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Objective: We investigated the association of the diagnostic accuracy for the preoperative clinical
stage of lung adenocarcinoma with its histologic subtype of micropapillary pattern adenocarcinoma
(MPA) or non-micropapillary pattern adenocarcinoma (NMPA).
Methods: We evaluated 303 patients with pathologic adenocarcinoma who underwent 18F-
fluorodeoxyglucose positron emission tomography (FDG-PET) scanning, from 2008 to 2013, before
undergoing surgical resection.  Patients had been evaluated for clinical stage and were classified by the
histologic subtype of MPA or NMPA.
Results: There was a significant difference in postoperative up-staging between the MPA and NMPA
(P < 0.0001) cases.  In addition, there was a significant difference in the frequency of postoperative up-
grading in the lymph node (N) factor (P < 0.0001), but not in the tumor (T) factor (P = 0.8271).
Postoperative up-staging and postoperative N factor up-grading were observed more frequently in the
MPA cases.
Conclusion: In lung adenocarcinoma, some lymph node metastases were undetectable by preoperative
imaging studies and, consequently, postoperative up-staging was observed in some patients.  While
FDG-PET is useful for preoperative evaluation of the spread of a lesion, it is necessary to conduct
treatment while remembering that lymph node metastasis is difficult to detect in some patients,
depending on the histological subtype.
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Introduction

ung cancer is the leading cause of death from cancer.1

According to the current WHO (World Health
Organization) classification, non-small cell lung cancer
(NSCLC) accounts for about 80% of pulmonary
carcinomas,2 and adenocarcinoma is the most common
histology, which is increasing in prevalence.3  Although
the tumor-lymph node-metastasis (TNM) stage is the
most important prognostic factor for NSCLC including
adenocarcinoma,4 histologic subtyping according to the
International Association for the Study of Lung Cancer
(IASLC)/American Thoracic Society (ATS)/European
Respiratory Society (ERS) classification of lung
adenocarcinoma has also been reported to have significant
prognostic value.5-8  In particular, accumulated data have
shown that micropapillary pattern adenocarcinoma

(MPA) exhibited more malignant biological behavior,
such as more frequent and severer lymphatic invasion, a
higher incidence of and more advanced lymph node
involvement, and poorer prognosis than non-
micropapillary pattern adenocarcinoma (NMPA).9-17

Therefore, the IASLC/ATS/ERS proposed a new
classification for lung invasive adenocarcinoma, in which
the micropapillary predominant subtype was newly
added.5  There are some articles reporting the usefulness
of 18F-fluorodeoxyglucose positron emission
tomography (FDG-PET) for NSCLC according to the
TNM staging.18-27  Here, we investigated the association
of the diagnostic accuracy for the preoperative clinical
stage and lung adenocarcinoma classified with histologic
subtype of MPA or NMPA retrospectively.
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Materials and Methods

Evaluation of preoperative clinical staging
After excluding the surgically non-curative cases, we
studied 303 operations to surgically resect invasive
adenocarcinomas performed at Kitasato University
Hospital from January 2008 through December 2013.
Clinical staging was principally determined using FDG-
PET and head magnetic resonance imaging.

Histological diagnosis of lung adenocarcinoma subtype
Lung adenocarcinomas were classified into MPA or
NMPA.  Similarly to previous reports,6-13 micropapillary
pattern was defined as a small papillary tumor cell tuft
without an obvious fibrovascular core.  For each case, all
available H&E (hematoxylin and eosin)-stained slides
were carefully reviewed.

Clinicopathological data and statistical analyses
The clinicopathological parameters studied included age

Figure 1.  In terms of histologic subtyping, (A) there were 265 (87.5%) non-micropapillary
pattern adenocarcinoma cases and (B) 38 (12.5%) micropapillary pattern adenocarcinoma cases.

Table 1.  Comparison of the clinicopathological characteristics between
micropapillary pattern adenocarcinoma (MPA) and non-micropapillary
pattern adenocarcinoma (NMPA)

Characteristics NMPA (n = 265) MPA (n = 38) P-value

Age (years)
  <60   50 (18.9%) 12 (31.6%)
  ≥60 215 (81.1%) 26 (68.4%)  0.0829
Gender
  Male 124 (46.8%) 22 (57.9%)
  Female 141 (53.2%) 16 (42.1%)  0.1999
Smoking status
  Non-smoker 127 (47.9%) 15 (39.5%)
  Smoker 138 (52.1%) 23 (60.5%)  0.3268
Tumor size (cm)
  ≤3.0 185 (69.8%) 17 (44.7%)
  >3.0   80 (30.2%) 21 (55.3%)   0.0029*
Pleural invasion
  Negative 206 (77.7%) 18 (47.4%)
  Positive   59 (22.3%) 20 (52.6%)   0.0002*
Lymphatic invasion
  Negative 166 (62.6%) 3 (7.9%)
  Positive   99 (37.4%) 35 (92.1%) <0.0001*
Venous invasion
  Negative 173 (65.3%)   5 (13.2%)
  Positive   92 (34.7%) 33 (86.8%) <0.0001*

MPA, micropapillary pattern adenocarcinoma; NMPA, non-micropapillary
pattern adenocarcinoma

Postoperative up-staging in lung cancer
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at surgery, gender, smoking status, lymphatic or venous
invasion, and pleural invasion degree.  Pleural invasion
degree was judged as positive or negative when the pleura
was intact or invaded to different degrees, according to
the criteria of the Japan Lung Cancer Society.28

Lymphatic or venous invasion was judged as positive or
negative without consideration of the extent. Elastica
van Gieson staining was used to aid the evaluation of
venous and pleural invasion.  The clinical and
postoperative pathological stages were reassessed
according to the 7th TNM classification of the UICC
(Union for International Cancer Control).29  All statistical
analyses were performed using JMP version 11.0
statistical software package for Windows (SAS Institute,
NC, USA).  Differences of patient parameters between

the groups were tested for significance using the χ2 test.

Results

Histological diagnosis of lung adenocarcinoma subtypes
According to the histologic subtyping, there were 265
(87.5%) NMPA cases and 38 (12.5%) with MPA (Figure
1).

Clinicopathological  character is t ics  o f  lung
adenocarcinoma subtypes
The clinicopathological  features of the lung
adenocarcinoma subtypes are summarized in Table 1.
There were no significant differences in age, gender, or
smoking status among the subtypes; however, there were

Table 2.  Comparison of the clinical and pathological staging between MPA and
NMPA

NMPA (n = 265) MPA (n = 38) P-value

Clinical stage
  Stage I 237 (89.4%) 26 (68.4%)
  Stage II 23 (8.7%)   9 (23.7%)
  Stage III   5 (1.9%) 3 (7.9%)
Pathological stage
  Stage I 214 (80.8%) 10 (26.3%)
  Stage II   32 (12.0%)   5 (13.2%)
  Stage III 19 (7.2%) 23 (60.5%)

Postoperative up-staging
  Yes   35 (13.2%) 25 (65.8%)
  No 230 (86.8%) 13 (34.2%) <0.0001*

Table 3.  Comparison of the clinical and pathological tumor factor between
MPA and NMPA

NMPA (n = 265) MPA (n = 38) P-value

Clinical T factor
  T1 178 (67.2%) 15 (39.5%)
  T2 75 (28.3%) 19 (50.0%)
  T3 11 (4.1%)   4 (10.5%)
  T4   1 (0.4%) 0 (0.0%)
Pathological T factor
  T1 151 (57.0%)   9 (23.7%)
  T2   99 (37.3%) 26 (68.4%)
  T3 15 (5.7%) 3 (7.9%)
  T4   0 (0.0%) 0 (0.0%)

T factor up-grading
  Yes   44 (16.6%)   7 (18.4%)
  No 221 (83.4%) 31 (81.6%) 0.8271
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significant differences in the frequency of tumors larger
than 3 cm in diameter, incidence of lymphatic or venous
invasion, frequency and severity of pleural invasion in
the MPA (P = 0.0029, P = 0.0002, P < 0.0001, and P <
0.0001, respectively).

Comparison of clinical stages and pathological stages
of lung adenocarcinoma subtypes
There was a significant difference in postoperative up-
staging between the MPA and the NMPA (P < 0.0001).
Postoperative up-staging was observed more frequently
in the MPA (Table 2).

Comparison of clinical tumor, lymph node factors, and
pathological tumor, lymph node factors of lung
adenocarcinoma subtypes
Analysis of the tumor (T) and lymph node (N) factors,
which are related to the stage, showed no significant
difference in the frequency of postoperative T factor up-
grading (P = 0.8271) (Table 3) but showed a significant
difference in postoperative N factor up-grading (P <
0.0001) between the MPA and the NMPA.  Postoperative
N factor up-grading was observed more frequently in the
MPA (Table 4).

Discussion

It is critical to accurately determine not only the
characteristics of the primary lesion but also the clinical
stage of lung cancer when working out a treatment plan.4,30

FDG-PET is useful for diagnosis in NSCLC.  According
to the primary lesion, a meta-analysis31 found a
consistently high sensitivity (80%−100%) of FDG-PET
for identifying a malignant solitary pulmonary nodule,
but specificity was lower and more variable across other
studies (40%−100%).  However, the usefulness of FDG-

PET lies mainly in nodal staging and distant metastatic
observation.  Defining malignant involvement of lymph
nodes eventually determines the operability of lung
cancer.  Several meta-analyses on the performance of
computed tomography reported pooled sensitivity from
51% to 61% and specificity from 77% to 86%, whereas
FDG-PET had significantly better performance with
pooled sensitivity, from 74% to 85%, and specificity,
from 85% to 91%.32-34  The impact of FDG-PET on staging
has been shown: up-staging in 16% to 41% and down-
staging in 6% to 20% of patients.25-27

In the present study, the frequency of postoperative
up-staging differed significantly according to the subtype
of adenocarcinoma (P < 0.0001).  Postoperative up-
staging was observed more frequently in the MPA (Table
2).  In addition, while the frequency of postoperative up-
grading of the T factor showed no significant difference
(P = 0.8271) (Table 3), that of the N factor differed
significantly (P < 0.0001), being higher in the MPA cases
(Table 4).

MPA was first reported in 1972 by Silver et al.,35 and
its prognosis was reported to be poorer than that of other
subtypes in 2002 by Amin et al.9  Various molecular
pathological investigations have since been undertaken,
but factors involved in its malignancy remain largely
unclear.  Satoh et al.36 reported that clinical stage I MPA
cases demonstrated postoperative up-staging.  In the
present study, clinicopathological analysis showed that
postoperative up-staging was observed more frequently
in MPA cases than that in NMPA cases in all clinical
stages evaluated with FDG-PET.  This suggests that more
MPA patients with no surgical indications are operated
on than in other subtypes, leading to a poorer
postoperative prognosis in the MPA cases.  The presence
or absence of lymph node metastasis of lung cancer can
be preoperatively estimated using FDG-PET from the

Table 4.  Comparison of the clinical and pathological node metastasis between MPA
and NMPA

NMPA (n = 265) MPA (n = 38) P-value

Clinical node metastasis
  Negative 256 (96.6%) 31 (81.6%)
  Positive 9 (3.4%) 7 (18.4%)
Pathological node metastasis
  Negative 229 (86.4%) 11 (29.0%)
  Positive 36 (13.6%) 27 (71.0%)

Node metastasis up-grading
  Yes 33 (12.5%) 24 (63.1%)
  No 232 (87.5%) 14 (36.8%) <0.0001

Postoperative up-staging in lung cancer
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maximum standardized uptake value (SUVmax) in the
lymph nodes.20-25  Moreover, as the SUVmax has been
reported to be related to the expression of proteins such
as GLUT-1 and COX-2 in the tumor,37,38 the biological
behavior of the tumor may change at the sites of lymph
node metastasis.  Our results suggest that this tendency is
stronger, particularly in the MPA cases.  In the future, it
will be necessary to investigate the correlation between
the imaging diagnosis and molecular pathology of the
primary lesion and lymph node metastases in various
subtypes of lung adenocarcinoma.

Investigation of preoperative and postoperative stages
of adenocarcinoma showed significant differences in the
frequency of postoperative up-staging between MPA and
NMPA, and postoperative up-staging was observed more
frequently in the MPA cases. Moreover, the T and N
factors, which are related to the stage of the cancer, also
showed significant differences in the frequency of
postoperative up-grading in the N factor alone between
the MPA and the NMPA, and up-grading was observed
more frequently in the MPA cases.  These results suggest
that many lymph node metastases of MPA are
preoperatively undetectable, making its postoperative up-
staging more common and its postoperative prognosis
poorer.
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