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2.1            Introduction 

 Likely, most nuclear clinicians will naturally acknowledge that SPECT/CT is the 
best tool beside PET/CT to get an accurate individual dosimetry in internal radio-
therapy. But is it really needed? Often, internal radiotherapies are performed without 
any real individual dosimetry assessment. So why should we use the state-of-the-art 
SPECT/CT system? 

 This practice is linked with two wrong beliefs commonly spread in the nuclear 
medicine community: increasing the tumour’s absorbed dose a little bit can just 
improve a little bit the patient outcome and the effi cacy of external photon beam 
radiotherapy improved because the irradiation devices improved, so our only option 
is also to improve our tumour tracers. 

 The fi rst belief comes from the way we are used to assess the effi cacy of internal 
radiotherapies, i.e. by measuring the change in tumour size or in metabolism a few 
months after the therapy. And indeed, in this case, increasing a little bit the absorbed 
dose just increases a little bit the response, as early tissue (organ or tumour) toxicity 
is a smooth function of the absorbed dose [ 1 – 5 ]: killing a fraction of the tissue cells 
reduces the tissue metabolism by a similar fraction. 

 However, late tissue toxicity owns an absorbed dose threshold [ 6 – 8 ]: above a 
critical fraction of cells killed, the tissue will not be able to recover and will “die”. 
Decay, production of free radicals by ionisation, and hits of the radicals to the DNA 
are all random processes. The recovering capacity of a tissue depends on its state. 
As a result, the normal tissue complication probability (NTCP) and the tumour con-
trol probability (TCP) are not step functions but are quite steeply S-shape functions, 
i.e. going from 0 to 1 within a few Gy. In addition, the dosimetry of critical organs 
is highly patient dependent [ 1 ]. It is thus of paramount importance to give the 
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maximal activity to the patient that is still safe for him. Indeed, for some patients the 
resulting increase in the tumour-absorbed dose, even small, could be suffi cient to 
shift from a cancer relapse to a controlled disease. In external beam radiotherapy 
(EBRT) this feature is called the therapeutic window. Figure  2.1  illustrates this con-
cept applied to  90 Y-DOTATOC used in peptide receptor radiotherapy (PRRT). Even, 
if dosimetry assessments are not accurate enough to ensure being in narrow thera-
peutic windows, the maximal chance for the patient outcome is to be as close as 
possible to his individual therapeutic window.

   During the last decades, the effi cacy of EBRT and the sophistication of the devices 
used have increased together. From these points of view, the recent CyberKnife sys-
tem is really impressive [ 11 ]. In reality, there is no real innovation regarding the 
CyberKnife hardware (the knife part): it is the combination of a linear accelerator 
and of a standard industrial 6-axis robot used in car manufacturing, both existing 
for three decades. So why this system appeared only recently? The major benefi t 
of the CyberKnife is to allow decreasing the absorbed dose to the critical tissues by 
increasing the number of different beam paths crossing the patient body to target 
the tumour. This (the cyber part) required motion tracking and an accurate indi-
vidual treatment planning that uses state-of-the-art multimodality imaging [ 12 – 14 ] 
including elaborated Monte Carlo simulations of the absorbed dose spreading along 
the beam paths. This feasibility results from the continuous development of such 
 treatment planning assessment in EBRT during the last decades [ 15 ]. 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 2

m
ax

 tu
m

 d
os

i

m
ax

 k
id

 d
os

i
m

ed
 tu

m
 d

os
i m

ed
 k

id
 d

os
i

m
in

 k
id

 d
os

i

min tu
m dosi

4 6 8 10 12 14 16 18 20

W1 W2 W3

Total activity injected in four cycles [GBq]

D
C

P

N
T

C
P

  Fig. 2.1    Illustration of the therapeutic windows (TW) concept applied to  90 Y-DOTATOC PRRT. 
The disease control probability (DCP) and kidney NTCP were computed for their respective mini-
mum, median and maximum dosimetry measured by  86 Y-DOTATOC PET in the phase 1 clinical 
study using amino acid infusion [ 1 ,  9 ]. The curves were computed for a disease owning fi ve 
tumours, and the tissue radiation tolerance parameters were extracted from [ 6 ,  10 ]. For a patient 
owning both the median tumour and median kidney dosimetry, W3 is a good TW choice giving a 
probability of 90 % to be curative and of 10 % to get a late renal failure. If his tumour dosimetry is 
the maximal one observed, then W2 is a better choice avoiding any risk of late renal failure. 
A patient with the maximal kidney dosimetry observed can be cured only if he also owns the maxi-
mal tumour dosimetry observed ( W1 )       
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 Internal radiotherapy had the good fortune to begin with two pathologies 
 owning a large therapeutic window: the radio-synovectomy and the thyroid cancer 
 131 I radio-ablation. These two therapies were used with success by simply inject-
ing a standard activity. Sometimes, an early success durably formats the behav-
iours, and despite a lot of efforts spent during two decades, no such ideal 
radio-compound was found for the other cancers. For the patient’s benefi t and also 
for the long-term future of nuclear medicine, we have to push the available inter-
nal radiotherapies to their optimal effi ciency by performing an individual treat-
ment planning at the same quality level as that routinely performed in EBRT. Let 
it be emphasised that a dosimetry method displaying a good dose–toxicity corre-
lation on a patient’s sample is not suffi cient: As the goal is to inject to the patient 
the maximal activity that he can safely receive, the dosimetry has to be accurate 
on a patient per patient basis.  

2.2     SPECT Versus Planar 

 There are four effects which defi nitely disqualify the use of planar-based dosimetry 
in most of internal radiotherapies: (1) γ-rays attenuation-scatter, (2) tissues overlap-
ping, (3) multi-compartment organ and (4) heterogeneous organ uptake.
    1.    There is no way to accurately correct gamma rays attenuation in planar acquisi-

tion: use of conjugated planar views, even jointly with a planar transmission 
scan, is a crude approximation. This method is only valid for an infi nitely thin 
organ without any other activity overlapping. Use of a point scatter kernel to 
correct for the organ’s cross-contamination is hampered by the lack of informa-
tion about the activity depth distribution. This cross-contamination is very cum-
bersome regarding that biological half-life of the organs is different and that the 
critical organs can be located close to tissue owning higher activity, such as liver, 
spleen, tumour and bowels close to the kidneys in PRRT.   

   2.    The critical organs can partially or fully be overlapped by higher taking up tis-
sues. Often, this problem is casually considered, and several papers proposed 
patient dosimetry assessment based on planar views using correction method for 
the overlapping tissues. But to our knowledge only one [ 16 ] presented a valida-
tion on phantoms, which should be done for all proposed methods. However, 
these phantoms were simple: no full overlap, identical effective half-life for the 
different tissues, and no appearing and disappearing activities (bowel in PRRT). 
Let it be emphasised that such overlap correction methods have to accurately 
work for the worst patient case to whom it is not ethically defendable to tell that 
we cannot do an accurate treatment planning, because we chose to not use the 
best tool. 

 Sandström et al. [ 17 ] compared the absorbed dose assessed from conjugate 
planar views and SPECT/CT in 24 patients imaged 1, 24, 96 and 168 h post-
177 Lu- DOTATATE therapy. Both modalities were corrected for attenuation: a 
 57 Co transmission scan was performed with the planar modality for this purpose. 
The planar view to SPECT total kidney absorbed dose ratio ranged from 0.8 to 
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5.4: 6 patients out of 24 had a relative deviation higher than 40 %. This clearly 
disqualifi es planar imaging in PRRT pre-therapy planning. Garkavij et al. [ 18 ] 
observed the same problem, in 16 patients also treated with  177 Lu-DOTATATE, 
although with a lower maximal planar view to SPECT total kidney absorbed 
dose ratio: 1.8. The reason explaining this huge discrepancy between planar and 
SPECT-based dosimetry, in both studies, originated from signifi cant radioactiv-
ity overlap as illustrated in Fig.  2.2 . In an older  90 Y-DOTATOC study, Valkema 
et al. reported that organs overlapping preventing accurate planar dosimetry 
assessment occurred in 6 out of 43 patients [ 19 ].

       3.    Some critical organs own several compartments displaying different uptakes, 
biological washouts and radiosensitivities. For example, in PRRT, the renal cor-
tex and medulla represent about 70 and 30 % of the kidney activity, respectively 
[ 20 ]. The critical tissue, i.e. the glomerular, is located into the cortex. The 
medulla to cortex S-factor is about one fourth of that from the cortex to the cor-
tex [ 21 ]. The volume, uptake and biological washout of these compartments are 
also patient dependent [ 1 ,  22 ]. These three points require separately assessing the 
number of decays occurring in the medulla and in the renal cortex, which cannot 
be done in planar view.   

   4.    Even if the organ has a homogeneous radiosensitivity, i.e. the spatial variations 
of the radiosensitivity are smaller than the ionising particle range, such as the 
liver in  90 Y-radioembolisation, assessing the intra-organ absorbed dose distribu-
tion is still needed. Indeed, studies have shown that the NTCP does not depend 
only on the mean organ absorbed dose but also on its distribution [ 23 ,  24 ]. NTCP 
can be calculated using the equivalent uniform dose (EUD) formalism that 
accounts for the absorbed dose distribution [ 10 ]. For homogeneous density 
organs, the EUD can be computed based on a fast convolution of the SPECT 
image by a dose deposition kernel, preferably deconvolved by the SPECT  system 
spatial resolution [ 25 ].     

  Fig. 2.2    Two images illustrating an imaging situation that results in an overestimated absorbed 
dose to the kidneys. The activity uptake in the contents of the intestine that overlaps the kidney in 
the planar image (as indicated by  dashed lines ) contributes to the absorbed dose, which is not the 
case in the single-photon emission computed tomography image. Note that the overlapping activ-
ity is diffi cult to detect in the planar images (Reprinted from Garkavij et al. [ 18 ] with permission 
of John Wiley and Sons)       
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 Lastly, the argument, which is still sometimes advanced nowadays [ 16 ], that 
planar views have to be used because SPECT is too much time consuming is not 
relevant. Irradiating a patient from the inside is a medical act as serious as irradiat-
ing him from the outside and should be done in the same sophisticated way.  

2.3     SPECT/CT Versus SPECT 

 Hybrid SPECT/CT system allows a better co-registration accuracy of the two 
modalities than that obtain by trying to acquire the patient with exactly the same 
geometry in two different systems or than to use delicate nonrigid fusion. This 
favourably impacts the activity quantifi cation. Regarding dosimetry assessment, 
this also helps to link the activity observed to the tissue owning it. 

 Activity quantifi cation requires the knowledge of the patient attenuation map. 
SPECT systems equipped with a gamma ray transmission source are rare. The 
attenuation map can be derived from the CT Hounsfi eld values using appropriate 
rescaling [ 26 ]. The issue regarding the additional irradiation received by the patient 
from the CT performed at the different SPECT time points needed to assess the 
pharmacokinetics is purely philosophical regarding the four higher order of magni-
tude of the absorbed dose received during the therapy. 

 Recent literature review showed that SPECT/CT performed better in absolute 
quantifi cation than conventional SPECT system [ 27 ]. On acquisitions of a torso 
phantom, Shcherbinin et al. [ 28 ] reported errors between 3 and 5 % for the isotopes 
 99m Tc,  123 I,  131 I and  111 In. The phantom contained two sources centrally and peripher-
ally placed with no surrounding activity. For  99m Tc in a cardiac torso phantom, 
Vandervoort et al. [ 29 ] reported an error of 8 % in simulation and within 4 % for the 
acquisition. Both studies included attenuation, scatter and collimator PSF in the 
iterative reconstruction. 

 Willowson et al. [ 30 ] evaluated SPECT/CT quantifi cation for  99m Tc in phantoms 
and in patients. The acquisitions were fi rst corrected for scattering using a 
transmission- dependent scatter correction (TDSC) method developed on site and 
afterwards reconstructed with a commercial OSEM software. The scatter-corrected 
data, the associated reconstructed data and the co-registered attenuation map were 
then passed to an iterative Chang attenuation correction algorithm using the 
CT-derived attenuation correction map. Last, a dead-time correction was performed. 
In the torso phantom, the relative deviation of the total liver-specifi c activity assess-
ment was 2 %. Clinical evaluation in 12 lung ventilation/perfusion studies after 
injection of calibrated  99m Tc-MAA activity gave a relative deviation ranging from 
−7.4 to 3.7 % (mean absolute relative deviation of 2.6 %). 

 Beauregard et al. [ 31 ] evaluated a commercially available SPECT/CT system in 
quantitative  177 Lu imaging using the manufacturer’s iterative reconstruction algo-
rithm that included CT-based attenuation correction, scatter correction using a 
triple- energy acquisition window and collimator PSF. In addition, they added a 
camera sensitivity calibration function of the count rate in order to correct for the 
dead time. They performed seven acquisitions of a 20 cm diameter phantom with 
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background activity ranging from 0 to 1 GBq including two cylindrical active 
sources independently ranging from 0 to 0.7 GBq. The deviation activity ranged 
from −9.5 to 4.1 % and from −14.9 to 4.3 %, for the whole phantom and for the 
sources, respectively. The total body activity deviation on fi ve treated patients ver-
sus the injected activity (mean ± std activity = 8.9 ± 0.9 GBq) ranged from −4.9 to 
0.0 % with dead-time correction (from −15.2 to −10.2 % without). 

 Those studies show that SPECT/CT can be used for individualised dosimetry 
treatment planning. The maximal safe activity found to be injected can be reduce by 
10 % in order to account for the current quantifi cation accuracy. 

 Ahmadzadehfar et al. [ 32 ] evaluated the impact of  99m Tc-MAA SPECT/
CT on SIRT treatment planning and its added value to angiography in 90 stud-
ies performed on 76 patients. The accurate co-registration of the two modali-
ties obtained with a hybrid SPECT/CT system allows determining in a robust 
way which tissue corresponds to the activity observed (Fig.  2.3 ). Extrahepatic 
accumulation was detected by planar imaging, SPECT and SPECT/CT in 12, 
17 and 42 % of examinations, respectively. The sensitivity for detecting extra-
hepatic shunting with planar imaging, SPECT and SPECT/CT was 32, 41 and 
100 %, respectively, all with a specifi city higher than 93 %. They concluded that 
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  Fig. 2.3    Duodenal accumulation ( arrows ) in a patient with colorectal cancer, not defi nable on 
planar images: planar scan ( a ), SPECT/CT coronal view ( b ) and CT coronal view ( c ) (Reprinted 
from Ahmadzadehfar et al. [ 32 ] with permission of the Society of Nuclear Medicine)       
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 99m Tc-MAA SPECT/CT is valuable for identifying extrahepatic visceral sites at 
risk for p ostradioembolisation complications.

2.4        Choice of a Surrogate 

  90 Y is the major used radionuclide in internal radiotherapy which does not own any 
isotope having an appropriated half-life and emitting γ-rays that can be imaged by 
SPECT. The choice of the good SPECT surrogate is a crucial point which has not 
yet been suffi ciently investigated.  90 Y is mainly used in PRRT, radio-immunother-
apy and liver radioembolisation. 

 When introducing PRRT the community thought that tissues uptake should 
mainly depend on the peptide, perhaps a little bit on the chelator and marginally on 
the radionuclide which is confi ned in the chelator cage. Later, Reubi et al. showed 
that receptor affi nity for a same chelator-peptide also strongly depends on the 
labelled radionuclide [ 33 ], e.g. by a factor 2 when replacing Y by Ga in DOTATATE 
labelling. However, contrary to tumours, organ uptakes are not always only receptor 
dependent. For example, an important part of the  90 Y-DOTATOC kidney uptake is 
not receptor dependent and  111 In-DOTATOC-based dosimetry has shown a good 
correlation with kidney toxicity post-therapy [ 6 ]. 

 However, this shows that the choice of a radionuclide surrogate for individual-
ised treatment planning in PRRT requires an initial validation proving identical 
pharmacokinetics along a patient per patient basis. Such studies in PRRT are still 
lacking. This validation can be performed by imaging the  90 Y therapy by brems-
strahlung SPECT or by PET imaging of the compound labelled with  86 Y [ 34 ], how-
ever, both modalities requiring state-of-the-art correction methods. 

 In radio-immunotherapy, Minarik et al. [ 35 ] compared in three patients the 
absorbed doses obtained from a pre-therapeutic 300 MBq  111 In-ibritumomab 
SPECT/CT to those obtained post- 90 Y-ibritumomab therapy by bremsstrahlung 
SPECT/CT using corrections developed on site (see Bremsstrahlung SPECT/CT 
chapter). The absolute relative differences between absorbed dose computed from 
 111 In and  90 Y SPECT/CT were 8.8 ± 13.7 and 8.9 ± 4.0 (mean ± std in %), for the liver 
and kidneys, respectively. This supports considering  111 In as a surrogate of  90 Y in 
radio-immunotherapy. Compared to peptides, the active site in antibodies is located 
farther from the radionuclide which likely reduces its impact. However, a validation 
on a larger patient series is still needed. 

 For  90 Y-loaded glass microspheres, Chiesa et al. [ 24 ] performed in 35 patients a 
co-registering of the  99m Tc-MAA SPECT with the  90 Y bremsstrahlung SPECT. In the 
29 patients treated with the same intentional catheter positioning that in the pre- 
therapeutic study, the biodistribution was markedly different between the two 
modalities in two patients (7 %) and seems only attributable to the different physical 
properties of microspheres and MAA. 

 For  90 Y resin microspheres, Jiang et al. [ 36 ] conducted an interesting study in 81 
paired  99m Tc-MAA and  90 Y bremsstrahlung SPECT performed in 75 patients, the 
catheter being intended to be set in the same position in the two radioembolisations 
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using angiography. They observed a segmental perfusion difference (SPD) between 
the two SPECT modalities in 31 patients. Analysing the position of the catheter tip 
on the two angiograms performed, they noted that 24 SPDs correspond to a different 
tip position between the two radioembolisations; 2 SPDs occurred with the same tip 
position but close to an arterial bifurcation or close to a small branch (Fig.  2.4 ). 
However, in 5 SPDs no particular specifi city was evidenced besides the physical 
properties of the particles.

   These two studies suggest that  99m Tc-MAA is not appropriate for individual 
dosimetry treatment planning in liver radioembolisation. Regarding also the chal-
lenge to identically repeat the two catheterisations, especially when the tip has to 
be set close to a bifurcation or a small branch, the future could be in tracking the 
microspheres’ deposition during the catheterisation (see Bremsstrahlung SPECT 
chapter).  

2.5     SPECT/CT-Based Dose-Response Studies 

 Garin et al. [ 7 ] performed a dose-response retrospective study in 36 patients for HCC 
treated with  90 Y-loaded glass microspheres. The absorbed doses to liver and tumours 
were assessed using the  99m Tc-MAA SPECT/CT performed within 1–2 weeks before 
the therapy and iteratively reconstructed with attenuation and with dual-energy win-
dows scatter correction. The catheter line was counted after therapy in order to esti-
mate the actual injected activity. The planned absorbed dose to the targeted liver 
volume was 120 Gy based on the MAA, without exceeding 30 Gy for the lungs. 
Compared to the planning only using the lung shunt and the targeted liver volume, 
this dose assessment allowed increasing the injected activity in four patients own-
ing large lesions. Mean absorbed doses for nonresponding and responding tumours 
were 124 ± 63 Gy and 328 ± 107 Gy, respectively. The 30-month overall survival evi-
denced a 205 Gy tumour-absorbed dose responding threshold (Fig.  2.5 ).

   Chiesa et al. [ 37 ,  38 ] retrospectively analysed treatment with  90 Y-loaded glass 
microspheres in 52 patients (36, 7 and 9 Child–Pugh A5, A6 and B7, respectively). 
Voxel dosimetry was computed from the  99m Tc-MAA SPECT performed within 
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  Fig. 2.4    Summary of results from [ 36 ] that analysed in the angiograms the catheter tip position 
in paired studies showing a segmental perfusion difference (SPD) between  99m Tc-MAA and  90 Y 
SPECT, i.e. 31 out of 81 resin microspheres radioembolisations       
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3–4 weeks before the therapy and corrected for attenuation using CT co-registra-
tion. All the administrations were lobar, aiming to deliver a mean absorbed dose of 
120 Gy to the target lobe including tumour based on the lobe mass measured on CT. 
There was an overlap in the absorbed doses of the nonresponding tumours 
(0 → 500 Gy) and of the responding tumours (250 → 1,500 Gy). 

 Strigari et al. [ 8 ] retrospectively analysed HCC treatment with  90 Y-resin micro-
spheres in 73 patients. The administered activity was determined using the BSA 
method. Entire liver was treated in 35 patients; a right and left lobar approach was 
used in 35 and 3 patients, respectively. The liver and tumour dosimetry was assessed 
on the fusion of the pre-therapeutic  99m Tc-MAA SPECT with a CT using a dedicated 
software. An elliptical constant attenuation map was used in the SPECT reconstruc-
tion with an effective attenuation coeffi cient of 0.11 cm −1  to account for the scatter. 
The TCP fi t, based on RECIST or EASL criteria, showed that two different radio- 
resistant tumour populations coexisted: 60 and 40 % of the tumours had a TD 50  
around a BED of 50 and 130 Gy, respectively. Complete response was observed in 
all tumours above BED = 200 Gy (AD = 145). 

 This much higher threshold for tumour response observed in liver- 
radioembolisation studies compared to the traditional 40 Gy observed in EBRT is 
partly explained by the fact that in internal therapy due to the beta range, the outer 
shell of the tumour receives about half of the mean absorbed.  

2.6     SPECT/CT-Based Dose–Toxicity Studies 

 In the study [ 8 ] summarised here above, Strigari et al. measured a median liver dose 
of 36 Gy ranging from 6 to 78 Gy. 58, 13 and 2 patients were classifi ed Child–Pugh 
A, B and C, respectively. The liver was considered as a purely parallel organ ( n  = 1 
in the Lyman–Burman Kutcher model). Liver BED was computed with α/β = 2.5 Gy 
and using 2.5 h for the sublethal damage repair half-time. The common terminology 
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criteria for adverse events (version 4 National Cancer Institute, Cancer Therapy 
Evaluation Program) were used to qualify late liver toxicity (4.5 months follow-up). 
Figure  2.6  shows the liver toxicity–dose relationship considering grades ≥2 as liver 
toxicity threshold, i.e. at least severe or medically signifi cant.

   In the study [ 37 ,  38 ] summarised in the previous section, Chiesa et al. assessed 
the liver toxicity as the occurrence, during the fi rst 6 months after therapy, of any of 
the following: clinically detectable ascites, hepatic encephalopathy, bleeding from 
oesophageal varices, total bilirubin >3 mg/dL and prothrombin time INR (interna-
tional normalised ratio) >2.2. Figure  2.7a  shows that the NCTP strongly depends on 
the Child–Pugh status. Figure  2.7b  shows that for Child–Pugh A, the NCTP 50  
occurred around AD = 100 Gy, twofold higher than the AD = 50 Gy observed by 
Strigari et al. (Fig.  2.6 ).

   For the time being, this difference in hepatic toxicity cannot be explained only by 
the much less number of glass microspheres per GBq compared to that of resin 
microspheres. Gulec et al. [ 39 ] performed micro-dosimetry computation by Monte 
Carlo in a realistic liver model for a mean liver absorbed dose of 64 Gy. As shown 
in Table  2.1 , in therapeutic condition, glass microspheres deliver in all hepatic tis-
sues an absorbed dose signifi cantly higher than that delivered by resin microspheres 
or by 40 Gy-EBRT. The central vein being the tissue located at the farthest distance 
to the microspheres, no other hepatic tissue can receive a lower dose. The under-
standing issues of lower glass microspheres toxicity remain open.

   Smits et al. [ 40 ] conducted a phase 1 dose-escalation study in  166 Ho liver radio-
embolisation with a state-of-the-art design. Six, 3, 3 and 3 patients received activi-
ties in order to get a whole-liver absorbed dose of 20, 40, 60 and 80 Gy, respectively, 
calculated assuming a homogeneous distribution of the activity in the whole liver, 
i.e. neglecting the tumour liver burden. After coil embolisation of undesirable artery 
branch,  99m Tc-MAA were injected and followed by a SPECT or SPECT/CT imag-
ing. Within 2 weeks a second angiography was performed with injection of a 
250 MBq scout activity of  166 Ho microspheres following by a SPECT or SPECT/CT 
imaging. The same day a third angiography was performed with injection of the 
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therapeutic  166 Ho microspheres activity. Both  166 Ho radioembolisations intended the 
same catheter positioning than that in the  99m Tc-MAA one. SPECT or SPECT/CT 
and MRI imaging were performed 3–5 days post-therapy. In all patients the three 
SPECT modalities showed similar patterns of the presence or absence of extrahe-
patic deposition of activity. Regarding the adverse events, the authors concluded 
that  166 Ho radioembolisation with a whole-liver dose of 60 Gy is feasible. 

 Unfortunately, in addition to the limited patients series, for the time being the 
authors reported the adverse events and the tumours responses only in function of the 
aimed absorbed dose. Reporting in function of the actual absorbed doses individually 
measured by the post-therapy,  166 Ho SPECT should scientifi cally be very valuable. 
Also, comparing the liver and tumours activity distribution between the three SPECT 

Child A5
Child A6
Child B7

0–60
0.0

0.2

0.4

0.6

0.8

1.0

60–1120

Mean absorbed dose to whole parenchyma excluding tumor (Gy)

Normal tissue complication probability

C
om

pl
ic

at
io

n 
pr

ob
ab

ili
ty

0.0

0.2

0–35 35–70

Mean absorbed to whole parenchyma excluding tumor (Gy)

Normal tissue complication probability
for basal Child Pugh A5

70–105 105–140

0.4

C
om

pl
ic

at
io

n 
pr

ob
ab

ili
ty

0.6

0.8

1.0

a

b

  Fig. 2.7    NTCP histogram in 
function of mean absorbed 
dose to the lobe excluding 
tumour for the different 
Child–Pugh populations 
(Reprinted from Chiesa et al. 
[ 37 ] with permission of 
Minerva Medica)       

   Table 2.1    Microscopic dosimetry in liver obtained from Monte Carlo simulations [ 39 ]   

 64Gy mean liver dose  Recommended therapy 

 AD (resin) 
[Gy] 

 AD (glass) 
[Gy] 

 AD (resin) 
[Gy] 

 AD (glass) 
[Gy] 

 Liver (excluding tumour)  64  64  40  120 
 Hepatic artery  188  58–339  118  110–645 
 Bile duct  112  58–171  71  110–326 
 Portal vein  109  58–167  69  110–318 
 Central vein  59  58  38  110 
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modalities with regard to the tip position, as performed by Jiang et al. [ 36 ] (see 
above), should allow to assess independently the impact of the physical properties of 
the particles and of the part of inevitable variability in catheterisation procedures.  

    Conclusions 

 SPECT/CT undoubtedly provided a much better accuracy for individual 
 dosimetry assessment than planar imaging. The reported activity quantifi cation 
accuracy is better than 10 %, defi nitely allowing the use of SPECT/CT for indi-
vidualised treatment planning. This implementation should signifi cantly improve 
the patient outcome. For some internal radiotherapies, a weakness of SPECT/CT 
is the need to use a radioisotope surrogate. The choice of this surrogate has to be 
carefully investigated in order to prove an identical pharmacokinetics on a patient 
per patient basis.     
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