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Myelosuppression may be the dose-limiting toxicity in peptide re-
ceptor radionuclide therapy (PRRT). The aim of this study was to

investigate the incidence, severity, and reversibility of long-term

hematotoxicity in a large cohort of patient undergoing PRRT with
177Lu-octreotate for metastatic neuroendocrine tumors. The impact
of potential risk factors, including initial cytopenia, advanced bone

metastatic disease, previous chemotherapy, and cumulative admin-

istered activity, and the protective effects of splenectomy were of
particular interest.Methods: A total of 632 PRRT courses were per-

formed in 203 patients with metastatic neuroendocrine tumors. A

mean activity of 7.9 GBq of 177Lu-octreotate was administered per

treatment cycle, with a goal of 4 courses at standard intervals of
3 mo. Hematologic parameters were determined before each treat-

ment course, at 2- to 4-wk intervals between the courses, 8–12 wk

after the last course of PRRT, and at 3-month intervals for further

follow-up. Toxicity was recorded with Common Terminology Criteria
for Adverse Events (version 3.0). Results: Myelodysplastic syn-

drome as a delayed adverse event was documented in 3 patients

(1.4%). Relevant but reversible hematotoxicity (grade 3 or 4) oc-
curred in 23 patients (11.3%) and 29 administrations (4.6%), with

leukopenia in 2.7% and thrombocytopenia in 1.7%. The mean time

to blood count recovery was 12 mo after the termination of PRRT

(range, 3–22 mo). The only preexisting factor that contributed to
hematotoxicity was initial cytopenia (P , 0.001). A high level of

cumulative administered activity (.29.6 GBq) was associated with

relevant leukopenia (P , 0.001). None of the patients with a history

of splenectomy developed grade 3 or 4 hematotoxicity, and sple-
nectomy was inversely associated with the incidence and degree of

leukopenia (P 5 0.02) and thrombocytopenia (P 5 0.03) Conclu-
sion: PRRT-induced myelosuppression is almost invariably revers-
ible and rarely requires clinical measures. Administered activity and

initial cytopenia are the only factors contributing to myelosuppres-

sion, whereas splenectomy may exert a protective effect.
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Peptide receptor radionuclide therapy (PRRT) with radiola-
beled somatostatin analogs is a highly effective systemic treatment
in patients with metastatic gastroenteropancreatic neuroendocrine
tumors (NETs) (1–9). Bone marrow suppression is regarded as one
of the most serious side effects after PRRT (10–13). Because of
the lower energy and the shorter tissue penetration of the emitted
b particles, treatment with 177Lu-labeled peptides may result in
a lower level of overall toxicity than PRRT with 90Y-labeled pep-
tides (14). However, there are only limited data regarding hema-
totoxicity after PRRT with 177Lu-octreotate and contributing risk
factors (2,15,16).
The aim of this retrospective study was to investigate the in-

cidence, severity, and reversibility of myelosuppression in a large
cohort of patients with metastatic gastroenteropancreatic NETs
treated with 177Lu-octreotate. The impact of potential risk factors,
including the presence of advanced bone metastatic disease, pre-
vious chemotherapy, and cumulative administered activity, was of
particular interest. The protective impact of splenectomy on the
development of hematotoxicity was also explored.

MATERIALS AND METHODS

A total of 203 consecutive patients treated with 177Lu-octreotate at

the Department of Nuclear Medicine in Bonn (93 men and 110 women;

age range, 34–89 y; mean age, 63 y) were included in the retrospective
analysis. PRRT has been part of standard care in Germany for several

years (17). Inclusion criteria for treatment with PRRT were histologi-
cally confirmed, unresectable, metastatic NET; sufficient tumor uptake,

that is, uptake greater than or equal to that of the liver on baseline re-
ceptor imaging; a glomerular filtration rate of greater than 30 mL/min/

1.73 m2; a white blood cell count of greater than or equal to 2,000/mm3;
a hemoglobin level of greater than or equal to 8 g/dL; and a platelet level

of greater than or equal to 75,000/mm3.Amild reduction in blood counts
at baseline was not an exclusion criterion. Seventy-two patients had

pancreatic NETs, and 131 patients had nonpancreatic gastroentero-
pancreatic NETs. All patients showed tumor progression before treat-

ment with 177Lu-octreotate. The study was performed in accordance
with theDeclaration ofHelsinki andwith national regulations. The local

committee on ethics approved this retrospective study, and all patients
signed written informed consent.

PRRT

PRRT was performed with a mean of 7.9 GBq (216 mCi) of 177Lu-
octreotate per treatment cycle, with the goal of 4 courses at standard

intervals of 3 mo (10–14 wk). 177Lu (IDB Holland) had a specific
activity in the approximate range of 100–160 GBq/mmol at the time

of administration. Peptide labeling (18,19) was performed such that an
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apparent specific activity of about 54 GBq/mmol (ratio of activity to

the total amount of peptide) was obtained. Nephroprotection was im-
plemented with standard amino acid coinfusion according to the Rot-

terdam protocol (15,20) (2.5% lysine and 2.5% arginine in 1 L of 0.9%
NaCl; rate of infusion, 250 mL/h). Hematologic parameters were de-

termined before each treatment course, at 2- to 4-wk intervals between
the courses, 8–12 wk after the last course of PRRT, and at 3-month

intervals for further follow-up. Toxicity was recorded with the Com-
mon Terminology Criteria for Adverse Events (CTCAE), version 3.0.

Statistical Analysis

The association of treatment-induced myelosuppression (grades 1–4)
with the baseline characteristics of the study population and the cu-

mulative administered activity was examined by applying nonpara-
metric tests for independent samples as well as multiple regression

analysis. The potential protective effect of splenectomy on the devel-

opment and degree of hematotoxicity was investigated both in the
whole patient cohort and in the subgroup of patients with pancreatic

NETs. The statistical software package SPSS (version 18.0; SPSS Inc.)
was used to analyze the data.

RESULTS

A total of 632 PRRT courses were performed in 203 patients
(median, 3 treatment courses per patient; cumulative administered
activity, 4.9–37.8 GBq). In 47 patients, treatment was stopped
after 1 (n 5 18) or 2 (n 5 29) cycles because of documented dis-
ease progression. The median follow-up period was 31 mo (95%
confidence interval, 20–71) from the start of PRRT. At the start of
treatment, 14 patients had leukopenia (11 grade 1 and 3 grade 2),

TABLE 1
Prevalence of Examined Factors and Percentage of Patients Developing Significant Toxicity

Patients with significant toxicity (n)

Variable Total patients (n) WBC PLT HB

Tumor origin
Pancreatic NET 72 5 (6.9) 4 (5.0) 4 (5.0)

Gastroenteropancreatic NET 122 7 (5.7) 5 (4.0) 3 (2.4)
Undetermined primary tumor 19 1 (5.2) 1 (5.2) 0 (0.0)

Hormonal activity 96 8 (10.4) 6 (6.2) 4 (4.2)

Chromogranin A level of .600 ng/mL 92 7 (7.6) 4 (4.3) 4 (4.3)
Advanced bone metastases* 21 2 (9.5) 0 (0.0) 2 (9.5)

Previous chemotherapy 54 4 (7.4) 4 (7.4) 2 (3.7)

GFR of ,60 mL/min/1.73 m2 35 4 (11.4) 3 (8.6) 2 (5.7)

Age of $70 y 56 2 (3.6) 2 (3.6) 2 (3.6)
Cumulative dose of .29.6 GBq (.800 mCi) 67 8 (11.9) 3 (4.5) 4 (6.0)

Reduction at baseline
WBC 14 4 (28.6)
PLT 37 5 (13.5)
HB 69 6 (8.7)

Splenectomy 16 0 (0.0) 0 (0.0) 0 (0.0)

*Advanced bone metastases were defined as multiple uncountable bone lesions.

WBC 5 white blood cells; PLT 5 platelets; HB 5 hemoglobin; GFR 5 glomerular filtration rate.
Data in parentheses are percentages.

TABLE 2
Univariate and Multivariate Analyses for Potential Risk Factors Associated with Hematotoxicity

Univariate analysis P value Multivariate analysis P value

Patient characteristic WBC PLT HB WBC PLT HB

Tumor origin 0.30 0.73 0.57
Hormonal activity 0.50 0.85 0.64
Chromogranin A level of .600 ng/mL 0.53 0.321 0.16
Advanced bone metastases 0.84 0.22 0.25
Previous chemotherapy 0.49 0.20 0.98
GFR of ,60 mL/min/1.73 m2 0.09 0.11 0.06
Age of $70 y 0.85 0.54 0.69
Cumulative dose of .29.6 GBq (.800 mCi) 0.01 0.93 0.10 ,0.001
Initial cytopenia ,0.001 ,0.001 ,0.001 ,0.001 ,0.001 ,0.001

Splenectomy 0.02 0.01 0.30 0.02 0.03

WBC 5 white blood cells; PLT 5 platelets; HB 5 hemoglobin; GFR 5 glomerular filtration rate.
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37 patients had thrombocytopenia (36 grade 1 and 1 grade 2), and
69 patients had anemia (60 grade 1, 8 grade 2, and 1 grade 3),
according to the CTCAE criteria. One patient received PRRT de-
spite having grade 3 anemia at baseline because of the lack of
treatment alternatives and progressing tumor disease.
Relevant hematotoxicity (grade 3 or 4) occurred 2–8 wk after

29 administrations (4.6%) or, expressed per patient, after at least 1
of the administrations in 23 patients (11.3%). Seventeen patients
showed a disturbance of only 1 hematologic cell line (leukopenia,
9; thrombocytopenia, 5; anemia, 3), whereas 6 patients showed
a significant reduction in 2 or all 3 investigated parameters. The
most frequently observed adverse event was leukopenia, occurring
after 17 administrations (2.7%); thrombocytopenia occurred after
11 administrations (1.7%), and anemia occurred after 7 adminis-
trations (1.1%) (Table 1).
In 8 patients and after 13 administrations, significant bone mar-

row impairment spontaneously resolved before the next scheduled
treatment course. Two patients required blood transfusion during 1
of their hospital stays, and 2 treatment cycles for 1 patient were
postponed for 3–4 wk to allow bone marrow recovery. PRRT was

discontinued in only 1 patient because of
aggravated preexisting anemia after the
first cycle. This patient had a history of 6
cycles of cisplatin–etoposide until 5 mo
before treatment. However, subsequent
chemotherapy with 5-fluorouracil–strepto-
zocin was applied 2 mo later and was well
tolerated, with no dose-limiting myelosup-
pression. In 10 patients, relevant myelo-
suppression was first observed after the
completion of the last intended therapy
cycle.
Blood values returned to the reference

ranges in all but 1 patient, who died 2 mo
after the first therapy cycle because of disease
progression. The mean time to complete
blood count recovery after the termination
of PRRT was 12 mo (range, 3–22 mo).
Among the baseline characteristics, a pre-
treatment reduction of hematologic param-
eters was the only factor associated with an

increased rate of hematotoxicity; this observation remained signif-
icant after multiple regression analysis (Table 2). A higher level of
cumulative activity was a contributing factor for leukopenia, as
shown in Figure 1, and patients who received cumulative doses of
less than or equal to 29.6 GBq (800 mCi) developed leukopenia
less frequently than patients who received doses of greater than
29.6 GBq (800 mCi) (P , 001) (Fig. 2). None of the other exam-
ined variables, including previous chemotherapy (6–18 mo before
PRRT), was associated with the incidence or degree of myelosup-
pression in our cohort (Table 2).
None of the 16 patients with a history of splenectomy developed

hematotoxicity of grade 3 or 4 (Table 3). Statistical analysis showed
that splenectomy was inversely associated with the incidence and
degree of leukopenia and thrombocytopenia (Fig. 3). Also, in the
subgroup of patients with pancreatic NETs (n 5 72), a history of
splenectomy was associated with less frequent hematotoxicity.
Myelodysplastic syndrome as a delayed adverse event, occur-

ring 14, 29, and 34 mo after the termination of PRRT, was doc-
umented in 3 patients (1.4%). None of the patients had any of the
examined risk factors or received a cumulative activity of greater
than 29.6 GBq. The patients were treated with supportive therapy
or chemotherapy, such as lenalidomide. One patient with myelo-
dysplastic syndrome developed acute myeloid leukemia 36 mo
after the last treatment cycle; this patient received induction
chemotherapy with idarubicin and cytosine arabinoside. None of
the patients had died from myelodysplastic syndrome by the time
this article was being prepared.

DISCUSSION

To avoid PRRT-induced bone marrow hypoplasia, a maximum
absorbed dose to the bone marrow of 2 Gy has been suggested
(20–22). Several models have been applied for bone marrow do-
simetry; these include bone marrow aspiration, calculating the
dose to the red marrow from the accumulated activity concentra-
tion in the blood, and the MIRD scheme. However, all of these
methods are associated with specific difficulties and have limited
precision. Furthermore, the high interindividual variability in he-
matologic alterations after the same absorbed dose to the red mar-
row makes bone marrow dosimetry in clinical practice less valuable

FIGURE 1. Association of cumulative administered activity and incidence of hematotoxicity after

each treatment cycle (n 5 632). Higher cumulative administered activity was a contributing factor

for leukopenia.

FIGURE 2. Incidence of significant hematotoxicity in patients receiving

cumulative administered activities of less than or equal to 29.6 GBq

(#800 mCi) and greater than 29.6 GBq (.800 mCi). HB 5 hemoglobin;

PLT 5 platelets; WBC 5 white blood cells.
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(23,24). In the present study, relevant hematotoxicity (CTCAE grade
3 or 4) occurred after 4.6% of administrations and in 11.3% of
patients. These results are in agreement with previously published
data reporting significant hematotoxicity in 3.6% of administra-
tions and 9.5% of 504 patients with metastatic gastroenteropancre-
atic NETs (2).
The results of this large retrospective analysis indicate the ac-

ceptable toxicity profile of PRRT (25–29), which compares favor-
ably with the reported toxicities of common chemotherapy regimens,
including 5-fluorouracil–streptozocin (20%–30% grade 3 or 4) and
sunitinib (.30% grade 3 or 4) for pancreatic NETs (30–33). Our
observations provide the first evidence for the minor clinical
relevance of hematotoxicity after high cumulative administered
activities of more than 29.6 GBq (800 mCi) of 177Lu-octreotate
(15,16). First, myelosuppression was almost invariably reversible
(202/203 patients), and although 5% of patients completed the treat-
ment with significant impairment in at least 1 of the hematologic
parameters, complete bone marrow recovery eventually occurred
during follow-up. Second, in only 1 individual in the entire cohort
did hematotoxicity (in this case, aggravation of preexisting anemia
in a patient previously treated with cisplatin–etoposide) lead to
discontinuation of treatment.
The only baseline predictor of significant hematotoxicity in the

present study was initial cytopenia. In contrast to other studies
(15,34), we observed no correlation between a history of previous
chemotherapy and the incidence of hematotoxicity (Table 2); this

finding may encourage the use of PRRT with 177Lu-octreotate in
groups of patients with generally fewer therapeutic options. Even
advanced bone metastases did not promote the risk of hematotox-
icity in our cohort (P . 0.2). This finding argues against the
suggested relative contraindication of advanced bone metastases
for PRRT in terms of toxicity and fits well with the excellent
response outcome reported earlier for this condition (35).
A high level of cumulative administered activity was associ-

ated with increases in the incidence and severity of leukopenia
(Fig. 1). This correlation was also observed with lower levels
of activity (cumulative doses of #29.6 GBq [#800 mCi]), in
which most treatments will range with currently used protocols
(2,15,16). We found no other report in the literature linking the
cumulative administered activity of 177Lu-octreotate to hemato-
toxicity. However, as stated before, hematotoxicity was rarely of
clinical relevance, even when high administered activities were
used.
The spleen is a major reservoir of blood cells and receives the

highest absorbed dose of all organs during PRRT, partly because
of the presence of somatostatin receptors on lymphocytes (36,37).
This intensive radiation may damage blood cells accumulating in
the spleen and consequently reduce peripheral blood cell counts.
In the present study, splenectomy indeed was shown to have a pro-
tective effect against hematotoxicity (Fig. 3). To the best of our
knowledge, this is the first study to show the potentially beneficial
effect of this condition in patients undergoing PRRT.
In accordance with other studies (2,20,38), myelodysplastic syn-

drome was observed as a rare delayed side effect in 3 patients
(1.4%) and at least 14 mo after the termination of PRRT. Two
of the 3 patients were still alive at the end of the study (follow-
up: 32–56 mo). Considering the limited prognosis of patients with
advanced metastatic NETs, the low risk of this late side effect
should not represent a major argument against performing PRRT.
Selective targeting of B cells has been proposed to be the main

cause of lymphopenia after PRRT (39). Unfortunately, differential
blood counts were not available for our patients; therefore, alter-
ations in this subset of leukocytes could not be analyzed. However,
the main limitation of the present study was the retrospective
setting. Nevertheless, because of the general lack of prospective
studies in the field of PRRT, retrospective analyses of large cohorts
of patients may be regarded as the best available alternative.

CONCLUSION

The overall incidence of PRRT-induced myelosuppression was
acceptable, and this condition had a transient nature, even after
the use of high levels of cumulative administered activities (.29.6

GBq). Besides administered activity, initial
cytopenia was the only factor contributing
to myelosuppression, whereas splenectomy
may exert a protective effect. Contrary to
the findings of previous studies, we found
that advanced osseous metastatic disease
and previous chemotherapy did not increase
the rate of hematotoxicity and should not
preclude patients from receiving PRRT with
177Lu-octreotate.
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TABLE 3
PRRT-Induced Toxicities

Incidence

per patient

Incidence

per cycle

Relevant hematotoxicity No. % No. %

Leukopenia 13 6.4 17 2.7
Grade 3 12 5.9 16 2.5

Grade 4 1 0.5 1 0.2

Thrombocytopenia 10 4.9 11 1.7
Grade 3 5 2.5 6 0.9

Grade 4 5 2.5 5 0.8

Anemia 7 3.4 7 1.1

Grade 3 7 3.4 7 1.1
Grade 4 0 0 0 0

Total 23 11.3 29 4.6

According to CTCAE.

FIGURE 3. Incidence of hematotoxicity in patients with and without history of splenectomy.

(A) Grade of leukopenia. (B) Grade of thrombocytopenia. Grades are shown on x-axes.
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