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a  b  s  t  r  a  c  t

Objectives:  We  reviewed  the medical  record  of a series  of  patients  with  synchronous  multiple  lung  cancers
(SMLC),  in  an  attempt  to identify  the optimal  treatment  strategy  for multiple  ground-glass  opacities
(GGOs).
Materials  and methods:  From  2004  to 2010,  1223  patients  underwent  complete  resection  of  non-small  cell
lung  cancer.  Among  these,  there  were  67  patients  (5.5%)  with  SMLC  with at least  1 of the  nodules  showing
GGO  appearance.  SMLC  was  divided  into  the  main  cancer  (MC)  which  was  a  main  target  based  on  its  tumor
size  or  radiological  invasiveness  and  sub-nodules.  According  to consolidation/tumor  ratio  (CTR)  on thin-
section computed  tomography,  67  cases  were  classified  into  GG-group  (MC  showing  GGO-dominant
lesion;  CTR  ≤ 0.5) and  GS-group  (MC showing  solid-dominant  lesion;  CTR >  0.5).
Results: There  were  24 patients  in  the  GG-group  (36%)  and  43  patients  in the  GS-group  (64%).  Surgical
resections  included  11  sublobar  resections  (SLs),  32  lobectomies,  19  lobectomy  +  SLs,  and  4  bilobectomies.
There  were  39 patients  with  a total  of 118  unresected  GGOs  after  the  initial  surgery.  Among  them,  the
frequency  of  growth  was  8%  on  a per-nodule  basis  with  the median  tumor  doubling  time  of  1373  days,  and
new GGOs  emerged  in  15 patients  (23%).  Multivariate  analysis  demonstrated  that  larger  size of  MC  and
the  GS-group  was  associated  with  poor  prognosis,  whereas  growth  of the  residual  GGOs,  the  development
of new  GGOs,  or  whether  or not  all GGOs  were  treated  did  not  affect  survival.  The  5-year  OS  proportions
were  95.8%  for the  GG-group  and  68.0%  for the  GS-group  (p = 0.009),  and  92.4%  for a  MC  of ≤25  mm  and
53.6%  for  a MC  of  >25  mm  (p = 0.008).
Conclusion:  Survival  of  patients  with  multifocal  GGOs  is  strongly  affected  by  radiological  findings  of the
MC. Strict  surgical  control  for MC  could  be most  important.

© 2015 Elsevier  Ireland  Ltd.  All  rights  reserved.

Abbreviations: CT, computed tomography; GGO, ground-glass opacity; MC, main
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radiation therapy; IQR, the interquartile range.
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1. Introduction

The widespread use of high-resolution computed tomography
(CT) in daily practice and screening has contributed to the fre-
quent detection of ground-glass opacities (GGOs) in asymptomatic
patients [1,2]. GGO is defined as a hazy area of increased attenu-
ation in the lung, with preservation of the bronchial and vascular
margins, and can be caused by various diseases, such as infections,
interstitial diseases, acute alveolar diseases, and neoplasms [3].
GGO lesions are often detected as multiple lesions, and the inci-
dence of multiple primary lung cancers with GGOs has recently
increased [4,5].
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Fig. 1. Typical CT images of synchronous multiple lung lesions. (A) A 71-year-old female patient from the GG-group; the arrow shows the 11-mm MC in the right segment
3  area, and the two arrowheads show a 9-mm and a 5 mm SN in the right segment 6 area, respectively. (B) A 80-year-old female patient of the GS-group; the arrow shows
the  41-mm MC in the left segment 3 area, and the arrowhead shows a 23-mm SN in the left segment 6 area.

The detection of synchronous multiple lung nodules may  cause
the clinical dilemma of how these lesions should be managed. The
distinction has important therapeutic and prognostic implications.
Although surgical approaches for such multiple lesions depend on
their anatomical location, size, and number, as well as the patient’s
age, and pulmonary function, the decision usually depends on the
surgeon’s judgment; no standard criteria have been established for
the selection of the lesions to be treated, nor the method of man-
agement of the residual nodules in cases of synchronous multifocal
GGOs. In this study, we retrospectively reviewed the records of a
surgical series of lung cancer patients with synchronous multiple
lung lesions, proven or suspect for lung cancer, particularly multi-
focal GGOs, in an attempt to identify the optimal treatment strategy
and the management method for the residual and new lesions.

2. Patients and methods

2.1. Patients

From January 2004 to December 2010, a total of 1223 patients
underwent complete resection without any preoperative induction
therapy for non-small cell lung cancer at our hospital. Among them,
85 patients had either synchronous multiple primary lung cancer
or underwent main tumor resection with at least 1 other lesion sus-
pected of lung cancer on preoperative CT scans. Of these, 67 patients
(5.5%) who possessed at least one lung lesion showing an area of
GGO were included in the study. In the patients who underwent
resection for all lung tumors, they were diagnosed as multiple lung
cancer with GGO component due to their pathological and clin-
ical characteristics based on the modified Martini and Melamed
criteria, the American College of Chest Physicians guidelines, and
the theories of the multiclonality of multifocal lepidic-type ade-
nocarcinoma [4,6,7]. The stages of the tumors were determined in
accordance with the 7th Edition of the TNM Classification for Lung
and Pleural Tumors [8]. This retrospective study was evaluated by
the Institutional Review Board of Tokyo Medical University and
granted exemption from the requirement for informed consent.

2.2. Radiological evaluation of synchronous multiple lung lesions

CT scans were performed by using a 64-channel MDCT (Light
Speed VCT, GE Medical Systems, Milwaukee, WI,  USA) with a sec-
tion thickness of 1.25 mm.  Each CT image was acquired within 1
breath hold of about 5 s, after a delay of 70 s during which the
contrast media injection took effect.

When collecting and analyzing our data, we firstly divided syn-
chronous multiple lung GGO lesions into two lesions according
to the preoperative CT findings; the main cancer (MC) and sub-
nodules (SNs). MC  was  defined as the main lung cancer to be
surgically resected, from its tumor size or radiological invasiveness,
and SNs were any other lung lesions.

According to the radiological findings on thin-section CT scan,
we examined the ratio of maximum diameter of consolidation
to the maximum tumor diameter from the lung window (CTR).
The cases were classified into two  groups: GG-group and GS-
group. The GG-group denotes their MC  showing GGO-dominant
appearance (CTR ≤ 0.5) and the GS-group shows their MC  showing
solid-dominant appearance (CTR > 0.5), respectively. The radiolog-
ical criteria of a CTR 0.5 as a cut-off in this study depends on results
of several published studies [9–11]. Typical CT findings of patients
in the GG-group and the GS-group are shown in Fig. 1A and B,
respectively.

2.3. Treatment strategy and postoperative surveillance

In patients with multiple lung lesions, the surgical procedure
was determined according to site of lesion, CT findings, estimated
postoperative respiratory function, and the presence or absence of
preoperative comorbidities. Our basic treatment strategy for syn-
chronous multiple lung lesions was as follows (Supplement Fig. 1):
(1) when tumors were in an ipsilateral chest, we tried to resected all
lesions larger than 10 mm or radiographical solid-dominant lesions
by single-stage surgical treatment. However, for SNs smaller than
10 mm  or radiographical GGO-dominant lesions with slow growth,
if the extent of the resection was expected to be greater than
sublober resection because of the central location or if there were
multiple lesions scattered throughout multiple lobes, we decided
to perform strict surgical resection of MC and easily accessible SNs
by limited resection. (2) When tumors were in contralateral lesions,
two-stage surgical treatment was  commonly performed. (3) As our
strategy throughout the postoperative follow-up period, we per-
formed surgical resection on SNs with a diameter of larger than
10 mm,  or with an emerging solid portion. Unless patients were
capable of undergoing surgical resection in estimated postopera-
tive respiratory function, we decided not to resect such lesions and
instead select SBRT or continuous monitoring of the residual lesions
(Supplement Fig. 2).

Supplementary material related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.lungcan.
2015.02.016.
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