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Background: The aims of this study were to predict locoregional lymph node (LN) metastases using positron
emission tomography-computed tomography (PET-CT) and investigate variations in PET-CT findings for
patients receiving neoadjuvant (N'T) and non-neoadjuvant (non-NT) for non-small cell lung cancer (NSCLC).
Methods: Data from 578 consecutive patients from January 2010 to December 2015 who met this study
inclusion criteria were retrospectively reviewed. All patients underwent curative and complete resections
for NSCLC in a Korean hospital. We analyzed the associations between maximum standard uptake
value (SUVmax) and pathological stage, compared disease-free survival (DFS) and overall survival (OS),
investigated relationships among SUVmax values, evaluated LN status and compared pathologically negative
and positive LNs by SUVmax, and assessed the influence of neoadjuvant therapy on SUVmax. All LNs were
analyzed separately for N1 and N2.

Results: (I) For non-NT, we found significantly positive associations between pathological stage and
SUVmax (tumor, N1 LN, and N2 LN, all P<0.001). For NT, we found positive correlations between
pathological stage and tumor and N2 LN SUVmax, except for N1 LN (tumor P=0.005, N1 LN P=0.981,
N2 LN P=0.045); (I) for non-NT; the low SUVmax group had higher DFS and OS than the high SUVmax
group (DFS: tumor SUVmax P<0.001, N1 LN SUVmax P=0.002, N2 LN SUVmax P=0.027; OS: tumor
SUVmax P<0.001, N1 LN SUVmax P=0.006, N2 LN SUVmax P=0.006). For NT, the low SUVmax group
had nonsignificantly higher DFS and OS than the high SUVmax group. When age, sex, and SUVmax
were equal, pathological stages were significantly higher for NT than non-NT (P<0.001). Non-NT had
significantly higher DFS (P=0.001) and OS (P=0.024) than N'T; (IIT) for non-NT, tumor, N1 LN, and N2
SUVmax were positively associated (all P<0.001). For N'T, tumor and N2 SUVmax (P<0.001), and N1 and
N2 SUVmax (P=0.025) correlated positively; tumor and N1 LN SUVmax did not (P=0.911); (IV) for non-
NT, there was significant cutoff values for prediction of LN metastases using both tumor and LN SUVmax
(N1 LN: tumor SUVmax cutoff 5.95, sensitivity 66.3%, specificity 66.0%, area =0.748, P<0.001; N1 LN
SUVmax cutoff 2.05, sensitivity 57.83 %, specificity 66.43 %, area =0.676, P<0.001) (N2 LN: tumor SUVmax
cutoff 5.95, sensitivity 63.04%, specificity 63.95%, area =0.726, P<0.001; N2 LN SUVmax cutoff 2.05,
sensitivity 65.22%, specificity 69.96%, area =0.678, P<0.001). For N'T, no SUVmax values significantly
predicted LN metastases; () Pathologically malignant and benign LN SUVmax after neoadjuvant therapy
were not different (N1 LN P=0.570, N2 LN P=0.105). For non-NT, pathologically malignant LN SUVmax
was significantly higher than pathologically benign LN SUVmax (N1 LN P<0.001, N2 LN P=0.001).
Conclusions: This study showed variations in PET-CT findings for N'T and non-NT, which should

be verified for evaluation and management, especially for surgery planning. SUV max is not a reliable
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predictor of lymphatic involvement after neoadjuvant therapy in patients with NSCLC. Surgery should not
be withheld or delayed based on lack of knowledge about variations in PET-CT findings, which must be

interpreted in conjunction with other conditions. Further studies on interpretation of PET-CT findings,

especially for NT; are needed for better management and prognosis.
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Introduction

Precise evaluation of cancer stage is needed before cancer
treatment, especially for surgery planning. In spite of
advances in endobronchial ultrasound (EBUS), endoscopic
ultrasound (EUS), and mediastinoscopic biopsy, Positron
emission tomography-computed tomography (PET-CT)
is widely accepted as a standard tool for noninvasive
evaluation of cancer status, especially distant or loco-
regional lymph node (LN) metastases in non-small cell lung
cancer (NSCLC) (1-5). Because cancer cells have increased
number of glucose transporters and are highly metabolically
active, the radiopharmaceutical "fludeoxyglucose ("FDG)
is a glucose analog used to evaluate tumor metabolism (6).
Correlations between the maximum standard uptake value
(SUVmax) and cancer progression are established (6-8).

Neoadjuvant therapy is usually recommended for NSCLC
with N2 disease status by pathological confirmation, if
clinically feasible (7,9-11). A lesion is usually regarded to
be malignant or metastatic when SUVmax is 2.5 or higher
and the lesion diameter is larger than lem on PET-CT
(3,12,13). However, discrepancies between pathological
and preoperative PET-CT findings are common, especially
for LNs (7). Thus preoperative PET-CT findings might
provide incorrect information and influence management
plan for NSCLC (1,6,14). In addition, whether PET-CT
findings differ between patients treated with neoadjuvant
therapy (N'T) or without neoadjuvant therapy (non-NT)
for NSCLC remains unclear (7,11,15). The influences of
neoadjuvant therapy on PET-CT findings in NSCLC are
unknown (7,9,15). The aims of this study were to predict
LN metastases using preoperative PET-CT findings and
investigate differences in PET-CT findings between N'T and
non-NT for NSCLC.
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Methods
Patients and methods

Data from 578 consecutive patients who underwent
surgery for pathologically proven NSCLC at a single
tertiary general hospital from January 2010 to December
2015 were retrospectively assessed and included. Inclusion
criteria were anatomical and complete resection (R0) with
standard mediastinal lymph node dissection, curative intent
cases, histology of NSCLC, and PET-CT acquisition for
initial evaluation before treatment and re-evaluation after
neoadjuvant therapy. Exclusion criteria were postoperative
death within one month due to postoperative complications,
concurrent other primary cancer cases, palliation or salvage
treatment, and concurrent active inflammation such as
pneumonia. Preoperative evaluations were chest CT,
PET-CT, bone scan, brain magnetic resonance imaging
(MRI), EBUS, and mediastinoscopy if needed. Neoadjuvant
and adjuvant therapies were conducted in accordance with
the National Comprehensive Cancer Network guidelines
and suggestions of a multidisciplinary team who reviewed
cancer status, resectability or operability, and patient
conditions. Neoadjuvant therapy was usually two cycles
of cisplatin and paclitaxel, with radiation therapy over five
weeks for a total of 44-45 Gray. Re-evaluation by PET-CT
was conducted 4 weeks after neoadjuvant therapy
completion, and further management plan was determined.
Surgery was usually preformed five or six weeks after
neoadjuvant therapy completion in NT. Patients were
followed at 3-month intervals one year after treatment
completion including adjuvant therapy and then at 6-month
intervals by chest CT. Recurrence or metastasis was

diagnosed based on imaging findings including PET-CT,
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brain MRI, and bone scan, or pathological confirmation
when clinically feasible. Preoperative stage for N'T was
defined as clinical stage by PET-CT re-evaluation after
neoadjuvant therapy and before surgery. Mediastinoscopy
or EBUS biopsy was employed for LN SUVmax >2.5 and
the size was >1 cm on PET-CT scan (2). Surgeries were
performed by three thoracic surgeons using video-assisted
thoracoscopic surgery or conventional thoracotomy with
standard mediastinal lymph node dissection depending on
cancer status and patient condition. PET-CT SUVmax
data on tumors and LNs (divided into N1 and N2 LN)
were retrospectively reviewed. To investigate variations
in PET-CT findings between N'T and non-NT and
predict LN metastases, we analyzed correlations between
SUVmax and pathological stage, compared disease-free
survival (DFS) and overall survival (OS), investigated the
associations between tumor and LN SUVmax values,
evaluated and predicted LN metastases using SUVmax
values, compared pathologically negative and positive
LNs using SUVmax values, and assessed influences of
neoadjuvant therapy on SUVmax. All LNs were analyzed
separately for N1 and N2. Histopathological findings of
specimens were analyzed using immunohistochemistry
staining of single (for LN) and multiple (for tumor)
sections and all slides were independently evaluated by
two expert pathologists. Cancer stage was determined in
accordance with the seventh American Joint Committee
on Cancer staging system.

Procedures for PET-CT examinations

Written informed consent was given by all patients before
PET-CT (Siemens Healthcare, Erlangen, Germany)
examinations for potential future use of their clinical data
for research. Patients fasted for more than six hours before
examinations, and blood glucose levels were checked
before intravenous injection of *FDG. Examinations were
deferred for blood glucose >160 mg/dL. Positron emission
images were acquired from skull base to mid-thigh level
one or two hours after injection of ""FDG (total dose,
60-80 mCi). CT scans were concurrently acquired with
positron emission scans for exact anatomic localization
of hypermetabolic lesions. SUV were calculated by the
software for hypermetabolic regions detected on images.
SUVmax was calculated by identifying a region of interest
in an axial slice with the highest uptake of "FDG within
a lesion and was used to determine ""FDG uptake within
the lesion. Two nuclear medicine specialists independently
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assessed SUVmax values for all scans. Medical records
were referred to distinguish malignancy or metastasis from
nonspecific lesions. We compiled SUVmax values as the
highest uptake of ""FDG within tumors and individual LNs
that were later pathologically dissected and confirmed. LN
SUVmax was defined as the highest SUVmax value among
all pathologically dissected and confirmed LNs. LNs with
SUVmax >2.5 and size >1 cm were regarded as positive
for metastasis, in accordance with previous studies and our

hospital policy (8,16).

Statistical considerations and study approval

Comparisons between subgroups were evaluated using
the Student T or Paired T test. Categorical variables were
compared with the chi-square or the Fisher’s exact tests.
The Pearson test was used to evaluate associations between
continuous variables, and the Kaplan-Meier survival
estimations were conducted with the log-rank tests used to
test differences in survival across strata. Propensity score
matching method was used to compare N'T and non-
NT to overcome heterogeneity. The receiver operating
characteristic (ROC) analysis was conducted for diagnostic
evaluations. The Statistical Package of Social Sciences
version 22.0 (SPSS, Chicago, IL, USA) was used for all
analyses. A P value <0.05 was regarded as statistically
significant. This study was approved by the Institutional
Review Board of Seoul St. Mary’s Hospital (IRB Approval
number: KC16RIS10839).

Results
Patient population

Consecutive 578 patients (male 315, female 263; mean
age 63.6£9.5 years) who underwent curative and complete
surgery for NSCLC from January 2010 to December 2015
were included. Preoperative pathological confirmation of
LN using EBUS or mediastinoscopy was conducted for
71.5%. A total of 66 patients received neoadjuvant therapy
(initial clinical stage before neoadjuvant therapy: Ila 4, 1Ib
1, ITa 50, and IIb 11 cases). All histology results showed
NSCLC. Surgery methods were segmentectomy (19 cases),
lobectomy (540 cases), bilobectomy (16 cases) and
pneumonectomy (3 cases). Mean tumor size was 8.1=11.7 cm’.
Mean SUVmax was 5.9 (x4.7) for tumor, 2.3 (¢2.0) for
N1 LN, and 2.2 (x1.9) for N2 LN. Mean number of LNs
dissected was 14.2 (+8.0). Mean observation period was
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Table 1 Overall clinico-pathologic characteristics of study subjects Table 1 (continued)
Characteristics Number of patients (N=578) Characteristics Number of patients (N=578)
Age (year) Mean 63.6 (SD+9.5) Pre-operative SUVmax
Gender Tumor Mean 5.9 (SD +4.7)
Male 315 N1 lymph node Mean 2.3 (SD £2.0)
Female 263 N2 lymph node Mean 2.2 (SD £1.9)
Previous other primary cancers Differentiation
No 514 Well 178
Yes 64 Moderate 274
Chronic lung disease Poor 126
No 453 Neoadjuvant therapy
Yes 125 No 512
Preoperative stage including Yes 66

neoadjuvant cases

la 173

Ib 125

la 88 30.6 (£21.4) months. Overall clinico-pathological
i o characteristics for patient population are in Table 1.

llla 184

_ Associations between SUVmax and cancer progression
Pathologic stage

Complete remission after 8 For non-NT, we found significantly positive associations
neoadjuvant therapy between pathological stage and SUVmax (tumor, N1 LN,
la 267 and N2 LN, all P<0.001). For NT, we found positive
b 139 associations between pathological stage and tumor and

N2 LN SUVmax, but not N1 LN (tumor P=0.005, N1

la 68 LN P=0.981, N2 LN P=0.045) (Figure 1). For non-NT,
b 24 tumor and LN SUVmax were higher with lymphovascular
llla 72 invasion compared to without (tumor and N1 LN SUVmax
Location of cancer P<0.001, N2 LN SUVmax P=0.001). However, for NT,
RUL 195 tumor and LN SUVmax were not different with or without
RML 43 lymphovascular invasion.
RLL 98
LUL 144 DFS and OS analyses according to SUVmax
LLL 86 We divided patients into two groups (low and high) by mean
Two-lobe 12 preoperative SUVmax (non-N'T: tumor SUVmax 5.9, N1

LN SUVmax 2.3, N2 LN SUVmax 2.1; NT: tumor SUVmax
5.9, N1 LN SUVmax 2.2, and N2 LN SUVmax 3.0).

Method of surgery

Segmentactorny 19 For non-NT, the low SUVmax group had higher DFS
Lobectomy 540 and OS than the high SUVmax group (DFS: tumor
Bilobectomy 16 SUVmax P<0.001, N1 LN SUVmax P=0.002, N2 LN
Pneumonectomy 3 SUVmax P=0.027; OS: tumor SUVmax P<0.001, N1 LN
Table 1 (continued) SUVmax P=0.006, N2 LN SUVmax P=0.006) (Figure 2).

For NT, the low SUVmax group had higher DFS and OS
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Figure 1 Relationships between tumors and N1 and N2 lymph
node (LN) SUVmax and pathological stage. For non-NT,
pathological stage and SUVmax had positive correlations (tumor,
N1 LN SUVmax, and N2 LN SUVmax, all P<0.001). For NT,
pathological stage and tumor and N2 LN SUVmax had positive
correlations, except N1 LN SUVmax (tumor P=0.005, N1 LN
P=0.981, N2 LN P=0.045).

than the high SUVmax group; however, these findings
were not significant (DFS: tumor SUVmax P=0.227, N1
LN SUVmax P=0.693, N2 LN SUVmax P=0.051; OS:
tumor SUVmax P=0.621, NI LN SUVmax P=0.542,
N2 LN SUVmax P=0.115). In addition, to investigate

survival according to the degree of SUVmax changes after
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neoadjuvant therapy, we divided NT into the high and the
low group by the mean value of the degree of SUVmax
changes (N1LN SUVmax 2.0 and N2LN SUVmax 2.9).
We found no significant differences in survival between
the high and low group (DFS: N1 LN P=0.839, N2 LN
P=0.504; OS: N1 LN P=0.342, N2 LN P=0.860).

Associations between tumor and LN SUVmax

For non-NT, tumor, N1 LN, and N2 SUVmax were
positively correlated (all P<0.001). For NI, tumor and N2
SUVmax (P<0.001), and N1 and N2 SUVmax (P=0.025)
were positively associated, but not tumor and N1 LN
SUVmax (P=0.911).

Receiver operating characteristic analysis for predicting
LN metastasis and complete remission using SUVmax

For non-NT, 38 of 341 patients with N1 LN SUVmax <2.5
had pathologically positive N1 LN and 22 of 366 patients
with N2 LN SUVmax <2.5 had pathologically positive N2
LN. In addition, 126 of 171 patients with N1 LN SUVmax
>2.5 had pathologically negative N1 LN, and 122 of
146 patients with N2 LN SUVmax >2.5 had pathologically
negative N2 LN. The ratio of LN (N1 and N2) SUVmax
to tumor SUVmax was not associated with LN positivity.
For NT, 18 of 35 patients with N1 LN SUVmax <2.5 had
pathologically positive N1 LN and 7 of 27 patients with
N2 LN SUVmax <2.5 had pathologically positive N2 LN.
In addition, 11 of 17 patients with N1 LN SUVmax >2.5
had pathologically negative N1 LN, and 16 of 25 patients
with N2 LN SUVmax >2.5 had pathologically negative N2
LN. For non-NIT; ROC analysis revealed cutoff values for
tumor and LN SUVmax for significant prediction of LN
metastases (N1 LN: tumor SUVmax cutoff 5.95 sensitivity
66.3%, specificity 66.0%, area =0.748, P<0.001; N1 LN
SUVmax cutoff 2.05, sensitivity 57.83 %, specificity 66.43 %,
area =0.676, P<0.001) (N2 LN: tumor SUVmax cutoff
5.95, sensitivity 63.04 %, specificity 63.95%, area =0.726,
P<0.001; N2 LN SUVmax cutoff 2.05, sensitivity 65.22%,
specificity 69.96%, area =0.678, P<0.001). However, for NT,
ROC analysis showed no significant findings for predicting
LN metastases using SUVmax values. ROC analysis showed
no significant findings for predicting complete remission
using tumor and LN SUVmax. ROC analysis using
SUVmax to evaluate LNs metastasis is shown in Figure 3.
To predict LN metastases for better diagnostic accuracy
and prognosis, for NT we investigated new findings for
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Figure 2 DFS and OS according to tumor and LN SUVmax. For non-NT; a group with low SUVmax had higher DFS and OS than a group
with high SUVmax group (DFS: tumor SUVmax P<0.001, N1 LN SUVmax P=0.002, N2 LN SUVmax P=0.027; OS: tumor SUVmax

P<0.001, N1 LN SUVmax P=0.006, N2 LN SUVmax P=0.006).

NT using primary tumor SUVmax. If tumor SUVmax was
higher than 5.9 (mean of tumor SUVmax for NT), N2 LN
metastasis could be predicted using tumor SUVmax (cutoff
for tumor SUVmax was 8.1, area 0.757, sensitivity 87.5%,
and specificity 61.1%, P=0.040). However, predicting N1 LN
was difficult. When primary tumor SUVmax was lower than
the mean of the tumor SUVmax, Predicting N1 and N2 LN
metastasis was difficult.
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Comparison of NT and non-NT after the propensity score
matching

The propensity score matching was used to overcome
heterogeneities in data between N'T' and non-NT (7able 2).
When age, sex, and SUVmax were equal, N'T pathological
stage were significantly higher than non-NT stages
(P<0.001). Non-NT had significantly higher DFS (P=0.001)

F Thorac Dis 2017;9(2):344-354



350 Park et al. PET-CT findings for neoadjuvant and non-NT in non-small cell lung cancer

- Prediction of N1 LN metastasis using T SUVmax 1.0 Prediction of N2 LN metastasis using T SUVmax
0.8 1 0.8
> =
2 0.6 1 s 0.6
= =
o)
8 0.4 & 044
0.2 0.2 4
0.0 f T T T T T 0.0 f T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity
10 Prediction of N1 LN metastasis using N1 LN SUVmax 10 Prediction of N2 LN metastasis using N2 LN SUVmax
0.8 0.8+
> >
= 0.6 1 g 0.6 1
3 3
o 0.4 o 04+
0.2 4 0.2 4
0.0 f T T T T T 0.0 f T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity

Figure 3 Receiver operating characteristic (ROC) analysis for predicting of LN metastasis using T and LN SUVmax. ROC analysis revealed
cutoffs for predicting LN metastases were significant using tumor and LN SUVmax (N1 LN: tumor SUVmax cutoff 5.95 sensitivity 66.3 %,
specificity 66.0 %, area =0.748, P<0.001; N1 LN SUVmax cutoff 2.05, sensitivity 57.83%, specificity 66.43 %, area =0.676, P<0.001) (N2 LN:
tumor SUVmax cutoff 5.95, sensitivity 63.04%, specificity 63.95 %, area =0.726, P<0.001; N2 LN SUVmax cutoff 2.05, sensitivity 65.22%,
specificity69.96 %, area =0.678, P<0.001). For N'T, ROC analysis showed no significance for predicting LN metastases using SUVmax.

Table 2 Propensity score matching data description

Total population Propensity-matched population
Variables
Non-NT (n=512) NT (n=66) P value Standardized difference Non-NT (n=66) NT (n=66) P value Standardized difference
Age 63.6+9.6 62.9+9.1  0.564 -0.079 63.2+9.4 62.9+9.1 0.858 -0.032
Male 266 (52.0%) 49 (74.2%) 0.001 ~0.506 51(77.3%) 49 (74.2%) 0.839 0.069
TumorSUVmax 5.9+4.8 5.9+4.2 0.985 0.003 5.4+4.7 59+4.2 0.468 0.134
N1LNSUVmax 2.3+2.0 2.2+1.5 0.535 -0.085 21+1.7 22+1.5 0.654 0.082
N2LNSUVmax 2.1+£1.9 3.0£2.3 0.006 0.364 2.7+25 3.0+2.3 0.505 0.121
and OS (P=0.024) than N'T (Figure 4). determined via PET-CT changed with upstaging for 1
of 66 (1.5%), downstaging for 32 of 66 (48.5%) and no
change for 33 of 66 (50%). Decreases in tumor and N1 and
Neoadjuvant therapy effects on tumor and LN SUVmax Lo
4 by effe N2 LN SUVmax were significant (all P<0.001). We found
A total of 66 patients received neoadjuvant therapy (initial significant decreases in SUVmax in both pathologically
clinical stage before neoadjuvant therapy: Ila, 4; IIb, 1; malignant and benign LN after neoadjuvant therapy

IMa, 50; IIIb, 11). After neoadjuvant therapy, clinical stage (malignant LN: N1 LN P=0.001, N2 LN P=0.024; benign
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Figure 4 Matching data description after the propensity score matching. Age, sex, and SUVmax being equal, non-NT had significantly

higher DFS and OS than NT (P=0.001, P=0.024, respectively).
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Figure 5 Differences in LN SUVmax between pathologically malignant and benign LN. Differences in LN SUVmax between
pathologically malignant and benign LN (N1 LN P=0.570, N2 LN P=0.105) after neoadjuvant therapy were not significant. For non-NT,
LN SUVmax was significantly higher for pathologically malignant LN than pathologically benign LN (N1 LN P<0.001, N2 LN P=0.001).

LN: N1 LN P=0.004 LN N2 P<0.001). However, we
found no significant difference in the degree of SUVmax
decrease between pathologically malignant and benign LN
(N1 LN P=0.988, N2 LN P=0.963). We found no
significant differences in LN SUVmax between
pathologically malignant and benign LN (N1 LN P=0.570,
N2 LN P=0.105) after neoadjuvant therapy. However, for
non-NT, LN was significantly higher for pathologically
malignant LN than pathologically benign LN (N1 LN
P<0.001, N2 LN P=0.001) (Figure 5). After neoadjuvant
therapy, tumor and N2 LN SUVmax for patients with non-
complete remission (non-CR) were significantly higher
than for patients in complete remission (CR), except for
those with N1 LN SUVmax (tumor P<0.001, N1 LN
P=0.880, N2 LN P=0.026). We found significant decreases
in tumor and LN SUVmax in both CR and non-CR after
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neoadjuvant therapy (CR: tumor P<0.001, N1 LN P=0.150,
N2LN P=0.079; non-CR: all P<0.001).

Discussion

PET-CT is a standard non-invasive modality for assessing
cancer status, especially for distant or LN metastasis of
NSCLC (6). When N2 disease is suspected using PET-CT,
neoadjuvant therapy instead of prompt surgery is considered
as an initial treatment after pathological confirmation, if
clinically feasible (7,9,10). Thus, PET-CT contributes
to appropriate management of NSCLC by providing of
qualitative and quantitative information from measuring
lesion metabolic activity (1,12,14). However, discrepancies
between PET-CT and pathological findings are frequent,
especially for LN (4,15). In addition, the lack of established
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features or qualitative PET-CT findings results in variation
among institutes in evaluation of LN status in NSCLC. To
clarify variations in PET-CT findings in NSCLC, findings
from PET-CT for NT and non-NT were investigated,
especially for predicting LN metastasis using PET-CT,
from thoracic surgeons’ perspective.

This study showed that tumor and LN SUVmax were
significantly correlated with NSCLC progression by
pathological stage, regardless of neoadjuvant therapy, except
for N1 LN SUVmax for NT. In addition, tumor and LN
SUVmax were significantly correlated with survival (DFS
and OS) only for non-NT.

For non-NT, ROC analysis showed PET-CT might
predict N1 and N2 LN status (both N1 and N2). However,
for NT, findings for predicting LN metastases using
SUVmax were not significant. In addition, prediction of
complete remission using tumor and LN SUVmax was
not possible. A significant decrease in SUVmax value
was found for both pathologically malignant and benign
LN after neoadjuvant therapy. Tumor and LN SUVmax
decreases in both CR and non-CR. The inability to
distinguish CR from non-CR using the SUVmax value was
assumed to be caused by the considerable portion of LNs
that were pathologically malignant converting to benign
after neoadjuvant therapy, and less effect of neoadjuvant
therapy develops in pathologically malignant LNs than in
pathologically benign ones. These results indicated that
distinguishing pathologically malignant and benign LN
using only SUVmax values after neoadjuvant therapy was
not possible. In addition, SUVmax was not an appropriate
diagnostic value for predicting LN metastasis for N'T,
indicating the importance of considering other conditions
and pathological confirmation to assess LN, if clinically
feasible. Several other primary cancers studies have shown
the possibility of predicting LN metastasis after neoadjuvant
therapy based on SUVmax of the primary lesion (13,15).
However, the possibility of predicting LN using the
primary lesion SUVmax after neoadjuvant therapy was not
possible in our study. Prediction of LN metastases based on
SUVmax of primary lesions was possible only for non-NT,
probably due to the heterogeneous effects of neoadjuvant
therapy on tumor and LN. Therefore, to predict LN
metastases for proper management in N'T, we investigated
new findings for N'T using tumor SUVmax value. For a
group with high tumor SUVmax, with a value higher than
the mean tumor SUVmax, predicting N2 LN metastasis
was possible using tumor SUVmax. However, predicting
N1 LN was not possible and N1 and N2 LN metastasis for
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a group with lower tumor SUVmax was not possible. These
findings showed that differences in interpretation of N1 and
N2 LN status using PET-CT. We attribute these results
to the premise that FDG uptake by more advanced lung
cancers has better diagnostic accuracy because FDG uptake
of the primary lesion positively correlates with LNs (4). And
N1 LN is more vulnerable than N2 LN to other conditions
such as the shine-through phenomenon, or inflammation.

We found that when SUVmax was equal, pathological
stages in N'T" were significantly higher than non-NT stages
and non-NT had significantly higher DFS and OS than
NT. These findings might reflect that NT was in more
progressive cancer status. Recent studies reported that
survival benefits from initial neoadjuvant therapy followed
by surgery over initial surgery result from occult metastases
undetectable by PET-CT (1,11,17). We attribute our study
findings to survival benefits from neoadjuvant therapy
followed by surgery.

Restaging LN after neoadjuvant therapy remains
controversial (1). PET-CT abnormalities should be
confirmed pathologically and more invasive mediastinal
LN staging are needed (2,18). However, after neoadjuvant
therapy, invasive mediastinal LN staging might be not
needed because of frequent discrepancies between PET-CT
and pathological findings, especially with previous
mediastinal pathological staging (5,10). In addition, some
studies show that DFS and OS are sufficiently high to
warrant surgery for persistent N2 disease after neoadjuvant
therapy (10,11,19-21). We propose with caution that
surgery should not be delayed or withheld only based on
preoperative PET-CT findings after neoadjuvant therapy,
especially after previous LN pathological confirmation.
Careful selection of patients who need surgery according
to our findings could result in survival benefits after
neoadjuvant therapy (17).

In summary, our study suggested similarities and
differences in PET-CT findings between N'T and non-
NT for NSCLC. The similar findings were positive
correlation between pathological stage and SUVmax except
for N1 LN SUVmax for NT and positive correlation
between tumor and LN SUVmax except for tumor
and N1 LN for NT. The different findings were the
relationship of SUVmax with DFS and OS, prediction of
LN metastases, pathological stage when SUVmax values
was equal, differences in SUVmax between pathologically
malignant and benign LN, and features of N1 and N2
LN. To the best of our knowledge, this study is the first
systematic investigation of PET-CT findings between
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NT and non-NT and differences between N1 and N2
LN in NT. Further prospective large-scale studies on
PET-CT findings, especially for N'T; are required to derive
or establish more definitive findings and guidelines for
using PET-CT to evaluate NSCLC.

This study has several limitations, including its
retrospective single-center design; lack of ethnic diversity;
nonrandomized, heterogeneous data; selection bias, and
shine-through phenomenon. Because only surgical cases
were included and cases were mostly early-stage, reducing
the incidence of LN metastases, preoperative evaluation
could have been affected. Because FDG uptake by a
lesion varies considerably with conditions, factors can
affect SUVmax, especially with early-stage NSCLC. In
addition, interpreting SUVmax data with semi-quantitative
characteristics using only quantitative standardization could
influence preoperative assessment, especially for the early-
stage NSCLC. The propensity score matching was used to
overcome data heterogeneity.

Conclusions

This study found different findings of PET-CT between
NT and non-NT. These differences should be verified
for appropriate evaluation and management for NSCLC,
especially for surgery planning. SUV max is not a reliable
predictor of lymphatic involvement after neoadjuvant therapy
in patients with NSCLC. Surgery should not be withheld
or delayed based on lack of knowledge about variation in
PET-CT findings, which must be carefully interpreted
in conjunction with other conditions. In addition, further
studies on interpretation of PET-CT finding, especially for
NT, are needed for better management and prognosis.
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