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ABSTRACT

Background. Internal mammary lymphadenopathy (IML)
plays a role in breast cancer stage and prognosis. We aimed
to evaluate method of IML detection, how IML impacts
response to neoadjuvant chemotherapy (NAC), and onco-
logic outcomes.

Methods. We evaluated patients enrolled in the I-SPY-2
clinical trial from 2010 to 2022. We captured the radio-
graphic method of IML detection (magnetic resonance imag-
ing [MRI], positron emission tomography/computed tomog-
raphy [PET/CT], or both) and compared patients with IML
with those without. Rates of locoregional recurrence (LRR),
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distant recurrence (DR) and event-free survival (EFS) were
compared by bivariate analysis.

Results. Of 2095 patients, 198 (9.5%) had IML reported
on pretreatment imaging. The method of IML detection
was 154 (77.8%) MRI only, 11 (5.6%) PET/CT only, and 33
(16.7%) both. Factors associated with IML were younger
age (p = 0.001), larger tumors (p < 0.001), and higher
tumor grade (p = 0.027). Pathologic complete response
(pCR) was slightly higher in the IML group (41.4% vs.
34.0%; p = 0.03). There was no difference in breast or axil-
lary surgery (p = 0.41 and p = 0.16), however IML patients
were more likely to undergo radiation (68.2% vs. 54.1%;
p < 0.001). With a median follow up of 3.72 years (range
0.4-10.2), there was no difference between IM+ versus
IM—in LRR (5.6% vs. 3.8%; p = 0.25), DR (9.1% vs. 7.9%;
p =0.58), or EFS (61.6% vs. 57.2%; p = 0.48). This was true
for patients with and without pCR.

Conclusions. In this large cohort of patients treated with
NAC, outcomes were not negatively impacted by IML. We
demonstrated that IML influences treatment selection but is
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not a poor prognostic indicator when treated with modern
NAC and multidisciplinary disease management.

Significant improvements in systemic therapy for breast
cancer have continued to drive re-evaluation of locore-
gional treatment techniques and considerations. Histori-
cally, patients with internal mammary (IM) chain lymphad-
enopathy have been identified as having worse prognosis
compared with those with the same disease biology, tumor
size (cT), and clinical nodal category (cN) without IM
involvement.'™ The three most common lymphatic draining
nodal basins of the breast are well described and include the
ipsilateral axilla, IM chain, and supraclavicular regions.>®
Utilizing lymphatic mapping, the ipsilateral axilla has been
clearly defined as the dominant draining basin for breast
cancer and thus remains the location for sentinel lymph node
(SLN) biopsy when surgically staging the regional nodes
in a patient with primary breast cancer. In addition to the
axilla, sentinel lymphatic drainage to the IM chain occurs in
approximately 13-37% of cases.*’~® However, it is far less
common to identify isolated IM node involvement in the
absence of concomitant axillary nodal involvement.*!%-12
Surgical resection of the IM lymph nodes has been explored
historically but has not shown to provide oncologic benefit,
and therefore it has been largely abandoned.'*!> Current
National Comprehensive Cancer Network (NCCN) recom-
mendations support locoregional treatment of involved IM
nodes with adjuvant radiation strategies but does not endorse
routine surgical resection.'® For these reasons, attention to
IM nodal involvement in the literature has been limited.

Cross-sectional imaging with breast magnetic reso-
nance imaging (MRI) and positron emission tomog-
raphy/computed tomography (PET/CT) are frequently
employed in the work-up and staging algorithm for breast
cancer,!”!® especially when neoadjuvant chemotherapy
(NAC) is being considered. Percutaneous biopsy of IM
nodes is not commonly employed and thus IM lymphad-
enopathy (IML) detected by imaging is utilized as a sur-
rogate for metastatic involvement by breast cancer. The
presence or suspicion of abnormal IM nodes on imaging
can raise a patient’s clinical N category from NO to N2b in
the absence of axillary disease, or from N1 or N2 to N3b
in the presence of concomitant axillary involvement.'%>
This ultimately impacts the patient’s clinical stage, treat-
ment recommendations, prognosis, and outcomes. In the
context of modern systemic therapy utilizing neoadjuvant
treatment approaches, prognosis and adjuvant therapy rec-
ommendations are largely impacted by response to treat-
ment. We sought to evaluate the frequency of detection of
IM nodes on imaging and the impact of IML on oncologic
outcomes in a large cohort of patients treated with NAC in
a prospective clinical trial.

METHODS
I-SPY-2 Clinical Trial

We performed a retrospective analysis of patients enrolled
in the I-SPY-2 multicenter clinical trial.?! This is an ongoing
randomized controlled trial that utilizes adaptive randomiza-
tion to test novel systemic agents in the neoadjuvant setting.
Subjects are stratified by risk as determined by 70-gene sig-
nature (Mammaprint) testing on the diagnostic core biopsy.
All patients proceed to surgical intervention after neoadju-
vant treatment. Enrolled patients are >18 years of age, tumor
size >2.5 cm by clinical examination or >2 cm by imaging,
and have an Eastern Cooperative Oncology Group perfor-
mance status of 0 or 1. Eligible tumor subtypes include lumi-
nal breast cancer if high risk by 70-gene signature (Mam-
maprint), triple negative, or human epidermal growth factor
receptor 2-positive (HER+) disease. All patients enrolled
in the trial have a baseline dynamic contrast-enhanced MRI
prior to NAC, and utilization of PET/CT or other systemic
staging techniques, such as CT of the chest, abdomen and
pelvis plus bone scan, is at the discretion of the providers.
After the completion of NAC, all patients proceed to surgi-
cal treatment in the form of breast-conserving surgery or
mastectomy with SLN surgery and/or axillary lymph node
dissection. All patients must achieve negative surgical mar-
gins and radiation delivery is at the discretion of the treating
providers. The primary endpoint of the trial is the rate of
pathologic complete response (pCR) in each arm, while sec-
ondary endpoints are event-free survival (EFS) and distant
recurrence-free survival (DRFS).?!

Study Population

We evaluated all patients enrolled in the I-SPY-2 clinical
trial from March 2010 to October 2022. We utilized radio-
graphic IML as a surrogate for involvement of IM nodes by
malignancy, as is standard in current clinical practice. IML
was defined as abnormal nodes by MRI, abnormal uptake on
PET/CT, or both, as these were the only two imaging modal-
ities with IM node assessment captured on the trial. This was
obtained from a baseline assessment form submitted for each
patient enrolled at the time of diagnosis. Abnormal is not
explicitly defined with a size measurement, but determina-
tion is at the discretion of the treating facility. Tumor biol-
ogy was categorized as hormone receptor-positive (HR+) if
estrogen receptor (ER) and/or progesterone receptor (PR)
were positive (>1% positively staining cells by immunohis-
tochemistry). HER2+ was defined as expression of HER2
staining intensity of IHC 3+ or IHC 2+, and positive by
fluorescence in situ hybridization (FISH). Approximated
biologic subtypes were categorized as HR+/HER2-negative
(HER2-), HER2+, and HR-negative (HR—)/HER2—-. We
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evaluated the position of the tumors within the breast and
defined inner breast location as those positioned in the upper
inner quadrant, lower inner quadrant, 12 o’clock position, 6
o’clock position, and left breast 9 o’clock position or right
breast 3 o’clock position. Percutaneous sampling of axil-
lary nodes was performed in the setting of suspicious axil-
lary nodes. Pathology from breast and nodal surgery was
captured to assess for response and extent of any residual
disease, with residual cancer burden (RCB) calculated by
centrally trained study pathologists. From imaging studies
at presentation, the size of the largest abnormal IM node was
collected when available. We also identified performance of
PET/CT, the occurrence of radiographically abnormal IM
node(s), and maximum standardized uptake value (SUV_,,.)
of IM node(s) when available. Rates of pCR were recorded
in each group. We then evaluated locoregional recurrence
(LRR), distant recurrence (DR), and estimated cumulative
EFS in those with IML compared with those without IML
overall, as well as within the group who achieved a pCR
and the group who did not achieve a pCR separately. An
event impacting EFS was defined as any LRR, DR, or death
from any cause. LRR was defined as the presence of inva-
sive disease involving the breast and regional lymph nodes,
including the axilla, chest wall and/or skin ipsilateral to the
primary diagnosis. DR was any recurrence except LRR or
contralateral new breast cancer. The date of treatment con-
sent was utilized for survival and patients without an event
were censored at the last follow-up date.

Statistical Methods

Statistical analyses compared distributions of key vari-
ables between the IM nodal cohorts. For non-survival dis-
tributions, p-values were generated from the Fisher’s exact
test for categorical variables and Student’s ¢-test for con-
tinuous variables. The log-rank test was used for survival
distributions; associated survival curve figures were also
presented. R*? was used for all statistical analyses, the sur-
vival package’>?* was used to run log-rank tests, and the
ggsurvfit package® was used to generate survival figures.

RESULTS

A total of 2096 patients were identified from the I-SPY-2
clinical trial from March 2010 to October 2022, with a
median follow up of 3.72 years (range 0.4-10.2). 199
patients (9.5%) were found to have abnormal IM lymph
nodes by MRI and/or PET/CT. One patient later classified
as M1 was excluded due to progression to metastatic dis-
ease while receiving neoadjuvant therapy, resulting in 198
(9.5%) patients with IM lymphadenopathy (IM+) in our
study cohort of 2095 total patients. The remaining 1897
patients (90.5%) did not have abnormal IM nodes by either

of the imaging modalities (IM—). Mean age at diagnosis
was 48.4 years, with the IM+ patients being younger (mean
age 46.0 years vs. 48.6 years; p = 0.001). There was no
difference in race, ethnicity, tumor laterality, or approxi-
mated biologic subtype between the IM+ and IM— groups
(Table 1). Patients with IM+ nodes were more likely to have
larger clinical T category at presentation (p < 0.001) and
grade III disease (60.1% vs. 48.6%; p = 0.027). Of the 198
patients with IM+ disease, 47% (n = 94) had inner breast
tumors; 107 IM+ patients had axillary lymph node imaging
abnormalities and were biopsied, with 89 being positive for
malignancy, for a rate of concomitant axillary and IM nodal
involvement of 45%. Use of adjuvant radiation therapy was
higher (68.2% vs. 54.1%; p < 0.001) in patients with IM+
disease, however there was a high rate of missing radiation
data (31.3% overall), higher in the IM— group (Table 1).
Evaluation of the breast and axillary surgical procedures
performed, rate of pCR, RCB class, and pathologic tumor
and nodal categories was performed. There were no statisti-
cally significant differences between IM+ and IM— in any
of these measures, except for pCR rate; the IM+ patients had
a higher rate of pCR (41.4% vs. 34%; p = 0.031) [Table 2].

Internal Mammary-Positive Imaging Findings

Of the 198 IM+ patients, 154 patients had IML by MRI
only, 11 by PET/CT alone, and 33 by both modalities
(Table 3). Since all patients had an MRI, the rate of IM+ on
MRI was 188/2095 (8.97%). A total of 505 patients in the
entire study cohort underwent PET/CT as a component of
their work-up, and the rate of IM+ on PET/CT was 44/505
(8.71%). Use of PET/CT was higher in patients who were
IM+ (43.3%, n = 86) than in patients who were IM— (22.1%,
n=419).

On MRI, the majority of IM+ patients had one abnormal
IM node (n = 112, 56.6%) and the mean size of the largest
IM lymph node was 7.52 mm (standard deviation [SD] 3.18).
The average size increased when both imaging modalities
detected IML (8.37 mm vs. 7.34 mm). Among IM+ cases
by PET/CT, the mean SUV_,,, of the IM node(s) was 4.39
(SD 3.8) [Table 3].

max

Oncologic Outcomes

Evaluating oncologic outcomes, we found no differences
between IM+ and IM— patients with respect to LRR (5.6%
vs. 3.8%; p = 0.200), DR (9.1% vs. 7.9%; p = 0.200), or EFS
(61.6% vs. 57.2%; p = 0.600) [Table 4]. Figure 1A shows
the Kaplan—Meier estimates of the probability of EFS by the
presence or absence of IML. Looking specifically at patients
who achieved a pCR, there was also no significant difference
in oncologic outcomes between the IM+ and IM— groups
(Fig. 1B). While these event rates became quite small, the
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TABLE 1 Patient IM—[n=1897] IM+[n=198]  Overall [z = 2095] p value
demographics, clinical and
pathologic characteristics of Age at screening
the overall cohort and by the Mean (SD) 486 (112) 46.0 (11.0) 48.4(112) 0.00136
presence or absence of IM
lymphadenopathy on imaging Median [min, max] 48.0[19.0,78.0] 45.0[24.0,80.0] 48.0[19.0,80.0]
Missing 2(0.1) 0(0) 2(0.1)
Race
American Indian/Alaska Native 6(0.3) 0(0) 6(0.3) 0.448
Asian 138 (7.3) 17 (8.6) 155 (7.4)
Black 237 (12.5) 17 (8.6) 254 (12.1)
Native Hawaiian/Pacific Islander 9 (0.5) 0(0) 9(0.4)
White 1468 (77.4) 158 (79.8) 1626 (77.6)
Missing 39 (2.1) 6 (3.0) 45 (2.1)
Ethnicity
Hispanic 263 (13.9) 27 (13.6) 290 (13.8) 1
Non-Hispanic 1615 (85.1) 169 (85.4) 1784 (85.2)
Missing 19 (1.0) 2 (1.0) 21 (1.0)
Laterality
Left 941 (49.6) 108 (54.5) 1049 (50.1) 0.205
Right 950 (50.1) 90 (45.5) 1040 (49.6)
Missing 6(0.3) 0(0) 6(0.3)
T category
T1 47 (2.5) 1(0.5) 48 (2.3) < 0.001
T2 1156 (60.9) 105 (53.0) 1261 (60.2)
T3 431 (22.7) 75 (37.9) 506 (24.2)
T4 54 (2.8) 16 (8.1) 70 (3.3)
Missing 209 (11.0) 1(0.5) 210 (10.0)
Grade
1 22 (1.2) 0 (0) 22 (1.1) 0.027
2 387 (20.4) 32 (16.2) 419 (20.0)
3 921 (48.6) 119 (60.1) 1040 (49.6)
Missing 567 (29.9) 47 (23.7) 614 (29.3)
Subtype
HR-/HER2— 665 (35.1) 71 (35.9) 736 (35.1) 0.944
HR-/HER2+ 136 (7.2) 16 (8.1) 152 (7.3)
HR+/HER2— 817 (43.1) 84 (42.4) 901 (43.0)
HR+/HER2+ 273 (14.4) 27 (13.6) 300 (14.3)
Missing 6 (0.3) 0 (0) 6 (0.3)
Radiation
No 266 (14.0) 12 (6.1) 278 (13.3) < 0.001
Yes 1026 (54.1) 135 (68.2) 1161 (55.4)
Missing 605 (31.9) 51(25.8) 656 (31.3)

Data are expressed as n (%) unless otherwise specified

IM internal mammary, SD standard deviation, min minimum, max maximum, 7 tumor, hormone receptor,
HER?2 human epidermal growth factor receptor 2

group who achieved pCR had LRR rates for IM+ versus
IM— of 2.4% versus 0.6% (p = 0.10), DR of 4.9% versus
2.6% (p = 0.40), and EFS of 70.7% versus 68.4% (p = 0.06)
[Table 5]. Similarly, for patients who did not achieve a
pCR, we saw no statistical differences in LRR, DR, or EFS
(Table 6, Fig. 1C).

DISCUSSION

For the infrequent finding of IML identified on imaging
in the clinical work-up of breast cancer, we utilized a large
cohort of patients from a multicenter clinical trial, I-SPY-2,
to show the impact of IM+ nodes in patients treated with
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TABLE 2 Surgical

; : . IM—[n=1897] IM+[rn=198] Overall [n =2095] p Value
intervention and pathologic
response of patients categorized Breast surgery performed
23f’ g‘ff;ﬁ;eﬁ‘;;egg;gfﬁ;‘f; Lumpectomy 834 (44.0) 78 (39.4) 912 (43.5) 0.405
imaging Mastectomy with reconstruction 476 (25.1) 52 (26.3) 528 (25.2)
Mastectomy without reconstruction 413 (21.8) 50 (25.3) 463 (22.1)
Mastectomy unknown reconstruction 101 (5.3) 7(3.5) 108 (5.2)
Missing 73 (3.8) 11 (5.6) 84 (4.0)
Nodal surgery performed
SLN surgery only 1336 (70.4) 126 (63.6) 1462 (69.8) 0.171
ALND only 72 (3.8) 8 (4.0) 80 (3.8)
SLN surgery + ALND 329 (17.3) 40 (20.2) 369 (17.6)
Missing 160 (8.4) 24 (12.1) 184 (8.8)
PCR
No 1173 (61.8) 106 (53.5) 1279 (61.1) 0.031
Yes 645 (34.0) 82 (41.4) 727 (34.7)
Missing 79 (4.2) 10 (5.1) 89 (4.2)
RCB class
0 645 (34.0) 82 (41.4) 727 (34.7) 0.148
I 256 (13.5) 23 (11.6) 279 (13.3)
I 646 (34.1) 55 (27.8) 701 (33.5)
11 271 (14.3) 28 (14.1) 299 (14.3)
Missing 79 (4.2) 10 (5.1) 89 (4.2)
Pathological N category
NO 1180 (62.2) 118 (59.6) 1298 (62.0) 0.759
N1 402 (21.2) 46 (23.2) 448 (21.4)
N2 136 (7.2) 12 (6.1) 148 (7.1)
N3 59 (3.1) 8 (4.0) 67 (3.2)
NX 10 (0.5) 0 (0) 10 (0.5)
Missing 110 (5.8) 14 (7.1) 124 (5.9)
Pathological T category
TO 552 (29.1) 72 (36.4) 624 (29.8) 0.169
Tis 127 (6.7) 15 (7.6) 142 (6.8)
T1 582 (30.7) 43 (21.7) 625 (29.8)
T2 344 (18.1) 3517.7) 379 (18.1)
T3 160 (8.4) 17 (8.6) 177 (8.4)
T4 18 (0.9) 2 (1.0) 20 (1.0)
TX 5(0.3%) 0 (0%) 5(0.2%)
Missing 109 (5.7%) 14 (7.1%) 123 (5.9%)

Data are expressed as n (%)

IM internal mammary, SLN sentinel lymph node, ALND axillary lymph node dissection, PCR pathologic
complete response, RCB residual cancer burden, N nodal, 7 tumor, 7is carcinoma in situ

NAC in a modern context. Prior studies have identified
patient and tumor factors that are associated with a higher
likelihood of IM nodal involvement, including a study evalu-
ating 1697 patients who underwent extended radical mastec-
tomy in the absence of preoperative systemic therapy from
1956 to 2003. They found that more than four positive axil-
lary nodes, medially located T2 tumors, medial tumors of
any size with concomitant axillary involvement, T2 tumors
in any location with concomitant axillary involvement, and

age <35 years with a T3 tumor were all associated with a
>20% risk of having IM nodal involvement pathologically
at surgery.?® In a study published in 2023 by Qiu et al., pre-
dictive modeling was used to identify factors associated
with IM+ metastasis. In their validated nomogram, Qiu
et al. found that tumor size, location, presence of lympho-
vascular invasion, and number of involved axillary nodes
all had a significant relationship with IM nodal metastasis
on multivariate analysis.”” We similarly identified that our
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TABLE 3 MRI and PET/CT imaging assessment for patients with IM+ nodes detected, evaluated by method of detection

IM+ by both [n = 33] IM+ by MRI only [n = 154] IM+ by PET only Overall [n = 198]
[n=11]

Number of abnormal IM nodes by MRI [n (%)]
1 21 (63.6) 91 (59.1) NA 112 (56.6)
2 309.1) 22 (14.3) NA 25 (12.6)
3 or more 9(27.3) 41 (26.6) NA 50 (25.3)
Missing 0(0) 0(0) NA 11 (5.6)
Largest IM node by MRI, mm
Mean (SD) 8.37 (3.76) 7.34 (3.10) NA 7.52 (3.18)
Median [min, max] 9.50[2.20, 13.0] 8.00 [1.00, 15.0] NA 8.00 [1.00, 15.0]
Missing [n (%)] 27 (81.8) 125 (81.2) NA 163 (82.3)
IM nodes SUV max
Mean (SD) 4.24 (3.23) NA 4.98 (5.71) 4.39 (3.80)
Median [min, max] 3.06 [1.10, 13.6] NA 2.90 [0, 18.0] 3.06 [0, 18.0]
Missing [n (%)] 30.1) NA 3(27.3) 160 (80.8)

IM internal mammary, SD standard deviation, min minimum, max maximum, SUV standard uptake value, MRI magnetic resonance imaging,

PET/CT positron emission tomography/computed tomography

TABLE 4 Locoregional recurrence, distant recurrence, and event-
free survival comparing patients with and without IM lymphadenopa-
thy

IM—[n=1897] IM+[n=198] Overall p Value

[n =2095]

LRR

No 1824 (96.2) 187 (94.4) 2011 (96.0) 0.200

Yes 73 (3.8) 11 (5.6) 84 (4.0)

DR

No 1747 (92.1) 180 (90.9) 1927 (92.0) 0.200

Yes 150 (7.9) 18 (9.1) 168 (8.0)

EFS

No 205 (10.8) 27 (13.6) 232 (11.1) 0.600

Yes 1086 (57.2) 122 (61.6) 1208 (57.7)

Missing 606 (31.9) 49 (24.7) 655 (31.3)

Data are expressed as n (%)

IM internal mammary, LRR locoregional recurrence, DR distant
recurrence, EFS event-free survival

IM+ patients were more likely to be younger, have larger
tumors, and higher grade (all p < 0.05). Of the IM+ patients
in our study, 47.5% of the tumors were located in the inner
breast (n = 94/198) and 45% of the IM+ patients had biopsy-
proven axillary nodal involvement (n = 89/198).

Due to the reduced frequency of surgical resection of IM
nodes, as well as minimal instances of percutaneous sam-
pling in current clinical practice, we utilized abnormal IM
lymph nodes detected by MRI and/or PET/CT as a surrogate
for involvement by metastatic malignancy, an approach that
has been utilized in prior studies.”®* " We identified 9.5%
of the total study population had abnormal IM nodes by

imaging, which is similar to previous reports.?®*!3? Since
utilization of PET/CT in this study was at the discretion of
the treating physicians, we were unable to perform a head-
to-head analysis of MRI and PET/CT for the detection of
IML; however, all patients underwent MRI per study pro-
tocol. Prior publications have shown that the performance
of MRI in detecting IML is not inferior to PET/CT,!”-33-34
although head-to-head analyses are limited. Interestingly, we
found that use of PET/CT was higher in patients who were
IM+, which may be related to the baseline disease charac-
teristics or may be secondary to findings from an MRI and
could be further explored in future studies.

Historically, IM nodal involvement has indicated worse
prognosis and outcomes for patients. This was largely inves-
tigated prior to the significant utilization of NAC. Further-
more, cross-sectional imaging modalities have continued to
improve over time, thus identifying small and possibly less
clinically significant disease. We sought to identify whether
the clinical detection of IML in a modern cohort of high-
risk patients treated with neoadjuvant therapies remained
a poor prognostic predictor. In our cohort, we found that
oncologic outcomes were not negatively impacted by the
presence of IML. This finding remained statistically true
when evaluating patients with or without IML who achieved
a pCR and those who did not achieve a pCR. Interestingly,
we identified a higher rate of pCR within the IM+ group.
This could be attributed to a higher proportion of grade III
disease within the IM+ group, resulting in a better response
to NAC.%+¢ We saw no difference in the types of breast or
axillary surgery performed. Importantly, we did note a sig-
nificantly higher use of radiation therapy in the IM+ group,
as expected. This illustrates that the presence of IML is
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FIG.1 Kaplan—Meier estimate A 100
of event-free survival probabil-
ity by the presence or absence
of IM lymphadenopathy on A
imaging; B imaging in only
those patients who achieved a
pathologic complete response;
and C imaging in only those
patients who did not achieve a
pathologic complete response.
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TABLE 5 Locoregional recurrence, distant recurrence, and event-
free survival comparing patients with and without IM lymphadenopa-
thy who achieved a pCR

IM—[n =645] IM+[n=82] Overall [n =727] p value

LRR

No 641 (99.4) 80 (97.6) 721 (99.2) 0.10
Yes 4(0.6) 2(2.4) 6(0.8)

DR

No 628 (97.4) 78 (95.1) 706 (97.1) 0.4
Yes 17 (2.6) 44.9) 21 (2.9)

EFS

No 18 (2.8) 6(7.3) 24 (3.3) 0.06
Yes 441 (68.4) 58 (70.7) 499 (68.6)

Missing 186 (28.8) 18 (22.0) 204 (28.1)

Data are expressed as n (%)

IM internal mammary, pCR pathologic complete response, LRR
locoregional recurrence, DR distant recurrence, EFS event-free sur-
vival

TABLE 6 Locoregional recurrence, distant recurrence, and event-
free survival comparing patients with and without IM lymphadenopa-
thy who did not achieve a pCR

IM—[n=1173] IM+[n =106] Overall p value

[n=1279]

LRR

No 1104 (94.1) 97 (91.5) 1201 (93.9) 0.10

Yes 69 (5.9) 9 (8.5) 78 (6.1)

DR

No 1040 (88.7) 92 (86.8) 1132 (88.5) 0.20

Yes 133 (11.3) 14 (13.2) 147 (11.5)

EFS

No 187 (15.9) 21 (19.8) 208 (16.3) 0.08

Yes 643 (54.8) 64 (60.4) 707 (55.3)

Missing 343 (29.2) 21 (19.8) 364 (28.5)

Data are expressed as n (%)

IM internal mammary, pCR pathologic complete response, LRR
locoregional recurrence, DR distant recurrence, EFS event-free sur-
vival

influencing treatment strategies effectively. Of note, at least
6% of the patients with IML in our cohort did not receive
radiation, which would be recommended by the NCCN
guidelines. We suspect that this is a combination of shared
decision making between patients and providers, or, poten-
tially, that the IML documented on imaging at diagnosis was
not ultimately felt to be clinically meaningful by the treating
team after completion of NAC and surgery.

While our study utilized a large cohort of patients to
obtain relatively high numbers of an uncommon clinical
finding, the number of patients with involved IM nodes
remains limited. Further follow-up is necessary to comment

on long-term oncologic outcomes with confidence, specifi-
cally in patients with luminal breast cancer. Additionally, in
the I-SPY-2 trial, utilization of PET/CT was at the discretion
of the treating team, and other systemic staging techniques
such as CT chest were not captured. Additionally, there was
no standardized definition of abnormal IM node, such as
minimum size criteria on MRI or SUV_ . on PET. While
this introduces some heterogeneity in the patient popula-
tion, this is reflective of real-world practice. This evaluation
would benefit significantly from more complete informa-
tion on the delivery, dose, and treatment plans of radiation
therapy.

As the multidisciplinary care of breast cancer evolves,
improvements in imaging techniques, systemic therapy, sur-
gery and radiation have changed the way we diagnose and
treat IML. This study presents a valuable addition to the
literature as an update on the oncologic impact of IML in the
context of a rapidly advancing field. Historically, IML was
associated with poor prognosis, and in this study we show
that with our current clinical practice, other factors such
as response to neoadjuvant therapy likely have a stronger
impact on oncologic outcomes.

CONCLUSION

While IM nodal involvement is a relatively uncommon
clinical finding in the staging work-up of breast cancer that
impacts treatment decisions, we report on a large cohort
of patients treated in a randomized controlled trial over a
period of >10 years of enrollment and identify no prognostic
impact from the presence of IML at a median follow-up of
3.72 years.
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