Diagn Interv Radiol 2013; 19:271-278

© Turkish Society of Radiology 2013

ORIGINAL ARTICLE

Measurements of tumor size using CT and PET compared to
histopathological size in non-small cell lung cancer

Funda Aydin, Levent Dertsiz, Evrim Surer Budak, Akin Yildiz, Gllay Ozbilim, Firat Gungor

PURPOSE

In this study, we aimed to compare the tumor sizes deter-
mined by maximum morphological computed tomography
(CT) and functional positron emission tomography (PET)
with the histopathological size to determine which method
provides the best correlation with the histopathological size
in lung carcinoma patients.

MATERIALS AND METHODS

Forty lung carcinoma patients (39 males, one female) di-
agnosed histopathologically from surgical resection materi-
als were included in this retrospective study. The mean age
(¢standard deviation, SD) of the patients was 67.8+10.3
years with a range of 44 to 81 years. The PET scans were per-
formed within the same week as the CT scan. In the CT scans,
the morphological tumor sizes were measured three-dimen-
sionally by the longest transaxial section in the parenchymal
and mediastinal screening window. The functional tumor siz-
es were also measured three-dimensionally in the PET scans.
These two measurement values were compared with the
histopathological size using Bland-Altman plotting. Bland-Al-
tman plotting was also performed to define the 95% limits of
agreement, which was presented as the bias +1.96 SD.

RESULTS

The histopathological sizes were measured in a range of 1.2
to 7.5 cm. The maximum measurement of the tumors on
the CT scans showed a lower concordance (mean difference,
-0.30) than that obtained from PET, and the SD was found
to be larger than the PET (1.96 SD was 3.50 for CT and 2.50
for PET).

CONCLUSION

The PET measurements of tumor size were more compatible
with the histopathological sizes than the CT measurements in
patients with non-small cell lung cancer.
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ung cancer is the leading cause of cancer death in most industri-

alized countries (1). Non-small cell lung carcinoma (NSCLC) ac-

counts for 85% of all cases of lung cancer, with small cell lung
cancer and mesothelioma comprising the other 15% (1).

Patients with early stage disease who undergo complete resection some-
times experience recurrence, and the reported five-year survival rates after
surgery, even in stage I lung cancer, range from 60% to 77% (1-3).

Surgery is the current standard of care for patients with stage I NSCLC,
but it can be associated with significant morbidity and even mortality,
particularly because patients suffering from lung cancer are often elderly
with high comorbidity rates (4).

Radical radiotherapy (RT) is the most commonly used treatment mo-
dality for NSCLC (5). The single most important component of planning
radical, potentially curative RT involves an assessment of the tumor size.
Unnecessary toxicity in the surrounding tissue may occur if the tumor
size is overestimated, and underestimation may result in part of the tumor
receiving an inadequate radiation dose, leading to treatment failure (5).

Fluorine-18-fluorodeoxyglucose positron emission tomography
(F-FDG PET) has become increasingly important in the diagnosis of
lung cancer. ®F-FDG PET allows differentiation between malignant and
benign lesions based on differences in glucose metabolism between
normal and cancer tissues (6). Previous studies have demonstrated that
BE-FDG PET is more accurate than computed tomography (CT) for the
diagnosis and staging of NSCLC (7, 8). The main disadvantage of F-FDG
PET is the poor quality of the anatomic information. To overcome this
limitation, new imaging systems using integrated '8F-FDG PET-CT have
been recently developed (9). The use of ¥F-FDG PET with the addition
of CT since the development of PET-CT devices has increased for staging
NSCLC (10). PET-CT has become an important technique for the initial
diagnosis, staging, and therapeutic follow-up in lung cancer (11).

In addition, the use of F-FDG PET-CT in RT treatment planning for
the definition of gross tumor volume has similarly increased and contin-
ues to gain popularity (12). Manual contouring of the tumor boundaries
on CT images is still the conventional methodology for target volume
definition. On the other hand, and despite a high spatial resolution, the
delineation on CT alone may be biased by insufficient contrast between
the tumor and healthy tissues (e.g., in cases of atelectasis, pleural effu-
sion, and fibrosis or tumors attached to the chest wall or mediastinum).
Several studies have investigated the impact of delineation performed
on fused 8F-FDG PET-CT images and have found significant modifica-
tions of the treatment plan (size, location, or shape of the gross tumor
volume) (13) and reduced inter- and intraobserver variability (14, 15).
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Several recent studies have investigat-
ed the correlation between tumor his-
topathology (HP) measurements and
the threshold of FDG uptake (14, 16).
Previous studies investigating NSCLC
tumor delineation on PET-CT images
have hypothesized that the use of these
methods has a significant influence on
the determination of the anatomic or
metabolic lesion size and the heteroge-
neity of the activity distribution (17).
However, in the literature there is only
one study investigating whether PET or
CT images more accurately measure the
histopathologic size of metabolically
active tumors (18).

In this study, we aimed to compare
NSCLC tumor dimensions measured
using preoperative PET and CT scans
with the actual tumor measurements
obtained following surgical resection,
retrospectively.

Materials and methods
Patients

This study was designed as a retro-
spective clinical study. Forty patients
with confirmed NSCLC (39 males and
one female; age range, 44-81 years;
mean age, 67.8+£10.3 years; 1 cm or
more in diameter by CT and a maxi-
mum standardized uptake value [SU-
V_..] of 2.5 or more by PET) were in-
cluded between June 2008 and July
2011. The collection of impact data
and outcomes was approved by our
institutional ethics committee. All
patients underwent an F-FDG PET-
CT examination for staging purpos-
es before treatment. ®F-FDG PET-CT
imaging was performed according to
EANM guidelines (19). We excluded
hyperglycemic patients (plasma glu-
cose level higher than 120 mg/dL),
patients who underwent neoadjuvant
chemoradiotherapy before curative re-
section, and patients with tumors with
a low-affinity for F-FDG and tumors
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measuring less than 1 cm in size. All
patients were asked to avoid strenuous
exercise for 24 hours before PET-CT.
The patients were instructed to fast for
a minimum of six hours before the ex-
amination. Free-breathing PET and CT
images were acquired 45-60 min after
injection of 360+20 MBq "*F-FDG. An
oral contrast agent was used for CT ex-
amination, and intravenous contrast
material was not given. All patients
were confirmed to be normoglycemic,
and no plasma glucose correction was
planned. A total of seven 3-min bed
positions with overlap were used for
whole-body PET (Biograph-16 True
Point PET-CT, Siemens Healthcare, Er-
langen, Germany) acquisitions, which
were corrected for attenuation using
the CT data (no breath-hold; section
thickness, 6 mm; pitch, 1.5; 120 mAs;
130 kVp) and iteratively reconstructed
using the ordered-subset expectation
maximization algorithm (three itera-
tions, 21 subsets).

Within one week after the PET-CT
examinations, all patients underwent
surgery (36 lobectomies, one segmen-
tectomy, one pneumonectomy, and
two wedge resections), which allowed
further macroscopic examination. All
specimens were processed in the same
way. Namely, the fresh specimens were
placed on ice, and one pathologist mea-
sured the maximum diameter of the tu-
mor in three dimensions (14). Specimen
shrinkage, estimated at approximately
10%, was not considered because the
measurements were performed before
fixation in formalin, allowing for subse-
quent immunohistochemical examina-
tion, for which the biopsy specimens
were paraffin-embedded.

PET and CT tumor delineation

The PET-CT images were evaluated
using a Syngo fusion platform (Siemens
Healthcare) by two nuclear medicine

physicians. One of them is also a radiol-
ogist. They had five years of experience
in PET-CT interpretation and were un-
aware of the clinical and pathologic re-
sults. In this study, CT and ®¥F-FDG PET
imaging were evaluated in order to cal-
culate the lesion size, and manual delin-
eation on fused PET-CT images was not
considered. Only primary tumors were
delineated on both CT and PET images
independently. In the case of discrepan-
cy between the two physicians, a con-
sensus was reached in all cases.

We used an SUV___ value of 2.5 as a
threshold to define the tumor bound-
aries on the PET-CT images. All tumors
were measured on the PET and CT
images because the SUV__ value was
more than 2.5 and the maximum mea-
surement of the tumor was more than
1 cm. We excluded the tumors with
SUV___values lower than 2.5 and max-
imum measurements less than 1 cm.

The tumor anatomic sizes were man-
ually delineated on the CT scans by
two observers without knowledge of
the PET information. The functional
tumor volumes were manually delin-
eated on PET images by two observers
who were blinded to the CT data. The
CT and PET images were presented as
separate files, and these measurements
were performed randomly. On the CT
scans, the primary tumors were delin-
eated using the lung and mediastinum
windows setting (window width, 1200
Hounsfield unit [HU] ; window center,
-600 HU for lung window; window
width, 300 HU; window center, 40 HU
for mediastinum window). The longest
diameter of the tumor on the CT (at
both parenchymal and mediastinal
windows) and PET scans was measured
in a three-dimensional display (Fig. 1).

Statistical analysis

A statistical software (MedCalc,

version 12.2.1.0, MedCalc Software

Figure 1. a—c. A 64-year-old man with non-small cell lung carcinoma. PET scan (a), CT scan obtained with a soft-tissue window (b), and CT
scan obtained with a lung window (c) show the measurements of the primary lung tumor.
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bvba, Mariakerke, Belgium) was used

to analyze the data. To evaluate the Table 1. Summary of the patients, and comparison of tumor size on PET-CT with histopathology

correlation between the HP, PET, and Patient ~ Age HP PET CcT,, CT,
CT (windows: soft-tissue, ST; lung, L) number  (years) Tumor (cm) (cm) (cm) (cm) SUv,_,. AorP
measurements, we used the Pearson 1 77 Ne@ 3.0 2.6 4.9 4.5 29.7 (@)
product moment correlation coef- P 58 scC 15 37 4.2 43 9.4 )
ficients after checking the assump- 3 6 scc s as 40 3 180
tions. All data were expressed as the ’ ’ ’ ’ ’ ©)
meanzstandard deviation (SD). These 4 53 sCC 3.5 3.1 2.8 4.0 13.6 (C))
two measurement values were com- 5 44 SCC 3.5 4.5 7.8 8.7 10.8 (+)
pared with .the HP size using Bland-.Al- 6 81 sce 25 48 44 46 233 %)
tman plotting. Bland-Altman plotting
was also performed to define the 95% 7 71 sce 4.6 78 9.6 6.5 21.0 )
limit of agreement, which was present- 8 74 SCC 5.0 4.8 6.0 8.0 10.0 +)
ed as a bias £1.96 SD (20). Bias, a mea- 9 72 scC 4.5 5.5 6.0 6.1 10.0 )
sure of systematic error, was defined as

10 81 SCC 4.0 2.6 2.6 2.7 2.5 -
1/N(ZdSIZE), where dSIZE is the differ- &
ence in SIZE (i.e., SIZE, ~SIZE , ) and i CONE 2 36 36 s @)
N is the number of cases. 12 64 Nee 3.5 4.0 3.1 3.0 22.2 ©)

Additionally, the percentage of bias 13 68 scC 7.5 9.0 8.3 7.9 24.9 o

(bias%) for CT and PET measurement

14 78 SCC 1.4 1.8 1.5 2.0 6.3 -)
values was calculated.

15 73 scC 6.0 5.9 6.0 6.2 11.5 )
Results 16 78 SCC 3.7 4.2 4.0 4.8 4.8 +)

Table 1 shows the maximum mea- 17 70 sCC 2.2 2.3 25 35 123 ()
sured sizes of the 40 tumors based on : . 0 4 181
either macroscopic examination or PET 8 3 scc 30 3 0 33 8 )
and CT. The mean +1.96 SD tumor maxi- 19 57 sCC 1.3 1.2 1.0 1.1 8.0 Q]
muin size value was 3.96+3.57 cm (range, 20 80 sCC 5.0 6.6 7.9 7.4 28.5 ©)
1.2-7.5 cm) for the HP measurerpents. 21 75 scc 40 40 27 31 16.0 o
The mean +1.96 SD tumor maximum
size values were found to be 4.23+4.19 2 & SEe e A S0 S0 2e ©
cm, 4.62+4.49 cm, and 4.20+3.74 cm for 23 57 Adenocarcinoma 2.0 2.5 2.2 2.3 13.1 )
CT,,, CT,, and PET, respectively. Signif- 24 73 Adenocarcinoma 3.0 53 40 46 167 ()
icant differences were observed among

25 81 Adenocarcinoma 3.5 4.4 5.0 5.1 30.7 -
the delineations (Fig. 2). The CT, CT,, _ ©
and PET delineations consistently over- 26 78 Adenocarcinoma 6.5 7.0 7.0 9.5 23.7 )
estimated the maximum sizes of all tu- 27 53 Adenocarcinoma 1.6 1.8 1.8 2.3 7.7 )
mors. Twenty-one patients (52%) had 28 61  Adenocarcinoma 1.5 1.5 20 22 33 @
tumors that surrounded atelectasis or i

. 29 59 Adenocarcinoma 2.5 2.6 2.1 2.2 14.0 +)
pneumonia (Table 1).

All variables were significantly and 30 77 Adenocarcinoma 1.7 1.9 1.7 1.5 3.3 “)
positively correlated with the maxi- 31 66 Adeno+SCC 2.0 1.5 1.4 1.8 7.2 “)
mum measurement of the histologic 32 47 Adeno+SCC 70 6.1 51 7. 153 @
specimen (Table 2). The highest cor- g
relation (0.88) was between PET and 33 58 Adeno+SCC 4.0 5.5 3.5 6.2 29.9 +)
CT,,. As a measure of the linear rela- 34 75 Adeno+SCC 3.0 2.0 1.5 16 13.6 ()
tionship, the high values of the cor- 35 85  Adeno+SCC 4.0 3.6 35 35 15.5 O
r.elatlon co.eff1c1e.nts indicate that the 36 66 LcC 6.0 6.1 6.5 8.6 16.0 ®
linear relationships were strongly sig-
nificant. 37 64 Sarcoma 7.5 53 4.5 4.9 13.9 )

The Bland-Altman plots of agree- 38 69 Sarcoma 7.4 7.5 7.7 8.0 13.4 )
ment showed that the biases (mean 39 63  sScC 7.0 57 4.0 6.1 21.7 )
difference values) were small than the 0 — SEE s 0z a5 29 o )

difference between the maximum mea-
surements of the tumor on HP and on A or P, atelectasis or pneumonia; CT , maximum tumor size on computed tomography with lung

3 window; CT ., maximum tumor size on computed tomography with soft-tissue window; HP maximum
PET and CT. However, the SD values in tumor size on histopathology; LCC, large cell carcinoma; PET, maximum tumor size on positron emission
the CT and PET scans were large. Ac- tomography; SCC, squamous cell carcinoma; SUV__, maximum standardized uptake value.

cording to this method, the maximum
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measurement of the tumor on PET
scans showed the most concordance
with the maximum measurements of
the histologic specimens (mean differ-
ence, -0.20). The maximum measure-
ments of the tumors on the CT scans
with soft-tissue and lung windows
showed a lower concordance (mean
difference was -0.30 for CT, and -0.70
for CT)) than on the PET scans, and the
SD was found to be larger than that
for the PET scan (1.96 SD was 3.50 for
CTy,, 3.13 for CT,, and 2.50 for PET).
The Bland-Altman plots are shown in
Figs. 3-5 for the PET, CT_, and CT, im-
aging, respectively.

The graphic data (Fig. 3) show that
two tumors were outliers regarding
the agreement between the maximum
histological measurements and the
maximum measurements on the PET
scans. In one of these cases, the max-
imum measurement of the tumor on
the PET scans was less than that of the
histologic specimen; the other had a
larger measurement for the histologic
specimen. Fig. 2 also shows that in one
patient, the maximum measurement
of the tumor on PET scans was larger
than the histological measurement.

In the evaluation of the agreement
between the histologic size and the
maximum measurement on the CT,
images (Fig. 4), four tumors were
found to lie outside the area of 95%
concordance. In two of these cases, the
maximum measurement of the tumor
on the CT scans was less than that of
the histologic specimen, and the oth-
ers were more than the histologic spec-
imen. The graphic data (Fig. 5) show
that two tumors were outliers regard-
ing the agreement between the maxi-
mum histological measurements and
the maximum measurement obtained
from CT, imaging.

ST/

Discussion

NSCLC accounts for 75%-80% of all
lung cancers and is currently the lead-
ing cause of tumor-related death (1, 2).
The optimal treatment of lung cancer
relies on accurate disease staging, which
is based on determination of the tu-
mor size, regional nodal involvement,
and the presence of metastasis. Accu-
rate staging of NSCLC is essential for
appropriate therapy selection. Surgery
remains the mainstay of efforts to cure

Table 2. Correlation between maximum measurements on histopathology, PET, and CT for
40 patients

Variable HP PET cT,, cT,

HP 1.00

PET 0.81 (< 0.0001) 1.00

cT,, 0.68 (< 0.0001)  0.88 (< 0.0001) 1.00 0.89 (< 0.0001)
T, 0.73 (< 0.0001)  0.87 (< 0.0001) 0.89 (< 0.0001) 1.00

CT,, maximum tumor size on computed tomography with lung window; CT,,, maximum tumor size
on computed tomography with soft-tissue window; HP maximum tumor size on histopathology; PET,
maximum tumor size on positron emission tomography.

Values are correlation coefficients (r) with P values in parantheses.

Figure 2. a, b. A 58-year-old man with non-small cell lung carcinoma. The PET scan (a) and CT scan
obtained with lung window (b) show that the maximum PET and CT measurements of the primary lung
tumor were larger than the histopathology measurements. The tumor maximum size as measured by
PET imaging, CT with lung window, CT with soft-tissue window, and histopathology was 3.7 cm, 4.2 cm,
4.3 cm, and 1.5 cm, respectively. The figures show the hypermetabolic area in the primary tumor region
with a SUV__ value of 9.4 (arrows), and the myocardial activity on left side (a, star).
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Figure 3. The Bland-Altman plot shows the agreement of the maximum measurement of the
tumor in the histopathologic specimen (reference standard) and on PET imaging. Two of 40
tumors (5%) are outside the limits of agreement; the mean difference, -0.2; 95% limits of
agreement, -2.5, 2.0. SD, standard deviation.
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Figure 5. The Bland-Altman plot shows the agreement of the maximum measurement of the
tumor in the histopathologic specimen (reference standard) and on the CT image. Two of
40 tumors (5%) were outside the limits of agreement; mean difference, -0.7; 95% limits of

agreement, -3.7, 2.4. SD, standard deviation.

NSCLC, but the postsurgical prognosis
remains poor (1, 10). Radical RT, partic-
ularly if combined with platinum-based
chemotherapy, can be curative in pa-
tients with unresectable disease (21).
Planning the surgical treatment or rad-
ical RT involves staging the extent of

Volume 19 e Issue 4

locoregional disease in the thorax and
excluding the wider metastatic disease
in appropriate patients.

Although contrast-enhanced CT has
been widely used for the preoperative
evaluation of the tumor size and the
invasion of adjacent structures, nu-

merous studies have shown that it is
limited for the staging of lung cancer
because of its low reliability for lymph
node staging (22). Additionally, both
the negative and the positive predic-
tive values of CT for staging cancer in
the mediastinum have been relatively
poor in most reported series (10, 23).

PET with BF-FDG has been report-
ed to increase the diagnostic accura-
cy for the differentiation of benign
and malignant lesions and to improve
the identification of nodal metastasis.
Functional scans obtained with FDG
PET are not only complementary to
those obtained with conventional mo-
dalities, but they may also be more
sensitive because alterations in tissue
metabolism generally precede ana-
tomic change (24). Unlike convention-
al CT, PET has been shown to have a
high predictive accuracy, as verified
surgically, for staging the locoregional
extent of lung cancer (25). The spatial
resolution of PET is generally insuffi-
cient to exclude small-volume disease,
and false-positive results can occur as
a result of inflammatory processes.
Nonetheless, PET has been shown to
be substantially more accurate than
CT in almost all comparative studies of
the two, and there is evidence that the
results of PET affect clinical decision
making (25).

In this study, we retrospectively in-
vestigated the diagnostic performance
of FDG PET and CT imaging for the
maximum measured sizes of the tu-
mor in NSCLC after surgery. The re-
sults showed that PET or CT alone was
accurate for measuring primary lung
tumors. Because the study was retro-
spective, volumetric measurements
were not possible. Accordingly, the
maximum diameter of the tumor was
measured and recorded because this
measurement is recorded for histologic
specimens, enabling direct comparison
between the histologic and imaging
findings.

The highest correlation was found
between the maximum measurements
on PET and CT, indicating that either
imaging method can be used to mea-
sure the primary tumor. Little research
has been conducted to specifically in-
vestigate the radiological tumor size
and how this measurement correlates
with the pathological size (5). A pi-
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lot study compared the gross tumor
volume on CT imaging with the mi-
croscopic extent of the disease in five
resected NSCLC tumors and suggested
that CT overestimated the pathologi-
cal size (26).

There is only one study in the liter-
ature that compares PET and CT with
regard to the maximum tumor size
measurement relative to the HP size
(18). This study by Pawaroo et al. (18),
which reported the maximum measure-
ment of the tumor on CT scans with
soft-tissue windows in NSCLC, found
the highest level of concordance with
the reference standard measurement of
the HP. Furthermore, PET had a smaller
SD, indicating less variation in the mea-
surements. In our study, it was found
that PET provided closer measurements
than CT (-0.2 for PET, -0.3 for CT,,, and
-0.7 for CT)). It was also established that
the 1.96 SD values of the PET images
were closer than those of the CT images
(1.96 SD was 2.20 for PET and 3.18 for
CT,,,and 3.13 for CT)).

HP measurement is regarded as the
reference standard (13, 17). The max-
imum dimensions were used because
these dimensions were used to measure
the macroscopic specimens. The max-
imum measurements of four tumors
on PET and five tumors on CT scans
were almost twice those measured us-
ing macroscopic specimen because the
whole lesion was not included in the
contour. Although the HP type was
squamous cell carcinoma, the SUV __
values of these tumors were high (SU-
V. ... fange, 9-23). However, there was
a wide hypermetabolic atelectasis area
surrounding the tumor in these cases.

SUV is a semiquantitative index that
characterizes the tracer uptake, allow-
ing for approximation of the glucose
metabolic rate (27). The maximum
SUV of primary NSCLC varies widely,
with one study (17) reporting a range
of 1.7-38.7. The maximum SUV is
also affected by a variety of technical
and biological factors (13). There is no
standard method for placing contours
around the tumor on PET scans, and
the threshold chosen determines the
tumor volume (28), which is vital in
planning RT. A single maximum SUV
has been found to poorly delineate
the gross tumor volume and to reveal
considerable variability in the volumes

obtained, especially if the tumor is
heterogeneous (13, 17, 29). Hong et al.
(29) performed a retrospective analysis
of methods of contouring tumors with
PET-CT using different SUV values.
They compared the volumes obtained
against the volumes obtained with CT
and suggested using an SUV greater
than 2.5 to differentiate between be-
nign and malignant lesions because
this value correlated best with the CT
volume. This method is the one gen-
erally used (13, 29), thus we used this
SUV threshold.

In our study, the SUV__ values of all
tumors were in the range of 3.3-30.7.
The maximum measurements were
calculated using the PET scan because
the SUV_ _values were higher than the
background. The maximum measure-
ments of 24 tumors on PET were simi-
lar to the HP size.

In this study, the HP types of tumors
included squamous cell carcinoma,
adenocarcinoma, and mix type. We
excluded adenocarcinoma in situ (AIS)
(30) (except invasive adenocarcinoma
with a separate focus of adenocarcino-
ma) because this HP type has a lower
FDG uptake on PET images than other
lung tumors do (31). Higashi et al. (31)
found that the mean SUV of AIS was
significantly different compared to ade-
nocarcinomas with well, moderate, and
poor differentiation. These investiga-
tors concluded that glucose metabolism
measured by FDG PET correlated with
the degree of tumor cell differentiation
for adenocarcinoma of the lung (31). In
addition, AIS has been known to have a
longer doubling time and a slower rate
of proliferation than the other types of
lung cancer (32). Therefore, it can be
well understood that an AIS shows no
or low FDG uptake based on the results
of several studies (31, 32), and PET has
been shown to miss 67% of rare tumors
with a pure AIS pattern with no invasive
component (33). However, in the case
of an adenocarcinoma with AIS, the di-
agnostic performance of FDG PET was
similar to that of other NSCLCs (32).

In our study, all specimens were pro-
cessed in the same way; namely, the
fresh specimens were put on ice, and one
pathologist measured the maximum
diameter of the tumor in three dimen-
sions (14). We did not use pathologic
specimens that had been preserved in
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formaldehyde, which is known to cause
shrinkage. Hsu et al. (33) investigated
this phenomenon in the cases of 401
patients who underwent surgery for NS-
CLC. Those investigators compared the
measurement of the pathologic speci-
mens (>3 or <3 cm) immediately after
resection and after the specimens were
fixed in formaldehyde. In 40 patients
(=10%), the pathologic specimen mea-
sured less than 3 cm, but according
to the surgical notes, the tumor was
larger than 3 cm, changing the tumor
from T2 to T1.

According to the agreement of the
histologic reference standard measure-
ment with the measurements on both
soft-tissue and lung window CT scans,
three tumor measurements were great-
er on the CT scans than in the histo-
logic specimens. All of these patients
had surrounding consolidation or col-
lapse, indicating that CT is less accu-
rate in these situations (Fig. 6).

The present study also had several
limitations. Because the study was ret-
rospective, volumetric measurements
were not possible. The role and poten-
tial value of 8F-FDG PET scanning in
the definition of target volumes have
been widely investigated in recent
years (34). Although the tumor volume
could not be measured in this retro-
spective study, it was found that max-
imum tumor size measurements taken
from PET images were close to the HP
maximum size. Two widely accepted
and conventional guidelines for the
objective assessment of the response
to therapy in patients with solid tu-
mors include the World Health Orga-
nization (WHO) guideline, which uses
bidimensional tumor measurements,
and the Response Evaluation Criteria
in Solid Tumors (RECIST), which uses
unidimensional measurements of the
longest diameter of the tumor (35).
Another limitation, again related to
measurement, was that although we
used the maximum measurements
of the tumor both in the macroscop-
ic specimen and on the images, we
did not know the plane in which the
macroscopic specimen was measured.
Although the macroscopic specimens
were measured in three dimensions,
tumor size might had been underes-
timated in some cases. We propose a
prospective study in which specimens
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Figure 6. a—c. A 63-year-old man with lung squamous cell carcinoma. The PET scan (a) and CT scans obtained with soft-tissue (b) and lung
windows (c) show that the PET and CT maximum measurements of the primary lung tumor were lower than the histopathology measurement.
The tumor maximum size measured by PET scan, CT with lung window, CT with soft-tissue window, and histopathology was 5.7 cm, 6.1 cm,
4.0 cm, and 7.0 cm, respectively. The hypermetabolic area in the primary tumor region is seen by PET imaging, and the SUV__ is 21.7 (arrows).

are measured in a stated plane after
resection. The measurement would be
compared with measurements in the
same plane on images. Another limita-
tion was that tumors with SUV__ val-
ues lower than 2.5 and measurements
less than 1 cm were excluded. The
maximum measurements of all were
calculated by PET scan because the SU-
V_ .. values were higher than the back-
ground. However, tumors with SUV__
values less than 2.5 cannot be calculat-
ed with PET scanning, and a measure-
ment of less than 1 cm by CT imaging
cannot be evaluated as a pathologic
lesion. Because of the retrospective na-
ture of the study, 39 males and only
one female patient were included. The
true population could not be reflected
with these cases, but 40 patients with
confirmed NSCLC were included in
this study between June 2008 and July
2011. Another limitation of this study
was that CT images were performed
without itravenous contrast and no
breath-holding. Lung tumors move
during respiration, and this motion
can cause volumetric deformation of
the tumor image in CT scans (9, 12).
In this study, we observed motion with
respiration because the breath was not
held. However, we performed multis-
lice CT, and we investigated the imag-
es as three-dimensional CT scans. The
study sought to investigate the agree-
ment between PET, CT, and HP find-
ings in the measurement of tumor size.
Further studies are needed to investi-
gate the agreement between volumet-
ric measurements obtained from CT,
PET, and HP findings.

In conclusion, the PET component
of PET-CT is useful for delineating the
primary tumor volume of NSCLC if
there is surrounding collapse or con-
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solidation or possible invasion of the
mediastinum; otherwise, CT alone
with either soft-tissue or lung windows
is adequate. We postulate that PET-CT
would be useful for tumor measure-
ment only if consolidation or collapse
surrounds the primary tumor. Accord-
ing to the results that we obtained in
this study, PET imaging can be regard-
ed as an effective imaging method for
calculating tumor measurements. To
lend support to our findings in this
study, we recommend further prospec-
tive studies including a greater number
of patients.
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