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ABSTRACT
Lung cancer remains one of the most frequently encountered cancers associated with high mortality. Recent
advances in lung cancer imaging have impacted significantly on the practice of thoracic surgery. This article
is a personal reflection on how these advances affect my thoracic surgery practice and will focus on 3 areas
— subcentimetre lung nodules, positron emission tomography, and cervical ultrasound as staging tools.
Further development in lung cancer imaging promises to bring radiologists and thoracic surgeons even
closer in the diagnosis and treatment of this dreadful disease.
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INTRODUCTION
Lung cancer is the leading cause of cancer deaths in
Hong Kong and each year there are more than 4000 new
cases.1 Recent advances in lung cancer imaging have
impacted significantly on the practice of thoracic
surgery. This Clinician’s Perspective is a personal re-
flection on how these advances have impacted on my
own practice as a thoracic surgical oncologist during
the past 15 years in Hong Kong. I have selected 3 areas
to discuss — namely subcentimetre lung nodules,
positron emission tomography (PET), and cervical ul-
trasound (US) as staging tools. Many of the references
in this article are cited from the surgical literature and
therefore provide a slightly different perspective than
that from the radiological literature.

DISCOVERY OF A NEW THORACIC
CONDITION — SUBCENTIMETRE
LUNG NODULES
The widespread use (including for screening) of com-
puterised axial tomography (CT), coupled with advances
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in scanner technology and the development of video-
assisted thoracic surgery (VATS),2 have profoundly
changed the landscape of the management of lung
nodules. The latest generation of helical CT scanners,
with 64 or more detector rows, can now gather full
volumetric data through the entire thorax within a breath-
hold time of less than 5 seconds. Moreover, in-plane
spatial resolution down to submillimetre-thick slices can
be achieved.3 This new technology has discovered small
(<1 cm or subcentimetre) lung nodules previously
unknown to clinicians.

Asamura et al, from the National Cancer Centre Hospi-
tal in Tokyo, Japan, retrospectively analysed 48 patients
who were found to have subcentimetre lung nodules
on CT and categorised them into non-solid ground
glass opacity (GGO) type (n = 19), part-solid GGO type
(n = 9), and solid type (n = 20).4 Non-solid GGO is seen
as a homogeneous increased density on CT that does
not obscure the bronchovascular structure, whereas
part-solid GGO contains some solid component but does
not exceed 50% of the whole area (Figure 1). None of
these patients had symptoms related to the CT findings.
All patients underwent resection and the histology of
both the non-solid and part-solid GGO showed only
bronchoalveolar carcinoma (T1NO stage IA). The 5-
year survival for this group was 100%. On the other
hand, N1 nodal involvement was found in 2 patients
and N2 in 1 patient in the 20 remaining patients with
solid lesions, with an overall 5-year survival of 94%.
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The authors recommend that limited resection combined
with lymph node dissection is an acceptable treatment
for patients with subcentimetre GGO, but a formal
lobectomy is still the standard of care for patients with
subcentimetre solid lesions proven to be malignant on
frozen section. This is the first time that sublobar lung
resection was convincingly advocated to treat patients
with lung cancer who are sufficiently fit to undergo
anatomical resection. Surely more work is needed in
this exciting new area. Computer-aided detection tools
are being developed to assist in lung nodule identifi-
cation. Software is currently available to automatically
define the margins of a nodule and calculate its volume
for comparison over time.2

POSITRON EMISSION TOMOGRAPHY
PET is a molecular imaging technique that provides
functional information within the body. Fluoro-
deoxyglucose F18 (FDG), a glucose analogue, is cur-
rently the most widely used radioactive tracer clinically.
Similar to ordinary glucose, it is transported into the
cells and is phosphorylated. However, the product,
FDG-6-phosphate, is not a substrate for further degra-
dation and hence is trapped inside the cell. As glucose
metabolism is elevated in malignant cells, FDG can
therefore be used to differentiate malignant cells from
normal cells.5

However, PET-positivity depends on tumour cell
volume, density, and avidity to FDG. In general, more

aggressive or rapidly growing tumours demonstrate
markedly increased glucose metabolism compared with
slower growing tumours such as bronchoalveolar carci-
noma and carcinoid tumours, which typically have lower
glucose metabolism. On the other hand, a number of
benign conditions such as inflammatory diseases, includ-
ing post-surgery and radiation, and granulomatous
diseases, including tuberculosis, histoplasmosis, silicosis,
and talc granuloma, can cause an increase in FDG uptake,
yielding false-positive results in cancer detection.6 The
high glucose metabolism in the brain means that this
technique cannot be used to detect brain metastasis. It
is also less reliable in patients with diabetes. PET is
an expensive investigation, and the so-called standard
uptake units (SUVs) vary with the machines, techniques
used, and the radiologist (Table 1).

Detection of Extrathoracic Metastasis
PET is excellent for detecting occult distant metastases
in 6% to 17% of patients in whom conventional clinical
methods fail to identify metastses.7,8 However, in a
multicentre trial conducted by the American College of
Surgeons Oncology Group reported in 2003, 19 of 287
patients (6.6%) identified by PET to have distant
metastases were subsequently found to have benign
lesions. These false-positive foci included brain,
distant lymph nodes, bone, rectum, thyroid, kidney,
larynx, oesophagus, liver, and the contralateral lung.
These patients would have been denied a potentially
curative resection if tissue diagnosis had not been

Figure 1. Three types of subcentimetre nodules according to density. (a) Non-solid ground glass opacity (GGO); (b) part-solid GGO; and
(c) solid GGO. Reproduced with permission from the Society of Thoracic Surgeons.4
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obtained from those lesions.9 The authors therefore
recommend tissue biopsy whenever possible to cor-
relate the positive PET findings.

Avoidance of Unnecessary Mediastinoscopy
PET is more sensitive and specific (85% and 90%,
respectively) than CT (61% and 79%, respectively) for
detecting mediastinal disease.5 Meyers et al recently
reported a retrospective study of 178 patients with
clinical stage I non-small cell lung cancer (NSCLC) by
CT and PET who underwent mediastinoscopy for
staging.10 Five patients (3%) were shown to have N2
disease by mediastinoscopy, and an additional 9 pa-
tients were found to have N2 disease in the final resected
specimen, giving a total of 14 patients (5.6%) with oc-
cult microscopic N2 metastasis. The authors performed
an elaborate cost-effective analysis and concluded that
mediastinoscopy is not cost-effective for clinical stage
I patients (staged by both CT and PET). The advent of
PET has significantly reduced the number of mediasti-
noscopies in many thoracic surgical centres, including
my own. However, the consensus among thoracic sur-
geons is that positive PET findings in the mediastinum
should generally be confirmed by tissue diagnosis when-
ever possible.

Lymph Node Staging
Despite the documented improved accuracy of PET over
CT in staging the mediastinum, Cerfolio et al have
shown that there are many false-positive lymph nodes
(particularly in the paratracheal and subcarinal stations)
and, likewise, false-negative nodes (particularly in the
aortopulmonary window, preaortic and subcarinal
stations) from PET staging.11 The lead author, being a
thoracic surgeon, made the distinction of assessing
PET as a tool for correctly staging the patient versus
correctly staging the nodal station. For example, if PET
shows a patient with NSCLC to have hypermetabolic
activity in station 4 (paratracheal lymph node) and,
during subsequent surgical staging, to have confirmed
metastasis instead in station 7 (subcarinal lymph node),
then PET is still accurate for staging the patient as
having N2 disease, but is not accurate for specific nodal

staging. PET is more accurate for predicting N2 nodes
than N1 nodes.12 Although the integrated PET-CT scan-
ner is better than dedicated PET alone for staging,13

the CT component of most integrated PET-CT scan-
ners does not have the latest upgrades in CT scanning;
it has been my experience that many patients will have
to undergo another multislice spiral CT of the thorax.
The important message from these studies is that PET
cannot replace tissue diagnosis with mediastinoscopy
or VATS.

CERVICAL ULTRASONOGRAPHY AS
A ROUTINE STAGING INVESTIGATION
The concept of open biopsy of cervical lymph nodes for
lung cancer staging is not new and dates back to the
1940s. With the advent of newer surgical staging
modalities such as mediastinoscopy and, more recently,
VATS, the cervical nodes have largely been forgotten.
However, the neck nodes are easily accessible. Confir-
mation of cervical nodal metastasis (N3 disease) would
preclude patients from having a curative lung resection,
and hence profoundly change the treatment algorithm.14

We have conducted a pilot study looking at the efficacy
of using cervical US as a routine staging investigation
at The Chinese University of Hong Kong.15 Fifty pa-
tients with potentially operable NSCLC were enrolled.
Patients with palpable cervical lymph nodes were
excluded. In addition to routine preoperative investi-
gations, all patients received cervical US to determine
the presence of cervical lymph nodes. Nodes suspicious
of harbouring malignancy according to a specific set of
criteria (shape, echogenicity, nodal architecture, and
vascular pattern) received US-guided fine-needle
aspiration for cytology (FNA-C). As a result, suspicious
neck nodes were detected in 10 patients, 4 of whom
(8%) were found to have cervical nodal metastasis by
FNA-C. These patients were upstaged to stage IIIB
and were excluded from resection. Cervical US and
FNA-C are very safe in experienced hands, with mini-
mal discomfort to the patient. A larger study is being
planned to look at the cost-effectiveness of this approach
as a routine investigation.

Table 1. Advantages and disadvantages of positron emission tomography from a surgeon’s perspective.

Advantages Disadvantages

More accurate than computed tomography Significant false-positive and false-negative results
Avoid mediastinoscopy in positron emission tomography–negative mediastinum Less reliable in patients with diabetes
Guide surgical approach to biopsy Cannot detect brain metastases
Minimise futile surgical exploration Poor anatomical definition

Variations in machines, techniques, radiologists
High cost
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CONCLUSIONS AND FUTURE
PROSPECTS
There have been major advances in lung cancer imaging
during the past few decades. PET scans have changed
the way surgeons look at the mediastinum. PET was
once hoped to be the ultimate, definitive, non-invasive
staging modality but currently, it still cannot replace
tissue diagnosis by mediastinoscopy or VATS. No doubt
the accuracy of PET will further improve. Alternative
tracer such as 11C-acetate promises to be more sensi-
tive than the traditional FDG for detecting slow grow-
ing adenocarcinomas (Figure 2),16 while new tracers
such as 11C-methionine and choline targeting cell mem-
brane synthesis, and 3’dexoxy-3’-18F-fluorothymidine
targeting DNA synthesis will add a new dimension to
PET imaging. Development of new tumour-specific
molecular imaging probes will add to the growing, ex-
citing field of molecular imaging5.

There will be scope for even closer collaborations be-
tween radiologists and thoracic surgeons in the future.
For example, optical data from bioluminescence bron-
choscopy can be fused with CT-acquired ‘virtual bron-
choscopy’ to pinpoint the locations of dysplasia or early
endobronchial cancer for biopsy and even treatment.
Real-time fusion of 3-dimensional–CT with broncho-
scopic video images allows the operator to ‘see’ beyond
the bronchial walls for precise transbronchial biopsy.3

We are indeed embarking on an exciting era of cancer
imaging and intervention.

ACKNOWLEDGEMENTS
The author wishes to thank Professor Anil Ahuja and
the Department of Diagnostic Radiology and Organ
Imaging, The Chinese University of Hong Kong, for
their invaluable support and advice over the years. The
author also wishes to thank Dr Garrett Ho, Dr David
Yeung, Dr Gladys Lo and her Department at the Hong
Kong Sanatorium and Hospital, Dr Hector Ma and
his Department at St Teresa’s Hospital, Dr Rick Chan,
Dr Peter Cheng, and Dr Vivian Chiu at the Union Hos-
pital for their excellent professional support and
collaboration. The author is solely responsible for any
deficiencies in this review.

REFERENCES
1. Hospital Authority. Hong Kong Cancer Registry. http://www3.

ha.org.hk/cancereg/. Accessed: 6 July 2007.
2. Yim AP, Hazelrigg SR, Izzat MB, Landreneau RJ, Mack

MJ, Naunheim KS. Minimal access cardiothoracic surgery.
Philadelphia: WB Saunders Co; 2000.

3. Gefter W. Update on lung cancer imaging. Philadelphia:

Figure 2. In a patient with well-differentiated adenocarcinoma,
computed tomography showed a part-solid ground glass opacity
in the right upper lobe. (a) 11C-acetate-positron emission tomog-
raphy was positive in both the peripheral and the central portions,
whereas (b and c) conventional fluoro-deoxyglucose F18–positron
emission tomography was positive only in the central solid portion
of the ground glass opacity. Reproduced with permission from
the Society of Thoracic Surgeons.15

(b)

(c)

(a)



Lung Cancer Imaging

42 J HK Coll Radiol. 2007;10:38-42

Proceedings of the AATS/STS General Thoracic Symposium;
2006. p. 8-15.

4. Asamura H, Suzuki K, Watanabe SI, Matsuno Y, Maeshima A,
Tsuchiya R. A clinicopathological study of resected subcenti-
meter lung cancers: a favourable prognosis for ground glass
opacity lesions. Ann Thorac Surg. 2003;76:1016-22.

5. Chen LD, Dehdashti F. Advances in positron emission tomo-
graphic imaging of lung cancer. Proc Am Thorac Soc. 2005;2:
541-4.

6. Mavi A, Lakhani P, Zhuang H, Gupta NC, Alavi A. Fluorode-
oxyglucose-PET in characterizing solitary pulmonary nodules,
assessing pleural diseases, and the initial staging, restaging,
therapy planning, and monitoring response of lung cancer.
Radiol Clin North Am. 2005;43:1-21.

7. Van Tinteren H, Hoekstra OS, Smit EF, et al. Effectiveness of
positron emission tomography in the preoperative assessment
of patients with suspected non-small-cell lung cancer: the PLUS
multicentre randomized trial. Lancet. 2002;359:1388-93.

8. Moazami N, Rick TW, Rybicki LA, et al. Stage III non-small
cell lung cancer and metachronous brain metastases. J Thorac
Cardiovasc Surg. 2002;124:113-22.

9. Reed CE, Harpole DH, Posther KE, et al. Results of the Ameri-
can College of Surgeons Oncology Group Z0050 Trial: the
utility of positron emission tomography in staging potentially
operable non-small cell lung cancer. J Thorac Cardiovasc Surg.
2003;126:1943-51.

10. Meyers BF, Haddad F, Siegel BA, et al. Cost-effectiveness of
routine mediastinoscopy in computed tomography- and posi-
tron emission tomography-screened patients with stage I lung
cancer. J Thorac Cardiovasc Surg. 2006;131:822-9.

11. Cerfolio RJ, Ojha B, Mukherjee S, Pask AH, Bass CS, Katholi
CR. Positron emission tomography scanning with 2-fluoro-
2-deoxy-D-glucose as a predictor of response of neoadjuvant
treatment for non-small cell carcinoma. J Thorac Cardiovasc
Surg. 2003;125:938-44.

12. Cerfolio RJ, Ojha B, Bryant AS, Bass CS, Bartalucci AA,
Mountz JM. The role of FDG-PET scan in staging patients
with nonsmall cell carcinoma. Ann Thorac Surg. 2003;76:
861-6.

13. Cerfolio RJ, Ojha B, Bryant AS, Raghuveer V, Mountz JM,
Bartolucci AA. The accuracy of integrated PET-CT compared
with dedicated PET alone for the staging of patients with
nonsmall cell lung cancer. Ann Thorac Surg. 2004;78:1017-23.

14. Sihoe AD, Yim AP. Lung cancer staging. J Surg Res. 2004;
117:92-106.

15. Sihoe AD, Lee TW, Ahuja AT, Yim AP. Should cervical ultra-
sonography be a routine staging investigation for lung cancer
patients with impalpable cervical lymph nodes? Eur J
Cardiothorac Surg. 2004;25:486-91.

16. Kaji M, Nomori H, Watanabe K, et al. C-acetate and
f-fluorodeoxyglucose positron emission tomography of pulmo-
nary adenocarcinoma. Ann Thorac Surg. 2007;83:312-4.


