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Abstract

OBJECTIVE—The purpose of this study was to assess the prevalence of internal mammary node 

(IMN) adenopathy in patients with breast cancer and compare breast MRI and PET/CT for 

detection of IMN adenopathy.

MATERIALS AND METHODS—This retrospective study included 90 women who underwent 

MRI and PET/CT before neoadjuvant chemotherapy for clinical stage IIA through IIIA disease. 

MRI and PET/CT examinations were read independently by two readers trained in breast imaging 

and nuclear medicine. All patients underwent follow-up MRI at the end of chemotherapy, and 10 

with hypermetabolic IMNs underwent follow-up PET/CT. Histology was not obtained. Women 

were considered to have IMN adenopathy when nodes seen on MRI or having standardized uptake 

value (SUV) greater than mediastinal blood pool decreased in either size or SUV (or both) after 

treatment. Features including lymphovascular invasion, tumor quadrant(s), and axillary 

adenopathy were compared between presence and absence of IMN adenopathy using Fisher’s 

exact test. Prevalence was determined on the basis of the percentage of patients with IMN 

adenopathy by either modality. The McNemar test compared the prevalence of IMN adenopathy 

on MRI to its prevalence on PET/CT.

RESULTS—Prevalence of IMN adenopathy was 16% (14/90) by MRI and 14% (13/90) by 

PET/CT (p = 0.317). After chemotherapy, IMN adenopathy resolved in 12 of 14 patients (86%). In 

two patients with poor responses in primary tumors, IMN adenopathy persisted, and both patients 

developed metastatic disease within 6 months. At 3 years, survival was significantly worse in 

patients with IMN adenopathy than in those without (85.7% vs 53.3%, respectively; p = 0.009).

CONCLUSION—In women with advanced breast cancer receiving neoadjuvant chemotherapy, 

prevalence of IMN adenopathy was 16%, equally detected by breast MRI and PET/CT. 

Identification of IMN adenopathy may affect treatment and provides prognostic information.
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In women with newly diagnosed breast cancer, the discovery of internal mammary node 

(IMN) metastases will upstage a patient with clinical stage I or II disease to stage III. IMN 

adenopathy is a known poor prognostic factor with demonstrable higher rates of distant 

disease and worse survival [1–3]. Although there is controversy surrounding this issue, 

recent data suggest that treatment with systemic chemotherapy and radiation therapy may 

improve outcome in patients with IMN adenopathy [4, 5]. However, radiation therapy to the 

internal mammary chain may also increase cardiac toxicity and should not be used 

unnecessarily. Therefore, accurate identification of IMN adenopathy is an important factor in 

the initial staging of women with breast cancer.

The prevalence of IMN adenopathy increases with increasing tumor size, presence of 

axillary adenopathy, lymphovascular invasion (LVI), decreasing patient age, and inner 

quadrant tumors [4, 6, 7]. Patients with larger breast tumors—who are at higher risk of 

extraaxillary adenopathy, as well as distant metastases— often undergo both breast MRI and 

PET/CT at initial presentation. PET/CT has been shown to be more accurate in the detection 

of IMN adenopathy than CT alone [8–10]. Breast MRI also detects IMN adenopathy, but 

little has been written about its ability to do so in this setting. The purpose of this study is to 

determine the prevalence of IMN adenopathy in patients with untreated breast cancer before 

receiving neoadjuvant chemotherapy and to compare breast MRI to PET/CT for detection of 

IMN adenopathy.

Materials and Methods

Patients

This was a retrospective institutional review board–approved, HIPAA-compliant study of 90 

consecutive women 25–72 years old who underwent imaging with both PET/CT and breast 

MRI before receiving neoadjuvant chemotherapy for clinical stages IIA through IIIA (T2–

3N0 or T1–3N1–3) disease from 2009 to 2012. Clinical histories and images were reviewed.

Histologic diagnosis of the primary tumor was made by image-guided percutaneous core 

biopsy in all cases. Histologic diagnosis of axillary adenopathy was made by fine-needle 

aspiration in 59 of 90 patients including 11 of 14 patients with IMN adenopathy. Ten of 90 

patients underwent core needle biopsies of axillary nodes including one of 14 patients with 

IMN adenopathy. Twenty of 90 patients had no axillary sampling, one of whom was a 

patient with IMN adenopathy.

The time interval between tissue sampling of the primary tumor or axillary nodes (or both) 

and imaging ranged from 0 to 86 days, with three patients undergoing imaging before 

biopsies. The mean time interval was 16.3 days, and the median was 14 days. The time 

between biopsy and imaging in the patients with IMN adenopathy ranged from 0 to 33 days, 

with a mean of 14.6 and a median of 12 days.

Eighty-five patients had invasive ductal carcinoma, two had invasive mammary carcinoma, 

and three had invasive lobular carcinoma. Six women had inflammatory breast carcinoma. 

Baseline tumor size was assessed by breast MRI. Forty patients had ERBB2 (formerly 

HER2 or HER2/neu)–positive disease, 15 patients had estrogen receptor or progesterone 
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receptor–positive ERBB2-negative disease, and 35 patients had triple-negative disease (i.e., 

negative for all three of the aforementioned markers). Chemotherapy regimens administered 

were dependent on marker status. Presence of IMN adenopathy was correlated with tumor 

quadrant, axillary adenopathy, and LVI.

Imaging

Thirty-six of the initial breast MRI examinations and 30 of the initial PET/CT examinations 

were performed at outside institutions and were considered to be of adequate quality for 

patient care. Any other, poor-quality examinations were repeated at our institution, and the 

repeat examinations were used for the purpose of this study. The time interval between the 

initial MRI and PET/CT scan was 0–33 days (median, 5 days). All follow-up examinations 

were performed at our institution.

Fluorine-18-FDG PET/CT—Patients fasted for at least 6 hours before 18F-FDG injection. 

Each patient was injected IV with 12–15mCi (444–555 MBq) of 18F-FDG when plasma 

glucose level was less than 200 mg/dL, after which there was a 60- to 90-minute tracer 

uptake period. Scans were acquired supine from the base of the skull to the mid thigh. In 

most cases, low-dose CT scans with oral contrast material were obtained. FOV was 70 cm 

for PET and 50 cm for CT. In-plane resolution was 5.4 mm. Slice thickness for CT was 3.75 

mm. Tube current–exposure time product ranged from 40 to 100 mAs depending on weight, 

and tube voltage was 140 kVp. Attenuation-corrected images were reviewed on a PACS 

workstation (AW Suite, GE Healthcare).

MRI—Pretreatment MRI examinations were often performed at outside institutions and 

therefore used a variety of techniques. MRI at our institution, which was the posttreatment 

follow-up study for all patients, was performed with the patient prone in a dedicated surface 

breast coil on a 1.5- or 3.0-T commercially available system. Both breasts were imaged 

simultaneously using Vibrant (GE Healthcare). The standard examination included a 

localizing sequence followed by a sagittal T2 fast spin-echo sequence using fat suppression 

with TR/TE = 3000/15. A T1 non–fat-suppressed sequence was performed with TR/TE = 

4.8/2.1. A sagittal T1-weighted 3D fat-suppressed fast spoiled gradient-echo sequence was 

performed before and three times after a rapid IV bolus injection of 0.1 mmol/L of 

gadopentetate dimeglumine (Magnevist, Bayer HealthCare) per kilogram of body weight 

followed by a saline bolus, with the following parameters: TR/TE = 11.1/2.1 (in phase), 

section thickness of 0.3 cm with no gap, and a minimum matrix of 256 × 256. Unenhanced 

images were subtracted from the contrast-enhanced images on a pixel-by-pixel basis, 

producing three contrast-enhanced subtraction sequences. Maximum-intensity-projection 

images were created using the first contrast-enhanced sequence and the first contrast-

enhanced subtraction sequence. Delayed axial images were acquired with special fat 

suppression and TR/TE = 5.5/2.1.

Image Interpretation

Breast MRI and PET/CT examinations were read independently by two readers with 3 and 

12 years’ experience in breast imaging and nuclear medicine. Initially each reader 

interpreted the MRI followed by the PET/CT study on each patient. Several weeks later they 
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reread the PET/CT studies independently to ensure that the PET/CT findings were not 

influenced by the MRI findings. On the MRI studies, reviewers evaluated the contrast-

enhanced axial and sagittal images when available on both in-house and outside 

examinations. The readers evaluated all the intercostal spaces. IMNs were differentiated 

from internal mammary vessels by scrolling through the images in both the sagittal and axial 

planes. IMNs were measured and recorded on both MRI and the CT portion of the PET/CT 

examinations. Patients were considered to have IMN adenopathy when IMNs were seen 

discretely on MRI regardless of size or when standardized uptake value (SUV) of a 

visualized IMN was greater than mediastinal blood pool on PET/CT (Fig. 1). In five cases in 

which the original two readers did not agree on the evaluation of the internal mammary 

nodes, a third reader with 12 years’ experience was used.

Method of Confirmation

No histology was obtained to document IMN adenopathy. All 90 patients underwent follow-

up MRI at the end of chemotherapy, and 41 patients, including 10 patients with IMN 

adenopathy, also underwent posttreatment PET/CT. Decrease in either size or SUV (or both) 

of the IMNs after chemotherapy was considered confirmation of malignancy.

Statistical Analysis

Patient age and primary tumor size were summarized using median and range and compared 

between patients with and without IMN adenopathy using Wilcoxon rank-sum test. Features 

including LVI, quadrant of primary tumor, and presence or absence of axillary adenopathy 

were summarized in terms of percentages and compared between presence and absence of 

IMN adenopathy using Fisher’s exact test. The McNemar test was performed to compare the 

prevalence of IMN adenopathy on MRI and on PET/CT.

Patient overall survival was defined as the time interval between the date of either MRI or 

PET, whichever was performed earlier, and the date of either last follow-up or death. 

Patients alive at the last follow-up were censored. Kaplan-Meier method was used to 

estimate overall survival at 3 years, and the log-rank test was used to compare overall 

survival between presence or absence of IMN adenopathy. A test with p < 0.05 was 

considered statistically significant. All statistical analyses were performed in SAS (version 

9.2, SAS Institute).

Results

The 90 patients ranged in age from 25 to 72 years old (median, 44 years old). Primary tumor 

size ranged from 1.4 to 12.2 cm (median, 4.8 cm). Readings were concordant between the 

two primary readers in 85 patients and discordant in five. In three of the discordant cases, 

one of the two original readers called the MRI findings negative for examinations with 

positive PET/CT findings whereas the other two readers called the MRI findings positive as 

well; in one patient, one reader called findings of both examinations negative whereas the 

other two readers called them positive; and in the fifth discordant case, one of the readers 

called findings of both examinations positive whereas the other two readers considered them 

negative. The discordant cases were divided between the two original readers.
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IMN adenopathy was identified in 14 of 90 women (16%). All 14 IMNs were seen on MRI. 

On PET/CT, IMNs were identified in 13 of these 14 women. The prevalence of IMN 

adenopathy was 16% (14/90) on MRI and 14% (13/90) on PET/CT; the difference was not 

statistically significant (p = 0.317). In seven of these 14 patients (50%), more than one IMN 

was detected.

Nodes detected on MRI ranged from 7 to 22 mm. Nodes on the CT portion of the PET/CT 

examinations measured 7–17 mm. SUV range was 1.5–16.4.

After completion of chemotherapy, IMNs were no longer identified in 12 of 14 patients 

(86%) including the patient with IMN adenopathy evident on MRI but not on PET/CT. 

These women had complete or nearly complete response in their primary tumors as well. In 

the two of these 14 patients (14%) who had poor responses in their primary breast tumors, 

IMN adenopathy improved but persisted (Fig. 2), and both patients developed metastatic 

disease within 6 months.

Length of follow-up for the 90 women in this study ranged from 7.2 to 59.9 months 

(median, 31.3 months). The median overall survival was not reached. Eleven of 90 patients 

(12%) were deceased by the last follow-up, including five of the 14 patients with IMN 

adenopathy (36%). The difference in overall survival of the two groups at 3 years (85.7% vs 

53.3%) was statistically significant (log-rank test p = 0.009). The occurrence of IMN 

adenopathy was not statistically associated with size, quadrant(s) of primary tumor, presence 

of axillary adenopathy, or LVI in this relatively small sample size (Table 1).

Discussion

In the distant past, IMNs were removed and pathologically evaluated during extended 

radical mastectomies [11]. As mastectomies became less aggressive and as breast 

conservation became more common, IMNs were no longer routinely sampled. In the recent 

era of sentinel node biopsy, some surgeons again began to biopsy visible IMNs, resulting in 

stage migration and possible benefit owing to more aggressive medical and radiation 

oncology treatment [4]. However, IMNs are rarely visible, and their removal may be 

associated with an increase in morbidity [12].

In patients undergoing breast conservation and in patients requiring radiation after 

mastectomy, there is a controversy as to the risk versus benefit of including the internal 

mammary chain in the radiation field. Although some researchers [4, 5] have shown that 

radiation of IMNs (and other extraaxillary nodal groups) may improve outcome, the 

additional risk of radiation-induced cardiac toxicity prevents routine inclusion of this 

additional field. It is therefore imperative to have a reliable imaging tool to diagnose IMN 

adenopathy.

Routine systemic staging with PET/CT is recommended in women with clinical stage IIIA 

or greater breast carcinomas [13], and there are data to suggest significant upstaging in 

patients with stage IIB disease as well [14–16]. Multiple studies have confirmed that 

PET/CT is more sensitive than CT alone for the detection of IMN adenopathy [10, 17]. 

Eubank et al. [8] showed that PET/CT was superior to CT alone in detection of mediastinal 
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and IM adenopathy. In a study of 28 women with breast cancer, Bellon et al. [9] reported 

highly suspicious IMNs in seven women, all of whom were reported to have negative 

findings on chest CT. In 216 patients with clinical stage III breast cancer, Seo et al. [18] 

showed a positive predictive value of 87.1% for IMN metastasis on PET/CT.

Many women undergo breast MRI at diagnosis for assessment of extent of disease within the 

breasts. Little has been written regarding the utility of MRI for detection of IMN 

adenopathy. Kinoshita et al. [19] studied 43 dissected IMNs in 16 patients using a 1.5-T MR 

scanner with a surface coil while patients were in supine position; considering a 

measurement of more than 5 mm as a positive finding, they reported a 90.7% accuracy, 

93.3% sensitivity, and 89.3% specificity. Zhang et al. [20] reported the presence of IMN 

adenopathy in 112/809 (13.8%) breast cancer patients with known nodal disease, a small 

fraction of which were detected by MRI. However, there were too few patients with MRI-

detected IMN disease for analysis. Although benign IMNs may be seen on breast MRI, all 

IMNs in our series were larger than 5 mm, suggesting a higher likelihood of malignancy 

[19] in these women with locally advanced primary tumors.

In the present article, we have reported our experience with imaging-detected IMN 

adenopathy in a population of 90 women evaluated with PET/CT and breast MRI before 

neoadjuvant chemotherapy. Previously reported prevalence of IMN adenopathy has ranged 

from 9.0% to 47.5% [6, 9, 20, 21], with the highest prevalence occurring in a group 

undergoing extended radical mastectomy [6]. The remainder of the patients received 

diagnoses by imaging. Our population of women with predominantly advanced tumors 

(75/90 [83%] with more aggressive biology) falls within this range with a prevalence of 

16%. In our study, which is the first to report the comparison between breast MRI and 

PET/CT for the detection of IMN adenopathy in women with breast cancer, MRI and 

PET/CT both identified IMNs in the same 13 women, and MRI detected a discrete 

additional IMN (Fig. 3) in a single additional woman.

IMN adenopathy has been reported to occur more frequently with larger primary tumors, 

particularly in patients with tumors in the medial breast, patients with axillary adenopathy, 

patients younger than 50 years old, and patients with LVI [4, 6, 7]. In this series, those 

findings were not confirmed, but the number of patients included in this study was 

underpowered to achieve statistical significance. In addition, because our entire population 

consisted of women with more advanced disease, nearly all patients had large tumors, many 

of which involved multiple quadrants, and had axillary adenopathy and LVI. This mitigated 

the ability to detect significant differences in these proposed predictive factors.

The presence of IMN adenopathy at presentation in women with breast cancer is associated 

with a poor prognosis [1–3]. This was true in our series, with a significant difference in 

overall survival at 3 years of 85.7% for women without IMN adenopathy compared with 

53.3% for those with IMN adenopathy.

The limitations of this study include the retrospective nature of the study and the small 

patient population, as well as the lack of histologic confirmation of IMN adenopathy. 

Although FDG PET/CT is known to be quite specific in the detection of IMN metastases, 
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specificity of MRI for IMN adenopathy is not well studied. The patients considered to have 

IMN adenopathy according to our imaging criteria all had evidence of response in their 

IMNs that corresponded to the response in the primary tumors. Further confirmatory 

evidence is that, in this series, the patients deemed as having IMN adenopathy had a 

significantly worse prognosis than those without IMN adenopathy, which is consistent with 

multiple other studies comparing the outcomes in these two groups. Prospective trials 

(possibly with histologic confirmation) comparing breast MRI to PET/CT in women with 

more advanced cancers would be the ideal way to confirm our findings.

Conclusion

In women with advanced breast cancer, PET/CT is known to be valuable for detecting IMN 

adenopathy. Breast MRI is frequently performed before systemic staging for breast 

carcinoma, and this study has shown that identification of IMN adenopathy is not 

significantly different between MRI and PET/CT. Therefore, particular attention should be 

paid to the internal mammary chain when reading breast MRI examinations. Until there are 

more data regarding the specificity of breast MRI in the detection of IMN adenopathy, 

patients with possible IMN adenopathy on MRI may benefit from use of MRI and PET/CT 

in a complementary fashion. Evidence of IMN adenopathy on MRI or FDG PET/CT not 

only may alter radiation treatment plans but also provides important prognostic information.
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Fig. 1. 
Left breast cancer of left internal mammary node adenopathy in 36-year-old woman with 

poorly differentiated invasive ductal carcinoma. Pretreatment imaging included both MRI 

and PET/CT examinations.

A, T1-weighted axial contrast-enhanced breast MR image shows tumor infiltration of entire 

left breast (arrowhead) and enlarged left internal mammary node (arrow).

B, Axial unenhanced chest CT image shows left breast cancer (arrowhead) and enlarged left 

internal mammary node (arrow).

C, Axial fused PET/CT image shows hypermetabolic activity within left breast cancer 

(arrowhead) and left internal mammary node (arrow) consistent with metastatic disease to 

node.
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Fig. 2. 
Posttreatment imaging of same patient as Fig. 1.

A, Axial MR image after neoadjuvant chemotherapy shows decreased extent of tumor 

(arrowhead) in left breast with persistently enlarged internal mammary node (arrow).

B, Axial fused PET/CT image 6 months after left mastectomy shows recurrent left chest 

wall tumor (arrowhead) and persistent left internal mammary adenopathy (arrow).
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Fig. 3. 
Left breast cancer with adenopathy of left internal mammary node in 42-year-old woman 

with highgrade infiltrating ductal carcinoma with necrosis. Pretreatment imaging included 

both MRI and PET/CT examinations, and adenopathy was evident on MRI but not on 

PET/CT.

A, T1-weighted axial contrast-enhanced breast MR images shows necrotic left breast mass 

(arrowhead) and 0.8-cm left internal mammary node (arrow).

B, Axial unenhanced chest CT image shows left breast cancer (arrowhead), but adenopathy 

of internal mammary node is not evident.

C, Axial fused PET/CT image at same level shows hypermetabolic left breast cancer 

(arrowhead), but hypermetabolic activity within internal mammary node is not evident.
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