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INTRODUCTION
Defining the posterior extent of breast cancer prior to 
surgery has clinical implications, as it may affect surgical 
and oncologic treatment planning. Specifically, according 
to the American Joint Committee on Cancer staging guide-
lines for breast cancer, direct tumor extension to the chest 
wall is classified as T4 disease regardless of the tumor size.1 
In contrast, tumor extension into the pectoralis major or 
minor muscles without involvement of the underlying chest 
wall does not directly change the TNM staging.1 Addition-
ally, knowledge of pectoralis muscle tumor involvement 
prior to surgery may alter surgical management in efforts 
to obtain clear histologic margins, which has important 
prognostic implications.2–7

Despite the clinical implications of detecting breast cancer 
invasion of the pectoralis muscles pre- operatively, there are 
limited data in the current literature to guide the interpre-
tation of a very posterior breast tumor seen on breast MRI. 

In 2000, Morris et al8 described a series of 19 posterior 
breast cancers seen on MRI. Of the five patients with pecto-
ralis muscle enhancement, all five had muscle invasion at 
surgical pathology, compared to none of the six patients 
with a tumor abutting the pectoralis muscle without 
enhancement of the muscle and none of the eight patients 
with a preserved posterior fat plane. In 2005, another 
study reported 33 breast MRI exams (some of which were 
performed after neoadjuvant chemotherapy) on which 
there was obliteration of the fat plane between the breast 
cancer and the pectoralis muscle by MRI.9 In this study, 7 of 
33 cases showed muscle enhancement on MRI (5/7 showed 
muscle invasion at surgery) and 26/33 showed no muscle 
enhancement (0/26 had muscle invasion at pathology).

A related study by Samreen et al10 reviewed breast MRI 
exams on which the associated report described chest wall 
invasion in 23 patients. While both contrast enhancement 
and restricted diffusion of the pectoralis major muscle and/
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Objectives: Defining the posterior extent of breast 
cancer prior to surgery has clinical implications. However, 
there are limited data available to guide the interpreta-
tion of breast cancers seen on MRI that abut the pecto-
ralis muscle but lack associated muscle enhancement.
Methods: In this retrospective study of breast MRIs 
performed between May 2008 and July 2019, 43 female 
patients demonstrated breast cancers abutting the 
pectoralis muscle without enhancement of the muscle 
itself. Imaging features of the cancers as well as patho-
logic and clinical outcomes were recorded. Statistical 
analyses of associations between imaging findings and 
clinical outcomes were performed using Fisher’s exact 
test, logistic regression, a Mann–Whitney U test and/or 
Student’s t- test.
Results: The pectoralis major muscle was pathologi-
cally invaded by carcinoma in 4/43 (9.3%). There was 
no significant association between pectoralis muscle 

invasion and any MR imaging feature of the breast 
cancer. Tumors causing deformation of the muscle 
contour by MRI, tumors larger in size, tumors with a 
larger extent abutting the muscle and tumors in which 
the imaging feature abutting the muscle was a mass 
or non- mass enhancement (rather than a spicule) were 
more commonly seen in patients with muscle invasion, 
although these did not reach statistical significance (p 
> 0.05).
Conclusion: In this study, a lack of pectoralis muscle 
enhancement by MRI did not exclude pathologic muscle 
invasion by breast cancers abutting the muscle.
Advances in knowledge: Knowledge of the likelihood of 
pectoralis muscle involvement for breast cancers abut-
ting the pectoralis muscle on MRI may guide accurate 
interpretation and definition of the posterior extent of 
disease.
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or chest wall were found to be helpful to diagnose invasion of 
those structures in that study, only four patients in this series did 
not show enhancement of the pectoralis muscle itself and specific 
pathology for these cases was not reported. Additional studies 
have reported subgroup data regarding breast cancers abutting 
the pectoralis muscle, with most reports describing an associ-
ation between muscle enhancement on MRI and muscle inva-
sion at surgery, and a lack of muscle enhancement with a lack 
of muscle invasion; however, these reports include only three or 
fewer patients.11–14

Accurate interpretation of posterior breast cancer extent on MRI, 
including pectoralis muscle involvement, may impact surgical 
and oncologic treatment. However, there are limited data to 
guide interpretation for exams where the tumor abuts the pecto-
ralis muscle on MRI without enhancement of the muscle itself. In 
fact, the combined sample size from published studies designed 
to evaluate the implications of this MRI finding consist of only 
32 patients in entirety.8,9 The aim of this study was to report clin-
ical and pathology outcomes for patients with breast cancers that 
abut the pectoralis major muscle on MRI without enhancement 
of the muscle itself.

METHODS AND MATERIALS
Subjects
This HIPAA- compliant study was approved by the Johns 
Hopkins School of Medicine Institutional Review Board, which 
waived the need for informed consent. A retrospective review 
of medical records from May 2008 to July 2019 identified 189 
breast MRI exams in which the final report described enhance-
ment associated with a biopsy- proven breast cancer abutting or 

extending to the pectoralis major muscle. A fellowship trained 
dedicated breast imaging radiologist with 6 years of experience 
reviewed the images for each case blinded to the pathology 
and clinical outcomes. Exams with obliteration of the fat plane 
between the breast cancer and the pectoralis major muscle were 
included, and exams with a preserved fat plane or with enhance-
ment of the pectoralis muscle itself were excluded. MRI exams 
performed after neoadjuvant chemotherapy were also excluded. 
43 breast cancer patients with MRI findings abutting the pecto-
ralis major muscle, without enhancement of the muscle, were 
included (Figure 1).

Image acquisition
The breast MRI technique for the 43 exams was variable, as the 
population included patients referred to our institution (Johns 
Hopkins School of Medicine) after the MRI was obtained at an 
outside institution and MRIs performed within our institution 
may have been performed at any of our multiple locations where 
there is variation in scanner types. Furthermore, our institutional 
imaging protocols have evolved over the 11 year study period. All 
included studies, however, involved at least three post- contrast 
series and the first post- contrast series was able to be viewed in 
both the axial and sagittal projections.

Data collection and image interpretation
Imaging features for these 43 eligible patients were recorded 
according to the Breast Imaging Reporting and Data System 
(BI- RADS) lexicon by the single reader blinded to clinical and 
pathology outcomes.15 This included the specific MRI finding 
type abutting the pectoralis muscle: a mass, a spicule of a mass 
(defined as an extension from the margin of a spiculated mass), or 

Figure 1. Flowchart shows the number of patients excluded from the study population for each exclusion criterion. A total of 43 
eligible patients were included in the study.

http://birpublications.org/bjr


Br J Radiol;94:20201202

BJR  Myers et al

3 of 7 birpublications.org/bjr

non- mass enhancement. The presence of associated mass effect 
from the tumor on the pectoralis muscle (tenting and/or mass 
effect) was also assessed. For each eligible patient, clinical history 
and surgical pathology details were also recorded, including 
whether the posterior margins were clear, close (within 1 mm) or 
positive for tumor involvement, as well as whether tumor inva-
sion of the pectoralis muscle was seen on surgical pathology. If 
posterior margins were clear (>1 mm) and no skeletal muscle was 
present on surgical pathology, the case was recorded as having no 
muscle invasion. The number of months of clinical follow- up for 
each patient and the clinical status of the patient at follow- up, 
including whether recurrence or the development of metastasis 
occurred during follow- up, was also recorded.

Statistical analysis
Using SPSS v. 25 (IBM, Armonk, NY), the association between 
pectoralis muscle invasion on pathology and the imaging 
features of the cancer by MRI was assessed using Fisher’s Exact 
test with a p- value of less than 0.05 declared as significant. The 
association between pectoralis muscle invasion and patient age 
was assessed using Student’s t- test (SPSS v. 25). The association 
between pectoralis muscle invasion and both the size of MRI 
enhancement and the extent of tumor abutting the muscle were 
assessed with a Mann–Whitney U test using mean ranks (SPSS v. 
25). The odds ratio of developing cancer recurrence or metastasis 
during the follow- up period as a function of posterior margin 
status was evaluated using binary logistic regression (using R 
2017, R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Clinical and imaging characteristics
43 female breast cancer patients with MRI enhancement abutting 
the pectoralis major muscle, without enhancement of the muscle 
itself, were included in this study. The mean patient age was 
57 years (standard deviation 11.2 years). Invasive ductal carci-
noma (IDC) was the most common tumor type (30/43, 69.8%), 
with most cancers representing a primary tumor (38/43, 88.4%) 
rather than recurrent disease (Table 1).

Five patients had a personal history of ipsilateral breast cancer 
3–15 years prior to the recurrence that now abuts the pectoralis 
muscle. The previous cancer was treated with lumpectomy and 
radiation therapy in four patients and mastectomy in one patient. 
The recurrence was at the lumpectomy site in two patients, in 
the same quadrant but not within the lumpectomy bed in two 
patients, and in a different quadrant from the original cancer in 
one patient. At surgery for the current cancer diagnosis which 
abuts the pectoralis muscle on breast MRI, one patient had clear 
margins, two patients had close (<1 mm) posterior margins, 
one patient had positive posterior margins and one patient had 
pectoralis muscle invasion.

The most common type of MRI enhancement abutting the 
pectoralis muscle was a mass (21/43, 48.8%), with non- mass 
enhancement or a spicule of a mass less common. The total 
extent of abnormal enhancement varied widely and was not 
associated with pathologic muscle invasion, with a median 
size of 41 mm (interquartile range 19–77 mm) for tumors with 

pathologic muscle invasion compared to a median size of 24 mm 
(interquartile range 4–130 mm) for tumors without patho-
logic muscle invasion (U = 51, p = 0.447). There was a trend 
for tumors with a larger portion of tumor abutting the pecto-
ralis muscle to be associated with muscle invasion. Specifically, 
median length of abutment for tumors with pathologic invasion 
was 22.0 mm (interquartile range 13.5–35.0 mm, range 12.0–
38.0 mm) compared to a median of 10.5 mm (interquartile range 
6.0–17.25 mm, range 2.0–36 mm) for tumors without pathologic 

Table 1. Frequency of clinical and imaging features within the 
study population

Characteristic Frequency
Primary or recurrent tumor

  Primary 38/43 (88.4%)

  Recurrence 5/43 (11.6%)

Tumor type

  IDC 30/43 (69.8%)

  ILC 3/43 (7%)

  IMC 6/43 (14%)

  Micro- invasive IDC 2/43 (4.7%)

  DCIS 2/43 (4.7%)

Clinical status at follow- up

  No evidence of disease 36/43 (83.7%)

  Alive with disease 3/43 (7%)

  Deceased 3/43 (7%)

  No follow- up 1/43 (2.3%)

MRI finding type that abuts the muscle

  Non- mass enhancement 13/43 (30.2%)

  Mass 21/43 (48.8%)

  Spicule of a mass 9/43 (20.9%)

Deformed contour of pectoralis muscle

  Tenting of the muscle 10/43 (23.3%)

  Mass effect on the muscle 2/43 (4.7%)

  Both tenting and mass effect 4/43 (9.3%)

  No deformation of the muscle contour 27/43 (62.8%)

Margin status on surgical pathology

  Clear margins > 1 mm 26/43 (60.5%)

  Close margins within 1 mm 9/43 (20.9%)

  Involved posterior margins 8/43 (18.6%)

Involvement of pectoralis major muscle on surgical pathology

  No involvement of muscle 34/43 (79.1%)

  Muscle involvement 4/43 (9.3%)

  Unknown status of muscle involvement 5/43 (11.6%)

DCIS, Ductal carcinoma in situ; IDC, Invasive ductal carcinoma; ILC, 
Invasive lobular carcinoma; IMC, Invasive mammary carcinoma with 
ductal and lobular features.
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muscle invasion, although this did not reach statistical signifi-
cance (U = 27, p = 0.051).

Pathology outcomes
Surgical pathology demonstrated the posterior margins to be 
involved by carcinoma in 8/43 (18.6%) patients, close (i.e. within 
1 mm of carcinoma) in 9/43 (20.9%) and clear in 26/43 (60.5%) 
patients. The pectoralis major muscle was invaded by carcinoma 
in 4/43 (9.3%) patients (Figures 2 and 3) and uninvolved in 34/43 
(79.1%) patients. In 5/43 (11.6%) patients, surgical pathology 
reported close posterior margins and did not specify whether 
any skeletal muscle was included in the specimen, and therefore 
these cases were excluded from subsequent analysis regarding 
pectoralis muscle invasion outcomes (Table 1).

There was no association with MRI finding type and the pres-
ence of pectoralis muscle invasion at pathology, as 1/11 (9.2%) of 
nonmass enhancement abutting the muscle proved to have inva-
sion at pathology compared to 3/20 (15.0%) of masses (p = 0.802, 
Table 2). None of the nine patients with a spicule abutting with 
the pectoralis muscle by MRI demonstrated muscle invasion at 
surgical pathology.

There was a trend for tumors with a deformed pectoralis muscle 
contour to be associated with muscle invasion but this did not 
reach statistical significance. Three of the 14 tumors (21.4%) 
with pectoralis muscle tenting, mass effect, or both demon-
strated muscle invasion at pathology, compared to 1/24 (4.2%) 
of tumors without deformation of the muscle contour (p = 0.099, 
Table 2). The majority of tumors with pectoralis muscle tenting, 

Figure 2. 40- year- old female with right breast cancer. Post- 
contrast fat- saturated axial images (a) and sagittal images 
(b) demonstrate a spiculated mass in the outer right breast, 
abutting the pectoralis major muscle (arrows) but with no 
enhancement of the muscle itself. Surgical pathology yielded 
tumor invasion of the pectoralis major muscle. During 29 
months of clinical follow- up, the patient remained cancer free.

Figure 3. 75- year- female with right breast cancer. Post- 
contrast fat- saturated axial images (a) and sagittal images 
(b) demonstrate, in the upper inner quadrant of the right 
breast, a mass with irregular margins abutting the pectoralis 
major muscle. There is mild mass effect and tenting of the 
muscle but without enhancement of the muscle itself. Surgi-
cal pathology demonstrated tumor invasion of the pectora-
lis major muscle. During 12 months of clinical follow- up, the 
patient remained cancer free.
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mass effect or both demonstrated no muscle invasion at surgery 
(11/14, 78.6%). There was no significant association between a 
deformed pectoralis muscle contour and involvement of the 
posterior margin at surgical pathology (odds ratio 0.36, 95% 
confidence interval 0.09–1.43).

Clinical outcomes
The median clinical follow- up time for the study population was 
29.0 months (interquartile range 12–65 months, range 1–125 
months). Most patients (36/43, 83.7%) had no evidence of disease 
at the most recent follow- up, with 3/43 (7.0%) of patients alive 
with disease and 3/43 (7.0%) of patients deceased due to meta-
static breast cancer. Of the eight patients with positive posterior 
margins, one patient was found to have metastasis immediately 
after surgery and two patients developed recurrence or metas-
tasis during follow- up. In comparison, excluding one patient 
who had no follow- up after surgery, 0/9 of patients with close 
margins and 3/25 (12%) of patients with clear margins developed 
recurrence or metastasis during the follow- up period. Although 
there was a trend for patients with positive posterior margins 
to have recurrence or develop metastasis during follow- up, this 
did not reach statistical significance (odds ratio for patients with 
positive margins compared to those with close or clear margins 
was 4.13, confidence interval 0.55–31.26, p = 0.17).

All four patients with muscle invasion at pathology had a tumor 
type of Grade 3 invasive ductal carcinoma. Of the four patients 
with pectoralis muscle invasion, none developed recurrence or 
metastasis during follow- up (median follow- up time for these 
four patients was 18.5 months, interquartile range 13.5–26.5, 
range 12–29 months). Among the eight patients with positive 

posterior margins, five patients had invasive ductal carcinoma 
(IDC), one patient had 1 mm of micro- invasive ductal carcinoma 
within 2.0 cm of ductal carcinoma in situ (DCIS), one patient had 
invasive lobular carcinoma (ILC) and one patient had invasive 
mammary carcinoma with both ductal and lobular features.

Among the four patients with pectoralis invasion, radiation 
therapy was not performed in two patients in whom final surgical 
margins were clear and was recommended for the remaining two 
patients. Among patients who had positive margins and under-
went mastectomy, two patients received post- mastectomy radi-
ation therapy and two did not (including one patient who was 
found to have metastatic disease soon after surgery).

DISCUSSION
This study aimed to describe outcomes for 43 breast cancer 
patients with tumors abutting the pectoralis muscle on breast 
MRI without enhancement of the muscle itself. Despite a lack 
of enhancement of the pectoralis muscle on breast MRI, surgical 
pathology demonstrated muscle invasion in 4/43 (9.3%) patients 
in this study. This is in contrast to prior reports of outcomes for 
this imaging finding, with 0/5 patients demonstrating muscle 
invasion in one study and 0/26 patients in another.8,9 While 
this difference could be related to smaller sample sizes in the 
prior studies, there are additional differences as well. The study 
by Morris et al8 described early experience for posterior breast 
cancers on MRI, published in 2000, and there are expected differ-
ences in standard breast MRI scanning protocol over the last 20 
years. The more recent study by Kazama et al included an undis-
closed number of breast MRIs that were performed after neoad-
juvant chemotherapy.9 It has been established that the accuracy 

Table 2. Association of tumor features and tumor invasion of pectoralis major muscle at surgical pathology

Tumor feature

n (%) with invasion of the 
pectoralis major muscle at 

surgical pathology p- value
  MRI finding type abutting the muscle

  Non- mass enhancement 1/11 (9.1%) p = 0.802

  Mass 3/20 (15.0%)

  Spicule of a mass 0/7 (0%)

Deformed contour of pectoralis muscle

  Tenting of the muscle 1/8 (12.5%) p = 0.099

  Mass effect on the muscle 1/2 (50.0%)

  Both tenting and mass effect 1/4 (25%)

  No deformation of the muscle contour 1/24 (4.2%)

Tumor type

  IDC 4/38 n/a

  ILC 0/38 (0%)

  IMC [td]

  Microinvasive IDC 0/38 (0%)

  DCIS 0/38 (0%)

DCIS, Ductalcarcinoma in situ; IDC, Invasive ductal carcinoma; ILC, invasive lobular carcinoma; IMC, Invasive mammary carcinoma with ductal and 
lobular features.
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of breast MRI exams performed after neoadjuvant chemotherapy 
may be impacted by the specific chemotherapy agent used as well 
as the breast cancer subtype.14,16,17 This study therefore excluded 
breast MRIs exams performed after neoadjuvant chemotherapy, 
and this difference in patient population could contribute to 
the difference in results. While the limited data available to date 
suggest that obliteration of the fat plane between a breast cancer 
and the pectoralis muscle is only indicative of pectoralis muscle 
invasion if muscle enhancement is present, this study suggests 
that muscle invasion is still a possibility, as it was present in 9.3% 
of patients in this study.

None of the recorded MRI imaging features of the breast cancer 
tumor itself were associated with pectoralis muscle invasion. 
Tumors associated with muscle invasion were more commonly 
masses on MRI rather than nonmass enhancement, however, 
masses were also the most common imaging appearance for 
breast cancers in this study and larger studies would be needed 
to further investigate a possible association. It is notable, however, 
that none of the cases in which the aspect of the cancer abutting 
the pectoralis muscle was a spicule of a mass were associated with 
muscle invasion, suggesting that this imaging finding could be 
assessed a lower degree of suspicion for invasion compared to a 
mass or non- mass enhancement abutting the muscle. Addition-
ally, while patients with pectoralis muscle invasion had a larger 
median size of abnormal MRI enhancement compared to those 
without muscle invasion (4.1 vs 2.4 cm), this did not reach statis-
tical significance. Similarly, there was a trend for tumors with a 
larger extent abutting the pectoralis to be associated with patho-
logic invasion, although this also did not reach statistical signifi-
cance (p = 0.051). This could be due to a true lack of association, 
although these results suggest that attention to overall tumor size 
as well as the extent of tumor abutting the pectoralis muscle will 
also be of interest in future larger studies. While there was a trend 
for tumors with associated pectoralis muscle deformation to be 
associated with muscle invasion, this did not reach statistical 
significance (p = 0.099). Of the 24 tumors with no deformation 
of the pectoralis muscle, only 1 (4.2%) showed muscle invasion at 
surgery, compared to 3/14 (21.4%) tumors with deformation of the 
pectoralis muscle, suggesting the possibility that a lack of muscle 
deformation could decrease suspicion for muscle invasion. To our 

knowledge, the investigation of this possible association has not 
been reported to date, but may be of interest in future studies.

It is well established that breast cancer involvement of the surgical 
margins has prognostic implications.2–7 In this study, although 
there was a trend for patients with positive posterior margins to 
have recurrence or develop metastasis during follow- up, this did 
not reach statistical significance, which may be due to the small 
sample size and a limited mean follow- up time of 37.9 months. 
Although none of the four patients with muscle invasion devel-
oped recurrence or metastasis during follow- up, larger studies 
with increased follow- up time would be needed to evaluate this 
outcome.

This study has several limitations. Although this is the largest 
study to date of posterior breast cancers abutting the pectoralis 
muscle on breast MRI, the sample size of 43 patients is still rela-
tively small. Additionally, variation in MRI scanning technique 
and protocols over the 11 year study period limits the consis-
tency of image acquisition.

CONCLUSIONS
Accurately defining the posterior extent of breast cancers pre- 
operatively has important clinical implications. While there is 
evidence to support that pectoralis muscle enhancement on MRI 
is associated with muscle invasion, there are extremely limited 
data regarding breast cancers that abut the pectoralis major 
muscle on MRI without enhancement of the muscle itself. In 
this study of 43 females with breast cancers abutting the pecto-
ralis muscle, 4/43 (9.3%) showed pectoralis muscle invasion at 
surgical pathology, demonstrating that a lack of enhancement of 
the pectoralis muscle does not exclude the possibility of muscle 
invasion. While no specific clinical or imaging feature was asso-
ciated with muscle invasion in this study, our data suggest that 
tumors causing a deformation of the pectoralis muscle, overall 
tumor size, extent of the tumor abutting the pectoralis muscle 
and the specific imaging feature abutting the muscle on MRI may 
warrant further investigation in future studies. While this study 
of 43 patients is the largest study to date evaluating outcomes 
for breast tumors abutting the pectoralis muscle without muscle 
enhancement on breast MRI, additional larger studies are needed 
to further define the clinical implications for this MRI finding in 
order to optimize surgical and oncologic patient care.
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