
Am J Nucl Med Mol Imaging 2017;7(4):148-156
www.ajnmmi.us /ISSN:2160-8407/ajnmmi0057817

Original Article
Quantitative analysis of 18F-NaF dynamic PET/CT  
cannot differentiate malignant from benign  
lesions in multiple myeloma

Christos Sachpekidis1,2, Jens Hillengass3, Hartmut Goldschmidt3,4, Hoda Anwar1, Uwe Haberkorn1,5, Antonia 
Dimitrakopoulou-Strauss1

1Clinical Cooperation Unit Nuclear Medicine, German Cancer Research Center (DKFZ), Heidelberg, Germany; 2De-
partment of Radiology, German Cancer Research Center (DKFZ), Heidelberg, Germany; 3Department of Internal 
Medicine V, University Hospital Heidelberg, Heidelberg, Germany; 4National Center for Tumor Diseases (NCT) Hei-
delberg, Heidelberg, Germany; 5Department of Nuclear Medicine, University of Heidelberg, Heidelberg, Germany

Received May 19, 2017; Accepted July 7, 2017; Epub September 1, 2017; Published September 15, 2017

Abstract: A renewed interest has been recently developed for the highly sensitive bone-seeking radiopharmaceuti-
cal 18F-NaF. Aim of the present study is to evaluate the potential utility of quantitative analysis of 18F-NaF dynamic 
PET/CT data in differentiating malignant from benign degenerative lesions in multiple myeloma (MM). 80 MM pa-
tients underwent whole-body PET/CT and dynamic PET/CT scanning of the pelvis with 18F-NaF. PET/CT data evalua-
tion was based on visual (qualitative) assessment, semi-quantitative (SUV) calculations, and absolute quantitative 
estimations after application of a 2-tissue compartment model and a non-compartmental approach leading to 
the extraction of fractal dimension (FD). In total 263 MM lesions were demonstrated on 18F-NaF PET/CT. Semi-
quantitative and quantitative evaluations were performed for 25 MM lesions as well as for 25 benign, degenerative 
and traumatic lesions. Mean SUVaverage for MM lesions was 11.9 and mean SUVmax was 23.2. Respectively, SUVaverage 
and SUVmax for degenerative lesions were 13.5 and 20.2. Kinetic analysis of 18F-NaF revealed the following mean 
values for MM lesions: K1 = 0.248 (1/min), k3 = 0.359 (1/min), influx (Ki) = 0.107 (1/min), FD = 1.382, while the 
respective values for degenerative lesions were: K1 = 0.169 (1/min), k3 = 0.422 (1/min), influx (Ki) = 0.095 (1/
min), FD = 1. 411. No statistically significant differences between MM and benign degenerative disease regard-
ing SUVaverage, SUVmax, K1, k3 and influx (Ki) were demonstrated. FD was significantly higher in degenerative than in 
malignant lesions. The present findings show that quantitative analysis of 18F-NaF PET data cannot differentiate 
malignant from benign degenerative lesions in MM patients, supporting previously published results, which reflect 
the limited role of 18F-NaF PET/CT in the diagnostic workup of MM.
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Introduction

A renewed interest has been developed in the 
last years for the bone-seeking radiopharma-
ceutical 18F-NaF, initially introduced in 1962 by 
Blau et al. [1]. The main reasons for this reemer-
gence are the wide availability nowadays of PET 
and PET/CT scanners, the capability to quantify 
tracer kinetics as well as the recent worldwide 
shortage of 99Mo/99mTc generators. 18F-NaF is 
considered a highly sensitive and reliable bio-
marker of bone reconstruction, with potential 
indications in a wide range of bone diseases 
[2-5]. The uptake of the tracer in bone occurs 
by chemisorption onto hydroxyapatite, followed 

by exchange with hydroxyl groups in the hydroxy-
apatite resulting in formation of fluoroapatite. 
The tracer accumulates in nearly all sites of in- 
creased new-bone formation, reflecting region-
al blood flow, osteoblastic activity and bone 
turnover [2, 6, 7].

Hawkins et al. developed a two-tissue compart-
ment model for 18F-NaF behavior, consisting of 
a vascular compartment, an unbound bone 
compartment and a bound bone mineral com-
partment [6]. Despite its limitations, this is  
considered the model that best describes the 
pharmacokinetics of 18F-NaF in a regional level 
and leads to the extraction of kinetic parame-
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ters, which depict specific molecular processes 
and cannot be obtained by routine static PET 
studies [6, 8-11]. Nevertheless, this approach 
requires dynamic PET imaging for at least 60 
minutes, rendering its application in everyday 
clinical practice difficult. The most widely used 
method for quantification of PET data is the cal-
culation of standardized uptake value (SUV), a 
semi-quantitative parameter whose calculation 
requires only static imaging when the tracer 
has reached equilibrium. SUV represents tissue 
activity within a region of interest (ROI) correct-
ed for injected activity and body weight.

The so far published data concerning the clini-
cal utility of 18F-NaF PET/CT in multiple myelo-
ma (MM) are limited. Some studies have sug-
gested 18F-NaF PET/CT as a potential valuable 
tool in the diagnostics of MM [12-16]. On the 
other hand, our group has shown that the per-
formance of 18F-NaF PET/CT in the diagnosis as 
well as treatment response evaluation of MM 
was rather limited [17, 18]. Similarly discourag-
ing were the results from two prospective stud-
ies from Ak et al. [19] and Bhutani et al. [20] 
regarding the complementary role of the modal-
ity in detecting MM lesions.

18F-NaF is not tumor specific, and both malig-
nant and non-malignant entities can exhibit 
increased tracer uptake [21]. In the present 
study we performed 18F-NaF PET/CT in patients 
with MM. Our aim was to evaluate the potential 
utility of semi-quantitative and quantitative 
analysis of 18F-NaF PET data in differentiating 
malignant from benign degenerative lesions in 
MM patients.

Materials and methods

Patients

The evaluation included 80 patients, 2 of them 
suffering from solitary plasmacytoma and 78  
of them suffering from MM based on the crite-
ria established by the International Myeloma 
Working Group (IMWG), valid at the time point 
of patient recruitment [22]. According to the 
Durie-Salmon staging system, 20 patients were 
suffering from stage I, 5 patients from stage II, 
and 53 patients from stage III MM. Sixty-seven 
patients had primary disease and had never 
received therapy for MM. Thirteen patients had 
recurrent disease, previously treated with che-
motherapy and/or radiotherapy. Their mean 

age was 59.8 years (range 38-82 years). The 
analysis was conducted in accordance to the 
declaration of Helsinki with approval of the ethi-
cal committee of the University of Heidelberg 
and the federal agency of radiation protection.

PET/CT data acquisition

All patients underwent 18F-NaF PET/CT. For rea-
sons of radiation protection the patients were 
intravenously administered with a maximum 
dosage of 250 MBq 18F-NaF. Data acquisition 
consisted of two parts: the dynamic part (PET/
CT studies of the lower lumbar spine and  
the pelvic skeleton) and the static part (whole 
body PET/CT). Dynamic PET/CT studies were 
performed for 60 minutes using a 24-frame 
protocol (10 frames of 30 seconds, 5 frames of 
60 seconds, 5 frames of 120 seconds and 4 
frames of 600 seconds). The use of lower abdo-
men and pevic region for the dynamic series is 
justified by the fact that this anatomic area is 
regularly used for diagnostic bone marrow biop-
sies. Additional whole body static images (skull 
to toes) were acquired in all patients with an 
image duration of 2 minutes per bed position 
for the emission scans. A dedicated PET/CT 
system (Biograph mCT, 128 S, Siemens Co., 
Erlangen, Germany) with an axial field of view of 
21.6 cm with TruePoint and TrueV, operated in 
a three-dimensional mode, was used for patient 
studies. A low-dose attenuation CT (120 kV, 30 
mA) was used for the attenuation correction of 
the dynamic emission PET data and for image 
fusion. A second low-dose CT (120 kV, 30 mA) 
was performed after the end of the dynamic 
series covering the area from the skull to the 
toes in order to avoid patient movement after 
the dynamic series. The last images (55-60 
minutes post-injection) were used for semi-
quantitative analysis. All PET images were at- 
tenuation-corrected and an image matrix of 
400 × 400 pixels was used for iterative image 
reconstruction. Iterative images reconstruction 
was based on the ordered subset expectation 
maximization algorithm (OSEM) with 6 itera-
tions and 12 subsets.

PET/CT data analysis

Data analysis was based on: visual (qualitative) 
analysis, semi-quantitative evaluation based 
on SUV calculations, and quantitative analysis 
of the 18F-NaF PET/CT scans. In qualitative 
analysis 18F-NaF avid lesions were classified as 
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MM and degenerative, based on the results of 
the underlying low-dose CT and the 18F-FDG 
PET/CT performed one day before, which se- 
rved as reference. Briefly, only those 18F-NaF 
positive skeletal lesions that corresponded to 
lytic lesions on CT or to respective 18F-FDG pos-
itive skeletal lesions, for which another benign 
aetiology was excluded, were considered MM- 
indicative [17, 18]. Lesions were characterized 
as benign degenerative if the increased 18F-
NaF uptake corresponded to sites adjacent to 
joint, osteophytes, facet joints or vertebral 
endplates.

Semi-quantitative evaluation was based on vol-
umes of interest (VOIs) and on subsequent cal-
culation of SUVs. VOIs were drawn with an iso-
contour mode (pseudo-snake) and were plac- 
ed over MM lesions and benign degenerative 
lesions of the pelvis [23]. The SUVs 55 to 60 
minutes post-injection served for the quantifi-
cation of tracer data.

Quantitative evaluation of the dynamic 18F-NaF 
PET/CT data derived from MM lesions and 

and the fraction of the tracer that undergoes 
specific binding to the bone mineral (k3 · (k2 + 
k3)

-1). Influx rate reflects the net clearance of 
18F-NaF to the bone mineral compartment and, 
presumably, represents bone remodelling rate 
[2, 9, 28].

Besides compartment analysis, a non-com-
partment model was used to calculate the frac-
tal dimension (FD). In short terms, this model 
measures the complexity of a dimensional 
structure by calculating its FD based on the box 
counting method. The idea is to subdivide the 
area into a number of square boxes and count 
the number of boxes containing some of the 
structure. FD is a parameter of heterogeneity 
calculated for the time activity data in each 
individual voxel of a VOI. Therefore, time-activi-
ty data were handled like images. The values of 
FD vary from 0 to 2 showing the more deter- 
ministic or chaotic distribution of the tracer 
activity; increased FD is indicative of a more 
chaotic distribution of a tracer. A subdivision  
of 7 × 7 and a maximal SUV of 20 were appli- 
ed for the calculation of FD. No input function  
is needed for the fractal dimension model [29]. 

Figure 1. Schematic representation of the two-tissue compartment model 
for 18F-NaF. The parameters K1 and k2 describe the fluoride ions’ clearance 
from plasma to the extravascular compartment, while k3 and k4 represent 
the uptake and release from the bone mineral compartment. Influx rate Ki = 
K1 · k3 · (k2 + k3)

-1 is a function of both K1 that reflects fluoride ions’ exchange 
with hydroxyl groups of hydroxyapatite crystal of bone, and the fraction of the 
tracer that undergoes specific binding to the bone mineral (k3 · (k2 + k3)

-1) due 
to the formation of fluoroapatite, and presumably represents bone remodel-
ling rate. Cplasma represents the 18F-NaF concentration in plasma, C1 repre-
sents the 18F-NaF concentration in extravascular space, and C2 the tracer 
concentration in bone mineral compartment.

degenerative lesions was  
performed using a dedicated 
software and based on a two-
tissue compartment model, 
with methods already report-
ed in the literature and per-
formed previously from our 
group [17, 18, 24-27]. The 
two-tissue compartment mo- 
del consists of a vascular 
compartment, an extravascu-
lar bone compartment, and a 
bone mineral compartment. 
Two-tissue compartment mo- 
delling leads to the extrac- 
tion of the kinetic parameters 
K1, k2, k3 and k4 as well as 
influx (Ki). The rate constants 
K1 and k2 describe the for-
ward and reverse transport  
of the tracer from plasma to 
the extravascular component, 
while k3 and k4 represent the 
incorporation into and the 
release from the bone mine- 
ral compartment (Figure 1). 
Influx rate Ki = K1 · k3 · (k2 + 
k3)

-1 is a function of both K1 
that reflects bone blood flow, 
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Statistical analysis

Data were statistically evaluated using the 
STATA/SE 12.1 (StataCorp) software on an Intel 
Core (2 · 3.06 GHz, 4 GB RAM) running with Mac 
OS X 10.8.4 (Apple Inc., Cupertino, CA, USA). 
The statistical evaluation was performed using 
descriptive statistics, box plots, Wilcoxon rank-
sum test and Spearman’s rank correlation anal-
ysis. The results were considered significant for 
p value less than 0.05 (P < 0.05). 

Results

Whole body 18F-NaF PET/CT studies

In total 263 focal MM lesions were detected 
with whole body 18F-NaF PET/CT. The distribu-
tion of lesions based on the Durie-Salmon clas-
sification was: one lesion in the two plasmacy-
toma patients, two lesions in the 20 stage I 
patients, ten lesions in the five stage II pa- 
tients and 250 MM lesions in the 53 stage III 
patients Moreover, 18F-NaF PET/CT demon-
strated several degenerative changes in the 
patients’ skeleton, which corresponded to 
arthritic lesions, disc osteophytes and other 
degenerative changes, as well as traumatic 
lesions (Figure 2). 

Dynamic 18F-NaF PET/CT studies of the pelvis

Dynamic PET/CT revealed 25 MM indicative 
pelvic lesions. We performed a comparison of 
the SUVs and kinetic parameters between the 
25 MM lesions and 25 degenerative and post-

Figure 2. A 71-years old MM patient scheduled for 
high-dose chemotherapy and autologous stem cell 
transplantation. Maximum intensity projection (MIP) 
18F-NaF PET/CT before therapy revealed sites of in-
creased tracer uptake in the right scapula, the 5th 
thoracic vertebrae and the 8th left rib reflecting MM-
indicative lesions (red arrows). Moreover, multiple 
sites of intense 18F-NaF uptake in the lower cervical 
spine, the right acromioclavicular joint, the sacroiliac 
joints, the right femoral neck, the knee joints and the 
tibial tuberosities, among others, corresponding to 
degenerative changes are clearly delineated (white 
arrows).

Table 1. Mean values of the 18F-NaF SUVs 
and kinetic parameters in myeloma and de-
generative lesions from the pelvis, acquired 
with dynamic PET/CT. The units of param-
eters K1, k2, k3, k4 and influx (Ki) are 1/min. 
SUVs and FD have no unit

Myeloma lesions Degenerative lesions
SUVaverage 11.9 13.5
SUVmax 23.2 20.2
K1 0.248 0.169
k2

* 0.466 0.298
k3 0.359 0.422
k4 0.008 0.023
Influx (Ki) 0.107 0.095
FD* 1.368 1.411
*Statistically significant differences (P < 0.05).
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traumatic lesions. Wilcoxon rank-sum analysis 
revealed that the parameters SUVaverage, SUVmax, 
K1, k3 and influx did not show statistically sig-
nificant differences between MM and degener-
ative lesions (Table 1; Figures 3, 4). On the 
other hand, FD was significantly higher for de- 
generative than for malignant lesions (Figure 
5). Spearman’s rank correlation analysis was 
performed between SUVs and kinetic parame-

ease that various skeletal sites have different 
normal SUVmax, with vertebral bodies tending  
to show the highest values [31]. In a study 
involving 17 castrate resistant prostate cancer 
patients, Muzahir et al. measured SUVmax in 65 
metastatic and 56 degenerative joint disease 
sites. Despite some overlap of SUVmax range 
between benign and metastatic sites, the au- 
thors found that a SUVmax over 50 always re- 

Figure 3. Box plots of 18F-NaF SUVaverage and SUVmax in MM lesions and de-
generative/post-traumatic lesions. No statistically significant differences 
between malignant and benign lesions (Wilcoxon rank-sum test, P < 0.05).

Figure 4. Box plots of 18F-NaF kinetic parameters K1, k3, and influx in MM 
lesions and degenerative/post-traumatic lesions. No statistically significant 
differences between malignant and benign lesions (Wilcoxon rank-sum test, 
P < 0.05).

ters for the myeloma and 
degenerative pelvic lesions. 
The strongest correlations 
were found between FD and 
SUVaverage, FD and SUVmax, in- 
flux and K1, as well as betw- 
een influx and SUVaverage for 
the myeloma lesions (Table 
2). In the case of degenera-
tive lesions the strongest  
correlations were found be- 
tween FD and SUVaverage, FD 
and SUVmax, FD and influx, 
influx and SUVaverage as well  
as between influx and K1 
(Table 3).

Discussion

An increased interest regard-
ing the quantification of 18F-
NaF PET/CT data has been 
documented in recent years. 
Several studies have ana-
lysed the distribution of 18F-
NaF uptake in normal skele-
ton, degenerative changes 
and malignant lesions, using 
semi-quantitative SUV meas-
urements. Sabbah et al. cre-
ated an atlas of 18F-NaF SUVs 
for normal bone, degenera-
tive benign lesions and me- 
tastatic lesions based on a 
cohort of 129 oncological 
patients, most of which suf-
fered from prostate cancer 
and only 2 of them from MM. 
The authors found that osse-
ous metastases demonstrat-
ed statistically significant 
higher SUVmax than degene- 
rative lesions [30]. Win et al. 
showed in a group of 11 
patients without bone dis-
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presented a bone metastasis and that a SUVmax 
below 11 always represented a site of degen-
erative joint disease [32]. Oldan et al. showed 
in a group of 47 prostate cancer patients that 

terestingly, the application of a non-compart-
mental approach based on chaos theory for  
the analysis of dynamic PET data, led to the 
conclusion that the degree of tissue heteroge-

Figure 5. Box plots of 18F-NaF fractal dimension (FD) in MM lesions and de-
generative/post-traumatic lesions. FD in benign skeletal lesions was signifi-
cantly higher than in malignant lesions (Wilcoxon rank-sum test, P < 0.05).

Table 2. Results of the correlation analysis between 18F-NaF quan-
titative and semi-quantitative (SUVs) parameters regarding MM 
lesions. The units of parameters K1, k2, k3, k4 and influx (Ki) are 1/
min. SUVs and FD have no unit

SUVaverage SUVmax K1 k3 Influx (Ki)

SUVmax 0.9115*

K1 0.5131* 0.4254*

k3 0.5723* 0.4169* 0.3531
Influx (Ki) 0.6631* 0.5931* 0.9108* 0.4846*

FD 0.9700* 0.8946* 0.5346* 0.5038* 0.6354*

*Statistically significant correlations (P < 0.05).

Table 3. Results of the correlation analysis between 18F-NaF quan-
titative and semi-quantitative (SUVs) parameters regarding degen-
erative lesions. The units of parameters K1, k2, k3, k4 and influx (Ki) 
are 1/min. SUVs and FD have no unit

SUVaverage SUVmax K1 k3 Influx (Ki)

SUVmax 0.8562*

K1 0.5015* 0.5577*

k3 0.3762 0.3323 0.2285
Influx (Ki) 0.7846* 0.6338* 0.7846* 0.4208
FD 0.9369* 0.7877* 0.4769* 0.4423 0.7908*

*Statistically significant correlations (P < 0.05).

SUVaverage in metastatic le- 
sions is higher than in de- 
generative lesions, but there 
was significant SUVaverage over-
lap between the two lesion 
groups and the difference 
was not statistically signifi-
cant [33].

A method for evaluating the 
kinetics of 18F-NaF was devel-
oped by Hawkins et al. based 
on a two-tissue compartment 
model consisting of the plas-
ma space, an unbound bone 
compartment and a bound 
bone compartment [6]. This is 
the first study using a combi-
nation of semi-quantitative 
and quantitative analysis for 
differentiation of malignant 
from benign lesions in MM by 
means of dynamic 18F-NaF 
PET/CT. We have shown that 
there are no statistically sig-
nificant differences between 
MM and benign degenera-
tive/traumatic skeletal dis-
ease regarding both SUVs  
and absolute kinetic para- 
meters, derived after applica-
tion of two-tissue compart-
ment modelling. In a molecu-
lar level, these findings re- 
flect that the level of 18F-NaF 
uptake and thus, the under- 
lying osteoblastic activity 
(SUVaverage, SUVmax), the tracer 
transport rate from plasma  
to the extravascular compo-
nent (K1), its incorporation 
into the bone mineral com-
partment (k3), as well as the 
Ca2+ influx, bone apposition 
rate and, presumably, bone 
remodelling rate (influx-Ki) do 
not show significant differ- 
ences between malignant 
myeloma and benign degen-
erative/traumatic lesions. In- 
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neity, reflected by fractal dimension (FD), is sig-
nificantly higher in degenerative changes than 
in MM lesions. 

Our results are not in accordance with those of 
the previously reported studies, comparing 
metastatic and benign bone lesions. Since the 
uptake of 18F-NaF indicates osteoblastic activi-
ty, this discordance could be attributed to the 
nature of the osseous, malignant lesions stud-
ied. The majority of the patients in the reported 
studies were suffering from prostate cancer, 
which induces, most frequently, pure osteo-
blastic metastases. In contrary, the hallmark of 
MM is the osteolytic lesion [34], with the accu-
mulation of 18F-NaF taking place in the accom-
panying, sometimes minimal, reactive osteo-
blastic changes [35]. 

Nevertheless, the here presented data are 
complementary and in line with previous results 
published from our group, concerning the role 
of 18F-NaF PET/CT in MM diagnostics. In a study 
involving 60 MM patients we have shown that 
18F-NaF PET/CT detected less focal MM lesions 
than 18F-FDG PET/CT, its specificity was low and 
it could not depict diffuse bone marrow involve-
ment, thus, it could not provide significant infor-
mation to the diagnostic approach of MM 
patients, who had already gone through 18F-
FDG PET/CT [17]. Further, 18F-NaF PET/CT did 
not add significantly to 18F-FDG PET/CT in treat-
ment response evaluation of a group of 34 pri-
mary MM patients undergoing high-dose chem-
otherapy followed by autologous stem cell 
transplantation [18]. Those results, as well as 
two recently published results from other 
groups regarding the performance of 18F-NaF 
PET/CT in MM [19, 20], indicate that the contri-
bution of 18F-NaF PET/CT in this neoplastic 
plasma cell disorder is rather limited, provided 
that 18F-FDG PET/CT is involved in the MM diag-
nostic workup. However, 18F-NaF provides gen-
eral information regarding bone remodelling 
and the patient’s skeletal history.

Correlation analysis revealed significant, posi-
tive correlations between the degree of 18F-NaF 
uptake (SUVaverage, SUVmax) and fluoride bone 
influx rate for both MM and degenerative 
lesions. This finding is in agreement with the 
results of Brenner et al., who found very strong 
positive linear correlation between 18F-NaF SUV 
and influx rate obtained by both Patlak analy- 
sis and nonlinear regression in patients with 

bone tumors after tumor resection and bone 
graft surgery [8]. Interestingly, the strongest 
correlations were observed between SUVaverage 
and SUVmax and FD, implying that the degree of 
18F-NaF uptake increases with the degree of  
tissue heterogeneity both in malignant and 
degenerative lesions.

Our study carries some limitations. Firstly, the 
vast majority of the PET/CT positive MM-in- 
dicative findings were not histopathologically 
confirmed, which is, however, usually not pos-
sible in the clinical setting. Nonetheless, all 
lesions were correlated with respective find- 
ings on underlying CT, a standard technique in 
MM diagnostics, as well as on 18F-FDG PET/CT, 
whose role is increasingly recognised in the 
diagnosis and treatment response evaluation 
of MM [36, 37]. Secondly, the studied popula-
tion was not homogeneous, since it involved a 
combination of treated and non-treated MM 
patients. Nevertheless, the use of the 18F-FDG 
PET/CT as well as of the underlying CT informa-
tion helped us correctly identify and exclude 
from characterisation as MM-indicative those 
18F-NaF avid lesions that represented treat-
ment-related changes. Finally, despite the fact 
that a two-bed position protocol, which allows 
the study of a relatively large field of view of 44 
cm, was used, the dynamic PET/CT acquisition 
was confined only in the anatomic area of the 
pelvis [38]. However, whole-body dynamic stud-
ies cannot be performed. The expected advent 
of new PET/CT scanners, which will allow dy- 
namic studies over several bed positions by 
using a continuous bed movement, will facili-
tate the use of dynamic PET protocols and 
reduce the whole acquisition time.

Conclusion

This single-center study has shown that semi-
quantitative and quantitative analysis of 18F-
NaF dynamic PET/CT data cannot differentiate 
malignant from benign degenerative and trau-
matic lesions in MM patients. These findings 
support previously published results, concern-
ing the application of 18F-NaF PET/CT in MM, 
and indicate that the role of 18F-NaF PET/CT in 
the diagnostic workup of MM patients is rather 
limited.
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