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Abstract
Background: Lung cancer is the most common among all kinds of cancers. It still constitutes the leading cause of
cancer-related deaths worldwide, even with major advancements in prevention and treatments available. More
than 85% of the cases are of non-small cell lung cancer (NSCLC), while less than 15% are of small cell lung cancers
(SCLCs).
Patients and methods: This is a prospective study of 20 patients confirmed histopathologically to have
bronchogenic carcinoma, who came for assessment of therapeutic response. All patients underwent positron
emission tomography/computed tomography (PET/CT) before and after therapy. Semiquantitative assessment was
used to determine maximum standardized uptake value (SUVmax). Treatment response evaluation was assessed
according to the Response Evaluation Criteria in Solid Tumors (RECIST) criteria.
Results: Comparison of the pre- and post-treatment SUVmax in the responder and non-responder groups revealed
that the post-treatment SUV was significantly lower than the baseline SUV in the responder group (P = 0.008). The
responder post-treatment SUV and Δ SUV were significantly lower than the non-responder values (P = 0.014 and
0.0004 respectively). The optimum threshold values of post-treatment SUV and Δ SUV threshold defined by the
receiver operating characteristic (ROC) curve analysis were ≤ 8 and ≤ −48.3 respectively. The sensitivity, specificity,
PPV, NPV, and AUC of post-treatment SUV for predicting tumor response were 100%, 66.67%, 66.7%, 100%, and
0.833 respectively. The sensitivity, specificity, PPV, NPV, and AUC of Δ SUV for predicting tumor response were 100%,
91.67%, 88.9%, 100%, and 0.979% respectively.
Conclusion: PET/CT proved itself as useful, efficient, and reliable tool in follow-up of lung cancer patients as it gives
an early and accurate metabolic response assessment before any CT changes, leading to early modification of
therapy or confirmation of its efficiency.
Keywords: Bronchogenic carcinoma, Treatment response, PET/CT, SUVmax, RECIST

Background
The goal of therapy of the NSCLC patients is mainly
dependent on the stage of the disease as follows: patients
with stage I to III disease, the goal is to cure, whereas for
those patients with stage IV, the goal is to relieve the
symptoms and to continue life. The goal of therapy in
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patients with SCLC is to cure, which can be obtained
through combined therapy modality with chemotherapy
and radiation [1].
There is a need for a multidisciplinary methodology to
include the advanced imaging techniques for the purpose of early accurate staging of lung cancer and administrating the treatment in order to avoid ineffective
treatments to improve the chances of overall survival.
This in turn will be reflected on the patient’s quality of
life [2].
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Until now, therapy-induced change in tumor size
measured by CT according to the RECIST [3–6] criteria has been considered as a surrogate marker of
identification of therapeutic efficacy. Recently, PET/CT
provides other tumor criteria including, density and
texture changes, alteration of vascularity on computed
tomography (CT), intensity of 18 fluorodeoxyglucose
(FDG) uptake on positron emission tomography (PET)CT on PET-CT were considered as promising biomarkers for a faster and more accurate assessment of
response to therapy [7].
Because of the strong positive relationship between
tracer uptake and the number of viable cancer cells, PET
response criteria in solid tumors (PERCIST) were proposed in 2009 not to replace RECIST criteria but to
complement them. It depends on standardized uptake
value (SUV uptake) changes by the tumoral mass and
has a unique advantage of predicting response by assessing the change in tumor metabolism [8].
Combination of both CT and FDG PET together improves the early diagnosis and accuracy level of lung
cancer, as the changes in the cellular metabolism occur
more rapidly than causing changes in the tumor size [9].
By obtaining information of the metabolic activity of the
tumor cells, FDG PET has become a useful and powerful
tool in initial staging and follow-up of lung cancer
patients [2].
Fluorodeoxyglucose (FDG) is known to be the most
common radiotracer used in PET imaging. Studies have
shown that the 18F-FDG uptake by tumor cells, as
assessed by SUVmax, is a significant prognostic factor in
the treatment response of lung cancer. SUVmax has
been widely used as an indicator of tumor metabolic activity because of its rapid speed [10].
Standardized uptake value (SUV) is calculated by normalizing the attenuation-corrected FDG uptake of the
injected dose and body weight in the lesion. SUVmax is
a voxel with the maximum uptake of FDGs in the region
of interest (ROI) [11, 12].
Tumor progression through first-line chemotherapy
occurs in approximately one third of patients with lung
cancer. This high rate of progression underlines the need
to track treatment response with advanced imaging
modalities, which can potentially help in treatment decision [2, 13].
Using CT in monitoring the rapidly growing tumors
with central necrosis may not be beneficial in size
change detection. Therefore, using PET/CT metabolic
parameters that integrate both uptake intensity and tumoral volume may be very helpful in follow-up of the
necrotic tumors, post-therapeutic changes, or tumors associated with distal atelectasis [2, 13].
Radiation-induced lung injury is one of the challenges
of the post-treatment assessment of lung cancer. It
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generally manifests in two phases: an early phase of transient radiation pneumonitis, which typically occurs
within the first 6 months, and a later phase of chronic
radiation fibrosis, which usually occurs at 6–12 months
after completion of radiotherapy [2, 10, 14].
Thus, performing PET/CT study at least 3 months
after completion of radiotherapy is suggested to decrease
the risk of false-positive results [14]. However, persistent
FDG uptake associated with radiation-induced fibrotic
or inflammatory changes occasionally lasts for 15
months after the end of therapy. This highlights the significant role of PET/CT in differentiation of the tumoral
mass from the nearby pulmonary changes [2, 14].
The aim of this study is to elucidate the role of FDG
PET/CT in assessment of treatment response in patients
with bronchogenic carcinoma.

Methods
Patients

This is a prospective study conducted at our institute
during the period from September 2018 to September
2020. A total of 20 patients (18 males and 2 females)
with a histopathological diagnosis of bronchogenic carcinoma were included in this study. Their ages ranged
from 33 to 79 years with a median of 58 years. They
were provided with a signed informed consent, and the
study was conducted after institutional review board approval by Radiology Department Scientific Board as well
as fulfilling the ethical guidelines of the institute. Patients with a known diagnosis and pathologically proven
bronchogenic carcinoma were referred by clinical oncologists and pulmonologists for follow-up after chemotherapy and/or radiotherapy to assess response of
treatment.
Inclusion criteria

All patients with a known diagnosis and pathologically
proven bronchogenic carcinoma were included in this
study with no age or sex predilection. Only the primary
tumor was assessed whether there is nodal or distal metastasis or not.
Exclusion criteria

Patients excluded were those who had blood glucose
level more than 200 mg/dl, underwent surgery, or did
not receive chemo/radiotherapy.
Patient preparation

Total fasting for 6 h was requested before the study. Diabetic patients were asked to avoid high carbohydrate diet
and allowed high protein diet and liquids. Blood glucose
level at the first and second PET/CT scans in diabetic
patients was in the range of 110–160 mg/dl at the time
of the study. Pre-procedural assessment of patient’s
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weight, height, and serum creatinine was done before
the study and confirmed to be within normal limits for
CT contrast injection (0.7–1.4 mg/dL). Administration
of ante-cubital intravenous cannula and injection of 18FFDG were done. Patients were instructed to stay quiet in
the injection room for average 60 min and were asked to
drink plain water and to avoid any kind of strenuous activity including chewing prior the procedure. An average
of 5–10 mCi of 18FDG was administered for each patient 50–60 min before examination. After the procedure, patients were advised to drink water as much as
they could to washout any remaining radioactive material, and to avoid contact with pregnant women or children for at least 6–8 h after the examination.
Technique

All patients underwent FDG PET/CT examination using
Discovery IQ GE machine. The patients were introduced
to the PET-CT machine, lying in supine position with
head fixation and arms up for image acquisition, starting
from the skull base down to the upper thigh level. Lowdose non-enhanced CT scan was first performed for attenuation correction, then a whole-body PET study
followed by diagnostic enhanced whole-body CT scan.
The whole study lasted for approximately 20 min. Hundreds of trans-axial PET and CT images were firstly reconstructed and then reformatted into coronal and
sagittal images to facilitate image interpretation. For
each of these sets of PET and CT images, corresponding
“fusion” images, combining the two types of data, were
also generated.
Image interpretation

Interpretation of PET/CT images was done by two specialized radiologists with at least 5 years’ experience. Decisions were reached by consensus.
Staging of primary tumors of each case was done according to 8th edition TNM classification [15]. Pretreatment and post-treatment follow-up 18F-FDG-PET/
CT were performed with an interval of 3–5 months (median= 4 months) between the two scans. We used RECI
ST 1.1 criteria on CT interpretation as a gold standard.
In CT images, bronchogenic carcinoma assessment was
based on size while in PET images semiquantitative
measurements of metabolic uptake in FDG-avid primary
tumor lesion in pretreatment and post-treatment scans
were performed and then compared and evaluated for
their potential to predict treatment response. SUVmax
was the parameter used for semiquantitative assessment
and potential differentiation of lesions. Patients with an
outcome of a complete response (CR) or a partial response (PR) were subsequently classified as responders
according to RECIST criteria. However, those who had
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an outcome of stable disease (SD) or progressive disease
(PD) were defined as non-responders.
Statistical analysis

Statistical analysis was performed using the MedCalc
statistical software for Windows (MedCalc Software,
Mariakerke, Belgium). Data for continuous variables
were expressed as either median, interquartile range and
range or mean ± standard deviation, and as both number and percentage for categorical data. Mann–Whitney
U-test was used to evaluate the differences in continuous
variables between responder and non-responder groups.
The Wilcoxon test for paired samples was used to compare the pre- and post-treatment parameters in responder and non-responder groups while the T-test for
paired samples was used to compare the pre- and posttreatment parameters in PD, SD, and PR, and group
comparisons of all parameters between the PD, SD, PR,
and CR groups were performed using the Kruskal-Wallis
test, and Conover post hoc test was used for pairwise
comparisons of the different groups. Receiver operator
characteristic (ROC) curve analysis was performed to determine optimum thresholds and the diagnostic accuracy
of the various variables in distinguishing the different
groups. The diagnostic accuracy of all variables was evaluated in terms of sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and
area under the ROC curve (AUC). Chi-squared test was
used for comparison of categorical data between the two
groups. Pearson's correlation was used to describe the
relationship between SUV and size. For all tests, all P
values were two-tailed, and a P-value <0.05 was considered significant.

Results
Characteristics of the included patients (N = 20) with
bronchogenic carcinoma are presented in Table 1.
Comparison of the pre- and post-treatment SUV in
the responder and non-responder groups revealed that
the post-treatment SUV was significantly lower than the
baseline SUV in the responder group while no significant difference existed between post-treatment and baseline values in the non-responder group (Table 2, Figs. 1
and 2).
When responder and non-responder groups were
compared, no significant difference was found between
the pre-treatment SUV of both groups; however, the responder post-treatment SUV and Δ SUV were significantly lower than the non-responder values (Table 3).
Since post-treatment SUV and Δ SUV differed significantly between responder and non-responder groups, receiver operating characteristic (ROC) curve analysis was
performed to determine the optimal threshold values of
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Table 1 Demographic parameters and clinical data of the
patients
Parameter

Number of cases %

Age (yr)

56.4±12.6 years

Sex
Male

18 (90%)

Female

2 (10%)

Smoking
Yes

13 (65%)

No

7 (35%)

Stage
II

7 (35%)

III

5 (25%)

IV

8 (40%)

Pathological type
Adenocarcinoma

13 (65%)

Squamous cell carcinoma

2 (10%)

SCLC

5 (25%)

RECIST
Complete response

1 (0.5%)

Partial response

7 (35%)

Stable disease

9 (45%)

Progressive disease

3 (15%)

these parameters for differentiation of responders from
non-responders (Table 4).
When the area under the ROC curves for the posttreatment SUV and Δ SUV were compared to determine
which variable was better in distinguishing responders
and non-responders, no significant difference was found
between the area under the curve (AUC) of both curves
(P = 0.128); however, the AUC for Δ SUV was greater
than that of the post-treatment SUV (Fig. 3).
In an effort to determine whether SUV can differentiate between the individual groups, namely, the PD, SD,
PR groups, comparisons of the various variables between
the 3 groups were also performed. The CR group was
composed of a single patient and was therefore excluded
from the formal statistical analysis of the individual
groups due to the inadequate sample size. No significant
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difference was seen between baseline and post-treatment
SUV in the SD and PD groups; however, the posttreatment SUV was significantly lower than the pretreatment SUV in the PR group (Table 5).
When PD, SD, and PR groups were compared, no significant difference was found between the pre- and posttreatment SUV of all groups; however, there was a significant difference among the ΔSUV of all groups. ΔSUV of
the PD group was significantly higher than both SD and
PR groups, and the ΔSUV of the SD group was significantly higher than the PR group (Table 6, Figs. 4 and 5).
Since ΔSUV differed significantly between PD, SD, and
PR groups, ROC curve analysis was performed to determine the optimum threshold value for ΔSUV for differentiation of PD, SD, and PR groups. A ΔSUV of >15.4
could distinguish PD group from the SD group with a
sensitivity, specificity, PPV, and NPV of 100%, 100%,
100%, and 100% respectively. PR could be distinguished
from SD using a threshold value for ΔSUV of ≤ −48.3
with a sensitivity, specificity, PPV, and NPV of 100%,
88.89%, 87.5%, and 100% respectively. Δ SUV values ranging from >−48.3 to ≤ 15.4 designated SD with a sensitivity, specificity, PPV, and NPV of 88.89%, 100%, 100%,
and 87.5% respectively. CR by definition means total disappearance of the lesion with a ΔSUV = −100, so even
though CR was excluded from the statistical analysis,
any lesion with a SUV = −100 would indicate CR and
ΔSUV values from >−100 to ≤−48.3 designated PR with
a sensitivity, specificity, PPV, and NPV of 100%, 88.89%,
87.5%, and 100%. The slight overlap between the ΔSUV
values of the PR and SD groups is due to single adenocarcinoma patient with stable disease course but a
ΔSUV value as low as −54.
Since the metabolic activity of a mass is likely to be influenced by its size, the possible correlation between the
SUV and the size of the lesion was also assessed. No significant correlation was found between baseline SUV
values and baseline size values (r = 0.33, P = 0.16); however, a moderate positive correlation was found between
post-treatment SUV values and post-treatment sizes. As
the size increased so did the SUV (r = 0.53, P = 0.02).
The strongest correlation was demonstrated between
ΔSUV and Δsize (r = 0.91, P<0.0001) whereas ΔSUV
values increased from negative to positive indicating an

Table 2 Comparison of baseline and post-treatment SUV in both responder and non-responder groups
Responder group (n = 8)
Pre-treatment

Post-treatment

Median

14.6

5.6

IQR

11.8–17.7

2.8–6.3

Range

10–20

0–8

Non-responder group (n = 12)
P-value

Pre-treatment

Post-treatment

10.9

11.8

4.95–20.7

6.3–19.4

3.5–34.7

2–28.2

P-value

SUV

IQR interquartile range, n number

0.008

0.638
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Fig. 1 a–d Axial CT and fused PET/CT images before and after therapy. A 52-year-old male patient, presented with history of right lung neoplastic
mass (poorly differentiated adenocarcinoma) under treatment and referred for follow-up after 4 months, showing metabolic and morphological
regression of the right upper lung lobe hypermetabolic neoplastic mass (arrow) currently achieving 6.4 SUVmax and measuring 7.5 × 8.5 cm
(compared to 14.5 SUVmax and 10 × 8 cm previously). It is seen merging with the adjacent hypermetabolic mediastinal lymph nodes, currently
developing large central photopenic area of necrosis (arrow head). SUV average of the liver background measuring 2. e, f Whole body MIP
images before and after therapy showing marked metabolic therapeutic response

increase in post-treatment SUV as compared to baseline SUV; the Δsize of the lesion also increased from
negative to positive indicating an increase in the posttreatment size as compared to baseline size. This is
to be expected as metabolic progression is almost always accompanied by an increase in the size of the
lesion (Fig. 6).

Discussion
The aim of the current study was to elucidate the role of
PET/CT in assessment of treatment response of patients
with bronchogenic carcinoma.
Several studies highlighted the effectiveness of 18FFDG-PET/CT in the post-treatment assessment and
follow-up of lung cancer patients.
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Fig. 2 a–d Axial CT and fused PET/CT images before and after therapy. A 59-year-old male patient, with history of left-sided bronchogenic cancer
(adenocarcinoma), received chemotherapy and referred for follow-up after 3 months, showing interval progression in the size and metabolic
activity of the previously reported hypermetabolic left lung lower lobar soft tissue mass lesion (arrow) measuring about 4.5 × 5.5 cm and
achieving 13.6 SUVmax on current examination (compared to 3.1 × 3.4 cm and achieving 8.4 SUVmax on previous study). SUV average of the
liver background measuring 1.5. e, f Whole body MIP images before and after therapy showing progression of the primary left lung neoplasia

This study enrolled 20 patients (18 males and 2 females). Their ages ranged from 33 to 79 years with a median of 58 years, an IQR of 50–66.5 years, and a mean (±
standard deviation) of 56.4 years (± 12.6 years). The number of males was significantly higher than the number of

females in this study. In the current study, histopathological analysis of the lung tumors revealed the presence
of 13 (65%) adenocarcinomas, 2 (10%) squamous cell carcinomas, and 5 (25%) small cell lung cancers. Sixteen
(80%) and 4 (20%) tumors were located in the right and
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Table 3 Comparison between pre-treatment SUV, posttreatment SUV, and % change in SUV (ΔSUV) of the responder
and non-responder groups
Responder group

Non-responder

P-value

Pre-treatment SUV
Median

14.6

10.9

IQR

11.8–17.7

4.95–20.7

Range

10–20

3.5–34.7

0.396

Post-treatment SUV
Median

5.6

11.8

IQR

2.8–6.3

6.3–19.4

Range

0–8

2–28.2

Median

−63.1

−14.0

IQR

−83.1 to −53.4

−32.8 to 54.9

Range

−100 to −48.3

−54 to 113.5

0.014

ΔSUV
0.0004

left lungs respectively. No significant difference was seen
between the number of smokers (13, 67.5%) and nonsmokers (7, 35%) in this study (x2 = 1.8, P = 0.18); however, a significant association between smoking and gender was noted (x2 = 3.92, P = 0.05) where a significantly
larger number of smokers in this study were males.
In agreement with this study, Akl et al. included 404
confirmed cases of bronchogenic carcinoma to assess
the clinicopathological profile of the bronchogenic carcinoma cases. They reported that male to female ratio
was 4.6:1. The highest incidence was in the sixth and
seventh decades of life (63.6%). Smoking was found to
be the main risk factor in 75.7% of patients. Four types
of bronchogenic carcinoma were found: squamous cell
carcinoma 37.4%, adenocarcinoma 29.5%, small cell carcinoma 14.9%, large cell carcinoma 7.2%, and undifferentiated carcinoma 11.1% [16].
Regarding TNM staging, in this study, we used the
new 8th TNM classification staging system in controversy to most of the studies which used the older 7th
edition of TNM staging as in a study done by Chao and
Zhang [17].
Many studies have reported the effect of PET/CT in
the accurate T staging and tumor delineation from surrounding pulmonary reactions, and this is consistent
with Chao and Zhang, Steinert, Aydin et al., and Hochhegger et al. who concluded that PET/CT measurements

Fig. 3 Receiver operating characteristic curve analyses. The
specificity and sensitivity of using post-treatment SUV and % change
in SUV were compared. The AUC was 0.979 (95% CI, 0.930–1.000)
and 0.833 (95% CI, 0.651–1.000) for % change in SUV and posttreatment SUV respectively. However, no significant difference in
AUCs was identified between %change in SUV and post-treatment
SUV (P = 0.1284). AUC, area under the curve; CI, confidence interval

are more accurate and compatible with histopathological
size when compared to CT, and this will affect T staging
of the tumor [17–20].
In this study, we found out that comparison of the
pre- and post-treatment SUV in the responder and nonresponder groups revealed that the post-treatment SUV
was significantly lower than the baseline SUV in the responder group (P = 0.008) while no significant difference
existed between post-treatment and baseline values in
the non-responder group, and this is almost close to the
results found by Bahce et al. and Yamamoto et al. who
studied the ability of post-therapeutic tumor SUV uptake
to predict pathological response in patients with NSCLC
and compared the results with the histopathology. They
found a significant difference in the SUVmax on preand post-treatment FDG PET scans of patients who
responded to treatment versus the scans of patients who
did not have a response [21, 22].
In this study, we reported that when responder and
non-responder groups were compared, no significant

Table 4 The sensitivities, specificities, positive predictive values (PPV), negative predictive values (NPV), area under the curves (AUC),
and P-values of the optimum threshold values of the post-treatment SUV and SUV for differentiation of responders from nonresponders
Sensitivity

Specificity

PPV

NPV

AUC

P-value

Parameter

Optimum threshold value

Post-treatment SUV

≤8

100%

66.67%

66.67%

100%

0.833

0.0003

Δ SUV

≤−48.3

100%

91.67%

88.9%

100%

0.979

<0.0001

(2021) 52:130

Shaheen et al. Egyptian Journal of Radiology and Nuclear Medicine

Page 8 of 12

Table 5 Comparison of baseline and post-treatment SUV in PD, SD, and PR groups
Progressive disease (N = 3)

Stable disease (N = 9)

Partial response (N = 7)

Pre-treatment

Post-treatment

P-value

Pre-treatment

Post-treatment

P-value

Pre-treatment

Post-treatment

P-value

Mean

5.97

12.37

0.14

17.23

13.41

0.09

14.04

5.3

0.0006

SD

3.85

8.54

11.25

8.82

3.15

2.17

SUV

N number, SD standard deviation

difference was found between the pre-treatment SUV of
both groups (P = 0.396); however, the responder posttreatment SUV and ΔSUV were significantly lower than the
non-responder values. This was in concordance with
Huang et al. who investigated the role of SUVmax to predict the short-term outcome of chemo-radiotherapy in patients with advanced NSCLC and concluded that changes
in SUVmax values were significantly lower in responders
than in non-responders according to RECIST criteria which
was used as a gold standard. The sensitivity, specificity, and
accuracy of SUVmax change for predicting tumor response
were 83.3, 84.6, and 84.9% respectively [23].
This agrees with Cerfolio et al. who studied the change
of SUV to assess the effectiveness of chemo-radiotherapy
in patients with NSCLC based on histopathological analysis, and reported that reduction in the ΔSUVmax of
more than 80% can significantly predict a complete pathological response with a sensitivity of 90%, specificity of
100%, and accuracy of 96%. Also, Lee et al. concluded that
single PET/CT scan taken after one cycle of treatment
could predict pathological response and can be used as a
measure to avoid ineffective treatment. They stated that a
reduction of SUVmax by more than 20% was used as a
criterion for a partial metabolic response (PMR) and an
increase of SUVmax by more than 25% as criterion for
progressive metabolic disease (PMD). Metabolic response
was compared with conventional radiographic response
according to WHO criteria [24, 25].

In addition to a study by Eschmann et al. who evaluated FDG-PET for assessment of therapeutic response
and for prediction of patient outcome after radiochemotherapy of patients with NSCLC, PET findings
were compared with the histology of tumor samples.
That study demonstrated that the sensitivity, specificity, and accuracy of SUVmax were 95, 80, and 91%,
respectively [26].
In this study, assessment of therapy response using
CT established by using RECIST 1.1 criteria, as
radiologic assessment of size change and reduction
of tumoral mass, thus proves as an extremely useful
surrogate marker for quick assessment of tumor response to treatment and is now one of the methods
of assessment of choice in most clinical trials to assess drug efficacy [27]. In this study, we revealed
that the strongest correlation was demonstrated between ΔSUV and Δ size (r = 0.91, P<0.0001). This
agrees with Fattah et al., Cappabianca et al., Lu
et al., and Khalaf et al. who reported that the tumor
size and the entity of necrosis are some of the
factors that affect the SUVmax of a tumor with positive correlation between tumor diameter and SUVmax [28–31].
This study is almost close to the result found by
Weber et al. who studied the use of FDG-PET/CT to
predict response to chemotherapy in patients with advanced NSCLC and found close correlation between

Table 6 Comparison between pre-treatment SUV, post-treatment SUV, and % change in SUV (ΔSUV) of the PD, SD, and PR groups
Progressive disease

Stable disease

Partial response

Median

4

14.3

13.9

IQR

3.63–8.8

9.43–25.78

11.7–16.05

Range

3.5–10.4

3.5–34.7

10–19.19

Median

8.1

15.4

6

IQR

7.13–18.68

5.6–18.18

4.56–6.38

Range

6.8–22.0

2–28.2

1.1–8.0

Median

102.5

−18.7

−57.5

IQR

96.35–110.75

−44.23 to 7.43

−75.0 to −51.7

Range

94.3–113.5

−54 to 15.4

−88.9 to −48.3

P-value

Pre-treatment SUV

0.09

Post-treatment SUV

0.085

ΔSUV
0.0008
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Fig. 4 a–d Axial CT and fused PET/CT images before and after therapy. A 55-year-old male patient with history of right lung cancer received
chemo and radiotherapy. Referred for follow-up after 3 months, showing complete resolution of the neoplastic right upper lobe cavitary soft
tissue mass activity (currently not exceeding 1.1 SUV max), compared to 10 SUVmax previously. It also shows remarkable regression measuring
now 3.3×3 cm (compared to 7.3 × 5.6 cm previously). SUV average of the liver background measuring 1.7. e, f Whole body MIP images before
and after therapy showing the complete therapeutic response of the right upper lobe neoplastic mass

metabolic response and best response to therapy according to RECIST criteria (P < .0001; sensitivity and
specificity for prediction of best response, 95% and
74%, respectively) [32].
In controversy, Sheikhbahaei et al. reported that although CT is the modality of choice on posttherapeutic assessment of lung cancer using RECIST
criteria which is widely accepted and used for assessment, yet in case of irregular and spiculated lesions,
it shows variable results due to variable observer
views in size measurement. In addition, activity

changes which occur after treatment cannot be detected by CT. Another limitation is the inability of
CT to differentiate viable tumor accurately from posttherapeutic inflammation and fibrosis, or even benign
changes such as consolidation [2].
It is also concordant with the study by Hicks et al.
who reported that using CT in monitoring the rapidly
growing tumors undergoing central necrosis, size change
might not be detected, while PET/CT metabolic parameters that integrate both uptake intensity and tumoral
volume are very helpful in follow-up of the necrotic
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Fig. 5 a–d Axial CT and fused PET/CT images before and after therapy. A 79-year-old male patient presented with history of left bronchogenic
carcinoma histopathologically proven to be adenocarcinoma, under treatment and referred for PET/CT follow-up after 3 months, showing rather
stationary appearance of the identified left lower lung lobe (apical segment) hypermetabolic heterogeneously enhancing infiltrative lesion
(arrow), currently achieving minimal lesser activity 10.6 SUVmax (compared to 11.6 SUVmax previously), showing central photopenic zone of
necrosis and invading the overlying pleural surfaces and chest wall with regional destruction of the overlying ribs. SUV average of the liver
background measuring 2. e, f Whole body MIP before and after therapy showing stable metabolic response

tumors, post-therapeutic changes, or tumors associated
with distal atelectasis [33].
Additionally, William et al. and Cerfolio et al. found a mismatch between the CT RECIST and the histopathological results among the studied cases during follow-up after
chemotherapy. They stated that CT RECIST may have a limited role in histopathologic response assessment and prediction of survival in patients with NSCLC. Also, Erasmus

et al. concluded that RECIST tend to misclassify tumor progression in 30% of lesions in their study [24, 34, 35].
This is consistent with Mac Manus et al. who studied
the value of FDG PET and enhanced CT in NSCLC
patients before and after chemo-radiotherapy and found
poor agreement between metabolic PET and morphologic CT response categories which were identical in
only 40% of the studied cases [36].
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value; NSCLC: Non-small cell lung cancer; PD: Progressive disease; PERC
IST: PET response criteria in solid tumors; PET: Positron emission tomography;
PPV: Positive predictive value; PR: Partial response; RECIST: Response
Evaluation Criteria in solid tumors; ROC: Receiver operator characteristic;
SCLC: Small cell lung cancer; SD: Stable disease; SUV: Standardized uptake
value; SUVmax: Maximum standardized uptake value; TNM: Tumor node
metastasis
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Fig. 6 Scatter diagram displaying the strong positive correlation
between ΔSUV and ΔSIZE in all patients

The limitations of the current study were that PET-CT
is relatively more expensive than other scanning modalities, and this must be considered in the current financial
climate; another limitation was the small sample size.
Further studies with large patient numbers are needed
to validate the results of our study.

Conclusion
In conclusion, SUVmax of the primary tumor changes
from two serial 18F-FDG PET/CT studies, before and
after therapy, allows prediction of the treatment response in patients with bronchogenic carcinoma, which
leads to a significant change in therapeutic and management strategy by avoiding ineffective chemoradiotherapy and supporting the decision to continue
the primary treatment in responding patients, and this
hopefully will improve the patient’s outcome and prognosis. In this study, a close correlation was found between SUVmax and response to therapy according to
RECIST criteria. Although RECIST criteria is widely accepted and considered as a useful surrogate marker for
quick assessment of tumor response to treatment, it has
some limitations as changes in CT-measured tumor size
are unreliable in predicting histopathologic response
after therapy.
Finally, FDG-PET/CT proved itself as a useful, efficient, and reliable tool of investigation in initial staging
and follow-up of lung cancer patients, and recently became a part of the international guidelines in the diagnosis and the follow-up of cases with bronchogenic
carcinoma. Also, it has shown promise in monitoring response to biological agents such as epidermal growth
factor receptor tyrosine kinase inhibitors.
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