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Original Article
May bone-targeted radionuclide therapy overcome 
PRRT-refractory osseous disease in NET? A pilot  
report on 188Re-HEDP treatment in progressive  
bone metastases after 177Lu-octreotate
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Abstract: Bone metastases (BM) of gastroenteropancreatic neuroendocrine tumours (GEP-NET) can be effectively 
controlled by peptide receptor radionuclide therapy (PRRT). Eventually, however, BM may become refractory and 
determine survival. We aimed to assess the clinical benefit of bone-targeted radionuclide therapy (BTRT) in this sub-
group of patients failing PRRT. A small cohort of n=6 patients with progressive BM failing PRRT with 177Lu-octreotate 
(mean cumulative activity, 46.7 GBq) were treated with a total of 11 cycles BTRT using 2.6-3.3 GBq 188Re-HEDP per 
cycle and a median cumulative activity of 5.9 GBq. Pain palliation was quantified applying the visual analogue scale 
(VAS). The mean VAS decreased from 6.6 (range 5-8) to 3.7 (range 2-7). Five patients experienced partial resolution 
of bone pain (≥ 2 steps reduction on the VAS for at least 2 weeks) and one patient had no significant improvement. 
Flare phenomena occurred in 2 patients and lasted for 2-3 days. Tumor response consisted of stable disease in 2 
and progressive disease in 4 patients. No regression of bone metastases has been observed. The median overall 
survival was 5 months (range 2-9). Relevant myelosuppression (grade 3-4; self-limited with no interventions or hos-
pitalization), occurred 4-6 weeks post-treatment, and after 2 (18.1%) administrations or in 1 (16.7%) patient. No 
other relevant toxicities or treatment-related death was observed. 188Re-HEDP may be safely applied in patients with 
bone metastatic GEP-NET previously treated with 177Lu-octreotate. While acceptable pain relief may be expected, no 
tumor-regression or long-term disease stabilization with apparent survival benefit has been observed. This disputes 
the use of BTRT as salvage anti-tumor therapy in PRRT-refractory neuroendocrine bone metastases.
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Introduction 

Bone metastases (BM) are present in 8-15% of 
metastatic gastroenteropancreatic neuroendo-
crine tumours (GEP-NET), are frequently multi-
ple and may be associated with a poorer prog-
nosis [1-6]. They usually cause pain with a 
significant impact on quality of life [7]. PRRT is 
known to be a very effective systemic treat-
ment for metastatic GEP-NET [8]. Bone metas-
tases can be effectively controlled by PRRT 
with a 50% overall remission tendency after 
treatment with 177Lu-octreotate [9, 10]. Never- 
theless, a substantial number of patients with 
bone metastatic disease will experience dis-
ease progression after a period of remission or 

disease stabilization and standard pain pallia-
tion therapies are often inadequate [11-13]. 

It is well known, that bone-targeted radionu-
clide therapy (BTRT) with agents such as 89Sr, or 
radiolabelled bisphosphonates with 186Re, 
153Sm, or 188Re may be effective in bone meta-
static disease, predominantly in prostate and 
breast cancer patients [14-22]. However, there 
is no report - to the best of our knowledge - 
whether BTRT may be applied in refractory 
bone metastases in NET, especially in the sal-
vage setting after PRRT. This study aims to 
assess the safety and efficacy of BTRT with 
188Re-HEDP in a small cohort of GEP NET 
patients with bone metastases refractory to 
PRRT with 177Lu-octreotate.
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Table 1. Patients characteristics, administered therapeutic doses, response and survival

Patient  
(no)

Age/
Sex

Primary  
site Metastatic sites Tx prior to BTRT

Cumulative activ-
ity (GBq) VAS at 

base-
line

Best response
OS 

(mo)177Lu- 
octreotate

188Re-
HEDP

symp-
tomatc*

morpho-
logic

1 70/m GI bone, liver, LN, lung PRRT, CTx 32.4 2.8 5 partial PD 2

2 43/m P bone, liver, LN PRRT, CTx, RE, SSA, Surgery 51.8 3.2 6 partial PD 5

3 69/m GI bone, liver, LN, peritoenal PRRT, CTx, SSA, Radiation 40.4 6.0 7 no change PD 5

4 66/m P bone, liver, LN PRRT, CTx, SSA 96.7 6.4 7 partial SD 5

5 56/m GI bone, liver, lung PRRT, Surgery, RE 41.2 5.8 8 partial PD 4

6 49/w GI bone, liver, mesenterial PRRT, CTx, RE, SSA 29.6 7.8 7 partial SD 9
GI, gastrointestinal (non-pancreatic); P, pancreatic; LN, lymph nodes; Tx, therapies; BTRT, bone-targeted radionuclide therapy; PRRT, peptide receptor radionuclide therapy; 
CTx, chemotherapy; SSA, biotherapy with somatostatin analogues; SD, stable disease; PD, progressive disease; OS, overall survival; *observed symptomatic response con-
sisted of partial resolution (≥ 2 steps reduction on the VAS for at least 2 weeks) and no significant change.

Figure 1. Images of a patient with disseminated PRRT-refractory bone metastases. The absence of corresponding 
morphologic correlates for several osseous findings of 68Ga-DOTATOC PET (arrows) supports the implementation of 
functional somatostatin receptor imaging for a more accurate evaluation of bone metastases of NET. A: Maximum-
intensity-projection 68Ga-DOTATOC PET images (coronal view); B: Fused PET-CT (left) and corresponding CT images 
(right) of the same examination. 

Figure 2. Overall survival of the patient cohort (n=6) 
depicted by a Kaplan-Meier curve with a median OS 
of 5 months (range 2-9). 

Material and methods

Patients

Six patients (5 men, 1 women; age range, 43-70 
y) with well-differentiated GEP-NET (2 pancre-
atic NET, 4 non pancreatic NET) and advanced 
bone metastases who underwent BTRT with 
188Re-HEDP after failing previous PRRT with 
177Lu-octreotate were retrospectively investi-
gated. Before treatment with 188Re-HEDP, all 
patients had osseous tumor progression and 
uncontrolled bone pain despite other palliative 
treatments. Other prerequisites for the treat-
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ment with 188Re-HEDP were sufficient tumor 
uptake on conventional bone scintigraphy, pre-
served kidney function (i.e. a glomerular filtra-
tion rate of > 30 ml/min/1.73 m2) and bone 
marrow reserve (WBC count ≥ 2000/mm3, hae-
moglobin ≥ 8 g/dl, platelets ≥ 75000/mm3). 
Patients provided written informed consent for 
the scientific analysis of their data and the local 
ethics committee approved the study. 
Quantifying the bone pain, the mean Visual 
Analogue Scale (VAS) at baseline was 6.6 
(range 5-8). Apart from the bone metastases, 

metastatic sites included the liver in 6, the 
lymph nodes in 4, and other organs in 4 patients 
(Table 1). The mean cumulative activity of 
177Lu-octreotate was 48.7 GBq (range, 29.6-
96.7 GBq). PRRT was well tolerated in all of 
these patients with no significant toxicity. Other 
previous treatments were comprised of surgery 
(n=2), biotherapy (n=4), chemotherapy (n=5), 
locoregional treatment (n=3), and radiation 
(n=1). The mean interval between the previous 
systemic treatment and initiation of 188Re-HEDP 
therapy was 21 months (range 13-47). 

BTRT with 188Re-HEDP

The main intention of BTRT is mostly bone pain 
palliation; however, in our patients with pro-
gressive refractory bone metastatic disease, 
tumor control and a survival benefit was also 
intended. 188Re was preferred over other radio-
isotopes used in BTRT (e.g. 153Sm, 89Sr, 186Re, 
177Lu) due to the higher energy and thus longer 
penetration range of the emitted beta particles 
and based on the promising results of previous 
studies reporting survival improvement in 
patients who received repeated 188Re-HEDP 
injections [15, 23]. 188Re was obtained from an 
alumina-based 188W/188Re generator. 188Re- 

Figure 3. Intra-therapeutic 188Re-HEDP images of a patient with bone metastases of a rectal NET after the first (A) 
and second (B) BTRT cycle. The patient showed no morphologic or symptomatic response and died 5 months later. 

Figure 4. Intensity of bone pain before and after 
BTRT in each patient (n=6). 
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Figure 5. A: 68Ga-DOTATOC PET/CT images of a patient with initial response after PRRT (left) undergoing BTRT be-
cause of progressive and painful bone metastases (middle). The patient showed no morphologic response after 2 
BTRT cycles (right) and died 5 months later. Above: Maximum-intensity-projection PET images (coronal view), below: 
fused PET-CT images (selected lesion indicated by arrow). B: 99mTc-MDP whole body bone scan images of the same 
patient before (left) and after (right) BTRT showing new osseous lesions (progressive disease).
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Figure 6. Patient with metastatic P-NET and initial response to PRRT undergoing BTRT 
after showing progression of recurrent bone metastases under repeat PRRT. A: 177Lu-
octreotate therapy scans of the first (left) and last cycle (middle) of the initial PRRT, 
as well as the final cycle of the repeat PRRT (right). B: Maximum-intensity-projection 
68Ga-DOTATOC PET images before (left) and after (right) BTRT, showing a stable disease 
lasting for 5 months. 

HEDP was prepared according to the previously 
described method [14, 24, 25]. Treatme- 

nts were performed 
with a mean of 2.6-
3.3 GBq (70-90 mCi) 
188Re-HEDP per cycle. 
Repeat cycles were 
performed based on 
the clinical response 
and patient’s reque- 
st. The intervals bet- 
ween successive ad- 
ministrations of 188R- 
e-HEDP were approxi-
mately 8 weeks. Tab- 
le 1 shows the pati- 
ents characteristics 
and administered thr- 
apeutic doses. 

Assessment of out-
come and toxicity

To evaluate the res- 
ponse of bone metas-
tases, patients und- 
erwent a diagnostic 
whole-body 99mTc-M- 
DP bone scan 4 we- 
eks after the treat-
ment. Somatostatin 
receptor imaging (111I 
n-DTPA-octreotide or 
68Ga-DOTA-TOC) was 
also added for a more 
accurate evaluation 
(Figure 1). Response 
of BMs was deter-
mined in this study 
according to func-
tional M.D. Anderson 
criteria [26] and mod-
ified for the purpose 
of assessment in 
NET. Symptomatic re- 
sponse was assess- 
ed according to the 
change in the osse-
ous pain intensity 
quantified by the VAS. 
It was categorized 
into complete resolu-
tion, partial resolu-
tion (≥ 2 steps reduc-
tion on the VAS for at 

least 2 weeks), no significant change, and 
progression. 
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Hematological parameters were determined 
prior to each treatment course, in 2-4 weeks 
intervals between the courses, and 8-12 weeks 
after the last course of the treatment. 
Glomerular filtration rate was measured using a 
standardized 99mTc-DTPA blood clearance 
examination prior to each treatment course 
and in 3 monthly intervals after the last admin-
istration. Toxicity was recorded using the 
Common Terminology Criteria for Adverse 
Events v3.0 (CTCAE). 

Results

11 courses with 188Re-HEDP were performed in 
6 patients. Two patients received 1, three 
patients 2 cycles and one patient 3 cycles. The 
median activity was 5.9 GBq (range 2.8-7.8) 
and the median overall survival was 5 months 
(range 2-9). Figure 2 shows the Kaplan-Meier 
curve for overall survival in the study cohort.

Symptomatic and morphologic response

Rebound pain (flare phenomena) occurr- 
ed in 2 patients and lasted for 2-3 days. 
Clinically evident pain relief occurred within 1 
week in 5 patients (Table 1). No patient experi-
enced complete pain relief and 5 patients par-
tial resolution of metastatic bone pain. One 
patient had no significant symptomatic improve-
ment (Figure 3). The mean VAS decreased from 
6.6 (range 5-8) to 3.7 (range 2-7). Figure 4 illus-
trates the change of pain intensity following 

II), thrombocytopenia in 2 patients (1 grade I 
and 1 grade II), and leukopenia in 1 patient (1 
grade I and 0 grade II) according to CTCAE crite-
ria. Relevant hematotoxicity (grade III-IV) 
occurred 4-6 weeks post-treatment, observed 
after 2 (18.1%) administrations and in 1 (16.7%) 
patient. This patient developed isolated throm-
bocytopenia (grade III) after the first and com-
bined thrombocytopenia and anemia (both 
grade III) after the second treatment. Overall, 
there were 10 cases of anaemia, 8 cases of 
thrombocytopenia, and 5 cases of leukopenia 
(Table 2). In none of the patients, the observed 
myelosuppression necessitated any interven-
tions or hospitalization. No other relevant tox-
icities or treatment-related death was observed. 

Discussion

Our retrospective study indicates that radionu-
clide therapy with 188Re-HEDP may provide safe 
pain palliation for patients with bone metastat-
ic GEP-NET who previously received PRRT with 
177Lu-octreotate. However, we observed 1) no 
regression of bone metastases and 2) no obvi-
ous survival benefit in our small cohort, which 
disputes the use of BTRT as a salvage treat-
ment for PRRT-refractory bone metastases in 
NET patients.

Skeletal metastases may cause pain and 
decrease the quality of life. Standard pain pal-
liation therapies such as bisphosphonate are of 
limited benefit in the late stages of the disease, 

Table 2. Post-BTRT toxicities according to CTCAE v.3

Hematotoxicity
Incidence

per patient n (%) per cycle n (%)
Leukopenia 
    Grade 1 2 (33.3) 4 (36.4)
    Grade 2 1 (16.7) 1 (9.1)
    Grade 3 0 (0) 0 (0)
    Grade 4 0 (0) 0 (0)
Thrombocytopenia 
    Grade 1 3 (50.0) 4 (36.4)
    Grade 2 1 (16.7) 2 (18.2)
    Grade 3 1 (16.7) 2 (18.2)
    Grade 4 0 (0) 0 (0)
Anemia 
    Grade 1 5 (88.3) 7 (63.6)
    Grade 2 2 (33.3) 3 (27.3)
    Grade 3 1 (16.7) 1 (9.1)
    Grade 4 0 (0) 0 (0)

BTRT in each patient. This pain alleviation 
effect resulted in significant reduction of the 
required analgesic doses in 3 patients (≥ 
50% reduction in patients) lasting for a mean 
of 3 months (range, 1-4 mo) from completion 
of 188Re-HEDP therapy. 2 patients showed ≥ 
2 steps decrease of pain levels in the VAS but 
no decrease in analgesic consumption. 
Morphologic response consisted of stable 
disease in 2 patients and progressive dis-
ease in 4 patients. Figures 5 and 6 show 
examples of patients with progressive and 
stable disease after BTRT. No morphologic 
regression of bone metastases has been 
observed (Table 1). Median overall survival of 
the entire cohort was 5 months (range, 2-9 
mo, Table 1).

Toxicity

Before the treatment, all patients had base-
line reductions of at least one blood cell line: 
Anemia in 6 patients (5 grade I and 1 grade 
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and extended-field radiation is often accompa-
nied by serious side effects [27-29]. Bone-
targeted radionuclide therapy with 188Re-HEDP 
has proved to be an effective therapeutic 
option in patients with bone metastatic pain 
from different malignancies with palliative 
response rate of 70-85% [14, 21, 22, 30-32]. 
Consistent with previous studies on patients 
with other tumor origins we achieved a signifi-
cant pain relief (≥ 2 steps reduction in VAS at 
least in two consecutive weeks without increase 
of analgesics intake) in 5 patients, lasting for a 
mean of 3 months. The incidence of flare syn-
drome (2 patients) was also in agreement to 
previous reports. 

Myelosuppression may be the dose-limiting 
factor for 188Re-HEDP therapy [14, 15, 21]. Also, 
it is known that PRRT may lead to relevant 
cumulative bone marrow doses and reduced 
bone marrow reserve [8, 33]. In our small study 
cohort on patients with previous history of 
PRRT with 177Lu-octreotate (mean cumulative 
activity: 46.7), undergoing dose-intensified 
188Re-HEDP therapy, significant but reversible 
hematotoxicity was the only serious adverse 
effect and observed in 1 patient. This accept-

able toxicity profile despite pretreatment with 
high applied total activities in our cohort dis-
putes a major impact of previous PRRT on the 
incidence and intensity of bone marrow sup-
pression in patients undergoing 188Re-HEDP 
therapy.

Repeated 188Re-HEDP therapy may improve 
survival in patients with prostate cancer and 
bone metastases [15]. Unfortunately, this form 
of BTRT with up to 3 cycles seemed to have no 
relevant impact on survival in our study. Two 
patients experienced disease stabilization with 
a short overall survival of 5 and 9 months. This 
outcome disputes the consideration of 
188Re-HEDP as a salvage therapy for controlling 
the progressive neuroendocrine bone metasta-
ses after failure of PRRT (Figure 7).

The main limitations of this study are the very 
small population size and the retrospective set-
ting, which restricts the conclusions to a pre-
liminary context. The observations made in this 
small series may thus only indicate a potential 
goal (bone pain palliation) of BTRT in neuroen-
docrine bone metastases and at the same time 
portray a limitation for patient management in 

Figure 7. Initial response to PRRT of the same patient as in Figure 6: A: 99mTc-MDP whole body bone scan images 
before PRRT. B: 111In-DTPA-octreotide images before (left) and after PRRT (right), above: planar images, below: fused 
SPECT-CT images. C: 68Ga-DOTATOC PET/CT images before (left) and after PRRT (right), above: maximum-intensity-
projection PET images (coronal view), below: fused PET-CT images.
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case this modality is considered as a salvage 
anti-proliferative treatment for refractory bone 
metastatic disease. 

Conclusion

This report on a small population indicates that 
bone-targeted radionuclide therapy with 
188Re-HEDP may be safely applied in patients 
with bone metastatic GEP-NET previously treat-
ed with 177Lu-octreotate and may produce 
acceptable pain relief. However, neither tumor-
regression or long-term disease stabilization 
nor an apparent survival benefit has been 
observed, disputing the use of this bone-target-
ed modality as a salvage therapy form in PRRT-
refractory neuroendocrine bone metastases.
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