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ABSTR ACT
INTRODUCTION: The importance of internal mammary nodes (IMNs) in the staging and treatment of breast cancer patients is controversial.
METHODS: A retrospective cohort of patients diagnosed with primary breast cancer over a 4-year period (January 2009 to December 2012) was assessed. 
The number and size of any IMNs visible on spiral computed tomography (CT) were recorded.
RESULTS: A total of 830 patients were diagnosed with primary breast cancer within the identified time frame, of which 150 patients met the inclusion 
criteria. Of these 42% (63) had IMNs present, although the majority were small (5 mm). However, 16% (25) had larger nodes, greater than 5 mm in short 
axis, present on CT. Significantly more patients with the presence of large (5 mm) IMNs had more advanced disease with CT evidence of other distant 
spread.
CONCLUSION: We have demonstrated that IMNs are present in a substantial number of our primary breast cancer patients. We suggest that further 
histological research is required to establish reliable CT size criterion for pathological IMNs. In addition, routine imaging of the IM chain, as well as axilla, 
should be considered in the staging of breast cancer.
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Introduction
The importance of internal mammary lymph nodes (IMNs) 
in the staging and treatment of breast cancer patients has long 
been a controversial issue.1 Lymphoscintigraphic studies have 
demonstrated that a significant proportion of breast cancers’ 
have primary IMN drainage, including 30% of medial and 
15% of lateral tumors.2 In addition, up to 45% of tumors have 
partial IMN drainage.3 However, historical studies demon-
strated that extended mastectomy to include dissection of 
IMNs conferred no significant benefit over a mastectomy 
alone.4 Further historical studies suggest that irradiation of 
the IMN chain may increase cardiac morbidity, possibly as a 
result of cardiac irradiation.5 Recent papers,6–8 however, sug-
gest that targeted radiotherapy of the IMN chain is now pos-
sible. Additional reports suggest that IMN metastases can 
be safely removed surgically. 9,10 Therefore, if it were possible 
to demonstrate the IMN involved with noninvasive imaging 
techniques, there are new treatment techniques that could be 
used with relatively low morbidity.

To our knowledge and on review of the literature, there is 
no recognized size criterion for abnormal IMN on computed 

tomography (CT). However Noushi et al11 states that normal 
IMN are very small (3–4 mm) and Kinoshita et al12 reports a 
90.7% accuracy for magnetic resonance imaging (MRI) using 
the size-based criterion of 5 mm in the long axis.

Methods
We performed an audit of all CT thorax examinations per-
formed on patients within 12 months following the diagnosis 
of primary breast cancer from January 2009 to December 2012 
(48 months). This was approved and registered with the local 
NHS trust. As the data were collected retrospectively from 
existing databases, specific ethical approval and patient consent 
was not required. All CT scans were performed on a Toshiba 
Aquilion 64-slice CT scanner in the County Durham and 
Darlington NHS Foundation Trust (CDDFT). Patients were 
identified from existing cancer services databases within the 
NHS trust. Using the picture archiving and communications 
system and radiology information system, those patients who 
had a spiral CT thorax performed after the diagnosis of pri-
mary breast cancer, but within a 12-month window of this 
diagnosis, were identified. High-resolution CT was excluded.
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The CT imaging was then reviewed by a radiology reg-
istrar and supervised by a consultant radiologist. Axial, coro-
nal, and sagittal image sets were reviewed. The presence or 
absence of IMNs was documented. Thus, where lymph nodes 
were present, it was recorded whether the nodes were 5 mm or 
greater in the short-axis diameter as it was felt that these were 
more likely to represent pathological nodes. The clinical indi-
cation for the CT thorax examination and whether the breast 
cancer was a primary or recurrent malignancy were also noted. 
The site of the breast cancer was recorded (laterality and posi-
tion within the breast) as documented in the prior diagnostic 
imaging reports: mammography and ultrasound (US). Note 
was made of any other evidence of disease spread (axillary 
adenopathy or distant metastases) on the CT imaging.

Statistics. Comparison of all the variables described 
above was made between the cohort of patients with no 
IMNs and the cohort with IMNs present using Fisher’s 
exact and chi-squared tests. A subsequent comparison of the 
cohort without IMNs and the cohort with IMNs 5 mm 
was made. Patient age was analyzed using a t-test. The 
test used for each variable is indicated in the footnote. A 
P-value of 0.05 was considered significant. MedCalc ver-
sion 14.8.1.0 was used for all calculations except Fisher’s 
exact test for greater than two variables. In these instances, 
VassarStats: Website for Statistical Computation © Rich-
ard Lowry 1998–2015 (http://vassarstats.net) was used for 
statistical analysis.

Results
A total of 830 patients were diagnosed within CDDFT with 
primary breast cancer within the identified 48-month time 
frame. Of these, 196 had CT imaging within 12 months of 
their diagnosis and met the eligibility criteria for this audit. 
Sixteen patients were excluded because they had an additional 
malignancy; therefore, it would be impossible to be certain 
whether enlarged IMNs were a result of metastatic spread 
from the breast cancer, as opposed to the other underlying 
malignancy. A further 31 patients were excluded because 

either the IMN chain was incompletely imaged (22 patients) 
or the CT images could not be retrieved in full (9 patients). 
The remaining 149 patients were included in the data analysis.

The patient age within each group was similar, with 
means ranging from 60.77 to 62.63  years. The vast major-
ity of CTs were performed as part of staging work-up, with 
a minority being CT pulmonary angiograms performed to 
exclude pulmonary emboli. Of the 149 patients included, 42% 
(62) had IMNs present, although the majority were small 
(5 mm). However, 16% (25) had larger nodes greater than 
5 mm present on CT. Of these, the IMNs were only com-
mented on in the CT report in four cases. In one of these 
instances, the node present was greater than 10  mm in the 
short axis (Fig.  1). Comparison between patients with no 
IMNs present and IMNs of any size is displayed in Table 1. 
Table 2 demonstrates the comparison between patients with 
no IMNs and those with IMNs greater than 5  mm in the 
short axis.

The cohorts were similar in all variables recorded, except 
for the presence of distant disease spread and axillary adenop-
athy, which was significantly more common in patients with 
IMNs greater than 5 mm compared to those without IMN 
adenopathy (Table 2). When sites of distant metastases were 
analyzed separately; liver, lung, and bone, no significant dif-
ference was identified between the groups. This may be in part 
due to the small numbers involved, especially in the cohort 
with IMNs greater than 5 mm.

Figure 2 illustrates a patient with prominent axillary ade-
nopathy and a concurrent IMN measuring greater than 5 mm 
the in short axis. By comparison, Figure 3 illustrates a patient 
with no other evidence of distant spread on CT.

Discussion
In this retrospective review, we have demonstrated an inci-
dence of 42% of IMNs present on CT in our population of 
patients within a year of diagnosis of a primary breast cancer. 
Although the majority were small (5  mm), 16% (25) had 
larger nodes (5  mm). Our results are similar to those of 

Figure 1. Right IMN 10 mm in short axis in a patient with florid liver metastases.
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Table 1. Patients without IMNs present compared to patients with IMNs of any size present.

NO IMN IMN (ANY SIZE) P VALUE

age 60.77 +/- 15.07 62.63 +/- 15.52 P = 0.46*

Primary/Recurrent

Primary 63 (0.72) 53 (0.85)

recurrent 19 (0.22) 6 (0.10)

Unknown 5 (0.06) 3 (0.05) P = 0.12¥

Indication

?Pe 10 (0.16) 3 (0.05)

staging 77 (0.86) 59 (0.95) P = 0.24¥

Laterality

right 43 (0.49) 26 (0.42)

Left 41 (0.47) 32 (0.52)

Bilateral 3 (0.03) 4 (0.06) P = 0.54¥

Position

Medial 12 (0.14) 7 (0.11)

Central 18 (0.21) 14 (0.23)

lateral 33 (0.32) 29 (0.47)

Diffuse/multicentric 6 (0.07) 5 (0.08)

Other/unknown 18 (0.02) 7 (0.02) P = 0.58#

Distant disease

Present (incl. axillary cl) 54 (0.62) 46 (0.74)

absent 33 (0.38) 16 (0.26) P = 0.15¥

Distant disease

Present 34 (0.39) 29 (0.47)

Axillary clearance only 20 (0.23) 17 (0.27)

absent 33 (0.38) 16 (0.26) P = 0.30¥

Metastases

liver

Present 6 (0.07) 9 (0.15)

absent 73 (0.84) 51 (0.82)

Unknown 8 (0.09) 2 (0.03) P = 0.15¥

lung

Present 9 (0.10) 12 (0.19)

absent 75 (0.86) 50 (0.81)

Unknown 3 (0.03) 0 (0.00) P = 0.12¥

Bone

Present 18 (0.21) 11 (0.18)

absent 69 (0.68) 51 (0.82) P = 0.68¥

Other

Present 11 (0.13) 11 (0.18)

absent 76 (0.87) 51 (0.82) P = 0.48¥

Notes: *T-test, ¥Fisher’s exact test, #Chi-squared test.

Zhang et al,13 who looked at the presence of IMN spread diag-
nosed on imaging studies. IMNs were considered positive on 
review of the imaging reports. They did not specify the size 
nor morphology criteria that were used for identifying suspi-
cious nodes. We have identified no universally recognized size 

criteria for pathological internal mammary lymph nodes on 
CT, although Noushi et al11 describes normal IMNs as very 
small (3–4 mm). A small retrospective historadiological study 
of dissected nodes of 16 women with primary breast cancer 
and preoperative MRI studies concluded that 5 mm in long 
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Table 2. Patients without IMNs present compared to patients with IMNs greater than 5 mm present.

NO IMN IMN (5mm) P VALUE

age 60.77 +/- 15.07 62.49 +/- 14.82 P = 0.49*

Primary/Recurrent

Primary 63 (0.72) 20 (0.80)

recurrent 19 (0.22) 3 (0.12)

Unknown 5 (0.06) 2 (0.08) P = 0.60¥

Indication

?Pe 10 (0.16) 0 (0.00)

staging 77 (0.86) 25 (1.00) P = 0.11¥

Laterality

right 43 (0.49) 12 (0.48)

Left 41 (0.47) 12 (0.48)

Bilateral 3 (0.03) 1 (0.04) P = 0.99¥

Position

Medial 12 (0.14) 3 (0.12)

Central 18 (0.21) 6 (0.24)

lateral 33 (0.38) 9 (0.36)

Diffuse/multicentric 6 (0.07) 3 (0.12)

Other/unknown 18 (0.21) 4 (0.16) P = 0.91#

Distant disease

Present (incl. axillary cl) 54 (0.62) 19 (0.88)

absent 33 (0.38) 3 (0.12) P = 0.04¥

Distant disease

Present 34 (0.39) 16 (0.64)

Axillary clearance only 20 (0.23) 6 (0.24)

absent 33 (0.38) 3 (0.12) P = 0.03¥

Metastases

liver

Present 6 (0.07) 4 (0.16)

absent 73 (0.84) 21 (0.84)

Unknown 8 (0.09) 0 (0.00) P = 0.13¥

lung

Present 9 (0.10) 6 (0.24)

absent 75 (0.86) 19 (0.76)

Unknown 3 (0.03) 0 (0.00) P = 0.18¥

Bone

Present 18 (0.21) 3 (0.12)

absent 69 (0.79) 22 (0.88) P = 0.39¥

Other

Present 11 (0.13) 5 (0.20)

absent 76 (0.87) 20 (0.80) P = 0.34¥

Notes: *T-test, ¥Fisher’s exact test, #Chi squared test.

axis was an accurate size discriminator for pathological IMNs. 
They found that MRI had a 90.7% accuracy, 93.3% sensitivity, 
and 89.3% specificity using size-based criterion (5  mm as 
positive).10 These findings support our suggestion of using the 
size-criteria 5 mm in short axis; in fact, they suggest that we 

may be underestimating the incidence of pathological IMN 
in our population. By contrast, Eubank et al14 only classified 
nodes greater than 11 mm in short axis on CT as pathologi-
cal, referring to the nodal map of Naruke et al.15 This map was 
designed for staging lung cancer and may not be appropriate 
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Figure 2. Right IMN 5 mm in short axis in a patient with prominent axillary adenopathy.

Figure 3. Right IMN with no other evidence of distant spread.

for breast cancer staging. Interestingly, they identified abnor-
mal fluorodeoxyglucose uptake on positron emission tomog-
raphy (PET) in the mediastinum or IM chain approximately 
twice as frequently as abnormal nodes were identified on CT. 
We suggest that this discrepancy in PET and CT findings 
may be related to the lack of suspicion of smaller IMNs. From 
our own data, while the one case with an IMN 10 mm was 
commented on in the report, only in three of the remaining 24 
cases with IMNs 5 mm were these documented in the origi-
nal imaging report. This is certainly not a criticism of missed 
pathology on the part of the imaging radiologists who origi-
nally reported the CT imaging. As we have discussed above, 
the size criteria for what precisely constitutes an abnormal 
IMN is uncertain.

Incidence of IMN involvement. Zhang et al13 reported 
an incidence of 13.8% (112 of 809) using all modalities (CT, 
PET/CT, and US) with solitary nodal involvement in only  
10 cases. In their study, of the 218 patients who had a CT thorax, 
39 (17.9%) had IMN spread identified. This is very similar to 
the incidence of 16% we found of the lymph nodes greater than 

5 mm in diameter. The MD Anderson Cancer Center routinely 
stage the IM chain using US and perform US-guided fine-
needle aspirates (FNAs) of suspicious nodes when a positive 
result would significantly alter patient management.16 Over a 
10-year period from 1996, they identified IMN involvement in 
11% of patients.15 While this figure is lower that the incidence 
we identified, this may be accounted for by the different imag-
ing modalities. In addition, it is likely that not all the nodes 
we identified as suspicious were truly sites of metastatic spread.

Effect of IMN involvement on treatment and survival. 
Breast cancer patients with IMN drainage identified on lympho-
scintigraphy have previously been found to have a significantly 
worse distant disease-free survival (DDFS)18 and overall survival 
(OS).19 Kong et al18 found that DDFS was poorer in patients 
with IMN drainage if there was no difference in the rates of 
IMN irradiation in comparison to patients without IMN drain-
age. By comparison, Heuts et al20 demonstrated no significant 
difference in OS or DDFS between IMN-negative and IMN-
positive patients. Importantly, they routinely perform internal 
mammary sentinel node biopsy following lymphoscintigraphy 
and tailor adjuvant therapy accordingly. This suggests that tai-
lored therapy improves patient OS and DDFS to levels compa-
rable to IMN-negative patients. Further studies indicate change 
to both chemotherapy regimens and radiation fields following 
histological confirmation of IMN involvement.13,21,22 There is 
meta-analysis evidence to support additional regional radiother-
apy to the IMN, demonstrating a significant improvement in 
DDFS, distant metastasis-free survival and OS in stage I–III.23 
These findings emphasize the importance of identifying patho-
logical IMN to allow appropriate, modified treatment regimens 
to be instituted. Modifications may include instigating systemic 
therapy such as chemotherapy or hormonal therapy, which may 
not otherwise be used, for example, in instances where the sen-
tinel node in the axilla was negative or increasing the radio-
therapy field to include the IMN chain. Selection algorithms for 
identifying patients most at risk of IMN involvement have been 
proposed.13,21 However, they require lymphoscintigraphy data, 
not routinely available at many centers, including our own. As 
such, their application is limited.
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IMN and distant disease. Within our data, significantly 
more patients with large (5 mm) IMN adenopathy have dis-
tant spread elsewhere, either distant metastases or additional 
adenopathy. This is supported by previous literature, which 
finds the histopathological axillary nodal status to be impor-
tant in assessing the risk of IMN involvement.1 From our data, 
it is not possible to assess whether there is a causal relationship. 
It is possible that IMN involvement increases the risk of devel-
oping metastatic disease, perhaps due to undertreatment or as 
an indicator of micrometastatic disease. However, it is equally 
possible that IMN adenopathy tends to occur late in disease 
progression, after the disease has already spread elsewhere.

There is limited evidence of the incidence of proven IMN 
involved in the literature. Both Choi24 and Wang et al25 sam-
pled IMN identified as suspicious on PET/CT. Of sampled 
nodes, 72.2% and 80%, respectively, proved positive. Interest-
ingly, Choi24 found no significant difference in the standard-
ized uptake values (SUVs) of metastatic and nonmetastatic 
nodes. While this suggests that the SUV cannot be used as a 
substitute for tissue diagnosis, this may be slightly misleading, 
as it seems unlikely that nodes with low SUVs would have 
been considered suspicious and sampled in the first place. The 
mean size of the IM lymph nodes identified on PET/CT by 
Wang et al25 was 7.7 mm (standard deviation, 6.8 mm; range, 
1.4–61 mm). This is comparable with our cohort of patients 
with larger IMNs. FNAs were performed in 25 cases, and of 
these, 20 (80%) were cytologically proven metastases.

Limitations
Our review may underestimate the true number of patients 
with IMN involvement. As this is a retrospective review, the 
majority of patients included had been scanned as part of stag-
ing work-up; this is only routinely performed for those with 
positive sentinel axillary nodes. Thus, a patient with the senti-
nel node in the IMN chain and no additional axillary involve-
ment would not routinely have had a staging CT and would 
not, therefore, be included in our review. A further limitation 
to our study is the lack of histological confirmation of lymph 
node involvement.

Interestingly, contrary to previous lymphoscintigraphic 
studies, which demonstrated that a greater proportion of 
medial breast cancers have primary IMN drainage,2,3 we 
demonstrated no significant difference in the site of the breast 
cancer between the cohort of patients without any IMNs and 
those with IMNs present. This suggests that it is not possible 
to target screening or treatment of the IMN chain purely 
toward those with medial cancers and they should be consid-
ered a potential source of disease spread for all patients.

Conclusion
We have demonstrated that IMNs are present in a sub-
stantial number of our primary breast cancer patients. 
There was no significant difference in the incidence of 
IMN according to the site of breast cancer. Published data 

suggest that DDFS and OS are improved in IMN-positive 
patients when they receive modified treatment.20,23 Fur-
ther research, including histological analysis, is required to 
establish reliable size criteria for identifying pathological 
IMNs on CT in breast cancer patients. This will allow sub-
sequent appropriate modification of treatment regimens. 
We suggest that routine imaging of the IMN chain, as well 
as axilla, should be considered in the staging of all breast 
cancer patients.
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