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Abstract
Background: The NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) recommend that patients with clinical stage I/II breast 
cancer undergo advanced imaging for staging only when symptomatic. Regardless, many asymptomatic patients undergo chest CT. The 
goal of this study was to assess the use and results of chest CT in these patients at an NCCN Member Institution. Methods: Patients with 
breast cancer diagnosed between 1998 and 2012 were identified in a prospectively maintained database. All patients with clinical stage I/
II disease who did not receive neoadjuvant chemotherapy were included. Data collected included demographics, tumor size, node status, 
chest CT within 6 months of diagnosis, imaging findings, need for additional workup, and identification of metastatic disease. Appropriate 
statistical tests were used for analysis. Results: From 1998 to 2012, 3,321 patients were diagnosed with early-stage breast cancer. Of these, 
2,062 (62.1%) had clinical stage I breast cancer at diagnosis and 1,259 (37.9%) had stage II; 227 patients (11%) with stage I and 456 (36.2%) 
with stage II breast cancer received staging chest CT. Of patients undergoing CT, 184 (26.9%) were found to have pulmonary nodules, 
which measured ≤5 mm for 128 patients (69.6%), 5 to 10 mm for 46 patients (25.0%), 11 to 20 mm for 6 patients (3.2%), and ≥20 mm for 
4 patients (2.2%). Patients undergoing chest CT for staging subsequently underwent a mean of 2.34 (range, 0–16) additional CTs in follow-
up. Of all patients undergoing chest CT for staging, only 9 (1.3%) were ultimately diagnosed with pulmonary metastases at an average of  
25 months (range, 0–97) after initial staging chest CT. Conclusions: A significant percentage of patients with stage I/II breast cancer un-
derwent unnecessary chest CT as part of their initial workup. Nearly one-third of these patients were found to have pulmonary nodules, 
but only 1.3% were ever diagnosed with pulmonary metastases. Adherence to NCCN Guidelines will reduce the excessive use of CT chest 
imaging.
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Background
An estimated 246,600 women were diagnosed with 
breast cancer in the United States in 2016, with most 
having stage I or II disease.1 According to the AJCC, 
stage I and II breast cancers are those with tumors  
<5 cm in diameter and that have minimal or no disease 
in the ipsilateral axillary lymph nodes.2 If the cancer 
has spread to lymph nodes, it is limited to 1 to 3 nodes. 
For patients diagnosed with stage I and II breast cancer, 
5-year survival rates are as high as 85% to 99%.1
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In this group of patients, the NCCN Clinical Prac-
tice Guidelines in Oncology (NCCN Guidelines) rec-
ommend standard imaging with diagnostic bilateral 
mammography and ultrasound; breast MRI may also be 
used.3 Additional staging studies are only recommend-
ed if signs or symptoms of possible distant metastases 
are present. Diagnostic chest CT is recommended if  
pulmonary symptoms are present at diagnosis. 

Several other societies have published similar 
guidelines. In 2012, ASCO addressed the rising costs 
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of cancer care by identifying 5 areas in which care 
could be improved and costs reduced.4 They identi-
fied the routine use of PET imaging, CT scans, and 
radionuclide bone scans for staging in patients iden-
tified with ductal carcinoma in situ and stage I and II 
breast cancer as not only costly but also potentially 
harmful due to the need for additional invasive pro-
cedures, overtreatment, and unnecessary radiation 
exposure. Recommendations from the European So-
ciety for Medical Oncology (ESMO) and Britain’s 
National Institute for Health and Clinical Excel-
lence (NICE) echo these guidelines for patients with 
early-stage breast cancer.5,6 

The NCCN recommendations are based on 
studies demonstrating the low probability of finding 
distant metastases in patients with early-stage breast 
cancer. In a 2005 study, all patients with early-stage 
breast cancer underwent chest radiography and only 
0.93% were found to have lung metastases.7 In 2008, 
Lee et al8 published their results of a retrospective 
review of patients with early-stage breast cancer un-
dergoing staging chest CTs, reporting that, in this 
group of patients, subcentimeter indeterminate pul-
monary nodules were unlikely to represent metastat-
ic disease. There is now a growing body of evidence 
supporting the low rate of distant metastases in pa-
tients with early-stage breast cancer.9–16 For example, 
in a study of 2,612 patients with breast cancer in the 
United Kingdom, metastases were found in no pa-
tients with stage 0 or I disease and only 0.3% of pa-
tients with stage II breast cancer.10 The number of 
false-positives in this study was 3.8%, leading to ad-
ditional imaging and invasive testing. In a systemic 
review published in 2012, Brennan and Houssami11 
confirmed the low prevalence of distant metastases 
in patients with asymptomatic stage I and II breast 
cancer (0.2% and 1.2%, respectively) and deter-
mined that routine staging studies were unnecessary 
in this patient population. 

Even with these numerous guidelines and recom-
mendations, staging studies are routinely performed 
in patients with stage I and II breast cancer. Despite 
NCCN recommendations, many patients with as-
ymptomatic early-stage breast cancer continue to 
undergo chest CT as part of their initial evaluation. 
The goal of this study was to assess the use of chest 
CT in patients with asymptomatic clinical stage I 
and II breast cancer at an NCCN Member Institu-
tion and the outcomes of that testing.

Methods
A prospectively maintained institutional database of 
all surgical patients with breast cancer was queried 
after approval from the Washington University In-
stitutional Review Board. A retrospective chart re-
view was then undertaken of all patients with clini-
cal stage I and II breast cancer as defined by the 7th 
edition of the AJCC Cancer Staging Manual who 
were diagnosed from 1998 to 2012. Tumor size at di-
agnosis was recorded based on imaging and clinical 
examination findings. Similarly, nodal involvement 
was documented based on examination and imaging 
findings, as well as results of fine-needle aspiration or 
biopsy, if performed. Patients who underwent neoad-
juvant chemotherapy were excluded from this study 
because of inconsistencies in accurately determining 
stage at diagnosis. Patients with a recurrent breast 
cancer, with multiple concurrent cancers, and under 
routine surveillance for other nonbreast malignan-
cies were also excluded from the study. Additionally, 
patients were excluded if they underwent a chest CT 
due to documented pulmonary symptoms.

Of the patients included in the study, charts were 
reviewed for the use of chest CT within 6 months of 
diagnosis. The 6-month period was chosen in order 
to exclude chest CTs that may have been performed 
for surveillance or due to tumor recurrence. For the 
patients undergoing chest CTs within 6 months of 
diagnosis, imaging findings and need for additional 
workup were recorded. Follow-up imaging and biopsy 
results, if performed, were also reviewed. Subsequent 
findings of pulmonary metastases were recorded, as 
were demographic data and tumor characteristics, 
such as pathology size and tumor marker profile.

Statistical analysis was performed using Fisher 
exact test and Student unpaired t-test, with a P value 
<.05 being considered statistically significant. 

Results
During the 14-year study period, 3,321 patients were 
diagnosed with early-stage breast cancer and had 
primary surgical treatment. Of these patients, 2,062 
(62.1%) had clinical stage I breast cancer and 1,259 
(37.9%) had stage II on initial evaluation. Within 6 
months of initial diagnosis, 227 patients (11%) with 
stage I breast cancer and 456 (36.2%) with stage II 
had a staging chest CT to evaluate for pulmonary 
metastases (Table 1). Of the 227 patients with stage 
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I breast cancer, 51 (22.5%) were found to have pul-
monary nodules; >60% of patients in this group had 
nodules measuring ≤5 mm, 35.3% were found to have 
nodules measuring 5 to 10 mm, and one patient was 
found to have a nodule measuring ≥20 mm. Similar 
results were found in the patients with stage II breast 
cancer: 96 (72.2%) were found to have nodules mea-
suring ≤5 mm, 28 (20.6%) had nodules measuring 
5 to 10 mm, 6 (4.5%) had nodules measuring 10 to 
20 mm, and 3 (2.2%) patients were found to have 
nodules ≥20 mm.

The finding of a pulmonary nodule on a staging 
chest CT led to an average of 2.34 additional follow-
up chest CTs (Table 1). The range of follow-up chest 
CTs varied widely, with many patients undergoing 
no additional imaging, whereas others were followed 
for years with up to 16 additional chest CTs. Of the 
51 patients with stage I breast cancer found to have 
pulmonary nodules, 15 (29.4%) underwent no ad-
ditional imaging; 42.9% of those with stage II with 
pulmonary nodules had no follow-up chest CTs.

In comparing the 2,638 patients who did not 
have staging chest CTs versus those who did under-
go a scan, multiple differences were noted in patient 
and tumor characteristics (Table 2). Patients who  
underwent a staging chest CT were younger than 
those who did not undergo imaging. Patients with 
clinical stage II breast cancer were more likely to un-
dergo a staging chest CT. Of the 2,420 patients found 
to have T1 tumors, only 355 (14.7%) underwent a 
staging chest CT compared with 36% (306/852) of 

those with T2 tumors and 44.9% (22/49) of those 
with T3 tumors. Similarly, patients found to have 
nodal metastases were also significantly more likely 
to undergo a staging chest CT than those who either 
had no nodal metastases or N1mic disease (P<.001 
for all). Patients who were staged were also more 
likely to have estrogen receptor (ER)–negative, 
progesterone receptor (PR)–negative, and HER2- 
amplified tumors (P<.01 for all).

Ultimately, 9 patients (1.3%) who underwent a 
staging chest CT were found to have or developed 
pulmonary metastases (Table 3). Three patients 

Table 1. Results and Outcomes of Chest CT 
Stage I Stage II

Total patients 2,062 1,259

Staging CT chest performed 227 (11%) 436 (36.2%)

Patients with pulmonary 
nodules

51 (22.5%) 133 (29.2%)

Size of nodules identified on CT

≤5 mm 32 (62.7%) 96 (72.2%)

5–10 mm 18 (35.3%) 28 (21.0%)

10–20 mm 0 (0%) 6 (4.5%)

≥20 mm 1 (2%) 3 (2.3%)

Patients ultimately diagnosed 
with pulmonary metastases

2 (0.9%) 7 (1.5%)

Mean number of follow-up 
CTs (range)

2.33 (0–10) 2.35 (0–16)

Patients without follow-up 
CTs, n

15 (29.4%) 57 (42.9%)

Table 2.  Comparison of Patients Who Did and Did 
Not Undergo Staging Chest CT

No Staging  
Chest CT  

Performed 
(n=2,638; 

79%)

Staging Chest 
CT Performed 
(n=683; 21%)

P  
Valuen % n %

Age at diagnosis, y

<50 607 23% 247 36% <.001

≥50 2,031 77% 436 64%

Clinical stage

I 1,835 70% 227 33% <.001

II 803 30% 456 67%

Tumor size

T1 2,065 78% 355 52% <.001

T2 546 21% 306 45%

T3 27 1% 22 3%

Nodal status

N0  
(including 
N1mic)

2,222 84% 438 64% <.001

N1 621 24% 241 35%

Unknown 65 2% 4 1%

ER status

Positive 2,068 78% 457 67% <.001

Negative 489 19% 214 31%

Unknown 81 3% 12 2%

PR status

Positive 1,788 68% 410 60% <.001

Negative 759 29% 259 38%

Unknown 91 3% 14 2%

HER2 status

Positive 428 16% 151 22% <.01

Negative 1,447 55% 393 58%

Unknown 763 29% 139 20%

Abbreviations: ER, estrogen receptor; PR, progesterone receptor.
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were diagnosed with pulmonary metastases at initial 
staging chest CT and were upstaged to a stage IV 
breast cancer. Of the remaining 6 patients, 3 con-
tinued to undergo routine follow-up chest CTs and 
were eventually diagnosed with metastases (range, 
9–91 months), whereas the other 3 ultimately diag-
nosed with pulmonary metastases underwent even-
tual chest CT due to symptoms such as chest pain or 
shortness of breath (range, 7–61 months).

When patients with incidental pulmonary nod-
ules were compared with those with pulmonary me-
tastases, no differences were seen between the groups 
(Table 4). Although 8 patients (89%) with pulmo-
nary metastases were aged >50 years at the time of 
their breast cancer diagnosis compared with 68% of 
those with incidental pulmonary nodules, this did 
not reach statistical significance. Similarly, no dif-
ferences were seen in clinical stage at diagnosis, tu-
mor size, and nodal status between the groups. Pa-
tients found to have pulmonary metastases did not 
have higher rates of ER and PR negativity or HER2 
amplification when compared with those without  
pulmonary metastases.

Discussion
Our findings demonstrate that the likelihood of 
finding pulmonary metastases in patients with early-
stage breast cancer is unlikely, but false-positives are 
frequent and lead to additional unnecessary imaging. 
This has been corroborated by other retrospective 
studies.8,11–16 Kim et al12 published their findings in 
2011 of 1,703 patients with breast cancer who un-
derwent routine staging chest CTs, and 15.6% were 
found to have abnormalities in either the lungs or 
the liver. True metastases were identified in 1.5% of 
all patients, with all but one metastasis being iden-
tified in patients with stage III disease. Studies of 
the utility of PET in evaluating patients with breast 

Table 3.  Characteristics of Patients Diagnosed With 
Pulmonary Metastases on Chest CT

Patient

Age at 
Breast 
Cancer 

Diagnosis
Initial 
Stage

Time to 
Diagnosis of 
Pulmonary 
Metastases 

(mo)
Reason for  
Chest CT

1 42 IIA 31 Routine 
follow-up

2 56 IIA 91 Routine 
follow-up

3 60 IA 7 Chest pain & 
SOB

4 61 IIB 21 Chest pain 

5 70 IIA 61 SOB

6 71 IIA 0 Initial staging 
chest CT

7 73 IIA 0 Initial staging 
chest CT

8 79 IIB 0 Initial staging 
chest CT

9 80 IA 9 Routine 
follow-up

Abbreviation: SOB, shortness of breath.

Table 4.  Patient Demographics and Tumor  
Characteristics of Patients With Incidental 
Pulmonary Nodules on Chest CT

Never 
Diagnosed  

With 
Pulmonary 
Metastases 

(n=175; 95%)

Subsequently  
Diagnosed 

With 
Pulmonary  
Metastases 
(n=9; 5%)

P  
Valuen % n %

Age at diagnosis

<50 56 32% 1 11% NS

≥50 119 68% 8 89% NS

Clinical stage

I 49 28% 2 22% NS

II 126 72% 7 78% NS

Tumor size

T1 90 51% 3 33% NS

T2 82 47% 6 67% NS

T3 3 2% 0 0% NS

Nodal status

N0  
(including  
N1mic)

92 53% 6 67% NS

N1 83 47% 3 33% NS

ER status

Positive 124 71% 5 56% NS

Negative 51 29% 4 44% NS

PR status

Positive 109 62% 4 44% NS

Negative 66 38% 5 56% NS

HER2 status

Positive 39 22% 3 33% NS

Negative 136 78% 6 67% NS

Abbreviations: ER, estrogen receptor; NS, not significant; PR,  
progesterone receptor.
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cancer for distant metastases have also demonstrated 
similarly low rates of pulmonary metastases in those 
with early-stage disease.17,18 Data from the radiation 
oncology literature also support these findings. In-
vestigators from Stanford evaluated the incidence of 
unsuspected abnormalities on radiation treatment–
planning CT scans in patients with breast cancer and 
detected 4 incidental lung nodules in 153 patients 
(2.6%) evaluated.19 On further follow-up, one lung 
nodule was due to tuberculosis and the remaining 3 
were found to be old granulomatous disease. Further 
studies reviewing both non–contrast-enhanced and 
contrast-enhanced CT treatment planning scans 
have demonstrated detection rates for pulmonary 
nodules ranging between 4% and 13%, with few be-
ing clinically significant.20–22 

In this study, we found that patients who under-
went staging chest CTs were younger and more like-
ly to have unfavorable tumor markers, and multiple 
other investigators have found similar results.14,15,23 
Although a few studies have demonstrated that 
younger age at diagnosis and ER and PR negativity 
and HER2 amplification are risk factors for visceral 
metastases,24,25 our data do not support the need for 
routine chest imaging in this population. When the 
characteristics of the patients who were staged and 
found to have pulmonary metastases were evaluat-
ed against those with incidental pulmonary nodules 
detected, no difference was found in age or tumor 
marker status. In fact, age and tumor marker sta-
tus are characteristics not addressed in the NCCN 
Guidelines for staging workup, and these data sup-
port that recommendation.

Other patient and tumor characteristics have 
been associated with the use of staging studies. Criv-
ello et al15 used the SEER database to examine the 
records of >67,000 patients. In addition to age and 
ER negativity being associated with the use of imag-
ing studies, they noted that use of breast MRI, lobu-
lar histology, and stage II disease versus stage I pre-
dicted for the use of CTs, PET scans, and bone scans. 
Our data and those of Crivello et al15 and other in-
vestigators reliably show that patients with a higher 
stage are more likely to undergo imaging studies—
for instance, stage II versus stage I, and stage IIB  
versus IIA15,16—and there are some data to support 
this trend. Gerber et al13 retrospectively analyzed 
>1,000 patients with asymptomatic newly diagnosed 
breast cancer and found that the finding of metasta-

ses was associated with increasing pathologic tumor 
size (P<.001) and increased nodal burden (P<.001).13 
Other authors have published similar results.26,27

The rate of pulmonary nodule detection in this 
study was 27.7%, which is higher than that reported 
in the radiation oncology literature, but consistent 
with other large-volume studies.28,29 The high detec-
tion rate of incidental pulmonary nodules has led to 
recommendations for additional follow-up from the 
Fleischner Society and the American College of Chest 
Physicians.30,31 These guidelines are aimed at identify-
ing patients with lung cancer and vary based on the 
size of the nodule identified and patient risk factors for 
lung cancer, but can be extrapolated to this patient 
population. These guidelines recommend that any pa-
tient at risk for cancer found to have a nodule of any 
size should undergo repeat imaging. Rates of follow-up 
imaging in the literature are low, reaching only 29% 
to 34% in some studies.32–34 The rate of follow-up CTs 
in this study was 70.6% in patients with stage I breast 
cancer and 57.1% in those with stage II. Although 
the rate of follow-up in this study was higher than that 
reported in the lung cancer literature, not all patients 
imaged received the recommended follow-up, suggest-
ing that the ordering physician deemed the nodules to 
be inconsequential.

Given the rate of follow-up imaging, the ques-
tion arises as to why the initial staging CT was or-
dered. The ASCO Top 5 list was published to iden-
tify the increasing cost of healthcare spending and 
the costs of unnecessary testing. The 2009 ASCO 
Cost of Care Task Force found that the use of PET, 
CT, and bone scan in staging patients with clinical 
stage I and II breast cancer lacks evidence and leads 
to harm through additional invasive procedures, over-
treatment, radiation exposure, and misdiagnosis.4 Af-
ter publication of the ASCO guidelines, Simos et al35 
noted no reduction in staging imaging for patients 
with early-stage breast cancer. A follow-up study pub-
lished in 2015 found that 82% of physicians treating 
patients with breast cancer were aware of the newly 
published guidelines, but that it had not influenced 
them to order less imaging.36 A meta-analysis by Ca-
bana et al37 evaluating physician barriers to adherence 
to published guidelines found the reasons behind this 
to be multifactorial. They cited lack of awareness, 
lack of agreement with guidelines, inertia of previ-
ous practice, and patient preferences as a few of the 
obstacles prohibiting physicians from following prac-
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