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Abstract: Background: [11C]-Erlotinib is a radiolabeled analogue of a tyrosine kinase inhibitor used to treat non-small 
cell lung cancer (NSCLC) which expresses specific kinase domain mutations of the epidermal growth factor receptor 
(EGFR). In this study, 10 subjects with NSCLC and assorted EGFR mutation status underwent a dynamic, multi-bed 
positron emission tomography (PET) scan using [11C]-erlotinib. Data were analyzed using a variety of quantitative 
techniques common in PET (graphical methods, kinetic models, and uptake value-based endpoints). Our primary 
goal was to determine the most reliable imaging endpoint given the need for maintaining minimal patient burden 
and recognizing the advantage of simple calculations in future trials. Results: Standard uptake values (a semi-
quantitative endpoint) were well correlated with both binding potential and volume of distribution (fully quantitative 
endpoints). Normalized tracer uptake was found to stabilize approximately 60 minutes post tracer injection. Conclu-
sions: The kinetic properties of [11C]-erlotinib varied greatly across subjects. Our novel scanning protocol produced 
an important dataset which highlights the great heterogeneity of NSCLC and its apparent impact on [11C]-erlotinib 
kinetics. A lack of correlation between EGFR mutational status and quantitative endpoints appears to be due to 
disease heterogeneity and low tracer uptake. The most reliable fits of the dynamic data were based on the one-
tissue compartmental model which were well correlated with mean SUV. Due to this correlation and good stability 
at late-time, SUV seems sufficiently well-suited to quantitative imaging of NSCLC lesions in the whole body with 
[11C]-erlotinib.
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Introduction

Erlotinib is a tyrosine kinase inhibitor (TKI) used 
for treating non-small cell lung cancer (NSCLC). 
It has demonstrated profound treatment bene-
fits compared to chemotherapy in response 
rate (58-83% versus 10-13%) and progression-
free survival (9.7-13 months versus 4.6-5.2 
months) [1, 2]. However, erlotinib and other 
TKIs are most effective in individuals bearing 
mutations of the epidermal growth factor 
receptor (EGFR) which confer greater affinity for 
the drug [3, 4]. These mutations are present in 
10-15% of Western populations and approxi-
mately 50% of Asian populations [5, 6].

[11C]-Erlotinib is the radiolabeled analogue of 
erlotinib that has been used in a limited num-
ber of positron emission tomography (PET) 

studies. Initial experiments used human cancer 
cell lines xenografted onto rodents [7, 8]. More 
recent investigations have analyzed tumors in 
NSCLC patients [9-11]. These studies have 
applied various standard analyses used in neu-
roimaging, including normalized tracer uptake 
and compartmental modeling.

Interpreting quantitative imaging data in NSCLC 
patients relies on knowledge of a number of 
unique biological factors. (I) Acquired resis-
tance to TKIs can alter the affinity of TKIs for 
the EGFR binding site, the kinase domain [12]. 
(II) Consequently, changes in imaging endpoints 
which are affected by ligand-receptor affinity 
(e.g. binding potential) cannot be attributed 
solely to changes in receptor availability (a com-
mon assumption in neuroimaging). (III) Necrosis 
and other variations in a tumor’s microenviron-
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ment limit receptor availability and affinity. 
Metastases are often located outside of the 
lung, limiting the utility of a single chest scan 
[13, 14]. In order to gain a more wholistic  
snapshot of subject health, multiple scans or 
multi-bed imaging are required. (IV) Treatment 
of cancer has become increasingly focused on 
cumulative tumor burden compared to chang- 
es in isolated regions. For the health and com-
fort of NSCLC subjects, arterial lines should  
be avoided when possible, limiting the calcula-
tion of “gold standard” imaging endpoints. 
Quantitative neuroimaging practices and analy-
ses may need to be adapted to fit the unique 
challenges of oncology imaging and cancer 
patients.

The objectives of this study were to evaluate 
various image analysis methods taking into 
account observed biological heterogeneity in 
NSCLC and to calculate fully quantitative end-
points non-invasively in dynamic, multi-bed 
[11C]-erlotinib imaging. Prior studies focused on 
quantitative imaging techniques on isolated 
lesions collected from a single bed position. 
These studies employed traditional neuroimag-
ing quantification without addressing biologi- 
cal concerns unique to cancer. We employed a 
semi-automated region selection technique in 
order to compare multiple lesions across the 
body. To our knowledge, this is the first study to 
collect dynamic TKI PET data at multiple bed 
positions in order to image multiple sites simul-
taneously. We examined the results of different 
model methods as applied to NSCLC subjects 

such as chemotherapy or tumor resection. 
Subjects were excluded if participation would 
have caused them to exceed the FDA’s guide-
line for annual experimental radiation expo-
sure, 5 rem [16]. Informed consent was 
obtained prior to the initiation of study 
procedures.

Subjects 1-7 possessed EGFR mutations suit-
able for treatment with TKIs. Specifically, sub-
jects 1-5 expressed an exon 19 in-frame dele-
tion and subject 6 expressed an exon 21 
substitution (L858R), and subject 7 expressed 
a rare compound mutation (G719S+S768I). 
Exon 19 in-frame deletions and L858R are the 
most common mutations that sensitize NSCLC 
to TKIs [17]. Subject 8 expressed L861Q, an 
uncommon exon 21 mutation that sensitizes 
NSCLC to TKIs. This subject had previously 
undergone TKI treatment until the onset of 
resistance. Subjects 9-10 had tumors that were 
negative for EGFR mutations. A summary of 
subject characteristics is listed in Table 1.

[11C]-erlotinib synthesis

[11C]-Erlotinib was produced as described in the 
literature by O-methylation of the precursor 
6-O-desmethyl ERLO with [11C]methyl iodide in 
dimethylformamide in the presence of sodium 
hydride [7, 8]. After purification by HPLC fol-
lowed by solid-phase extraction, the radiola-
beled product was formulated in 10 mL saline 
containing 1 mL ethanol and 0.04 mL of 4.2% 
sodium bicarbonate (all reagents were USP 
grade). Finally, the PET drug product solution 

Table 1. Subject characteristics table. The “EGFR Mutation” 
column indicates the presence of any mutations found in 
biopsied tissue. The location of this biopsy is labeled in the 
“Area of Primary Tumor” column, as identified by a clinical 
oncologist

Subject Gender EGFR Status Biopsy Site Additional  
Disease Area(s)

1 F Exon 19 deletion Adrenal gland n/a
2 M Exon 19 deletion Lung n/a
3 F Exon 19 deletion Liver Lung
4 M Exon 19 deletion Lung Liver
5 F Exon 19 deletion Iliac bone Lung
6 F L858R Lung n/a
7 F G719S+S768I Pleural wall n/a
8 F L861Q Lung n/a
9 M Wild-type Lung n/a
10 M Wild-type Lung n/a

of differing EGFR mutation, cancer 
site, and metastatic status.

Materials and methods

Subjects

Subjects with stage IV NSCLC bear-
ing measurable disease of at least 
1 cm (confirmed with computed 
tomography (CT) imaging as per  
the RECIST 1.1 criteria [15]) were 
invited to participate. Mutational 
status of subjects’ primary tumor 
was confirmed with biopsy prior to 
inclusion in the study. Subjects 
were required to be TKI naïve at the 
time of scanning but were not 
excluded based on prior TKI treat-
ment or other therapy methods 



Quantitative 11C-erlotinib PET

145 Am J Nucl Med Mol Imaging 2021;11(2):143-153

was passed through a 0.22 µm membrane  
filter and collected in a sterile dose vial afford-
ing a sterile solution ready for dispensing and 
administration. Radiochemical purity and mo- 
lar activity (Am) was determined by analytical 
HPLC (Phenomenex Luna C18 (2)), 5 µm, 4.6 × 
250 mm; mobile phase: 39% acetonitrile and 
61% of 0.1 M aqueous ammonium acetate  
(v/v) with 0.5% acetic acid (pH = 4.2); flow rate: 
2 mL/min; UV detector wavelength: 246 nm). 
The radiochemical purity of the final product 
was >99%, and the Am was 20.5 ± 13.7 Ci/
µmol (n = 21, range 2.7-49.7) at the end of syn-
thesis (EOS). The average synthesis time was 
47 ± 4 min from end of target bombardment 
(EOB).

[11C]-erlotinib imaging

A physical assessment of subjects (blood pres-
sure, heart rate, etc.) was performed prior to 
imaging. An intravenous line with a catheter 
was placed in the arm in order to facilitate 
radiotracer delivery. During scanning, vital 
signs were monitored continuously to ensure 
subject wellbeing. Approved medical personnel 
were present throughout all procedures in the 
instance of an adverse event.

PET scans were performed with a Biograph 
mCT (axial FWHM 4.4 mm, Siemens/CTI, 
Knoxville, TN [18]). Subjects were placed in the 
center of the field of view. A whole-body CT 
transmission scan (X-ray source) was per-
formed for attenuation correction. Subjects 
were injected with [11C]-erlotinib at a mean 
activity of 9.14 ± 1.46 mCi and mean mass of 
1.57 ± 1.74 μg. Scans were performed from the 
top of the head to the lowest known site of can-
cer in the body. Emission data were collected 
dynamically in multiple bed positions (between 
3 to 7 bed positions requiring 10 to 14 passes) 
for approximately 90 min.

PET emission data were reconstructed using 
ordered subset expectation maximization 
(OSEM) with 2 iterations and 21 subsets at a 
voxel size of 2.04 × 2.04 × 2.00 mm3. Standard 
corrections for attenuation, scatter, dead time, 
detector sensitivity, randoms, radionuclide 
decay, and frame-wise motion were applied.

Image analysis 

Semi-automated region of interest drawing: A 
PET reference image was created for each sub-

ject by averaging late-time (40 min and later) 
emission images and correcting them for sub-
ject weight and injected activity (standard 
uptake value, SUV). Each of the reference imag-
es were blurred with a 2.5 × 2.5 × 2.5 mm3 
gaussian filter and overlaid on the respective 
CT image. Regions of interest (ROIs) were man-
ually drawn around disease areas in ITK Snap 
[19] using the CT or reference PET information 
for guidance. Thresholding was performed by 
removing voxels within the ROI whose SUV  
values were less than 40% of the maximum. 
Each distinct, non-contiguous cluster of ROI 
voxels was then analyzed independently. ROI 
clusters containing less than 25 voxels (~0.2 
cm3) were discarded. At the end of the refine-
ment process, ROIs were assigned a type 
based on structural information: primary tu- 
mor, non-primary tumor, tumor sub-region (ROI 
on a tumor which does not comprise the entire 
tumor), or cancerous area (diseased tissue  
with borders not well defined by CT). This ROI 
refinement process is depicted for all subjects 
in Figure 1. A separate, spherical ROI (8.2 cm3) 
was placed on healthy shoulder muscle for use 
in reference ROI methods. Time activity curves 
(TACs) were created by superimposing ROIs on 
the dynamic PET emission data and averaging 
the voxel intensities within the region for each 
time frame using in-house software. 

Image-derived input functions: Image-derived 
input functions (IDIFs) were created by manu-
ally delineating the left ventricle based on the 
CT information. This region was eroded in 3D by 
1 mm (using ITK Snap) to a volume of approxi-
mately 50 mL to minimize spill in/spill out 
effects to/from the myocardium and to stan-
dardize sampling of the blood pool between 
subjects. A TAC was extracted from the eroded 
ventricle region in the same manner as 
described for tumor ROIs. The resultant TAC 
was corrected for radioactive metabolites using 
an average metabolite fraction versus time 
curve (extrapolated from arterial plasma data 
in erlotinib-naïve subjects collected in Bahce et 
al. [10]). The processed IDIF was used as an 
approximation of the concentration of parent 
tracer in the plasma, CP(t). 

Calculated endpoints: SUV-based measures 
were calculated using late-time emission imag-
es: mean, standard deviation, and maximum. 
Skew, kurtosis, and AUC-CSH (area under the 
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Figure 1. Subject tumor biology (Mutation column) compared with late-time PET scans (PET column). PET images 
are overlaid on attenuation correction CT images. All PET images are windowed at 0-3 SUV (hot color scale). The 
Initial ROI and Final ROI (s) columns display the ROIs manually placed over the functional images as well as their 
final volumes after the automated refinement was applied, respectively. ROIs are shown in green (if multiple clusters 
are segmented, they are depicted in alternative colors). Blue arrows highlight the final ROI (s). The Cluster columns 
give quantitative information on the number, size, and location of labels after refinement.
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curve of the cumulative SUV histogram) are tex-
ture analysis endpoints calculated from histo-
grams of late-time SUV images [20].

Graphical analysis using the Logan plot [21] 
was performed with the IDIF serving as CP(t) 
order to estimate volume of distribution (VT 

Logan). Non-displaceable binding potential 
(BPLogan) was calculated by normalizing the VT 

Logan of a target ROI by the VT Logan of the res- 
pective subject’s healthy muscle. BPLoganReference 
was estimated directly using the Logan graphi-
cal method modified for a reference region 
(muscle) input [22].

Non-displaceable binding potential was esti-
mated by fitting the simplified reference tissue 
model (SRTM [23]) to the target TACs (BPSRTM) 
using the muscle TAC as the reference curve 
(implemented with non-linear regression via in-
house software). Using the IDIF as input, the 
reversible one-tissue (1T-3k) and reversible 
two-tissue (2T-5k) models were fit to TACs in 
order to estimate VT (in-house software). In 
both of these compartmental models, blood 
volume fraction was an estimated parameter in 
order to account for differences in tumor 
vascularization. 

Goodness of fit was assessed using the Akaike 
information criterion (AIC). The standard error 
of the endpoint (VT or BP) was calculated 
numerically from a sensitivity function using 
the weighted residual sum of squares. When 
the standard error of the estimated parameter 
exceeded 10, the result was excluded. See 
Table S1 for a complete list of calculated end-
points and their associated standard errors. 
Correlation between versions of calculated 
endpoints was calculated using the coefficient 
of determination. Linear fitting was performed 
between selected endpoints.

VT 1T-3k, VT 2T-5k, BPSRTM, and standard uptake 
value normalized by a reference (SUVR) were 
also re-calculated after truncating scan data at 
45 min and 60 min. When calculating SUVR at 
shortened tmax values, at least 2 time frames 
were always used.

Results

ROI refinement

In 5 of 10 subjects, the refinement process 
segmented the initial, manually drawn ROI into 

2 or more separate ROIs (subjects 2, 4, 5, 6, 
and 10) as shown in Figure 1. In the remaining 
5 subjects, only 1 ROI was retained. The seg-
mented ROI was equivalent to the initial ROI in 
subjects 1 and 7, but was reduced by SUV 
threshold in subjects 3, 8, and 9. In total, 27 
distinct ROIs were produced from 10 subjects.

Correlating imaging endpoints

The estimated parameters from the graphical 
methods, modeling methods, and SUV-based 
methods for each ROI are listed in Table 2. Of 
the 27 ROIs, 21 were fitted successfully with 
1T-3k, 9 with 2T-5k, and 22 with SRTM (VT and 
BP estimates with standard errors over 10 were 
excluded). Mutation status was not correlated 
with graphical, compartmental model, or SUV-
based endpoints as shown in Figure 2. 

VT Logan was more strongly correlated with VT 1T-3k 
(r2 = 0.81) compared to VT 2T-5k (r2 = 0.20). 
Graphical estimations of binding potential 
(BPLogan and BPReferenceLogan) were well correlated 
with one another (r2 = 0.88) and with BPSRTM 
(BPLogan r

2 = 0.94, BPReferenceLogan r
2 = 0.98). The 

greatest correlation between mean late-time 
SUV and a fully quantitative parameter was 
with BPSRTM (r2 = 0.90). Correlations between 
selected endpoints are depicted in Figure 3 
and a complete matrix of correlation results 
can be found in Table 3.

Effect of scan length on quantitative endpoints

SUVR values calculated by truncating scan 
length at different tmax values (45 min, 60 min, 
and 90 min, full scan length) are shown in 
Figure 4. Between 45 and 60 min, the median 
percent change in SUVR values of all ROIs was 
approximately 10%. This trend was also true 
between 60 and 90 min. 

Figure 5 displays endpoints derived from non-
linear model fitting In all models, endpoint val-
ues do not vary greatly between tmax = 60 min 
and tmax = 90 min. Overall, endpoint values 
increased from tmax = 45 min to tmax = 60 min. 
The VT derived from the 2T-5k model was the 
most sensitive to differences in tmax, however 
this model did not consistently converge to 
parameter estimates with acceptable standard 
errors.
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Discussion

Experimental techniques

Whole-body cancer imaging is complex and 
nuanced. Applying and interpreting familiar 
techniques and endpoints commonly used in 
neuroimaging requires an added level of con-
text and understanding.

No blood sampling was performed in this study 
in order to minimize patient discomfort. Without 
this quantitative information, direct compari-

son to a quantitative “gold standard” model 
(i.e. 2T-5k with arterial input) was not possible. 
The use of an image-derived input function par-
tially compensated for the absence of blood 
sampling data.

This is the first study to use [11C]-erlotinib to 
image all disease areas, not just lesions of the 
lung. Because of time spent in different bed 
positions, continuous data corresponding to 
each ROI was not available for the entire scan 
duration. This impacted the IDIF: the first bed 

Table 2. Calculated endpoints for each ROI identified in the semi-automated process. Column group-
ings from left to right: ROI information, graphical endpoints, curve fitting endpoints, and SUV-based 
endpoints. Mean, standard deviation, maximum, and minimum values are listed in the bottom rows. 
Endpoints derived from non-linear fitting of TACs were excluded from this table if their standard error 
was estimated to be greater than 10. A complete list of endpoints with standard error estimates is 
provided in Table S1

Subject Cluster VT Logan BPLogan BPReferenceLogan VT 1T-3k VT 2T-5k BPSRTM Mean SD Max Skew Kurtosis AUIVH

1 1 1.23 1.59 1.37 0.75 1.39 1.41 0.32 1.84 0.76 0.28 0.59
2 1 2.06 3.10 3.77 2.39 3.50 2.36 0.40 2.92 0.57 -0.46 0.71

2 2.50 3.98 4.71 3.08 4.31 2.71 1.00 4.10 1.32 1.50 0.41
3 1.98 2.94 3.88 2.74 3.45 2.58 0.70 3.54 1.41 1.94 0.49
4 1.50 1.97 3.08 2.93 2.32 0.30 2.72 0.16 -0.57 0.76
5 2.61 4.18 4.09 3.15 3.93 2.40 0.47 3.03 0.58 0.13 0.63

3 1 0.97 1.05 1.07 0.96 0.76 0.52 0.15 0.73 1.18 1.87 0.41
4 1 1.70 1.77 1.25 0.95 0.21 1.24 0.83 0.74 0.53

2 1.41 1.30 1.31 1.12 1.03 0.88 0.14 1.08 0.72 -0.29 0.70
5 1 0.93 0.55 0.56 0.66 0.46 0.65 0.17 0.88 1.23 2.64 0.35

2 0.86 0.44 0.41 0.54 0.95 0.35 0.63 0.08 0.69 0.67 0.33 0.73
6 1 1.23 0.92 0.69 0.38 1.23 0.68 0.86 0.07 0.97 0.54 -0.40 0.83

2 1.26 0.96 0.87 0.52 1.02 0.85 0.88 0.09 1.01 0.45 -0.24 0.80
3 1.17 0.81 0.72 0.58 1.33 0.66 0.85 0.08 0.95 0.56 -0.04 0.76
4 1.34 1.08 1.14 0.97 1.55 1.01 0.87 0.07 0.96 0.34 -0.69 0.85
5 1.37 1.13 1.04 0.64 1.04 0.99 0.97 0.24 1.31 1.52 2.51 0.46
6 1.29 1.00 0.94 0.47 1.15 0.83 0.97 0.15 1.16 0.60 -0.25 0.73
7 1.45 1.25 1.07 0.80 1.32 1.02 1.05 0.36 1.54 1.64 2.62 0.42

7 1 0.98 0.52 0.45 0.73 0.17 0.96 0.41 -0.33 0.56
8 1 1.59 1.19 1.18 0.75 0.31 0.06 0.39 1.65 3.44 0.50
9 1 1.34 2.18 2.35 0.89 1.83 2.15 0.91 0.25 1.25 0.92 0.86 0.44
10 1 1.63 1.96 3.07 1.24 2.41 1.50 0.33 1.95 0.75 0.01 0.61

2 1.81 2.28 3.14 1.13 2.49 1.45 0.31 1.86 1.17 2.24 0.44
3 1.45 1.63 2.49 1.48 0.12 1.62 -0.43 -0.69 0.89
4 1.54 1.79 2.46 1.60 1.96 1.50 0.24 1.83 0.79 0.07 0.69
5 1.46 1.66 1.90 1.62 1.37 0.17 1.62 0.73 -0.24 0.75
6 1.38 1.50 2.59 1.50 0.19 1.78 0.55 -0.44 0.78

Mean 1.48 1.66 1.91 1.21 1.27 1.76 1.28 0.25 1.63 0.80 0.61 0.62
SD 0.42 0.96 1.26 0.87 0.28 1.21 0.66 0.21 0.91 0.47 1.24 0.16

Max 2.61 4.18 4.71 3.15 1.83 4.31 2.71 1.00 4.10 1.65 3.44 0.89
Min 0.86 0.44 0.41 0.38 0.95 0.35 0.31 0.06 0.39 -0.43 -0.69 0.35
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position during scanning was always the sub-
ject’s head and the second position captured 
the left ventricle. Therefore, the signal in the 
ventricle immediately following tracer injection 
was missed, causing an underestimation in the 
peak of the IDIF. Similarly, due to variability in 
the number of bed positions between subjects, 
the frequency and timing of data collection in 
the ROIs varied.

A second challenge for data analysis in this 
study was the absence of a fixed atlas for nor-
malization. ROI definition was an important 
part of this study as subjects bore tumors in a 
wide variety of locations. The semi-automated 
technique outlined in the methods preserved 
areas of greater uptake, refining otherwise 
large and ambiguous ROIs. The segmentation 

approach that we employed focused on areas 
of greater tracer concentration which may have 
excluded portions of cancerous tissue without 
significant uptake.

Evaluating endpoints

Unlike in prior studies [9-11], no correlation 
was found between imaging endpoints and 
mutation status of subjects’ tumors. Here, can-
cerous tissue was analyzed from several parts 
of the body within and outside the lung. Lesions 
were largely heterogeneous within and across 
subjects, motivating the use of automated ROI 
refinement methods. The broader inclusion of 
cancerous tissue may account for the lack of 
direct correlation with known tumor biology. 
Even in studies demonstrating a connection 

Figure 2. SUV (A), AUC-CSH (B), VT Logan (C), and VT 1T-3k (D) plotted by tumor biology and lesion type. Results were com-
bined across all subjects. Values were similar within subjects but not across them. No associations were identified 
between endpoints and mutation status or lesion type.
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between [11C]-erlotinib data and mutation, 
effect sizes are limited.

Because of the absence of arterial blood data 
and practical limitations in measuring an IDIF, 
fitting to the 2T-5k model was not consis- 
tently successful (9 of 27 ROIs fit by our error 
criterion). There was very limited correlation 
between VT 2T-5k and other endpoints (partially 
due to the smaller sample size). Fitting with 
SRTM was far more robust and BPSRTM correlat-
ed well with other outcomes. However, the ref-
erence tissue used (healthy muscle) does not 
strictly conform to the requirements of a true 
reference region. Tumor tissue differs from 
healthy tissue especially in vasculature, limiting 
the comparability of endpoints using reference 
regions. In general, tumor biology violates many 
of the assumptions required in common neuro-
imaging analysis techniques. Fitting ROIs to the 
1T-3k model was the most robust despite limi-
tations in the IDIF.

Graphical modeling techniques provide a fully 
quantitative endpoint with less stringent tech-
nical and experimental requirements of model-
ing. Importantly, the correlation between graph-
ical and analytical endpoints was high (r2~0.8).

SUVR also serves as a desirable endpoint due 
to its relative simplicity to calculate and reason-
able correlation with quantitative endpoints. 
Application of simplified texture analysis tech-
niques (skew, kurtosis, and AUC-CSH) offers 
independent information from mean SUVR or 
modeling techniques. However, in our cohort, 
these endpoints were also not associated with 
tumor biology. 

Analysis of endpoint stability

Truncating scan data at 45 and 60 minutes 
was analyzed to test the practical utility of 
shorter scans. For both semi-quantitative and 
fully-quantitative endpoints, a scan length of 

Figure 3. Linear correlation of BPSRTM with SUV (A), VT 

Logan (B), and VT 1T-3k (C). Coefficient of determination 
was greater than 0.85 in all instances, indicating 
that non-linear calculation of binding potential is well 
correlated with late-time uptake, graphical methods, 
and other non-linear endpoints. Correlation was not 
as strong between VT Logan and SUV (D) or VT 1T-3k (E).
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60 min was sufficient to accurately represent 
90 min scans. Although the 2T-5k model did 
produce results dependent on tmax, we believe 
its use in this experimental technique is sub-
optimal due to the difficulties of consistently 
fitting dynamic data to the model. Subjects with 
a larger disease area tended to have more sta-
ble endpoints between 60 and 90 min. 

Conclusions

This study is a thorough exploration of 
[11C]-erlotinib cancer imaging which includes a 
broad sampling of relevant tumor biology, 
advanced experimental techniques (dynamic, 

full body imaging), and a comparison of several 
quantitative and semi-quantitative analysis 
methods. Based on comparisons between end-
points, we believe that mean SUV, Logan graph-
ical methods, and the 1T-3k analyses (with 60 
min scan lengths) represent appropriate char-
acterizations of [11C]-erlotinib in NSCLC sub-
jects. The variability of disease location and 
type in this subject population is complex and 
more studies must be performed to better 
understand this tracer and its uptake by target 
receptors.
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Table 3. Matrix of Pearson correlation coefficients between endpoints listed in the respective rows 
and columns. VT and BP from the 1T-3k model were well correlated (r2>0.80) when derived using 
either graphical or numeric methods. Mean late-time SUV was more strongly correlated with numeric 
modeling endpoints (except VT 2T-5k) compared to graphical endpoints

Graphical Modeling SUV

VT Logan BPLogan BPReferenceLogan VT 1T-3k VT 2T-5k BPSRTM Mean SD Max Skew Kurtosis AUC-CSH

Graphical VT Logan 1.000 0.897 0.750 0.812 0.197 0.854 0.642 0.580 0.677 0.022 0.006 0.020

BPLogan 1.000 0.877 0.875 0.641 0.943 0.756 0.670 0.792 0.008 0.000 0.034

BPReferenceLogan 1.000 0.842 0.681 0.984 0.836 0.621 0.832 0.000 0.002 0.009

Modeling VT 1T-3k 1.000 0.538 0.870 0.838 0.699 0.835 0.008 0.000 0.035

VT 2T-5k 1.000 0.653 0.069 0.055 0.080 0.001 0.004 0.061

BPSRTM 1.000 0.900 0.705 0.899 0.003 0.000 0.039

SUV Mean 1.000 0.663 0.965 0.010 0.031 0.001

SD 1.000 0.824 0.124 0.057 0.191

Max 1.000 0.002 0.003 0.013

Skew 1.000 0.811 0.685

Kurtosis 1.000 0.725

AUC-CSH 1.000

Figure 4. Average SUVR (muscle reference) for all 
ROIs in a subject utilizing the two closest frames to 
tmax. Data was truncated at tmax values of 45 min, 60 
min, and 90 min (full scan length) in order to simu-
late scans of varying length. SUVR values stabilized 
between 60 and 90 minutes.
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Abbreviations 

1T-3k, reversible one-tissue compartmental 
model (with blood volume fraction estimate); 
2T-5k, reversible two-tissue compartmental 
model (with blood volume fraction estimate); 
AIC, Akaike information criterion; AUC-CSH, 
area under the curve of the cumulative SUV his-
togram; BP, binding potential; CP(t), concentra-
tion of parent tracer at time t; CT, computed 
tomography; EGFR, epidermal growth factor 
receptor; IDIF, image derived input function; 
NSCLC, non-small cell lung cancer; OSEM, 
ordered subset expectation maximization; PET, 
positron emission tomography; ROI, region of 
interest; SUV, standard uptake value; SUVR, 
standard uptake value normalized by a refer-
ence region; TAC, time activity curve; TKI, tyro-
sine kinase inhibitor; VT, total volume of 
distribution.
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Table S1. Endpoints calculated from non-linear fitting of TACs to the 1T-3k, 2T-5k, and SRTM models. 
Parameters estimated with a standard error greater than 10 were highlighted in yellow (these end-
points were excluded from review in the paper due to the poor fit to the model)

Subject Cluster
1T-3k 2T-5k SRTM

VT SE (VT) VT SE (VT) BP SE (BP)

1 1 0.75 0.02 1.00E+03 3.62E+06 1.39 0.09
2 1 2.39 0.77 1.43E+05 8.55E+08 3.50 0.39

2 3.08 1.52 1.56E+04 1.62E+09 4.31 0.25
3 2.74 0.97 1.49E+05 9.15E+08 3.45 0.35
4 3.78E+02 5.30E+04 1.54E+05 2.89E+09 2.93 0.27
5 3.15 1.30 20.14 1.16E+02 3.93 0.20

3 1 0.96 1.71 0.97 7.73E+08 0.76 0.29
4 1 7.26 41.87 6.64 1.05E+02 1.55E+04 1.54E+09

2 1.12 0.13 1.50 10.69 1.03 0.37
5 1 0.66 0.03 7.49E+03 1.49E+09 0.46 0.02

2 0.54 0.07 0.95 0.37 0.35 0.06
6 1 0.38 0.33 1.23 9.29 0.68 0.09

2 0.52 0.08 1.02 0.96 0.85 0.09
3 0.58 0.18 1.33 0.47 0.66 0.07
4 0.97 0.14 1.55 1.07 1.01 0.09
5 0.64 0.08 1.04 0.10 0.99 0.06
6 0.47 0.12 1.15 0.42 0.83 0.11
7 0.80 0.10 1.32 0.13 1.02 0.04

7 1 0.80 28.64 3.02 8.59E+13 non-convergent
8 1 0.75 0.06 1.67E+04 1.79E+08 2.89E+04 9.23E+08
9 1 0.89 0.10 1.83 0.58 2.15 0.14
10 1 1.24 0.40 1.24 1.00E+09 2.41 0.47

2 1.13 0.11 2.12E+03 3.77E+08 2.49 0.08
3 2.58E+05 2.27E+09 1.61E+05 4.99E+08 10.36 8.27E+10
4 1.60 1.03 17.57 7.51E+02 1.96 0.38
5 1.31E+05 9.95E+08 1.82E+05 2.30E+09 1.62 0.14
6 2.83E+04 1.04E+09 1.76E+06 1.23E+11 33.35 1.20E+08

SE Cutoff: 10
ROIs Under Cutoff: 21 9 22


