to 22200 MBq showed complete
tumor regression. High-dose 131I-MIBG therapy combined with autologous bone marrow
transplantation showed a high rate (83%) of complete remission (CR) or partial
remission (PR) (12). These data imply that controlling tumor progression or hormonal
level may require a certain level of total accumulated dose of 131I-MIBG.
In terms of side effects, Loh et al. also showed that radiation-induced toxicity such
as bone marrow suppression was generally related to administered dose (11). Another
analysis showed that 3 patients (9% of study population) had 131I-MIBG treatment-related
death from acute myocardial infarctions (13). All these patients received 11100 MBq of
131

I-MIBG as a single dose and may have had acute catecholamine crisis resulting from

tumor necrosis. In this regard, the ideal 131I-MIBG treatment protocol should stipulate a
certain total accumulated dose with a single dose not exceeding 11100 MBq to avoid
inducing catecholamine acute toxicity. The total accumulated dose of 131I-MIBG should
be less than that which can induce severe bone marrow suppression.
To increase the total accumulated dose of 131I-MIBG, we should also consider the
treatment interval. A previous preliminary report showed the efficacy of a medium dose
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(7400 MBq) of 131I-MIBG repeated at intervals of 3 months (14). These two cases
showed good therapeutic response and the interval fell within the range of 3 to 6 months
found in European Association of Nuclear Medicine (EANM) guidelines for 131I-MIBG
radiotherapy (15). Based on the previous study and EANM guidelines, we decided on an
interval of 6 months which would be practical in a clinical setting.
The EANM guidelines suggest possible therapeutic protocols, such as repeated 3700
MBq to 11100 MBq of 131I-MIBG at 3- to 6-month intervals. However, no protocol has
been established for 131I-MIBG radiotherapy in metastatic NETs.
131

I-MIBG radiotherapy is effective in terms of tumor size reduction and hormonal

response (11) but still has limited therapeutic effects (16). Therefore, recent trials have
evaluated the use of high-dose 131I-MIBG radiotherapy and 131I-MIBG. A single high
dose of 131I-MIBG radiotherapy slightly improved outcomes in patients with metastatic
PPGL. However, this approach also increased adverse effects including fatal acute
respiratory distress syndrome (ARDS), bronchiolitis obliterans organizing pneumonia
(BOOP), and myelodysplastic syndrome (MDS) (17). Another recent approach is
applying high-specific-activity (HSA) 131I-MIBG. Treatment involving a single high dose
or two consecutive doses (in the case of patients who had recovered from bone marrow
suppression) of HSA 131I-MIBG radiotherapy resulted in partial response (PR) in 23% of
cases, and 49% of patients had an at least 50% reduction in antihypertensive medication.
Some patients developed a secondary cancer, resulting in death, that was possibly linked
to high-dose radiotherapy (18). Since some of the NETs patients displayed slow
progression compared to that with other solid cancers, controlling adverse effects is also
important for patient management.
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A previous small study by Nakazawa et al. reported that 18F-FDG PET SUVmax
was reduced after 131I-MIBG radiotherapy in patients considered to have responded (19).
This study suggested the usefulness of 18F-FDG PET imaging for treatment evaluation in
patients with PPGL who had 131I-MIBG radiotherapy.
We aimed to establish a suitable treatment protocol for 131I-MIBG radiotherapy to
achieve good treatment effects together with minimal side effects. In this regard, the
purpose of this study was to evaluate the disease progression inhibition effects of
repeated 131I-MIBG therapy on symptoms, hormonal changes, tumor size and tumor
metabolic response in patients with metastatic NETs using computed tomography (CT)
and 18F-fluorodeoxyglucose (18F-FDG) PET or PET/CT.

MATERALS AND METHODS
Patient Population
Patients were prospectively recruited through the Department of Nuclear Medicine
at the Hokkaido University Hospital from August 2008 to December 2014. We enrolled
patients diagnosed with metastatic PPGL and thyroid medullary cancer. Each patient was
diagnosed with those diseases after assessment of histopathological findings at surgery.
The patients eligible for this study had either the appearance of new metastatic lesions,
multiple metastatic legions, treatment resistance to other therapies or elevated tumor
markers including catecholamine levels (12,13). The presence of mltiple metastatic
lesions was defined as more than 2 lesions. Patients with those conditions were
considered to have a progressive condition and required specific treatments (Table 1).
These patients met the criteria for EANM guidelines after confirmation of avid 123IMIBG or 131I-MIBG uptake in metastatic foci through diagnostic radioiodine 123I-MIBG
8

or 131I-MIBG imaging (10,15). A 123I-MIBG- or 131I-MIBG-avid lesion was defined as
that which had visible focal uptake greater than that by the surrounding normal tissue
even if the patient had mixed tumors (20). Images were interpreted visually by at least 2
nuclear medicine physicians with more than 10 years’ experience.
To be included in the current study, patients had to be scheduled to have 131I-MIBG
radiotherapy for the first time on clinical grounds. We excluded patients who had had
131

I-MIBG radiotherapy prior to enrollment.

Sample Size Based on Sample Size Calculation
The clinical benefit rate, including that in PR and stable disease (StaD) patients who
received 131I-MIBG radiotherapy, was 73% in a previous study (21). Neither the previous
study nor the current study had a control group. However, if we had had a control group
with a clinical benefit rate of 30% (whether for PR or StaD), to detect a 70% clinical
benefit rate from 131I-MIBG radiotherapy, 11 patients with treatment would be required to
obtain a power of at least 0.8 for a z test of one sample binomial proportion with a twosided significance level of 0.05.
This study was approved by the Hokkaido University Graduate School of Medicine
Human Research Ethics Board and the Hokkaido University Hospital Institutional
Review Board. All subjects signed written informed consent in accordance with the
Declaration of Helsinki 2008. This study is registered on UMIN (No. 000007179).
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Study Design
This was a prospective single arm trial. Patients with metastatic PPGL and medullary
thyroid cancer underwent clinical evaluations, blood work, urine measurements and
diagnostic imaging including whole-body CT, 18F-FDG PET or 18F-FDG PET/CT before
and 3 to 6 months after the final 131I-MIBG radiotherapy (Supplemental Fig. 1). In
addition, the patients had 123I-MIBG or 131I-MIBG scintigraphy before the first 131IMIBG radiotherapy (10,15). Patients also had whole-body 131I-MIBG imaging after each
131

I-MIBG therapy to evaluate the uptake of therapeutic 131I-MIBG (15). The therapeutic

effects of 131I-MIBG were estimated by CT. Response Evaluation Criteria in Solid
Tumors (RECIST) criteria were considered the standard for treatment effects (22).

131

I-MIBG Radiotherapy Protocol
Each patient received a single dose of 131I-MIBG (5550 MBq =5.5 GBq) (Izotop,

Budapest, Hungary, from August 2008 to March 2009, and POLATOM, Poland, after
April 2009) (13,23,24). The 131I-MIBG dose was based on previous studies (21,25),
EANM guidelines (15), our preliminary data related to the Japanese multi-center registry
(26), and the Japanese Ministry of Health, Labour and Welfare’s approval of 131I-labelled
therapeutic radiopharmaceutical use in our facility. Patients with metastatic PPGL took
thyroid protection measures (15). We repeated 131I-MIBG therapy 2 or 3 times. Second
and third 131I-MIBG radiotherapies were given only after confirming recovery from any
toxicity associated with the prior 131I-MIBG radiotherapy. The interval between each 131IMIBG radiotherapy was between 3 months and 6 months based on EANM guidelines
(Supplemental Fig.1) (15).
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Post-therapy 131I-MIBG scanning was performed to confirm 131I-MIBG uptake in
metastatic lesions (23).

Symptoms and Physical Findings
We evaluated symptoms and physical findings before and 3 months after the
radiotherapy. We evaluated catecholamine-related symptoms such as headache,
palpitations, sweating and pain due to bone metastasis, among others. Physical
measurements included systolic and diastolic blood pressure (BP) and heart rate (HR).
A BP response after the repeated 131I-MIBG radiotherapy was evaluated in patients
with hypertension (26). With regard to hypertension, we used cut-off values for systolic
BP sub-analysis as found in normotensive (120-139 mmHg) and hypertensive (> 140
mmHg) patients based on the seventh report of the United States’ (US) Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure
(JNC 7) (27).

Blood and Urine Biochemistry
We performed blood work before and 3 months after the last radiotherapy. We
estimated complete blood cell counts to evaluate the hematological toxicity (26). Plasma
concentrations of catecholamine and the urinary concentration of catecholamine,
homovanillic acid (HVA) and vanillylmandelic acid (VMA) were measured at baseline
and 3 to 6 months after the last radiotherapy. We measured thyroid function as well in
metastatic PPGL (T4).
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Computed Tomography
The first 2 patients underwent an additional CT scan. Standard dose CT with
automated 150 mAs of tube current and 120 keV of tube voltage was performed for all
patients undergoing FDG-PET/CT. Section thickness was 5 mm from the neck to the
pelvis. Since most patients had had heminephrectomy and had renal dysfunction, and
contrast media administration was relatively contraindicated (28), we performed plain CT
data acquisition for the current study.

123

I-MIBG and 131I-MIBG Scintigraphy
Eight patients underwent 123I-MIBG imaging, and 3 patients had 131I-MIBG imaging

prior to 131I-MIBG radiotherapy.
Eight patients had 123I-MIBG planar imaging approximately 24 hours after 111 MBq
of 123I-MIBG (Fujifilm RI Pharma, Tokyo, Japan) administration as a diagnostic scan
prior to 131I-MIBG radiotherapy. The remaining 3 patients had 131I-MIBG planar imaging
approximately 24 and 48 hours after 20 MBq of 131I-MIBG (Fujifilm RI Pharma, Tokyo,
Japan) administration. Whole-body images were acquired using a dual-head gamma
camera (Millennium, GE Healthcare) equipped with high-energy general-purpose
collimators for 131I-MIBG and medium-energy general purpose collimators for 123I-MIBG
(20). Overlapping anterior and posterior images from the top of the head to the knee were
acquired for 100,000 counts or 20 minutes, whichever came first.
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18

F-FDG PET and 18F-FDG PET/CT Imaging
The first patient underwent 18F-FDG PET imaging prior to 131I-MIBG radiotherapy.

Subsequently, our institution installed a PET/CT scanner and all remaining 18F-FDG
studies were performed using the PET/CT scanner, and the remaining data acquisitions
were performed by PET/CT.
Patients had 18F-FDG PET or PET/CT imaging according to the standard approach
(29). The serum glucose level was measured prior to intravenous 18F-FDG administration
(4 MBq/kg, total dose range 185 to 400 MBq).
PET was performed using a Siemens ECAT EXACT 47 (Siemens/CTI, Knoxville,
TN, USA) and the remaining studies were performed using a PET/CT scanner (Biograph
64 TruePoint with TrueV with multidetector CT, Siemens Japan, Tokyo) (30).

Image Interpretations
Two nuclear physicians, one of whom was a certified radiologist, evaluated the
diagnostic images without knowledge of other imaging studies or clinical information.
Any discrepancies were discussed until a consensus could be reached.

Analysis of Response to Treatment Using Computed Tomography
CT and 18F-FDG PET or PET/CT images 3 months after the final radiotherapy were
compared to those performed before the first 131I-MIBG radiotherapy. On whole-body CT
images from a PET/CT scanner or a CT scanner, tumor responses were measured
according to the maximal tumor diameter of the predominant lesions and defined as
follows based on RECIST criteria published in 2000: CR, complete response or
resolution of all tumors on imaging; PR, partial response, a reduction of ≥ 30% in the
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measured maximal tumor diameter; StaD, stable disease; and progressive disease (PD),
an increase of ≥ 20% in a single lesion or development of new lesions (22).

Evaluation of Biomarker Responses
Hormonal markers of patients with metastatic PPGL included catecholamines and
their metabolites. All metastatic PPGL patients with elevated catecholamine levels had
norepinephrine (NE)-secreting tumors. Therefore, we focused on plasma NE, and urine
NE and its metabolites, such as urine VMA, in this analysis. A hormonal marker of
overall response was defined as a best confirmed response of either CR or PR for any of
the biomarkers whose levels were at least over the upper limit of normal value at
baseline. Hormonal CRs, PRs, and PD (normalization of, 50% decrease in, and 25%
increase in marker levels respectively) were evaluated 3 months after the final
radiotherapy (17).
Hormonal markers of a patient with thyroid medullary carcinoma were
carcinoembryonic antigen (CEA) and calcitonin. For the therapeutic response, we applied
the same criteria as for catecholamines and their metabolites (18).

Evaluation of Side Effects
The US National Cancer Institute (NCI) Common Toxicity Criteria version 3.0 (Aug
9, 2006) were used to evaluate side effects of 131I-MIBG radiotherapy (31). We
evaluated full blood count, symptoms and hemodynamic changes during and after
radiotherapy (17,32). The early side effects were defined as the side effects that occurred
during 131I-MIBG administration until the end of hospital administration, usually after 7
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days. Late side effects were defined as side effects that occurred after 6 weeks of 131IMIBG administration (15). We recorded and addressed all side effects.

Statistical Analysis
Continuous variables are presented as medians with interquartile range (IQR).
Differences between groups were evaluated using the Wilcoxon rank sum test. Fisher’s
exact test was used to compare discrete data as appropriate. A P-value of less than 0.050
was considered to indicate a statistically significant difference. Statistical calculations
were carried out by JMP®, version 13 (SAS Institute Inc., Cary, NC, USA).

RESULTS
Patient Characteristics
This study included 11 metastatic NETs patients: 8 metastatic pheochromocytoma, 2
metastatic paraganglioma and one thyroid medullary carcinoma (Table 1). Among 11
patients, 10 had newly diagnosed metastatic lesions. The remaining one patient had
CVD-resistant status. Therefore, these patients were referred to the Nuclear Medicine
department. Nine patients (81.8%) were women. In patients who had metastatic PPGL,
none had thyroid dysfunction before 131I-MIBG radiotherapy.
Among 11 patients, 2 had 131I-MIBG radiotherapy twice. Patient number 4 was a
young woman considering having a child after the treatment. She had only one visible
metastatic lesion in the 7th thoracic vertebra. Therefore, we applied 131I-MIBG
radiotherapy twice and did not perform a third therapy. Another patient (number 7)
showed rapid progression and died after the second 131I-MIBG radiotherapy. The
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remaining 9 patients had 3 131I-MIBG radiotherapies. The mean dose of 131I-MIBG was
15640.9 ±2245.1 MBq and the mean dose per body weight was 286.01 MBq/kg.

Treatment Response Using Symptoms, BP and Catecholamine-Related Hormones
Among 11 patients, 9 had at least one of the symptoms related to elevated
catecholamine or bone metastasis (Table 2). Among 9 symptomatic patients, 3 with PR
and 4 with StaD according to RECIST criteria had a symptomatic response, and the
symptoms of 2 patients with PD by RECIST criteria worsened after the 131I-MIBG
radiotherapy (Table 2).
Among a total of 11 patients, 5 (45.5%) had elevated BP. Two of these had what
JNC-7 defines as “normal hypertension” (i.e., systolic BP 121 to 139 mmHg) and the
other 3 had true hypertension (BP > 140/90 mmHg) (33) before the first 131I-MIBG
radiotherapy. After the radiotherapy, 3 patients had normal hypertension and 2 had
normal BP. In the hypertension group, there was no elevation of blood pressure (P =
0.215) after the therapy. Among 5 hypertension or normal hypertension patients, systolic
BP tended to be reduced (P = 0.058) and diastolic BP was significantly reduced (P =
0.006). In all 11 patients’ analysis, there was no significant change in systolic BP (P =
0.206) or diastolic BP (P = 0.375) (Supplemental Table 1).

Biochemical Tumor Marker Response
Two patients did not have elevated catecholamine levels before the first treatment.
Of the remaining 9 patients, there was PR in 3, and StaD in 4 based on hormonal
response criteria (Fig. 1) (18). Two patients showed PD (Table 2). In all patients, there
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was no significant change in plasma norepinephrine (P = 0.577) or urine VMA (n = 8, P
= 0.203) (Supplemental Table 1). In 9 PR or StaD patients, plasma NE tended to be
reduced (P = 0.109) and urine VMA was significantly reduced (n = 8, P = 0.031)
(Supplemental Table 2).

Treatment Response Evaluated Using CT
Patient-based analysis
Based on the RECIST criteria, 3 patients showed PR and 6 patients showed StaD.
The remaining 2 patients were categorized as having PD (Table 2, Supplemental Table
3). Although there were 2 PD patients, for all 11 patients, there was no significant change
in SLD [228.7 (37.0-336.0) mm to 171.0 (38.0-270.0) mm, P = 0.563] (Supplemental
Table 1). The total numbers of metastatic lesions were similar before and after the 131Iradiotherapy [12 (3-19) to 12 (3-19), P = 0.625]. In 9 patients with PR or StaD, the total
numbers of metastatic lesions were similar [5 (2-17) vs. 4 (2-16), P = 0.500], but SLD
was significantly reduced after the 131I-MIGB radiotherapy [81 (27-278) to 64 (26-216)
mm, P = 0.039] Supplemental Table 2).
Among 6 StaD patients defined by RECIST criteria, 4 had improved symptoms, 1
had hormonal response and 1 patient with hypertension had reduced BP (Table 2).

Region-based Analysis
Based on CT, there was no difference in metastatic lesion diameter before and after
131

I-MIBG radiotherapy (n = 134) [15 (10-22) mm vs. 15 (10-23) mm, P = 0.984]

(Supplemental Table 4). In 9 PR or StaD patients, the mean diameter of metastatic lesions

17

was significantly reduced (n = 79) [16 (12-22) mm to 11 (6-16) mm, P < 0.001] after 131IMIBG radiotherapy (Fig. 2, Supplemental Table 4).
In all patients, the mean SUVmax of metastatic lesions did not change after 131IMIBG radiotherapy (n = 134) [4.1 (1.9-8.3) vs. 4.3 (2.8-9.2), P = 0.24]. Patients with PR
or StaD showed significantly reduced mean value of regional SUVmax after the 131I-MIBG
radiotherapy (n = 79) [4.0 (2.6-5.4) to 3.2 (1.0-4.3), P < 0.001] (Fig. 2).

Side Effects of 131I-MIBG Radiotherapy
Early Side Effects
All patients had at least one adverse effect. These included nausea (9/11, 81.8%),
appetite loss (4/11, 36.4%), taste abnormality (1/11, 9.0%), elevated BP (1/11, 9.0%),
orthostatic hypotension (3/11, 27.2%), bradycardia (1/11, 9.0%), and pleural effusion
(1/11, 9%). These early side effects, except pleural effusion, were temporary. Other
adverse effects included cholecystitis due to gall bladder stones and urinary tract stones.

Late Side Effects
In terms of bone marrow suppression of anemia, 3 patients (27.3%) showed grade II
toxicity, and grade III toxicity was shown in 1 patient (9.0%) (Supplemental Fig. 2). In
terms of leukopenia, 5 patients (45.5%) showed grade II toxicity, and grade III toxicity
was shown in 1 patient (9.0%). In thrombocytopenia, no patients had toxicity except 1
patient with grade I toxicity. No patient required blood transfusion during the
observational period.
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DISCUSSION
131

I-MIBG radiotherapy is performed as part of clinical practice in European

countries (15), and high-specific-activity (HSA) 131I-MIBG was approved by the Food
and Drug Administration (FDA) in the United States in 2018 (8,18,34).
Metastatic PPGL normally accounts for 15%–17% of all PPGL cases (35). In this
regard, most previous studies evaluating 131I-MIBG treatment effects provide
retrospective analysis (11,23,26,32,36). There have been 3 prospective clinical trials
looking at the therapeutic effects of 131I-MIBG radiotherapy. Of these 3 studies, 2 looked
at the effects of high-dose or relatively high-dose 131I-MIBG radiotherapy (17,18). The
remaining study looked at the safety aspects of 131I-MIBG radiotherapy (37). In this
regard, the current study is the first prospective study to evaluate 131I-MIBG radiotherapy
repeated within a relatively short time with the 131I-MIBG dose suggested by EANM
guidelines for metastatic NETs. The single-high-dose 131I-MIBG radiotherapy approach
slightly improved therapeutic effects. However, this approach had some fatal adverse
effects such as ARDS, BOOP and MDS (17). Other treatments involving a relatively high
single dose or two consecutive doses of HSA 131I-MIBG were also associated with
pulmonary embolism, MDS and increased risk of secondary cancer resulting in death
(18). These two studies imply that high-dose 131I-MIBG therapy can improve treatment
effects but at the same time may increase the risk of fatal adverse effects related to higher
radiation exposure at one time. Therefore, an alternative therapeutic approach involving a
higher total accumulated dose of 131I-MIBG with fewer fatal adverse effects than those
associated with a single high-dose therapy may be required.
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Considering this balance between the treatment effects and adverse effects, we used
a relatively short-term repeated 131I-MIBG radiotherapy with a standard single dose as
suggested by EANM 131I-MIBG radiotherapy guidelines (15). The EANM guidelines
suggested that the single dose could be 3700 MBq to 11100 MBq. We therefore used a
single dose of 5550 MBq based on these guidelines. In the current study, 3 patients
(27.3%) showed PR and 6 patients (54.5%) showed StaD after the treatment, based on
RECIST criteria. A systematic review looking at 17 previous studies revealed CR in 3%,
PR in 27%, StaD in 52% and PD in 18% (38). This implies that in 82% of cases, 131IMIBG therapy may have clinical benefits. The treatment effects of the current study are
in agreement with data from the systematic review. Data in the systematic review was
from retrospective studies. The current study was a prospective study and therefore adds
new insights to those found in the systematic review.
The interval between 131I-MIBG treatments in the current study was 3 to 6 months,
based on EANM guidelines, and achieved disease control in 81.8% of the study
population including 3 PR. Therefore, the interval between 131I-MIBG treatments of the
current study appears to be appropriate. With regard to dose and interval, the current
study protocol may be suitable for clinical practice, and further study within a greater
population may be beneficial. In this study, PR and StaD patients showed significant
reduction in regions of SUVmax following treatment. This result may indicate that this
repeated treatment protocol effectively suppressed tumor growth potential in the PR and
StaD groups.
A recent study using HSA 131I-MIBG with a high dose (3774 MBq to 40552 MBq)
showed therapeutic effects from a single administration as CR 0%, PR 0%, StaD 71%
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and PD 14%. Two administration protocols showed the therapeutic effects as CR 0%, PR
30%, StaD 68% and PD 2% (18). Even with HSA 131I-MIBG, 131I-MIBG therapy can
achieve limited CR. Although the sample size of the current study was small, the
treatment effects of the current study may be comparable to those with HSA 131I-MIBG
treatment. This data also may imply that a higher total dose can improve treatment
effects. In addition, Noto el al. reported a single maximum tolerated specific 131I-MIBG
dose as 296 MBq/kg (39). In the sub-group of Noto’s study using specific 131I-MIBG of
less than 18500 MBq, the therapeutic responses were CR 0%, PR 0%, StaD 85.7%, PD
0% and non-evaluable results 14.3%). The current study used a similar dose of 131I-MIBG
and may show slightly better therapeutic response compared to that from a previous study
by Noto et al. Although both studies had a small sample size, this may imply that a
repeated 131I-MIBG treatment protocol may be more useful as a clinical practice than is a
single treatment.
In light of the hormonal response, one of the major aims of 131I-MIBG radiotherapy
is hormonal reduction. A previous systematic review reported a hormonal response to
131

I-MIBG radiotherapy of CR in 11%, PR in 40%, StaD in 41% and PD in 27% of

patients (38). The current study showed a trend to reduction in plasma NE and a
significant reduction in urine VMA in PR or StaD patients. The current data also showed
hormonal reduction similar to that in previous studies. This reduction may have been
associated with improvement in symptoms and with BP reduction. Patients with PR by
RECIST criteria also showed a hormonal response. Among 3 PR patients, 2 also showed
hormonal reduction according to RECIST criteria. This may imply that tumor size
reduction was associated with hormonal reduction.
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The major cause of mortality in patients with metastatic PPGL includes
catecholamine-related issues such as hypertension and catecholamine-induced heart
failure, so-called Takotsubo syndrome (40). Therefore, phase 3 of the study, using HSA
131

I-MIBG, defined reducing hypertension medication as a major endpoint (18). BP

reduction is also considered an important goal for metastatic PPGL management.
Although the current study had a limited number of hypertension patients, the reported
131

I-MIBG radiotherapy significantly reduced diastolic BP and moved patients in the

hypertension category into the normal BP range category after the treatment.

Single or consecutive high-dose 131I-MIBG radiotherapy had some fatal adverse
effects caused by radiation exposure as previously described (17,18). Although the
prognosis for metastatic PPGL patients is worse than that for patients without metastasis
(41), the 5-year survival rate is 50% to 60%, which is better than that for patients with
other solid cancers (2,35,42). Given the survival rate for metastatic PPGL, treatment
options without life-threatening adverse effects would be preferable. Most early adverse
effects of 131I-MIBG radiotherapy were related to radiation exposure. All early side
effects within the current study were common and not serious. The only late adverse
effect was myelosuppression. There were no extra-hematopoietic adverse effects. Noto et
al. reported the early and late side effects of HSA 131I-MIBG (39). They also reported that
specific 131I-MIBG of less than 18500 MBq did not have fatal adverse effects. 131I-MIBG
of less than 18500 MBq either in a single therapy or in repeated therapies may not have
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fatal side effects. However, both studies had a small sample size and therefore this
possibility should be examined in greater depth in the future.
Myelosuppression was the main adverse effect of the repeated 131I-MIBG
radiotherapy. However, it involved mainly grade1 and grade 2 myelotoxicity. No patients
showed grade 4 myelotoxicity. These patients did not have blood transfusion. The singlehigh-dose 131I-MIBG radiotherapy may cause ARDS, BOOP, or MDS, and may require
autologous bone marrow transplantation. It may cause acute hypertension or severe bone
marrow insufficiency (17). These side effects present significant hurdles to using this
therapy as a routine clinical practice. However, in this study, no patient presented with
these severe side effects. The current protocol would be more suitable for clinical
practice.
In the current study, all patients had early temporary myelosuppression just after
131

I-MIBG administration. However, these patients recovered from myelosuppression 3 to

6 months after the first and second 131I-MIBG therapies. In terms of complete blood cell
count data, these patients did not have contraindication for second or third therapy based
on EANM procedure guidelines (15). In contrast, with high-dose specific 131I-MIBG
therapy, 26.5% of patients did not recover from myelosuppression and did not receive a
second therapy (18). This may imply that lower-dose 131I-MIBG radiotherapy may be an
option for subsequent treatment strategies. Myelosuppression limits treatment options
such as additional radionuclide therapy or chemotherapy. Not causing sustained
myelosuppression may be one of the advantages of this treatment protocol.
This study has several limitations. PPGL are considered to be rare diseases with
limited patient numbers (1). The present study had an open-label single-arm trial design
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and did not have a control. In fact, a phase Ⅲ HSA 131I-MIBG trial had an open-label
single-arm design (18). Therefore, the present study design meets the current standard
clinical study protocol.
The incidence of PPGL is 0.6 cases per 100,000 persons per year (43). Among the
PPGL metastatic cases, approximately 10% of pheochromocytoma and 15% to 35% of
paraganglioma involve metastasis (44). Therefore, few patients are eligible for 131I-MIBG
radiotherapy. In fact, Loh et al. reviewed 21 previously published manuscripts looking at
the effects of 131I-MIBG radiotherapy prior to the present study (11). In this overview, the
study populations ranged from 1 to 20 patients and the mean number was 5.7 patients.
Despite its limited study population, the present study added several insights over those
from previous studies. Although the number of patients in the current study was small,
we performed a total of 31 131I-MIBG treatments and showed therapeutic effects with
limited adverse effects. We recognize that we will need a study with a larger sample size,
and that this should be the next step.
We did not measure succinate dehydrogenase subunit B (SDHB) mutation in
paraganglioma. SDHB-positive patients may have poor treatment response and may have
had impacts on the current study. In the current study, we included two paraganglioma
patients and they showed stable disease after the 131I-MIBG radiotherapies. In this regard,
the impact of possible SDHB-positive patients may have been minimal. It was reported
that multiple primary tumors often occur in patients with germline mutations in RET,
VHL, SDHD, or MAX (45). This gene mutation may also have an impact on the
treatment response. Not having evaluated this gene mutation was another limitation of the
current study.
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We did not have long-term outcome data and did not evaluate the survival benefits
of this treatment protocol. These things should also be evaluated in the future as a next
step.
Among 11 patients, one patient had CVD therapy but did not have heavy
chemotherapy. In fact, this patient showed late hematological adverse effects as
leukocytopenia grade 2, anemia grade 1, and normal platelet number. Thus, the impact of
prior chemotherapy on hematological side effects should be minimal.

CONCLUSION
Repeated 131I-MIBG therapy reduced tumor size and tumor metabolic activities
according to lesion-based analysis in about one-third of patients and stabilized a majority.
This treatment approach also showed hormonal improvement with minimal side effects in
PR and StaD patients. A protocol involving repeated 131I-MIBG treatments may have
therapeutic potential for metastatic NETs. However, larger prospective studies with
control groups should be performed in order to further test this hypothesis.
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KEY POINTS
QUESTION: Can a repeated 131I-MIBG radiotherapy be a treatment option for
metastatic neuroendocrine tumors that provides a good balance of therapeutic effects
and adverse effects?

PERTINENT FINDINGS: Neuroendocrine tumor patients who underwent this 131IMIBG radiotherapy protocol achieved a clinical benefit rate of 82%, according to
RECIST criteria, without fatal adverse effects. Patients with either PR or StaD showed
tumor diameter reduction and tumor metabolic activity reduction evaluated by 18FFDG PET/CT.

IMPLICATIONS FOR PATIENT CARE: The treatment protocol established here
can be widely applied in clinical settings and may improve symptoms related to
catecholamine and provide for prolonged survival with fewer adverse effects in
patients with neuroendocrine tumors.
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Fig. 1

A representative case of a 64-year-old woman with metastatic pheochromocytoma
A She had multiple metastatic lesions in lung, liver and abdominal lymph nodes. Initial
131

I-MIBG pre-treatment scintigraphy shows positive uptake in multiple lung (black

arrow), skeletal and hepatic metastatic lesions. CT shows marked reduction in lung
metastasis after 3rd treatment (black arrows).
B After 3 repeated 131I-MIBG radiotherapies, her metastatic regions were reduced and
she showed plasma norepinephrine reduction from 5207 pg/mL to 743 pg/mL. The
total SLD was reduced from 279 mm to 171 mm.
NE = norepinephrine, SLD = summed length diameter

Fig. 2

Region-based analysis
Tumor size and tumor metabolic activity before and after the 131I-MIBG radiotherapy in 9
patients with either PR or StaD using region-based analysis
Tumor size and SUVmax were significantly reduced after 131I-MIBG radiotherapy.
CT = computed tomography, FDG = fluorodeoxyglucose, MIBG = metaiodobenzylguanidine, PR = partial response, StaD = stable disease
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TABLE 1
Characteristics of 11 metastatic neuroendocrine tumors treated with 131I-MIBG
radiotherapy

Pt No.

Age
Sex
(yrs)

1

64

2

45

3

45

4

34

5

62

6

65

7

67

8

36

9

49

10

52

11

22

Type of disease

Reason for Tx

New meta
F Pheochromocytoma Multiple lesions
High CA
New meta
F Paraganglioma
Multiple lesions
New meta
M Pheochromocytoma
Multiple lesions
New meta
F Pheochromocytoma
Multiple lesions
New meta
F Pheochromocytoma Multiple lesions
High CA
New meta
F Paraganglioma
Multiple lesions
High CA
New meta
F Pheochromocytoma Multiple lesions
High CA
New meta
F Pheochromocytoma
Multiple lesions
Thyroid Medullary
New meta
M
Cancer
Multiple lesions
F Pheochromocytoma CVD resistance
New meta
F Pheochromocytoma
(Recurrence)
High CA

Mean±SD 49±15

Mean
I-MIBG
dose
(MBq/kg)

No of Tx

Total
131
I-MIBG dose
(MBq)

3

16650

308.21

3

16650

326.34

3

16650

180.93

2

11100

182.41

3

16650

358.16

3

16650

323.38

2

11100

216.08

3

16650

391.83

3

16650

256.04

3

16650

263.07

3

16650

339.66

131

15640.9±2245.1 286.01±71.33

CA = catecholamine
New = newly diagnosed metastasis
MIBG = meta-iodobenzylguanidine
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TABLE 2
Major Symptoms before 131I-MIBG Therapy and Therapeutic Response
Pt
No.

Before 131I-MIBG Therapy
Symptoms

After 131I-MIBG Therapy
Symptomatic
response

Elevated
BP

BP
Response

Hormonal
Response

+

+

-

-

-

-

Tumor size
Response
(RECIST)

A

B

C

D

E

F

G

1

+

+

+

+

+

-

-

2

-

-

-

-

-

-

-

3

+

-

+

-

-

-

-

Improved
No change
(none to none)
Improved

4

-

-

-

-

-

-

+

Improved

-

-

5
6
7
8

+
+
-

+
+
-

+
+
-

-

+
-

-

+
+

+
+
+
-

+
+
+
-

9

-

-

-

-

-

-

-

-

-

StaD*

StaD

10
11

+
5
(45.5
%)

+
+
5
(45.5
%)

+
+
6
(54.5
%)

+
2
(18.2
%)

2
(18.2
%)

+
1
(9.0
%)

+
4
(36.4
%)

Improved
Improved
Deteriorated
Deteriorated
No change
(none to none)
Improved
Improved

PR
Not
elevated
StaD
Not
elevated
PR
PR
PD
PD

+
-

-

StaD
StaD

StaD
StaD

5/11
(45.5%)

4/5
(80.0%)

3/9
(33.3%)

3/11
(27.3%)

N
(%)

Improve,
or PR (%)

7/9 (77.8%)

*Hormonal response was evaluated by plasma CEA and calcitonin.
Catecholamine-related symptoms
A: Headache, B: Palpitations, C: Sweating, D: Irritation, E: Insomnia, F: Abdominal pain
Bone metastasis-related symptom
G: Pain
+: Symptom observed
- : No Symptom
MIBG = meta-iodobenzylguanidine
PD = progressive disease
PR = partial response
StaD = stable disease

PR
StaD
StaD
PR
PR
StaD
PD
PD

Supplemental Fig. 1

131

I-MIBG radiotherapy protocol

CT= computed tomography, FDG= fluorodeoxyglucose, MIBG= metaiodobenzylguanidine

Supplemental Fig. 2

Details of bone marrow suppression after 131I-MIBG radiotherapy based on CTCAE v3.0
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Supplemental Table 1
All Patients (n =11)

Hemodynamic
Sys BP (mmHg)
Dia BP (mmHg)
HR (beats/min)
Image parameters
SLD by CT (mm)
Number of regions
18
F-FDG score (0 to 5)
18
F-FDG mean SUVmax
Thyroid function
TSH (μIU/ml) a
FT3 (pg/ml) a
FT4 (ng/dl) a
Catecholamine
Ad (pg/ml)
NE (pg/ml)
Uad (μg/day) a
Une (μg/day) a
VMA (mg/day) a
HVA (mg/day) b
Complete blood counts
WBC (/μl)
Seg (/μl)
Hb (g/dl)
PLT (×104/μl)

Before
Median (IQR)

After
Median (IQR)

P

116 (106-153)
78 (67-92)
72 (60-88)

115 (103-124)
70 (68-81)
80 (70-88)

0.206
0.375
0.364

228.7 (37.0-336.0)
12 (3-19)
4.4 (3.1-4.7)
3.8 (1.3-9.0)

171.0 (38.0-270.0)
12 (3-19)
4.2 (2.3-4.8)
3.3 (2.0-7.4)

0.563
0.625
0.688
0.922

1.4 (0.6-2.4)
2.6 (2.4-2.8)
1.2 (1.1-1.3)

1.1 (0.6-1.8)
2.3 (2.0-2.8)
1.2 (1.1-1.3)

0.359
0.055
0.238

11 (5-18)
719 (199-5997)
3.6 (3.2-10.6)
179.0 (101.2-810.8)
6.9 (3.9-17.1)
4.1 (3.0-4.9)

16 (10-22)
743 (399-1809)
4.1 (2.4-10.2)
294.1 (97.7-565.1)
7.2 (4.0-12.3)
3.4 (3.0-4.3)

0.651
0.577
0.910
0.734
0.203
0.547

4200 (3700-5700)
2406 (2075-3947)
12.0 (10.9-13.4)
25.9 (18.5-32.3)

2600 (2100-3200)
1665 (1430-2050)
11.7 (9.5-12.5)
15.2 (13.3-18.9)

0.012*
0.042*
0.035*
0.001*

a

n = 9, bn = 10
*P < 0.05
Data are described as median (interquartile range)
Ad: Adrenaline
NE: Norepinephrine
BP: Blood pressure
SLD: summed length diameter
CT: Computed tomography
TSH: Thyroid stimulating hormone
FDG: Fluorodeoxyglucose
Uad: Urine adrenaline
FT3: Free T3
Une: Urine norepinephrine
FT4: Free T4
VMA: Vanillylmandelic acid
HR: Heart rate
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Supplemental Table 2
Patients with PR or StaD (n = 9)
Before

After

Median (IQR)

Median (IQR)

P

Hemodynamic
Sys BP (mmHg)

116.0 (109.5-142.5)

115.0 (102.0-123.5)

0.164

Dia BP (mmHg)

80.0 (67.5-94.0)

70.0 (67.5-81.5)

0.250

HR (beats/min)

72.0 (63.0-92.0)

77.0 (68.5-83.0)

1.000

81.0 (27.0-278.0)

64.0 (26.0-216.0)

0.039*

Image parameters
SLD by CT (mm)
Number of regions

5 (2-17)

4 (2-16)

0.500

F-FDG score (0 to 5)

4.7 (3.4-4.9)

4.0 (2.3-4.9)

0.250

F-FDG mean SUVmax

3.4 (1.2-6.8)

2.3 (1.5-5.4)

0.312

TSH (μIU/ml) a

1.8 (0.4-2.5)

1.2 (0.7-2.5)

1.000

FT3 (pg/ml) a

2.6 (2.5-3.0)

2.7 (2.2-2.8)

0.406

FT4 (ng/dl) a

1.1 (1.1-1.2)

1.2 (1.1-1.3)

0.156

12.0 (5.3-22.8)

14.0 (8.5-20.0)

0.867

18
18

Thyroid function

Catecholamine
Ad (pg/ml) b
NE (pg/ml) b

1633.0 (292.5-5738.0)

717.0 (448.5-1549.0)

0.109

Uad (μg/day) c

3.4 (3.2-14.3)

2.7 (2.1-4.8)

0.219

Une (μg/day) c

224.3 (116.2-930.0)

294.1 (88.5-451.0)

0.219

VMA (mg/day) c

9.5 (4.7-23.6)

7.2 (3.8-9.8)

0.031*

HVA (mg/day) c

4.4 (3.7-5.1)

3.4 (2.7-4.0)

0.094

Complete blood counts
WBC (/μl)
Seg (/μl)

4200 (3300-5650)
2406.0 (1905.5-3768.5)

2600 (2000-3100)
1512.0 (1361.0-1878.0)

0.004*
0.012*

Hb (g/dl)

12.4 (11.2-13.9)

11.9 (10.3-12.6)

0.266

PLT (×104/μl)

30.4 (19.5-33.6)

16.9 (14.2-20.7)

0.004*

a

n = 6, bn = 8, cn = 7
*P < 0.05
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Supplemental Table 3
Evaluation of response by RECIST

Pt No.

Location of lesions

Sum of the longest
diameter (mm)
Before Tx

After Tx

Reduction
rate (%)

New lesions
After TX

Response
by
RECIST

1

Lung, Liver

279

171

39

None

PR

2

Pelvis

37

38

-3

None

StaD

3

Liver, Bone

49

46

6

None

StaD

4

Bone

17

11

35

None

PR

5

Lung, Liver, Abdominal
ymph node, Bone

388

198

49

None

PR

6

Abdominal lymph node,
Bone

229

234

-2

None

StaD

7

Liver, Bone

446

744

-67

Liver, Bone

PD

8

Lung, Abdomen, Bone

213

795

-134

Lung, Abdomen,
Liver, Bone, Others

PD

9

Abdominal lymph node,
Bone

277

270

3

None

StaD

10

Liver, Bone

81

64

21

None

StaD

11

Peritoneum

17

14

18

None

StaD
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Supplemental Table 4
Lesion-Based Analysis Related to Treatment Response Segment
Before

After

Median (IQR)

Median (IQR)

P

15.0 (10.0-22.0)

15.0 (10.0-23.0)

0.984

FDG score (1 to 5)

5.0 (4.0-5.0)

5 (3.0-5.0)

0.225

Mean SUVmax

4.1 (1.9-8.3)

4.3 (2.8-9.2)

0.243

16.0 (12.0-22.0)

11.0 (6.0-16.0)

< 0.001

FDG score (1 to 5)

5.0 (3.0-5.0)

4.0 (1.0-5.0)

< 0.001

Mean SUVmax

4.0 (2.6-5.4)

3.2 (1.0-4.3)

< 0.001

(A) Per-site (all patients) (n = 134 segments)
Tumor size by CT (mm)

(B) Per-site (patients with StaD) (n = 79 segments)
Tumor size by CT (mm)
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