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Hastalarda Renal Dozimetri ve 
Nefrotoksisite Değerlendirmesi

ABSTRACT
Objective
This study aimed to conduct dosimetry and evaluate renal toxicity based on calcu-
lated kidney doses and glomerular filtration rates (GFR) in 22 patients diagnosed 
with neuroendocrine tumors following the administration of 5550 MBq (150 mCi) 
of 177Lu-DOTATATE radiopharmaceutical. 

Materials and Methods
Patients, aged between 35 and 80, including 14 males and 8 females, underwent 
68Ga-DOTATATE PET/CT scans to identify lesions and subsequently received treat-
ment planning. Dosimetry of 177Lu-DOTATATE was performed using whole-body 
imaging based on scans acquired at 4, 24, 48, and 72 hours post-administration. 

Results
According to our results, the average number of treatment cycles was 5±1, with an 
average total kidney dose of 24.32±3.5 (Gy), average total BED dose of 27.9±2.5 
(Gy), average whole-body dose of 1.83±0.4 (Gy), and average GFR of 69.95±12.2. 
The correlation between kidney doses and GFR was calculated as R2=0.7945. The 
significance of the relationship between total kidney doses and total kidney BED 
doses was evaluated using the Mann-Whitney U test (p=0.0244). 

Conclusion
The study found that as the number of treatment cycles increased, the total kidney 
dose also increased; however, rapid declines in GFR were not observed, and none of 
the treated patients reached toxic doses in the kidneys.
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ÖZ
Amaç
Bu çalışmanın amacı, nöroendokrin tümör tanısı almış 22 
hastada, 5550 MBq (150 mCi) 177Lu-DOTATATE radyo- 
farmasötik uygulaması sonrasında hesaplanan böbrek doz- 
ları ve glomerüler filtrasyon hızlarına (GFR) dayalı olarak 
dozimetri yapmak ve renal toksisiteyi değerlendirmektir.

Gereç ve Yöntemler
Otuz beş ile 80 yaşları arasında, 14 erkek ve 8 kadından 
oluşan hastalar, lezyonları belirlemek için 68Ga-DO-
TATATE PET/CT taramaları geçirmiş ve ardından teda-
vi planlaması yapılmıştır. 177Lu-DOTATATE dozimetri-
si, uygulamadan sonraki 4, 24, 48 ve 72. saatlerde elde 
edilen taramalara dayalı olarak tüm vücut görüntüleme 
kullanılarak yapıldı.

Bulgular
Sonuçlarımıza göre, ortalama tedavi döngüsü sayısı 5±1, 
ortalama toplam böbrek dozu 24,32±3,5 (Gy), ortalama 
toplam BED dozu 27,9±2,5 (Gy), ortalama tüm vücut 
dozu 1,83±0,4 (Gy) ve ortalama GFR 69,95±12,2 olarak 
bulunmuştur. Böbrek dozları ile GFR arasındaki korelas-
yon R²=0,7945 olarak hesaplanmıştır. Toplam böbrek 
dozsları ile toplam böbrek BED dozları arasındaki ilişki-
nin anlamlılığı Mann-Whitney U testi kullanılarak değer-
lendirilmiştir (p=0,0244).

Sonuç
Çalışma, tedavi döngüsü sayısı arttıkça toplam böbrek 
dozunun da arttığını; ancak GFR'de hızlı düşüşlerin göz- 
lemlenmediğini ve tedavi edilen hastaların hiçbirinin 
böbreklerde toksik dozlara ulaşmadığını bulmuştur.

Anahtar Kelimeler
MIRD metodu, 68Ga DOTATATE, 177Lu DOTATATE, 
Nöroendokrin tümör, Radyonüklit dozimetri

INTRODUCTION
Peptide receptor radionuclide therapy (PRRT), utilizing 
177Lu-labeled DOTATATE with somatostatin analogs, 
stands out as an effective treatment method for neuroen-
docrine tumors (1). While generally well-tolerated, PRRT 
poses a critical consideration for dose tolerance in the kid-
neys due to the active reabsorption of the radionuclide-la-
beled somatostatin analog. It is acknowledged that, de-
pending on individual patient variations, the administered 
activity of 177Lu DOTATATE can reach toxic levels for the 
kidneys and bone marrow (2).

Three different dosimetric approaches are feasible in 
177Lu-labeled peptide therapies: organ dosimetry, bone 
marrow dosimetry, and lesion dosimetry. The fundamental 
basis for these dosimetric approaches typically involves 
the use of the Medical Internal Radiation Dose (MIRD) 
method (3). Through this method, predetermined doses 
to tumors, critical organs, and the whole body are estab-
lished, guiding treatment planning accordingly. Kidney 
dose is generally considered a crucial parameter in radio-
nuclide therapies. However, when evaluating renal toxici-
ty, considering both the absorbed dose to the kidneys and 
the Biological Effective Dose (BED) for the kidneys and 
the entire body becomes more meaningful. The renal ab-
sorbed dose tolerance is reported as 23 Gy in external beam 
therapies. Some studies have calculated BED by adapting 
a specific linear-quadratic model for radionuclide therapy. 
Moreover, for patients without risk factors for renal toxi- 
city, a safe renal absorbed dose limit of approximately 40 
Gy in 177Lu DOTATATE therapy has been determined, 
while for patients with specific risk factors, including hy-
pertension, diabetes mellitus, and impaired renal function, 
BED has been established as 28 Gy (4). Gupta and col-
leagues have reported that patients are affected to varying 
degrees based on renal function, with PRRT causing more 
toxic effects in patients with lower GFR (5). Through do-
simetric calculations, determining the precise therapeutic 
activity of 177Lu, comparing it with renal tolerance values, 
and ensuring that the administered activity remains below 
defined limits can be achieved.

The objective of this study is to conduct dosimetry in 
177Lu DOTATATE therapy, determine the relationship bet- 
ween absorbed dose and BED, and investigate the levels 
of GFR impact based on the administered 177Lu activity.

MATERIAL and METHODS
Ethical Approval: Ethical approval for this study was ob-
tained from the Istanbul University Cerrahpasa Faculty 
of Medicine Clinical Research Ethics Committee (Do- 
cument number: 83045809/604/5855). Twenty-two pa-
tients undergoing neuroendocrine tumor treatment at the 
Department of Nuclear Medicine, Cerrahpasa Faculty of 
Medicine, Istanbul University, were included in this study. 
The patients, consisting of 14 males and 8 females with 
ages ranging from 35 to 80 (mean age 67), underwent 
68Ga DOTATATE PET/CT imaging to identify lesions. 
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Treatment planning was conducted for these patients, and 
dosimetry was performed following the intravenous infu-
sion of 5550 MBq (150 mCi) of 177Lu DOTATATE. Prior 
to the commencement of the study, patients were informed 
about the diagnostic and treatment procedures, and written 
consent was obtained from each participant.

Scintigraphic Imaging: 68sGa DOTATATE PET/CT ima- 
ging was conducted using the Siemens Horizon Biograph 
PET/CT system. Image processing utilized the ordered 
subset expectation maximization (OSEM) reconstruction 
algorithm, including time-of-flight (TOF), scatter correc-
tion, attenuation correction, dead-time correction, random 
correction, and no post-reconstruction filtering. The re-
construction involved 16 subsets with 4 iterations, result-
ing in a voxel size of 4.1 × 4.1 × 3.0 mm³.

Whole-body imaging for 177Lu-DOTATATE was per-
formed at 4, 24, 48, and 72 hours post-administration us-
ing Siemens Symbia T16 SPECT/CT with medium-ener-
gy parallel-hole collimators and a 15% energy window. 
Organs of interest included kidneys, liver, spleen, bone 
marrow, and the rest of the body. Cumulative activities for 
all organs except bone marrow were calculated using an-
terior and posterior whole-body images acquired at 4, 24, 
48, and 72 hours post-injection. Region of interest (ROI) 
counts were utilized for cumulative activity calculations. 
To preserve the kidneys during treatments, a 4-hour amino 
acid infusion was initiated half an hour before the radio-
pharmaceutical injection.

Absorbed Dose Calculation
Absorbed doses were calculated using the Medical Inter-
nal Radiation Dosimetry (MIRD) method. Formula (1) 
was employed for absorbed dose (D) calculations (6, 7).

.................................(1)

Here, D(rT, TD) represents the absorbed dose, A(rS, t) is the 
cumulative activity of the radiopharmaceutical in tissue rS 
at time t, and S(rT ← rS, t) is the dose delivered from source 
organ rS to target organ rT during time t.

The total counts for the source organ in the scintigraphic 
images were determined using the geometric background 
subtraction method, as defined in MIRD Handbook No. 16 
(8).This formulation is expressed by equation (2).
 

............................................................(2)

Here, Ak is the cumulative activity, IA and IP are the anteri-
or and posterior counts, Fk is the 177Lu attenuation correc-
tion factor, μe is the linear attenuation coefficient, t is the 
time, C is the gamma camera calibration factor, fk is the 
posterior background counts.

In the MIRD formalism, the absorbed dose D (Gy) is 
defined as the product of the cumulated activity and 
the S-value. In the dosimetry of 177Lu-DOTATATE, le-
sion-based dosimetry is applied to calculate tumor doses. 
In lesion-based dosimetry, the cumulated activity is de-
termined according to the equation provided in Equation 
(2). The selection of the S-value depends on the mass of 
the lesion. Separate S-value tables have been established 
for male and female patients based on MIRD phantoms. 
Therefore, the appropriate S-value can be selected accor- 
ding to the patient’s sex and the mass of the lesion. For 
instance, the S-value for a 100-gram kidney in an adult 
male has been determined as 4.65 × 10-3 rad/μCi·hour (9).

Counts in ROIs were converted to activities by multipl- 
ying with the calibration factor. Absorbed doses in the 
target region were calculated according to the methodolo-
gy outlined in MIRD Handbook No. 20, using OLINDA/
EXM software (version 1.1) (10).

..............................................................(3)

Biological Effective Dose (BED): In accordance with the 
linear-quadratic (LQ) model, the effect of radiation (E) is 
expressed as the logarithm of the survival fraction (S). D 
represents the absorbed dose (10)

 .......................................................(4)

The effect is linearly related to the absorbed dose, and 
thus, the effect (E) in the LQ model is defined as BED.

...............................................(5)

Statistical Analysis
The Mann-Whitney U test was utilized for data evalua-
tion, with a significance level of P<0.05 considered sta-
tistically significant for the relationship between kidney 
absorbed doses and BED.

RESULTS
In this study, dosimetry of 177Lu DOTATATE was per-
formed on a total of 22 patients diagnosed with neuroen-
docrine tumors. The primary tumor origin in 64% of the 
patients was identified in the small intestine, 14% in the 
pancreas, 3% in the lungs, 4% in the colorectal region, 
and the origin could not be determined in the remaining 
cases. Ki indices ranged from 3% to 18% in two-thirds 
of the patients based on pathology results. The follow-up 
period for the patients undergoing dosimetry was 16-32 
weeks (mean 24.04±3.53), and treatments consisted of 3-7 
cycles (mean 5±1). GFR values were measured after the 
patients' most recent treatment cycle. Due to the substan-
tial tumor uptake of 177Lu DOTATATE, whole-body doses 
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were found to be low. Kidney absorbed doses were in the 
range of 21-29 Gy (mean 24.32±3.5) on average, given the 

renal pathway as the predominant excretion route for the 
radiopharmaceutical (Table I).

Metastatic neuroendocrine tumor-diagnosed patients were 
administered 177Lu DOTATATE after 68Ga DOTATATE 
PET/CT imaging. Images obtained from 68Ga DOTATATE 

and after 4 cycles of treatment for a 67-year-old male pa-
tient are depicted in Figure 1.

Table I. Kidney absorbed and BED doses, GFR values of patients followed in treatment

BED: Biological effective dose

Figure 1. Whole-body scintigraphy images of the patient acquired at 4, 24, 48, and 72 hours for dosimetry of the neuroendocrine tumor using 177Lu-DO-
TATATE. The patient has a large neuroendocrine tumor located in the mediastinal region. Regions of Interest (ROIs) drawn over the tumor where the 
radiopharmaceutical shows intense uptake as well as over both kidneys and the spleen, are visible.
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When BEDs were evaluated together with GFRs, it was 
determined that patients with lower BEDs had higher 

GFRs (Figure 3).

When total kidney doses were evaluated together with 
GFRs, it was determined that patients with lower kidney 

doses had higher GFRs (Figure 4).

When total absorbed kidney doses were examined toget- 
her with BED, it was observed that BEDs were approxi-

mately 14% higher than kidney doses in all patients 
(tole- rance dose) (Figure 2).

Figure 2. Comparison of absorbed kidney doses (in blue) with total biological equivalent doses (BED) (in red).

Figure 3. Comparison of total kidney BED dose (in blue) with kidney GFR values (in red).
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GFR >90 is considered normal, 60-89 is mild reduction, 
and 30-59 is moderate reduction. In our results, GFR was 
normal in 2 patients (9%), showed reduction in 4 patients 

(18%), and had a mild reduction in GFR in 16 patients 
(73%) (Figure 5).

Statistical evaluation
The significance between total kidney absorbed do- 
ses and total kidney BED doses was assessed using the 
Mann-Whitney U test, revealing a statistically significant 
difference at the p=0.0244 level.

DISCUSSION
In this study, dosimetry was performed on 22 patients re-
ceiving 3-7 cycles of 177Lu-DOTATE treatment, and it was 
observed that as the absorbed kidney dose increased, the 
kidney BED value also increased. Additionally, patients 
with lower kidney GFR values were found to have higher 
absorbed kidney doses. Whole-body absorbed doses va- 
ried among patients, a phenomenon that could be attribu- 

ted to differences in patients' biokinetics. The number of 
treatment cycles in our study did not show a significant 
relationship with GFR and kidney absorbed doses, whether 
in lower or higher ranges. Furthermore, a tolerance dose 
difference of approximately 14% was calculated between 
kidney BED and kidney absorbed dose (11).

Recent studies on 177Lu-DOTATATE PRRT dosimetry 
have demonstrated that at least three imaging time points 
are required to accurately evaluate the biological phases. 
The most commonly used imaging times are at 4–6 hours 
on the day of radiopharmaceutical administration, day 2, 
and day 7 (12, 13). However, some studies suggest that 
imaging at 4 hours and day 2 is sufficient for the dosimet-

Figure 4. Comparison of kidney absorbed doses (in blue) with kidney GFR values (in red).

Figure 5. Correlation between kidney absorbed doses and GFR values.
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ric calculation of radiopharmaceutical activity accumulated 
in the kidneys (14). Conversely, other researchers argue 
that this approach is not appropriate due to - variability in 
uptake (15). Therefore, for tumor imaging and obtaining 
reliable dosimetric data, at least two early and one late 
imaging time point are required.

On the other hand, some studies have reported that a single 
time point imaging at 24 hours is sufficient for 177Lu-DO-
TATATE PRRT dosimetry. In particular, this single imag-
ing time point has been considered reliable for estimating 
renal doses (16). The accuracy of single time point do-
simetry also depends on the precision of the time-activity 
curve. The trapezoidal integration method, which relies 
on linear interpolation between data points, is the most 
commonly used approach for constructing time-activity 
curves. However, a significant limitation of this method is 
the estimation of the integrated area before the first ima- 
ging time point and after the last imaging time point (17).

Sandstrom and colleagues conducted studies on three-di-
mensional imaging-based clinical applications for solid 
organs in 177Lu-DOTATE PRRT dosimetry (18). Ilan E. 
and colleagues emphasized the need for clinical studies 
on high dose limits for kidneys (19). In our study, we ob-
served the importance of performing pre-treatment dosim-
etry for kidneys in terms of kidney toxicity. Sundlov A. 
and colleagues stated that the BED value of 38 Gy and the 
kidney absorbed dose limit of 23 Gy were effective in de-
termining the number of cycles in multiple applied treat-
ments (13). In our study, the BED value did not exceed 38 
Gy in treatments ranging from 3 to 7 cycles.

Gustafsson J and colleagues, while expecting a longer re-
tention time for 177Lu in normal tissues in patients with 
low GFR values, observed that this did not happen. They 
indicated that the reasons for this were related to the meth-
od used and tumor and physiological factors. In this study, 
it was determined that patients with high kidney absorbed 
doses had lower GFR values, and there was a good cor-
relation between these two values. This authors reported 
that the kidney BED dose did not cause toxic effects up 
to 40 Gy and none of the patients included in this study 
exceeded a kidney BED value of 40 Gy (20, 21). Svens-
son and colleagues mentioned that in cases where kidney 
doses are high, lower GFR values are expected (4). In our 
study, we also observed lower GFR values when kidney 
dose values were high.

CONCLUSIONS 
Renal toxicity is a significant factor in the treatment of 
neuroendocrine tumors with 177Lu-DOTATE. In this 
study, although the total kidney dose and BED increased 
as the number of treatment cycles increased, rapid dec- 
reases in GFR were not observed, and none of the treated 
patients reached a toxic dose in their kidneys. It has been 
observed that performing dosimetry for each patient in the 
first treatment cycle is an important practice for evaluating 
renal toxicity and GFR in radionuclide treatments. There-
fore, the importance of performing dosimetry in the treat-
ment of neuroendocrine tumors with 177Lu-DOTATE and 
determining specific dose limits for the patient has been 
emphasized through this study.

Limitations of this study
The study is recommended to be conducted on a larger 
number of patients to ensure statistical reliability.
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