
RESEARCH Open Access

PET/CT implication on bronchogenic
carcinoma TNM staging and follow-up
using RECIST/PERCIST criteria: a
comparative study with CT
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Abstract

Background: To evaluate the role of PET/CT on bronchogenic carcinoma staging as well as treatment response
evaluation on follow-up compared to CT study alone.

Methods: A prospective study of 60 patients confirmed histopathologically to have non-small cell bronchogenic
carcinoma, 30 of them came for staging (group T) while the rest 30 came for follow-up (group F) to assess therapy
response. All patients underwent PET/CT with data analysis done using the eighth edition tumor, nodal, metastatic
staging (TNM) staging for group T and RECIST/PERCIST criteria for group F. The CT data alone transferred to a blind
radiologist for analysis using the same parameters. The results were collected and compared.

Results: Regarding group T, 12 patients showed different TNM staging between PET/CT and CT alone, 5 cases with
different T stagings, 4 cases with different N stagings, and 5 cases with different M stagings. Also, 8 cases showed
different surgical stagings. Regarding group F, 9 cases showed a difference between RECIST obtained by CT and
PERCIST obtained by PET/CT with most of the cases (6 cases) showed change from partial or stable response to
progressive response.

Conclusion: PET/CT has a significant role in TNM staging of bronchogenic carcinoma more at T2 staging due to its
ability to differentiate the tumoral mass from the nearby pulmonary reaction. Also, PET/CT makes a difference in
tumoral follow-up by its ability to detect the functional changes even before structural changes. Finally, PET/CT is a
very important tool in management strategy.

Background
Bronchogenic carcinoma is one of the most common causes
of cancer-related mortalities with the rate of incidence
reaching about 1.5 million cases per year worldwide [1].
Bronchogenic carcinoma classified histopathologically

into either non-small cell (NSCLC) or small cell type
with non-small cell is the commonest representing up to
87% of cases [2].
Currently, the eighth edition of tumor, nodal, meta-

static staging (TNM) staging is the most recent and up-
dated edition for bronchogenic carcinoma staging
replacing the known seventh edition since January 2017.

TNM staging is a universal staging system for tumor
(T), lymph nodes (N), and metastases (M) [3].
Bronchogenic carcinoma staging is crucial for treat-

ment strategy, planning, and prognosis prediction with
radiological imaging play a cornerstone role in staging
[4, 5]. Patients with stage I are suitable for lobectomy or
pneumonectomy while stage II patients are treated sur-
gically followed by adjuvant chemotherapy. Patients with
stage IIIA receive chemotherapy and radiotherapy
followed by surgery if downstaging occurred while for
patients with stage IIIB or IV, the surgery has no role in
their treatment [6].
CT is the most commonly used radiological modality

for tumoral staging due to its availability and rapid scan-
ning with high-resolution images, but it has some limita-
tions in identifying the actual tumoral boundaries

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

* Correspondence: Dr_aosman@med.asu.edu.eg; Dr_osman80@yahoo.com
Faculty of Medicine, Ain Shams University, Cairo, Egypt

Egyptian Journal of Radiology
and Nuclear Medicine

Osman and Korashi Egyptian Journal of Radiology and Nuclear Medicine
          (2020) 51:16 
https://doi.org/10.1186/s43055-020-0133-5

http://crossmark.crossref.org/dialog/?doi=10.1186/s43055-020-0133-5&domain=pdf
http://orcid.org/0000-0002-3458-4396
http://creativecommons.org/licenses/by/4.0/
mailto:Dr_aosman@med.asu.edu.eg
mailto:Dr_osman80@yahoo.com


separating it from the nearby adjacent non-malignant
pulmonary changes such as collapse, atelectasis, or con-
solidation. Also, the assessment of pleural, pericardial,
and mediastinal invasions is difficult to be accurately
assessed by CT [7].
Radiological follow-up of bronchogenic carcinoma to

assess therapy response using CT established by using
Response Evaluation Criteria In Solid Tumor (RECIST
criteria) depending on size change and reduction of the
tumoral mass. However, structural changes may occur
late after positive biological response, giving a false im-
pression of stationary course. Also, central necrosis or
hemorrhage secondary to treatment may cause an in-
crease in the tumor mass size, giving a pseudo-
progression result in CT [8, 9].
PET/CT is a radiological modality that can assess the

tumoral malignant activity depending on fluorodeoxy-
glucose (FDG) uptake by the malignant tissue. Hence, it
can accurately delineate the tumoral mass separating it
from the surrounding non-malignant reaction and detect
early biological changes in response to therapy even be-
fore the structural changes. Also, PET/CT can detect the
activity of pulmonary nodules detected during the inter-
pretation of the CT chest differentiating the benign from
malignant one as well as the metastatic changes [8]. The
follow-up of bronchogenic carcinoma using PET/CT is
done using PET/CT Response Criteria In Solid Tumor
(PERCIST criteria) depending on standardized uptake
value (SUV uptake) changes by the tumoral mass [10].
PET/CT offers both structural and functional informa-

tion about the tumoral mass and malignant activity over-
all the body and hence can accurately assess the tumor
staging and tumor response to therapy [11].
Our study aimed to assess the role of PET/CT in

NSCLC staging and follow-up assessment and to what
extent PET/CT can change the tumoral TNM staging
and the therapy response degree using PERCIST when
compared to CT RECIST. Also, we studied the effects of
these changes on the treatment decision and manage-
ment plane.

Methods
Patients
This was a prospective study conducted on 60 patients
who came to the Radiology Department with pathologic-
ally proven NSCLC. The patients came to do PET/CT as
requested by the chest/radiotherapy team either for sta-
ging (group T) or follow-up (group F). 30 patients were
included in each group. The study was conducted over
the period from April 2017 to January 2019. Informed
written consent was taken from all patients according to
the ethical committee regulations. All patients were sub-
jected to PET imaging followed by post-contrast CT in
the same session.

Inclusion criteria
All patients with pathologically proven NSCLC with no
age or sex predilection.

Exclusion criteria
We excluded any pregnant female for the risk of radi-
ation exposure, patients with high kidney function as a
contraindication for CT contrast injection, and patients
with high blood glucose levels at the time of the study to
avoid FDG misinterpretation. Any patients with a history
of allergy were also excluded for fear of complications of
contrast allergy.

Patient preparation
Serum creatinine was requested before the study and
confirmed to be within normal limits for CT contrast in-
jection. Also, the diabetic patients were asked to ad-
equately control their blood glucose level at the period
before the date of imaging. Fasting for 6 h before the
scan was requested. IV cannula was inserted and better
to be inside the antecubital vein at the opposite side to
the tumor side. The patients were kept in a controlled
warm temperature room to decrease the FDG uptake by
the brown fat.

Technique

� PET/CT machine: Discovery IQ five-ring machine
class I IPX0 used with 16 slices of CT, GE (General
Electric Company), Milwaukee, Wisconsin, USA,
2016.

� Contrast dose: 10–20mCi were injected 60-90 min
before the exam and the patients were asked to rest
in a quiet place without vigorous activity and trying
to avoid even talking as minimal as they can.

� Technique: All patients were placed on a supine
position with elevated arms for imaging acquisition
starting from the skull base down to the upper thigh
level. We started with PET imaging followed by
post-contrast CT using the same scan area.

� Post-imaging instruction: The patients were asked to
drink many amounts of water, avoid contact with
children for 24 h, and stop lactation for 24 h.

Image interpretation
All images including PET and CT images were trans-
ferred to a specific workstation where PET/CT-fused im-
ages could be done. Multi-planar reformatted images
(MPR) were also done for both PET and CT images.
PET/CT images were interpreted via a specialized radi-
ologist in PET/CT fields with at least 5 years’ experience.
The CT images alone were transferred to another work-
station to be interpreted by another blind radiologist
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with at least 5 years of CT imaging experience. The fol-
lowing parameters were used for imaging interpretation:

� Regarding group (T), we used the eighth TNM
staging system [3].

� Regarding group (F), we used PERCIST 1.0 criteria
on PET/CT interpretation and RECIST 1.1 criteria
on CT interpretation. The tumor size, SUV uptake,
and other findings were recorded (Table 1) [12, 13].

Analysis of data
the analysis of data was done using IBM SPSS statistics
(V. 24.0, IBM Corp., USA, 2016). Continuous parametric
data were presented as mean ± SD and non-parametric
data as median (IQR) and categorical data was presented
as a number and percentage of patients.

Results
Sixty patients with a histopathological diagnosis of
NSCLC were included in our study with the age of the
patients ranging from 39 to 72 years old and the mean
age was 49 ± 12.5 SD years. 63.3% of the patients were
male with 71.7% of all patients showing a positive history
of smoking, which is considered one of the most import-
ant risk factors for bronchogenic carcinoma.
The TNM staging results in group T patients by CT

and PET/CT as well as the surgical staging results are
demonstrated in Figs. 1 and 2. Different therapeutic re-
sponse results obtained in group F patients by CT and
PET/CT are demonstrated in Fig. 3.
Regarding TNM staging of group T included 30 pa-

tients, 12 patients representing 40% of cases showed dif-
ferent TNM staging results between the PET/CT staging
and CT alone staging, and five of them showed different T
staging (Figs. 4, 5, and 9) with four of them representing

80% showed downgrade staging (Figs. 4 and 9). Four cases
showed different N stagings (Fig. 4) with 100% of them
showing upgrade staging. Five cases showed different M
stagings (Figs. 5, 6, 7, and 8) with three of them represent-
ing 60% showed downgrade staging (Figs. 6 and 8).
Among the patients with different T stagings, we

found two cases out of five (40%) within T2 staging by
CT. While in cases with different N stagings, we found
two cases out of four between cases with N1 staging by
CT (Fig. 4). In patients with different M stagings, three
cases showed a change in M staging due to the PET/CT
ability to identify the activity of the contralateral pul-
monary nodules (Figs. 6 and 8).
Regarding group T surgical staging, eight cases among

the 12 cases with different TNM stagings showed a change
in surgical staging (four of them showed upgrade surgical
staging (Figs. 4, 5, and 7) while the other four showed
downgrade surgical staging (Figs. 6 and 8)). The remaining
four cases showed no change in surgical staging, although
there was a change in TNM staging (Fig. 9). The change of
the surgical staging leads to the change in management
strategies which occurred in eight patients of group T
representing 26.7% of cases (Fig. 10).
Regarding group F which included 30 patients, nine

cases (30%) showed a change in therapeutic response as-
sessment using RECIST/PERCIST criteria, six of them
representing 66.67% showed a change from partial or
stable response by RECIST criteria to progressive re-
sponse using PERCIST criteria (Figs. 11, 12 and 13).
Two showed change from stable response by RECIST
criteria to partial response by PERCIST (Fig. 11). The
last one showed change from the progressive response
by RECIST to the stable response by PERCIST criteria.
The management strategy changed with seven cases of
group F representing 23.3% of cases.

Table 1 Shows the criteria for therapeutic response evaluation using RECIST 1.1 and PERCIST 1.0

PERCIST 1.0 RECIST 1.1

Complete metabolic response (CMR) - The target lesion shows absent FDG uptake.
- The target lesion shows decreased SUV
less than the liver SUV.

- The disappearance of target lesions.
- Any LN whether target or not must decrease
in size to less than 10mm (short axis).

Partial metabolic response (PMR) - ≥ 30% decrease or at least 8 SUV decrease
between the most intense evaluable lesion
on baseline study and the most intense
lesion on follow up.

- ≥ 8 SUV decrease in the target lesion.
- No new FDG avid lesions.
- No size increase ≥ 30% regarding the
target and nontarget lesions.

- ≥ 30% decrease in the sum of the diameter
of the target lesions.

Stable metabolic response (SMR) - Increase or decrease in the SUV of less
than 30%

- No sufficient decrease in the size to be PMR
or increase in the size to be PMD

Progressive metabolic disease (PMD) - The target lesion shows an increase in
SUV more than 30% or more than 8 SUVs.

- Development of new lesions.
- Increase in size of target lesion by
more than 30%

- ≥ 20% increase in the sum of the diameter
of the target lesions (taking the smallest sum as a reference)
(at least 5 mm increase).

- Newly developed lesions.
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Finally, PET/CT results changed the treatment strat-
egies between 14 patients in all study population repre-
senting 23.3% of all our patients including both groups.

Discussion
This study demonstrates the significance of PET/CT
uses during the evaluation of cases with non-small cell
bronchogenic carcinoma, either during staging or during
follow-up to assess the therapeutic response. PET/CT
showed a change in the TNM staging in 40% of the
studied cases and a change in follow-up response in 30%
of the studied cases. Eight cases in group T representing
26.7% and seven cases in group F representing 23.3%

showed a change in the management strategy, according
to the change in their surgical staging and the change in
their treatment response evaluation, respectively.
This is explained by the difference between the two

modalities as the CT gives us information about the
morphology of the tumor and the morphology of the
associated metastatic lesions as well as anatomical de-
tails while the PET/CT has the ability to combine
both the morphological and the functional activity
with the advantage of detection of the functional
changes of both the tumoral mass and the associated
metastatic lesions.
A lot of researchers studied the impact of PET/CT in

bronchogenic carcinoma staging [14–23]. We used the

Fig. 1 Demonstrates the CT and PET/CT TNM staging between patients of group T

Fig. 2 Demonstrates the CT and PET/CT surgical staging between patients of group T
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Fig. 3 Demonstrates the CT and PET/CT follow-up results between patients of group F

Fig. 4 A female patient 72 years old presented with hemoptysis and proven histopathologically to have NSCLC. CT study reveals a malignant
mass lesion involving the right lower lobe measuring 34.5 × 27.3 mm staged as T2 (a) with sub-centimetric right para-tracheal lymphadenopathy
considered to be nonspecific and staged as N0 (c). Her PET/CT revealed right lobe mass lesion measuring 25.6 × 17 mm in average staged as T1
with a downgrade of the CT-T staging separating the actual tumoral tissue from the surrounding pulmonary non-malignant changes with
positive activity detected at the right para-tracheal lymphadenopathy staged as N1 instead of N0 diagnosed by CT (b, d). The surgical staging of
the patients by PET/CT changed from IA to IIB
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eight TNM staging system which was already established
since early 2017 in controversy to most of the studies
used the older seventh edition of TNM staging as in a
study done by Chao and Zhang [11].
Twelve cases out of 30 cases in group T representing

40% of cases showed a change in the TNM staging by
PET/CT compared to CT alone, and this is almost close
to the results found by Bury et al., Hicks et al., Taus
et al., and Zheng et al. who concluded that 34%, 43%,
35%, and 35% of their cases showed change in their
TNM staging when assessed by PET/CT [15, 18, 22, 23].
In controversy, Pieterman et al. found 62% of cases with
a change in their TNM staging which is higher than our

result [17] while Takeuchi et al. found the change in
TNM staging in 28.7% of their cases [21].
In our study, out of the 12 cases in group T with a

change in TNM staging, we found 8 cases representing
26.7% with the change in the TNM staging affected the
surgical staging with subsequent changes in treatment
strategy. The rest 4 cases showed no change in the surgi-
cal staging with no effect on the treatment plan. This is
close to the result found by Bury et al. and Hicks et al.
who found PET/CT impact on the management of 25%
and 35% of their cases [15, 18].
The explanation of the TNM staging difference found

between PET/CT compared to CT is summarized in Fig.

Fig. 5 A male patient 67 years old presented with dyspnea and attacks of hemoptysis and proven histopathologically to have NSCLC. CT study
reveals a malignant mass lesion involving the right lower lobe = 3 cm considered as T1 with a small 5 mm pulmonary nodule involving the right
middle lobe at the para-cardiac region (a, b) and considered by CT to be non-specific nodule. A bone study by CT was negative. PET/CT study
reveals positive FDG uptake detected inside the pulmonary nodule (white circle c) (T4), as well as positive active spots, noted affecting the
thoracic bone namely the ribs, sternal body and the transverse process of the dorsal spine (M1c) (black circle) (e, f). The surgical staging of the
patients by PET/CT changed from IIB to IVB
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7 which highlights the effect of PET/CT in the precise
and accurate delineation of the tumoral mass separating
it from the surrounding nonmalignant pulmonary reac-
tion, especially in T2 stage, and this is consistent with
Chao and Zhang and Steinert [11, 24]. Aydin et al. stated
that PET/CT measurements of the tumor size were
more compatible with the histopathological size com-
pared to CT, and this will affect the T staging which de-
pends on the tumoral size [25]. Also, Hochhegger et al.
studied the ability of PET/CT to differentiate the tumor
and post-obstructive pulmonary changes which is con-
sidered challenging with T staging [26].
Four cases of our study showed changing in their TNM

staging due to the difference in diagnosis of the nature of

pulmonary nodules. The ability of PET/CT to differentiate
the benign from the malignant nodules affects both T and
M staging, and this is consistent with Volpi et al. who dis-
cussed the accuracy of PET/CT in differentiating the be-
nign nodules from a malignant one [6].
PET/CT is a known modality to detect the malignant

activity in the mediastinal lymph nodes more accurately
compared to the CT which depends only on the nodal size
with the accuracy reaching to about 90% in the diagnosis
of malignant mediastinal lymphadenopathy [6, 11, 27].
CT depends only on the size of the lymph node during

N staging. However, this carries a lot of fallacies as in
post obstructive pneumonitis causing false-positive en-
largement of the lymph nodes and also, normal-sized

Fig. 6 A female patient 57 years old presented with attacks of hemoptysis and proven histopathologically to have NSCLC. CT study reveals a
malignant mass lesion involving the left upper lobe with a small 5 mm pulmonary nodule involving the right middle lobe and considered a
metastatic nodule (M1a) (white arrow, a). The nodule showed insignificant FDG uptake as seen in b and c PET/CT images. The surgical staging of
the patients by PET/CT changed from IVA to IIA

Fig. 7 a–h A male patient 68 years old presented with dyspnea and repeated chest infection with attacks of hemoptysis and proved
histopathologically to have NSCLC. CT study reveals a malignant mass lesion involving the right lower lobe with multiple malignant mediastinal
and hilar lymphadenopathies. Bone examination via CT was negative yet with PET/CT multiple scattered FDG uptake marrow lesions detected
involving the spinous process of L1 and right aspect of the sacrum considered metastatic bony lesions (M1c). The surgical staging of the patients
by PET/CT changed from IIIB to IVA
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lymph nodes may be found to be metastatic on histo-
pathological verification [28, 29]. Valopi et al. stated that
patients with negative mediastinal lymph nodes on PET/
CT can proceed to their management, according to the
rest of T and M staging while the patients with positive
nodal lesions may need further assessment via biopsy
using mediastinoscopy for accurate histopathological
verification avoiding false-positive results [7].
PET/CT is a known modality to detect the hidden bone

marrow infiltrates being more accurate than CT and even
bone scan to detect bony metastases, which are a common
site for metastases in cases with bronchogenic carcinoma
[6, 11, 27, 30]. Ten percent of patients with bronchogenic

carcinoma found to have positive distant metastases by
PET/CT not detected by CT alone [27].
On follow-up patients after starting their therapy

(group F), we found nine cases (30%) with a change in
therapeutic response assessment comparing the PER-
CIST criteria obtained by PET/CT and RECIST criteria
obtained by CT alone, and this affects the treatment
strategy and plan for seven cases (23.3%).
Multiple research papers are published studying the

impact of PET/CT in the evaluation of the treatment re-
sponse in cases with non-small cell lung cancer [31–33].
Although CT is the modality of choice on follow-up

cases of lung cancer to evaluate the therapeutic response

Fig. 8 a–c A female patient 55 years old presented with dyspnea and attacks of hemoptysis and proven histopathologically to have NSCLC. CT
study reveals a malignant mass lesion involving the apical segment of the right lower lobe with multiple malignant mediastinal
lymphadenopathies as well as contra-lateral 7 mm pulmonary nodules involving the left lower lobe (a). The case staged as T2 N1 M1. PET/CT
showed no evidence of significant activity involving the pulmonary nodules and considered nonspecific nodule changing the staging to T2 N1
M0. The surgical staging of the patients by PET/CT changed from IVA to IIB

Fig. 9 a–c A male patient 69 years old presented with attacks of hemoptysis and proved histopathologically to have NSCLC. CT study reveals a
malignant mass lesion involving the left upper lobe = 34.3 × 26.8 mm with subsequent distal pulmonary consolidation with malignant looking
ipsilateral mediastinal lymphadenopathies with no definite metastases by CT and the case staged as T2 N1 M0. PET/CT reveals the same results
yet with the more adequate delineation between the mass and the related distal consolidation with the actual mass size became 26 × 19mm on
average with subsequent T staging downgrading from T2 to T1. No change occurred for the surgical staging kept with IIB
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with RECIST criteria which is widely accepted and used
for assessment, yet it still depends on the tumoral size
change which shows some sort of variability between ob-
servers especially in irregular and speculated lesions.
Also, CT cannot detect the activity changes occurred in
response to therapy [34].
William et al. found a discrepancy between the CT

RECIST and the histopathological results among 41% of
the studied cases during follow-up after neoadjuvant
chemotherapy [35] which was close to our results. How-
ever, in our study, we compared the result of the PET/CT

to the CT alone, in controversy to William et al. who
compared the PET/CT with the histopathology.
Our results were close to the result of Jimenez-Bonilla

et al. and Marcus et al. who found that PET/CT resulted
in a change in management between 30.19% and 28.1% of
their patients, respectively, who did PET/CT to evaluate
the therapeutic response [36, 37]. This was in controversy
to Hicks et al. and You et al. who found a change in the
management and therapeutic plane between 63.5% and
57% of their patients, respectively, when using PET/CT in
the evaluation of therapeutic response [18, 38].

Fig. 10 A diagram illustrating the different TNM stagings between the PET/CT and CT results found between the group T population illustrating
the different causes of these differences between the two modalities

Fig. 11 A male patient 40 years old diagnosed to have NSCLC received radiotherapy and chemotherapy. Baseline study (A, B, and C) showed the
mass lesion = 82 × 38 mm on average with SUV uptake = 9.9. On follow-up after 3 months (Af, Bf, and Cf) showed almost stationary course
regarding the size of the mass by CT = 81 × 37mm in average interpreted as stable disease by RECIST criteria while on PET/CT the SUV
decreased to be 4.4 instead of 9.9 leading to change in the opinion to be partial response by PERCIST criteria
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Fig. 12 A male patient 45 years old diagnosed to have NSCLC received chemotherapy. Baseline study (A and B) showed the mass lesion = 35.3 ×
34.4 mm on average with SUV uptake = 2.9. On follow-up after 3 months (Af and Bf) showed decrease in the size of the mass by CT = 29.6 ×
29.5 mm in average interpreted as stable disease by RECIST criteria (the decrease in size not met the criteria of partial response by RECIST criteria)
while in PET/CT, the SUV increased to be 6.04 instead of 2.9 leading to change in opinion to be progressive disease response by PERCIST criteria
instead of stable disease by RECIST criteria

Fig. 13 A female patient 70 years old diagnosed to have NSCLC received chemotherapy and radiotherapy. Baseline study (A and B) showed the
mass lesion = 90 × 62 mm in average with SUV uptake = 9.5. On follow-up after 3 months (Af and Bf) showed almost no change in the size of
the mass by CT = 92 × 63mm in average interpreted as stable disease by RECIST criteria while in PET/CT, the SUV increased to be 14.8 instead of
2.9 leading to change in opinion to be progressive disease response by PERCIST criteria instead of stable disease by RECIST criteria
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The main limitation of our study was the small sample
size due to the high cost of the technique. A multi-
centric study will be needed to obtain more accurate re-
sults when applied to a larger number of patients.

Conclusion
PET/CT has an important role in changing the staging
of bronchogenic carcinoma as well as the judgment
about the therapeutic response, which all lead to a sig-
nificant change in therapeutic and management strategy,
and this hopefully will improve the patient’s outcome
and prognosis. PET/CT recently became a part of the
international guidelines in the diagnosis and the follow-
up of cases with bronchogenic carcinoma.

Abbreviation
CT: Computed tomography; NSCLC: Non-small cell lung cancer;
PERCIST: PET/CT Response Criteria In Solid Tumors; PET: Positron emission
tomography; RECIST: Response Evaluation Criteria In Solid Tumors;
SUV: Standardized uptake value; TNM staging: Tumor, nodal, metastatic
staging
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