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nodal metastasis was pathologically defined and all resected tumors were classi-
fied according to the 2011 TASLC/ATS/ERS classification. Univariate and multi-
variate analysis were conducted to evaluate the associations between
clinicopathological variables and MLNM.

Received: 28 March 2019; Results: Of all 360 patients, 54 (15.0%) had pathological N2 diseases. The serum
Accepted: 2 May 2019. CEA level, nodule type, hilar nodal SUVmax, tumor SUVmax, size, location and

histologic subtype were associated with MLNM significantly on univariate analy-
doi: 10.1111/1759-7714.13003 sis. On multivariate analysis, CEA >5.0 ng/mL (P <0.001), solid nodule

(P = 0.012), tumor SUVmax > 3.7 (P<0.027), hilar nodal SUVmax > 2.0
(P < 0.001) and centrally located tumor (P = 0.035) were independent risk factors
for MLNM. The area under the ROC curve (AUC) for tumor SUVmax and hilar
nodal SUVmax in predicting MLNM was 0.764 and 0.730, respectively, and the
combined use of five factors yielded a higher AUC of 0.885.

Conclusion: Increased primary tumor and hilar lymph node SUVmax, solid
nodule, centrally located tumor and increased CEA level predicted the increased
risk of mediastinal lymph node metastasis. Combined use of these factors
improved the diagnostic capacity for predicting N2 disease preoperatively. Inva-
sive mediastinal staging should be considered for patients with these risk factors,
even those with a negative mediastinum on PET/CT.
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Introduction node metastasis (MLNM), the role of surgery remains con-
troversial.”> The presence of N2 disease indicates a poor
prognosis, and it is recommended that patients undergo
neoadjuvant therapy before anatomical resection.’ Thus
accounts for 80% of cases.! Adenocarcinoma is the most toaccurately predict mediastinal lymph node status is criti-
common subtype of surgically resectable NSCLC. In cal for assessing prognosis and selecting the optimal
patients with pathologically documented mediastinal lymph therapy.

Lung cancer is the leading cause of cancer-related death
worldwide, and non-small cell lung cancer (NSCLC)
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Predictors for occult N2 metastasis

"$F-fluorodeoxy-glucose  (FDG)  positron  emission
tomography is a functional imaging modality that is based
on the increased glucose metabolism of malignant cells.*
The maximum standardized uptake value (SUVmax) is the
most representative marker of FDG uptake and is widely
used. Over the past decade, "*F-FDG PET combined with
CT (PET/CT) has become the standard method for non-
invasive lymph node staging. However, the low sensitivity
and high false-negative rate for predicting MLNM of
PET/CT has limited its use for staging.® A recent meta-
analysis showed that the pooled sensitivity of PET/CT in
identifying MLNM was 68%, which has resulted in many
nodal micrometastasis going undetected, and the incidence
of occult MLNM in patients with negative nodal uptake on
PET/CT was 7-18%.° Thus part of the major attention has
been shifted from FDG uptake of mediastinum to primary
tumor and hilar lymph nodes, especially for PET N2 node-
negative cases, as a few publications have reported that
tumor SUVmax was correlated with mediastinal lymph
node metastasis.”® However, few studies have reported the
diagnostic value of tumor and hilar lymph nodal FDG
uptake in predicting occult N2 involvement.

Most studies have focused on identifying high-risk fac-
tors for mediastinal nodal involvement in clinical
N2-negative patients, which include gender, smoking sta-
tus, tumor location, tumor size, histologic type, CEA level
and tumor differentiation.>'® As more and more attention
was given to the histologic features of lung cancers to strat-
ify patients more accurately, the International Association
for the Study of Lung Cancer, American Thoracic Society
and European Respiratory Society (IASLC/ATS/ERS)
developed the new classification of lung adenocarcinoma."'
Various studies have proven this new classification as an
independent predictor of clinical outcomes.'>"? The pre-
dominant histologic subtypes of lung adenocarcinoma are
associated with occult lymph node metastasis.'"* However,
the relationship between tumor FDG uptake with histo-
logic subtypes and their combined predictive value for N2
disease has not been fully interpreted.

In this study, we investigated the predictive factors
including PET/CT parameters for MLNM in a consecutive
surgical resected lung adenocarcinoma cohort. The diag-
nostic value of tumor SUVmax in predicting occult MLNM
was evaluated and its relationship with corresponding his-
tologic subtype analyzed. Moreover, combined use of these
factors was conducted to improve the diagnostic capability
in predicting occult MLNM.

MethodsPatients selection and
staging

We retrospectively reviewed patients with diagnosed lung
adenocarcinoma who had undergone surgery on curative
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purpose from May 2012 to December 2015 at the depart-
ment of Thoracic Surgery II, Peking University Cancer
Hospital. Three hundred and sixty consecutive patients
with histologically proven lung adenocarcinoma underwent
staging with integrated PET/CT prior to lung resection were
enrolled in this study. Patients who received preoperative
chemotherapy or radiotherapy and those with evidence of
FDG-avid mediastinal nodal disease were excluded. Other
preoperative tests were routinely performed as follows:
enhanced chest CT, enhanced brain magnetic resonance
imaging and laboratory tests including serum
carcinoembryonic antigen (CEA) level. Preoperative serum
CEA levels were assessed using enzyme-linked immunosor-
bent assay kits, with an upper limit of normal of
5.0 ng/mL. This retrospective study was approved by the
Ethics Committee of Beijing Cancer Hospital. Written
informed consent was obtained from all patients which
contained a statement to approve their disease information
could be used for research purposes. Preoperative clinical
staging and postoperative pathological staging were based
on the TNM Classification of Malignant Tumors, 8th
Edition.

Integrated PET/CT imaging

Preoperative PET/CT was performed using a Gemini TF
PET/CT system (Philips). After fasting for at least six-
hours and resting for 60 minutes, an intravenous injection
of 3.7 MBq of 18FDG/kg bodyweight was administered.
PET/CT data was obtained from patients in the supine
position. Emission images were acquired after CT scan-
ning, and an emission scan was performed in eight to10
bed positions with one minute per step. The FDG uptake
of tumor was visually compared with that of the surround-
ing tissue in areas devoid of prominent artifacts and over-
lapping increased FDG wuptake organs. A team of
experienced radiologists reviewed the integrated PET/CT
images independently. The SUVmax of the primary tumor
and SUVmax of hilar lymph nodes were recorded, respec-
tively. A tumor was defined central if its center was located
in the inner one third of the lung parenchyma on trans-
verse CT imaging and peripherally located tumors were
identified as those centered in the outer two thirds. Defini-
tions of solid or subsolid nodules used in the classification
of lung adenocarcinoma were based on the Fleishner Soci-
ety glossary of terms."” All integrated PET/CT imaging was
performed within fourweeks before surgery.

Surgical resection

All the surgical procedures including pulmonary re-
section and lymph node dissection were conducted
by experienced thoracic surgeons at the Department of
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Thoracic Surgery II of Peking University Cancer Hospital.
All patients received video-assisted thoracoscopic surgeries
(VATS) and the procedures performed included anatomi-
cal lobectomy and pneumonectomy. All patients received
systemic mediastinal lymphadenectomy in accordance with
the International Association for the Study of Lung Cancer
(IASLC) proposals,'® which suggested dissection of lymph
nodes from stations 2R, 4R, 7, 10R and 11R for right-sided
tumors, and stations five, six, seven, 10L and 11L for left-
sided tumors.

Pathological examination

All resected specimens were sent for routine pathologic anal-
ysis and examined histologically by experienced pulmonary
pathologists. Histological classification of the tumor was
based on the new IASLC/ERS/ATS classification of pulmo-
nary adenocarcinoma.'' Each histological component—Ilep-
idic, papillary, acinar, mucinous, micropapillary and solid
pattern—was recorded if 25% of the histological pattern was
presented and tumors were classified according to predomi-
nant patterns. The dissected lymph nodes were examined
histologically following hematoxylin and eosin staining.

Statistical analysis

All Statistical analysis was performed using SPSS software
package (version 22.0; SPSS, Chicago, IL, USA). Pearson’s
chi-square test or Fisher’s exact test were used to test uni-
variate associations between lymph node metastasis and
clinicopathological factors. Variables that were significant
on univariate analysis were also included in the multivari-
able logistic regression analysis to evaluate independent risk
factors for predicting MLNM. The receiver-operating char-
acteristic (ROC) curve was performed to obtain the
SUVmax cutoff value and the area under the ROC curve
(AUC) was used to assess the predictive value of established
criteria. Subsequently, diagnostic parameters such as sensi-
tivity, specificity, positive predictive value (PPV), negative
predictive value (NPV) and accuracy were determined by
diagnostic test fourfold table. Tumor SUVmax among his-
tologic subtypes were compared using the nonparametric
Kruskal-Wallis test, and followed by the Bonferroni-Dunn
post hoc test for the difference between two subtypes.
P-values were considered statistically significant at P < 0.05.

Results

Patient characteristics and incidence of
lymph node metastasis

The characteristics of patients enrolled in this study are
shown in Table 1. Of the 360 patients who were evaluated
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retrospectively, most were female (n = 216, 60%) and had
never smoked (n = 251, 69.7%), with a mean age of
61 £ 9 years. The mean tumor size was 2.6 = 1.2 cm and
most of the evaluated nodules were solid (n = 220, 61.1%).
Based on the IALSC/ERS/ATS classification, 2 (0.6%) of the
360 tumors were reclassified into adenocarcinoma in situ
(AIS), 4 (1.1%) were microinvasive adenocarcinoma (MIA),
47 (13.1%) were lepidic predominant adenocarcinoma
(LPA), 52 (14.1%) were papillary predominant adenocarci-
noma (PPA), 208 (57.8%) were acinous predominant ade-
nocarcinoma (APA), 10 (2.8%) were invasive mucinous
adenocarcinoma (IMA), 6 (1.7%) were micropapillary pre-
dominant adenocarcinoma (MPA) and 31 (8.6%) were solid
predominant adenocarcinoma (SPA). Two hundred and
fifty five (70.8%) of the tumors consisted of mixed subtypes
with at least two growth patterns. Of all the 360 patients,
54 (15.0%) had MLNM. The mean number of mediastinal
lymph nodes dissected was 10.15 & 6.04. A total of 1345
N2 stations (3654 lymph nodes) were sampled or dissected
and 100 (7.4%) stations were pathologically proved positive.

Clinicopathological factors associated
with MLNM

The ROC curves are shown in Figure 1. The optimal cutoff
values of tumor SUVmax and hilar lymph node
(LN) SUVmax to predict MLNM, based on the Youden’s
index, were 3.7 and 2.0, respectively. We dichotomize the
patients according to these thresholds. The results of the
univariate analysis for clinicopathological factors associated
with MLNM are presented in Table 2. The general charac-
teristics including age, gender, smoking status and concur-
rent disease between patients with pathologic NO-1 and
patients with pathologic N2 were not significantly different.
Factors significantly associated with MLNM are:
CEA 2 5.0 ng/mL (P < 0.001), tumor size (P = 0.033), solid
nodule (P < 0.001), tumor SUVmax > 3.7 (P < 0.001), hilar
LN SUVmax >2.0 (P<0.001), central located tumor
(P = 0.005). Examination of histological factors revealed
that specific predominant subtypes were associated with
N2 disease (P < 0.001). Additionally, the absence of lepidic
pattern (P < 0.001), the presence of micropapillary pattern
(P = 0.024) and the presence of solid pattern (P = 0.022)
were significantly associated with an increased risk of N2
disease.

Multivariate logistic regression analysis, as shown in
Table 3, revealed that CEA > 5.0 ng/mL (P < 0.001), solid
nodule (P = 0.012), tumor SUVmax > 3.7 (P = 0.027), hilar
LN SUVmax 220 (P<0.001) and centrally located
tumors (P = 0.035) were independent risk factors associ-
ated with MLNM. The odds ratios of the five factors are
presented in Table 3.
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Table 1 Characteristics of patients and tumors (n = 360)

Characteristics Distribution (%)
Age (years)
Median 60
Mean + SD 61+9
Range 32-86
Sex
Female 216 (60.0)
Male 144 (40.0)
Smoking status
Never 251 (69.7)
Current or former 109 (30.3)
CEA (ng/mL)
<5.0 282 (78.3)
25.0 78 (21.7)
Nodule type
Subsolid nodule 140 (38.9)
Solid nodule 220 (61.1)
Tumor size on CT (cm)
Median 2.3
Mean + SD 26+1.2
Range 0.3-84
Tumor SUVmax
Median 429
Mean + SD 5.18 £3.70
Range 0.00-22.70
Tumor location
Central 93 (25.8)
Peripheral 267 (74.2)
Histologic subtype
Adenocarcinoma in situ 2 (0.6)
Microinvasive adenocarcinoma 4(1.1)
Lepidic predominant adenocarcinoma 47 (13.1)
Papillary predominant adenocarcinoma 52 (14.4)
Acinous predominant adenocarcinoma 208 (57.8)
Invasive mucinous adenocarcinoma 10 (2.8)
Micropapillary predominant adenocarcinoma 6(1.7)
Solid predominant adenocarcinoma 31(8.6)
Pathological N stage
NO 264 (73.3)
N1 42 (11.7)
N2 54 (15.0)
TNM stage
0 2(0.6)
1A 154 (42.8)
B 93 (25.8)
A 7(1.9)
113] 41 (11.4)
A 60 (16.7)
1113 3(0.8)

SD, standard deviation; SUVmax, maximum standardized uptake value.

Association of tumor SUVmax with various
histologic subtypes

Histologic subtypes of adenocarcinoma based on the new
IALSC/ERS/ATS classification were proved significant
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Figure 1 Comparative ROC curves of tumor SUVmax, hilar LN SUVmax
and combined five factors (tumor SUVmax, hilar LN SUVmax, nodule
classification, CEA level, central or peripheral located tumor) for
predicting mediastinal lymph node metastasis. The cutoff value was 3.7
for tumor SUVmax, the sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), accuracy were 94.4%, 52.0%,
25.8%, 98.1%, 58.3%, respectively, and the AUC was 0.764 (95%Cl:
0.706-0.821). The cutoff value was 2.0 for hilar LN ------ SUVmax, the
sensitivity, specificity, PPV, NPV, accuracy were 68.5%, 77.4%, 34.9%,
93.3%, 76.1%, respectively, and the AUC was 0.730 (95%Cl: 0.652—
0.807). The AUC of combined predictive value of the five factors ——
reached 0.885 (95%Cl: 0.847-0.924).

factors for predicting MLNM on univariate analysis as
above. However, none were independently associated with
MLNM on multivariate analysis. As shown in Figure 2a,
tumor SUVmax among histologic subtypes differed signifi-
cantly using the Kruskal-Wallis test (P < 0.001). Significant
differences were found using the Bonferroni-Dunn test in
pairwise comparisons: LPA and PPA (P < 0.001), LPA and
APA (P < 0.001), LPA and IMA (P = 0.006), PPA and SPA
(P <0.001), APA and SPA (P <0.001). When patients
were classified into three risk groups according to
Yoshizawa et al.'?s AIS+MIA+LPA (low risk), PPA+APA
(middle risk), IMA+MPA+SPA (high risk), the differences
of tumor SUVmax were more remarkable (P < 0.001,
Fig 2b).

Diagnostic value of using combinations
of risk factors to predict MLNM

The predictive values for MLNM of tumor SUVmax and
hilar LN SUVmax quantified by AUC of ROC analysis
were 0.764 and 0.730, respectively, as shown in Figure 1.
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Table 2 Univariate analysis for clinicopathological factors associated
with mediastinal lymph node metastasis

Predictors for occult N2 metastasis

Table 3 Multivariate regression analysis for factors associated with
mediastinal lymph node metastasis

Pathological Pathological
NO-1 N2

Variables n (%) n (%) P-value
Age (years)t 60.5+ 9.6 60.7 £ 8.3 0.857
Sex

Female 183 (84.7) 33(15.3))

Male 123 (85.4) 21 (14.6) 0.857
Smoking status

Never 216 (86.1) 35(13.9)

Current or former 90 (82.6) 19(17.4) 0.395
CEA (ng/mL)

<5.0 259 (91.8) 23(8.2)

25.0 47 (60.3) 31(39.7) <0.001

Tumor size on 25+12 29+13 0.033

CT (ecm)¥

Nodule type

Subsolid nodule 137 (97.9) 3(2.1)

Solid nodule 169 (76.8) 51(23.2) <0.001
Tumor SUVmax

<3.7 159 (98.1) 3(1.9)

>3.7 147 (74.2) 51 (25.8) <0.001
Hilar LN SUVmax

<2.0 237 (93.3) 17 (6.7)

>2.0 69 (65.1) 37 (34.9) <0.001
Tumor location

Central 71(76.3) 22 (23.7

Peripheral 235 (88.0) 32(12.0) 0.005
Predominant subtype

Lepidic 53 (100.0) 0(0.0)

Papillary 49 (94.2) 3(5.8)

Acinar 174 (83.7) 34 (16.3)

Mucinous 7 (70.0) 3(30.0)

Micropapillary 4 (66.7) 2(33.3)

Solid 19 (61.3) 12 (38.7) <0.001
Lepidic pattern

Absent 196 (79.7) 50 (20.3)

Present 110 (96.5) 4 (3.5) <0.001
Papillary pattern

Absent 191 (83.0) 39(17.0)

Present 115 (88.5) 15(11.5) 0.167
Acinar pattern

Absent 66 (83.5) 13(16.5)

Present 240 (85.4) 41 (14.6) 0.682
Invasive mucinous pattern

Absent 292 (85.6) 49 (14.4

Present 14 (73.7) 5(26.3) 0.181
Micropapillary pattern

Absent 280 (86.4) 44 (13.6)

Present 26 (72.2) 10 (27.8) 0.024
Solid pattern

Absent 251 (87.2) 37(12.8)

Present 55 (76.4) 17 (23.6) 0.022

LN, lymph node; SUVmax, maximum standardized uptake value.
tValues are mean =+ standard deviation.

Thoracic Cancer 10 (2019) 1453-1460

Odds Confidence
Variables ratio interval P-value
CEA = 5 ng/mL 3.70 1.80-7.61 <0.001
Tumor size 0.92 0.69-1.22 0.559
Solid nodule 6.58 1.52-28.37 0.012
Tumor SUVmax = 3.7 451 1.19-17.10 0.027
Hilar LN SUVmax = 2.0 6.66 3.07-14.43 <0.001
Central location 2.32 1.06-5.06 0.035
Lepidic pattern present 1.02 0.27-3.80 0.978
Micropapillary pattern 1.85 0.69-4.93 0.222
present
Solid pattern present 0.75 0.34-1.66 0.476

LN, lymph node; SUVmax, maximum standardized uptake value.

The diagnostic capacity of each one parameter alone is not
sufficiently powerful and confident enough for predicting
MLNM. However, the integration of the five independent
risk factors (tumor SUVmax, hilar LN SUVmax, nodule
classification, CEA level, central or peripheral location)
together in a multivariate logistic regression equation could
obtain a new probability value for each case, and we got a
combined ROC curve subsequently for diagnosing N2 dis-
ease (Fig 1). The AUC was profoundly increased to 0.885,
which exhibited a higher and considerable diagnostic
value.

Discussion

In this study, we investigated various clinicopathological
factors that may be associated with MLNM in a consecu-
tive lung adenocarcinoma cohort. Our study demonstrated
that the primary tumor SUVmax was an independent risk
factor for predicting MLNM in lung adenocarcinoma. A
previous study reported that the SUVmax of primary
NSCLC correlated with lymph node metastasis and could
predict survival.'” However, no detailed mechanism has as
yet been found to explain this phenomenon. A study by Li
et al.'® reported that the probability of LNM increased with
each unit increase in SUVmax of primary NSCLC and
1. confirmed this hypothesis. Our study
obtained similar results. In addition, we evaluated the diag-

Sachs et a

nostic value of primary tumor as well as hilar LN SUVmax
for predicting MLNM and they were also shown to be
important predictive factors. We also attempted to explore
the underlying mechanism of this phenomenon by analyz-
ing the histologic features.

The 2011 TASLC/ATS/ERS classification system for lung
adenocarcinoma, based on classification by predominant
patterns, has been shown as a good tool to predict clinical
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Figure 2 (a) Tumor SUVmax (mean =+ SD) in each histologic subtypes
were as follows: AIS, 0.304+0.42; MIA, 0.97 +1.13; LPA,
1.83 + 1.46; PPA, 4.60 £ 2.72; APA, 5.37 + 3.20; IMA, 5.88 £+ 3.95;
MPA, 7.44 + 2.39 and SPA, 10.26 + 4.63. The P-value determined by
the Kruskal-Wallis test was <0.001. (b) Tumor SUVmax (mean = SD) in
different risk groups were as follows: low risk group: AIS+MIA+LPA,
1.7141.45; PPA+APA, 521 4 3.12; IMA+MPA+SPA, 8.97 + 4.60. The
P-value determined by the Kruskal-Wallis test was <0.001. AlS, adeno-
carcinoma in situ; APA, acinar predominant invasive adenocarcinoma;
IMA, invasive mucinous adenocarcinoma; LPA, lepidic predominant
invasive adenocarcinoma; MIA, minimally invasive adenocarcinoma;
MPA, micropapillary predominant invasive adenocarcinoma; PPA, papil-
lary predominant invasive adenocarcinoma; SPA, solid predominant
invasive adenocarcinoma.

outcomes in many recent studies. Several publications
showed that micropapillary and solid patterns were associ-
ated with aggressive biological behaviors, such as
lymphovascular invasion, pleural invasion, lymph node
metastasis, advanced stage and poor prognosis.”**' Sica
et al** compared the histologic subtypes between primary
tumor and metastatic sites and found that when the pri-
mary tumor was composed predominantly of either micro-
papillary or solid types, the tumor at the metastatic site
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presented the same subtype in 86% to 100% of the cases.
The presence of alepidic pattern was shown to correlate
with a more favorable outcome.”

Our findings, although obtained from retrospective data
analysis, were concordant with previous studies. The
results of univariate analysis revealed that the absence of
lepidic pattern, the presence of micropapillary pattern and
the presence of solid pattern were significantly associated
with an increased risk of MLNM. However, on multivariate
analysis, when the PET/CT parameters were also included,
none of the growth patterns of adenocarcinoma were sig-
nificantly associated with MLNM. This confounding phe-
nomenon urged us to explore the relationship of tumor
SUVmax between histologic subtypes. As expected, signifi-
cant differences were found among different subtypes and
different risk groups. Thus, the tumor SUVmax correlated
with histologic subtypes closely, and histologic subtypes
correlated with nodal status closely which has been proved
by this study and those previously published.”*'* The close
associations with histologic subtypes may underlie the
mechanism of tumor SUVmax for predicting MLNM in
lung adenocarcinoma.

Another important risk factor revealed in our study was
the CT appearance of primary tumor. According to the
Fleishner Society,' pulmonary nodules were classified into
solid and subsolid nodules. A solid nodule, which was
defined by a focal area of high attenuation that completely
obscures the lung parenchyma within, was also proved an
independent risk factor for MLNM. Other than tumor size,
the radiological parameters such as ground-glass opacity
(GGO) ratio, tumor disappearance rate and consolidation
diameter in thin-section CT, are attracting more and more
attention. Several recent studies report that the much more
solid components the nodule presented, the worse the
prognosis is.**** On the contrary, a subsolid nodule was
shown to correlate with low metastatic risk for containing
ground glass components and pure GGO was rarely associ-
ated with lymph node metastasis. In fact, the pure GGO
manifested most frequently as adenocarcinoma with lepidic
predominant growth pattern microscopically.”® This was in
agreement with our findings. It would be interesting to fur-
ther investigate these radiological parameters quantitatively
and their integration with histologic features could predict
clinical outcomes more accurately.

Generally speaking, centrally located tumors tend to be
associated with higher stages and a poor prognosis.
Ketchedjian et al,”” reported that central tumors were
more advanced significantly
(P <0.001) poorer than peripheral tumors,
because central tumors may harbor a higher incidence of

and demonstrated a
survival

occult nodal involvement. Many publications reported that

serum CEA level was associated with the post-operative

l.28

pathological stage and prognosis. Inoue et al*® and Bao
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et al®

reported that increased CEA level was associated
with a much higher rate of lymph node metastasis and a
worse prognosis in small sized NSCLC. Centrally located
tumors and high CEA levels were also proved independent
risk factors for N2 disease in our study, although in lung
adenocarcinoma patients, and still concordant with previ-
ous studies. Thus, care should be taken against mediastinal
lymph node involvement in centrally located tumors or
patients with high CEA levels.

The major strength of our study was that we
established reliable clinical criteria for the prediction of
MLNM according to the results of multivariate analysis.
Taking into account five factors (tumor SUVmax, nodal
SUVmax, nodule classification, CEA level, central or
peripheral located tumor), a predictive value was achieved
with a higher AUC of 0.885 for diagnosing N2 disease.
Moreover, they were amenable to clinical use due to their
non-invasive nature. The more risk factors one patient
has, the higher risk that he or she would have mediastinal
involvement. For example when all the five risk factors
are present, even with a negative mediastinum on PET,
there is a 90% probability that he or she would have N2
disease, and invasive pathologic mediastinal staging
method such as endobronchial ultrasonography (EBUS)
or mediastinoscopy is strongly recommended. Neo-
adjuvant therapy should also be taken into consideration
before surgery.

However, our study has several limitations. The first lim-
itation is its retrospective, single-institution nature, and the
selection bias which could not be avoided. Moreover, the
follow-up time of our cohort is relatively short and the
relationships of these factors with survival could not as yet
be identified. Whether these predictive factors of MLNM
are also predictive for further outcomes needs more obser-
vation time and a follow-up report is expected.

Conclusions

The primary tumor SUVmax, hilar lymph node SUVmax,
solid nodule, centrally located tumor and increased CEA
level were found independent risk factors for mediastinal
lymph node metastasis in adenocarcinoma. Combined use
of these factors improved the diagnostic capacity for
predicting N2 disease preoperatively and invasive mediasti-
nal staging should be strongly recommended in these
patients, even those with a negative mediastinum on PET.
The close association with histologic subtypes may underlie
the mechanism of tumor SUVmax for predicting MLNM
in lung adenocarcinoma. These previously unpublished
observations may deepen our understanding of PET/CT
parameters and have potential implications for therapeutic
management of lung adenocarcinoma patients.

Thoracic Cancer 10 (2019) 1453-1460

Predictors for occult N2 metastasis

Acknowledgments

This work was supported by the Capital Health Research
and Development of Special (2014-2-1021) and Beijing
Municipal Administration of Hospitals Clinical medicine
Development of special funding support (ZYLX201509).
We thank ServbusTechnology (Beijing) Co., Ltd. for the
database support and statistical analysis.

Disclosure

The authors declare no conflict of interest.

References

1 Jemal A, Bray F, Center MM et al. Global cancer statistics.
CA Cancer ] Clin 2011; 61: 69-90.

2 Martins R, D’Amico T, Loo BJ et al. The management of
patients with stage IITA non—small cell lung cancer with N2
mediastinal node involvement. ] Natl Compr Canc Netw
2012; 10: 599-613.

3 Scagliotti GV, Pastorino U, Vansteenkiste JF et al.
Randomized phase III study of surgery alone or surgery plus
preoperative cisplatin and gemcitabine in stages IB to IIIA
non-small-cell lung cancer. J Clin Oncol 2012; 30: 172-8.

4 Rohren EM, Turkington TG, Coleman RE. Clinical
applications of PET in oncology. Radiology 2004; 231:
305-32.

5 Farjah F, Lou F, Sima C et al. A prediction model for
pathologic N2 disease in lung cancer patients with a
negative mediastinum by positron emission tomography.

J Thorac Oncol 2013; 8: 1170-80.

6 LvY, Yuan D, Wang K et al. Diagnostic performance of
integrated positron emission tomography/computed
tomography for mediastinal lymph node staging in non-
small cell lung cancer: A bivariate systemic review and meta-
analysis. ] Thorac Oncol 2011; 6: 1350-8.

7 Maeda R, Isowa N, Onuma H. The maximum standardized
18F-fluorodeoxyglucose uptake on positron emission
tomography predicts lymph node metastasis and
invasiveness in clinical stage IA non-small cell lung cancer.
Interact Cardiovasc Thorac Surg 2009; 9: 79-82.

8 Takenaka T, Yano T, Morodomi Y et al. Prediction of true-
negative lymph node metastasis in clinical IA non-small cell
lung cancer by measuring standardized uptake values on
positron emission tomography. Surg Today 2012; 42: 934-9.

9 Kanzaki R, Higashiyama M, Fujiwara A et al. Occult
mediastinal lymph node metastasis in NSCLC patients
diagnosed as clinical NO-1 by preoperative integrated FDG-
PET/CT and CT: Risk factors, pattern, and histopathological
study. Lung Cancer 2011; 71: 333-7.

10 Cho S, Song IH, Yang HC, Kim K, Jheon S. Predictive
factors for node metastasis in patients with clinical stage I
non-small cell lung cancer. Ann Thorac Surg 2013; 96:
239-45.

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 1459



Predictors for occult N2 metastasis

11

12

13

14

15

16

17

18

19

20

1460

Travis WD, Brambilla E, Noguchi M et al. International
association for the study of lung cancer/american thoracic
society/european respiratory society international
multidisciplinary classification of lung adenocarcinoma.

J Thorac Oncol 2011; 6: 244-85.

Yoshizawa A, Motoi N, Riely GJ et al. Impact of proposed
TASLC/ATS/ERS classification of lung adenocarcinoma:
Prognostic subgroups and implications for further revision
of staging based on analysis of 514 stage I cases. Mod Pathol
2011; 24: 653-64.

Warth A, Muley T, Meister M et al. The novel histologic
International Association for the Study of Lung
Cancer/American Thoracic Society/European Respiratory
Society classification system of lung adenocarcinoma is a
stage-independent predictor of survival. J Clin Oncol 2012;
30: 1438-46.

Yeh YC, Kadota K, Nitadori | et al. International
Association for the Study of Lung Cancer/American
Thoracic Society/European Respiratory Society classification
predicts occult lymph node metastasis in clinically
mediastinal node-negative lung adenocarcinoma. Eur |
Cardiothorac Surg 2016; 49: e9—el5.

Naidich D, Bankier A, MacMahon H et al.
Recommendations for the management of subsolid
pulmonary nodules detected at CT: A statement from the
Fleischner Society. Radiology 2013; 266: 304-17.

Vallieres E, Shepherd FA, Crowley J et al. The IASLC lung
cancer staging project. ] Thorac Oncol 2009; 4: 1045-59.
Downey RJ, Akhurst T, Gonen M et al. Preoperative F-18
fluorodeoxyglucose-positron emission tomography maximal
standardized uptake value predicts survival after lung cancer
resection. J Clin Oncol 2004; 22: 3255-60.

Li M, Liu N, Hu M et al. Relationship between primary
tumor fluorodeoxyglucose uptake and nodal or distant
metastases at presentation in T1 stage non-small cell lung
cancer. Lung Cancer 2009; 63: 383-6.

Sachs S, Bilfinger TV, Komaroff E, Franceschi D. Increased
standardized uptake value in the primary lesion predicts
nodal or distant metastases at presentation in lung cancer.
Clin Lung Cancer 2005; 6: 310-3.

Xu CH, Wang W, Wei Y et al. Prognostic value of the new
International Association for the Study of Lung
Cancer/American Thoracic Society/European Respiratory

Thoracic Cancer 10 (2019) 1453-1460

21

22

23

24

25

26

27

28

29

H. Miao et al.

Society classification in stage IB lung adenocarcinoma. Eur |
Surg Oncol 2015; 41: 1430-6.

Ujiie H, Kadota K, Chaft JE et al. Solid predominant
histologic subtype in resected stage I lung adenocarcinoma is
an independent predictor of early, extrathoracic, multisite
recurrence and of poor Postrecurrence survival. J Clin Oncol
2015; 33: 2877-84.

Sica G, Yoshizawa A, Sima CS et al. A grading system of
lung adenocarcinomas based on histologic pattern is
predictive of disease recurrence in stage I tumors. Am J Surg
Pathol 2010; 34: 1155-62.

Kadota K, Villena-Vargas J, Yoshizawa A et al.
Prognostic significance of adenocarcinoma in situ,
minimally invasive adenocarcinoma, and nonmucinous
lepidic predominant invasive adenocarcinoma of the lung
in patients with stage I disease. Am J Surg Pathol 2014;
38: 448-60.

Asamura H, Hishida T, Suzuki K et al. Radiographically
determined noninvasive adenocarcinoma of the lung:
Survival outcomes of Japan Clinical Oncology Group 0201.
J Thorac Cardiovasc Surg 2013; 146: 24-30.

Takahashi M, Shigematsu Y, Ohta M et al. Tumor
invasiveness as defined by the newly proposed
IASLC/ATS/ERS classification has prognostic significance
for pathologic stage IA lung adenocarcinoma and can be
predicted by radiologic parameters. ] Thorac Cardiovasc Surg
2014; 147: 54-9.

Gardiner N, Jogai S, Wallis A. The revised lung
adenocarcinoma classification-an imaging guide. J Thorac
Dis 2014; 6: $537-46.

Ketchedjian A, Daly BD, Fernando HC et al. Location as an
important predictor of lymph node involvement for
pulmonary adenocarcinoma. J Thorac Cardiovasc Surg 2006;
132: 544-8.

Inoue M, Minami M, Shiono H et al. Clinicopathologic
study of resected, peripheral, small-sized, non-small cell lung
cancer tumors of 2 cm or less in diameter: Pleural invasion
and increase of serum carcinoembryonic antigen level as
predictors of nodal involvement. J Thorac Cardiovasc Surg
2006; 131: 988-93.

Bao F, Yuan P, Yuan X et al. Predictive risk factors for
lymph node metastasis in patients with small size non-small
cell lung cancer. J Thorac Dis 2014; 6: 1697-703.

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd



	 Occult mediastinal lymph node metastasis in FDG-PET/CT node-negative lung adenocarcinoma patients: Risk factors and histop...
	Introduction
	MethodsPatients selection and staging
	Integrated PET/CT imaging
	Surgical resection
	Pathological examination
	Statistical analysis

	Results
	Patient characteristics and incidence of lymph node metastasis
	Clinicopathological factors associated with MLNM
	Association of tumor SUVmax with various histologic subtypes
	Diagnostic value of using combinations of risk factors to predict MLNM

	Discussion
	Conclusions
	Acknowledgments
	Disclosure

	References


