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Imaging of recurrent lung cancer
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Abstract

Local, regional and distant tumor recurrence is common following surgical resection for non-small cell lung cancer.

It is important to be familiar with the patterns of recurrence and to differentiate them from the normal post-operative
appearance and post-radiation changes. The risks and types of recurrence are influenced by various factors including
preoperative tumor stage, histological type and type of surgical resection. Treated patients are at risk for developing
a second lung primary, reported to be 1-4% per year, and therefore follow-up must be aimed at detecting not only
recurrent cancer, but also a new, primary lung cancer. Different follow-up imaging strategies have been suggested,
including conventional radiography, CT and/or PET scanning.
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Introduction factors and are not fully understol8t Factors include
tumor type, tumor stage and extent of surgical resection.

Tumor recurrence is common following surgical resec- Knowledge and recognition of tumor recurrence
tion for non-small cell lung cancer (NSCLC). RecyrPatterns is important in the imaging follow-up of lung

rences may occur locally, regionally and/or at distarf@ncer. The purpose of this article is to reviewthe.patterns
sites. Locoregional recurrence is defined as a tum@frecurrence of NSCLC as they relate to tumor histology

within the operated hemithorax involving ipsilateraf"d initial tumor stage, as well as to type of surgical

lymph nodes (including supraclavicular lymph nodesjgsection. Benign post-therapy findings simulating tumor

the bronchial stump, and the pleura and chest lall T€currence are also described, and the recommended
Lung nodules along the surgical margin are considerddad'ng follow-up strategy is discussed.

locoregional metastases, whereas nodules remote from

the surgical margin are usually considered distant

metastases. The most common locations of distant Tumor recurrence in relation to

metastases from recurrent lung cancer are similar to those histologic type
seen at the time of initial presentation, i.e. brain, bone,
liver and adrenalé-3l. Among the various cell types observed in NSCLC, adeno-

If a localized recurrence is detected, the patient mayarcinoma typically shows the highest rate of both distant
be treated with repeat resection for attempted curand combined locoregional/distant recurrdhée). Both
Chemotherapy and/or radiation therapy may be used feguamous cell carcinomas and adenocarcinomas are
palliation of symptoms or to increase life expectancy. Th@omewhat more likely to recur at distant sites rather than
risks for recurrence are influenced by multiple, compleocoregionally®8! (Fig. 1).
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Figure 1 Liver metastasis 4 months following right pneumonectomy for poorly differentiated NSCLC. Chest
CT (a) shows a fluid-filled pneumonectomy space (*), with no evidence of locoregional recurrence. CT of the
upper abdomen (b) demonstrates a liver metastasis (arrow).

|

Figure 2 Bronchial stump recurrence following right upper and middle lobectomy for squamous cell lung
carcinoma with negative surgical margins. Pre-operative CT (a) shows a right upper lobe mass. CT 8 months
later (b), obtained to work up hemoptysis, demonstrates a soft tissue mass at the bronchial resection margin,

extending into the trachea (arrow).

Although some reports state that locoregional rerxodules®. Unfortunately, the tumor recurs with a high
currences are more commonly seen in squamous defquency in the lungs of patients who have undergone
carcinomas compared to adenocarcinof®s other lung transplantation for this disease, and therefore
studies have found contradictory resifitsOther tumor transplantation in this setting is controver&ial
types with high recurrence rates include large cell andJanget al reported recurrence rates at different sites
epidermoid carcinomd&®). Interestingly, locoregional for different tumor types. Pleural recurrence was seen
recurrences have not been reported in bronchioloahie- 9% and 7% of adenocarcinomas and large cell
olar cell carcinomas (BAC), excluding ipsilateral lungcarcinomas, respectively, and only in 4% of squamous
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In general, post-operative tumor spread to distant sites
is more common than locoregional recurrence for patients
with Stage |, Il and Il disease. For example, it is reported
that Stage | tumors show distant tumor spread in 20%
of cases, compared to a rate of 7% for locoregional
recurrence. For Stage |l lesions, the corresponding
figures are 49% for distant spread compared to 32%
for locoregional diseas&8l. Combined distant, local and
regional recurrence, within an individual patient, has been
reported in up to 19.7% of patieffs The disease-free
interval is reported to be similar for patients with either
local or distant recurrend.

Tumor recurrence in relation to type of
therapy

Patterns and frequency of recurrence may vary according

Figure 3 Chest wall recurrence 3 months following to the type and extent of surgery or other type of
left upper lobectomy and chest wall resection for therapy. Tumors treated with radiation therapy may recur
Stage 1IB (T3NOMO) NSCLC with negative surgical outside of the radiation port (Fig. 4). Limited surgery,
margins. for example using wedge resection or segmentectomy
without mediastinal lymph node dissection, typically
d hows an increased rate of tumor recurrence, with
ipquencies ranging up to 509¢%1. Lymphatic invasion
acent to the primary tumor has been reported in 25%

cell carcinomas. Mediastinal and hilar lymph no
recurrence was seen at a higher rate in large celf
cancers (21%) compared to squamous cell cancers (12%’ ) )
and adenocarcinomas (8%), respectively. One publish@l Stage | tumors measuring less than 1 ¢m and in

series reported that bronchial stump recurrences occurgd% of Stahge Ithtumors mre]:_:l;lsulrmg rr]norz thant 3tcm.
exclusively in squamous cell carcinonfs However, '1OWEVEr, when there were hilar lymph node metastases

a different series found stump recurrences in 36% GhL disease), local lymphatic invasion was as high as

adenocarcinomas, as well as 57% of squamous c@ﬁ% f;)r tumor|§ megsunng up to3 crrI\ in one stiidy I
carcinoma® (Fig. 2). Therefore, a limited resection may leave tumor cells

behind; residual tumor cells may grow locally, at the

staple line (Fig. 5)'3], spread to regional lymph nodes, or

. ) metastasize to distant sites. Furthermore, the tumor may

Tumor recurrence in relation to stage at remain behind in unresected regional lymph nodes, if a
time of resection lymph node dissection has not been performed, leading

i to local nodal tumor recurrence.

As expected, the rate of overall recurrence increases withy positive surgical margin occurring at either partial or

higher initial T and N stages. !.qcoregional and/or diSta’(}bmplete lung resection may result in tumor recurrence

tumor recurrence develops within 5 years after surgery i this margin, particularly if no post-operative radiation

approximately 20-30% of patients with Stage | diseasgerapy is given. This may involve lung, bronchial stump,

50% with Stage Il disease, and 70-80% with Stage 'Hleura and/or chest wall.

diseasél. Reported locoregional recurrence rates in the Contralateral shift of the tracheal air column suggests

study of Janget alwere 6% for Stage IA tumors, 16% for jocyurrence on a conventional radiogréigh However,

Stage IB, 36% for Stage IIA, 20% for Stage IIB, 36% foioT s more sensitive for evidence of recurrence within

Stage IIIA and 33% for Stage IIB cancéts mediastinal lymph nodes or the pneumonectomy space.
Not surprisingly, there is a significantly increased rate

of recurrence in T2 tumors relative to T1 tumors and in

tumors measuring larger then 5 cm compared to tho RN ; T

measuring 3-5 cffll. It has been reported that the ratégenlgn imaging findings after treatment

of chest wall recurrence increases with higher T stadeis important to be aware of normal, benign findings
(Fig. 3), and recurrence within pleura and hilar anthat occur after surgery and/or radiation therapy, and
mediastinal lymph nodes is related to higher N st8ige to distinguish such findings from those indicative of
The locoregional recurrence rate in patients under goimgcurrent tumor. Following pneumonectomy, the ipsi-
sleeve lobectomy is reportedly influenced by N statulgteral hemithorax normally fills with organized fluid,
with 14% recurrence in NO disease compared to 23% appearing as low attenuation material on CT (Figs.
N1 and 42% in N2 disea&é!. 1, 3 and 6); the presence of a mass within the low
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(a)

Figure 4 Tumor recurrence outside radiation port. CT shows left paramediastinal radiation fibrosis (arrow)
(a) after left upper lobectomy and radiation therapy for squamous cell carcinoma. Also seen are a right upper
lobe mass (white solid arrow) and right hilar lymph node enlargement (white dotted arrow), representing
recurrent tumor (b).

attenuation material is suggestive of local tumor recu-
rencél*1%! (Fig. 3). Post-radiation pulmonary necrosi
is an uncommon, severe complication of adjuvant pod
operative radiation therapy. It manifests as cavitatid
within a fibrotic space (usually in the lung apex) an
occurs 1-7 years following treatment. Such an appe;
ance may simulate recurrent turfi$; the diagnosis
is generally one of exclusion, usually made after
negative biopsy and/or stability on follow-up imaging
(Fig. 7).

Figure 6 Tracheal recurrence 6 months after pneu-

monectomy for squamous cell cancer. CT demon-
strates a soft tissue mass in the distal trachea
(arrow). Note the normal, fluid-filled pneumonectomy

space (*).

Imaging follow-up

The main purpose of imaging follow-up after treatment is

Figure 5 Tumor recurrence (arrow) at staple line 2 to detect recurrent tumor. Survival following locoregional
years after wedge resection for NSCLC. or distant recurrence is poor and is therefore generally
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Figure 7 Benign, post-radiation necrosis simulating recurrent, cavitary neoplasm. CT (a, b) obtained 18
months after left upper lobectomy and post-operative radiation therapy for a large cell neuroendocrine
carcinoma shows a left apical cavity surrounded by a rind of soft tissue (arrow). A projection PET scan reveals
low level uptake within the rind (arrow).

treated with radiation and/or chemotherapy, rather th&il should be omitted, because many recurrences are
with surgery!”l. Sometimes, however, no treatment igxtrathoracic and patients tend to have a poor outcome,
given until the patient becomes symptomatic. either with or without additional therapyl. It has been
In addition to the high risk of developing recurrensuggested that follow-up imaging be performed using
cancer, treated patients have a 1-4% risk per yearest radiography, reserving chest CT for patients with
for developing a second primary bronchogenic carcéymptoms or an abnormal chest radiografihHowever,
noma18l. Follow-up imaging may detect such a newsome investigators have suggested performing a baseline,
(metachronous) primary lung cancer, allowing earlyost-operative CT for future reference, whereas others
definitive therapy. If surgery is performed, the extembtain routine, annual surveillance chest CT s€dhsAt
of resection is generally dependent upon the degree s@ime institutions, chest radiographs are performed every
pulmonary reserve. 4 months for 2 years, then every 6 months thereafter, in
The recommendation for follow-up imaging afteraddition to annual CT, to allow early detection of a new,
treatment is based on the high incidence of recurrenearly stage, primary lung cands.
during the first 2 years following therapy. However, FDG-PET imaging has a role in distinguishing
there is no consensus regarding the routine use mdrsistent or recurrent tumor from post-treatment scarring
CT in this setting; according to most guidelines, chesir fibrosis. It is more sensitive than chest CT and
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A

Figure 8 Recurrent cancer at bronchial margin detected with PET scanning. PET scan (a) 8 months after
right lower lobectomy for squamous cell cancer shows abnormal radiotracer uptake in the right hilum (arrow),
corresponding to minimal and equivocally abnormal soft tissue at the bronchial margin on CT (arrow) (b).
Follow-up CT 7 months later (c) demonstrates interval enlargement of recurrent tumor mass (arrow).

conventional radiography in detecting recurrent tumaerormal treated chest, is essential in following patients
(sensitivity of 97-100%7%-22] (Fig. 8). However, it with treated lung cancer. However, the usefulness of
has a specificity of 62-100%, sometimes yielding falseeutine chest CT scans for surveillance after surgery
positive results from active inflammation, particularlyis debated; according to most published guidelines,
in the acute post-operative or post-radiation stagsurveillance with chest radiography is sufficient in the
Therefore, FDG-PET scanning should be obtained rmsymptomatic patient. On the other hand, others advocate
earlier than 4-5 months following radiation ther&Y.  annual follow-up CT.

Conclusions Key points

The pattern and frequency of lung cancer recurrence

following surgery is related to tumor staging and histo- 1. The risk for recurrent lung cancer is directly related
logic type, as well as to the type of surgical procedure  tothe tumor T and N stage at the time of resection,
preformed. Familiarity with the different patterns of local as well as to the histologic type and the extent of
recurrence within the chest, as well as the appearance of resection.
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2. Post-surgical findings and radiation effects may [9]

(1]

(2]

(3]

[4]

(5]

(6]

(7]

8

simulate tumor recurrence on imaging; therefore,
familiarity with the post-treatment appearance i%m]
important.

(11]
Treated patients have a life long risk of developing
a second primary lung cancer, and follow-upy;z
should be aimed at detection of a new primary
neoplasm, as well as recurrence of the original

tumor. [13]
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