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Abstract

Purpose: Young age has been shown to be an independent predictor of poor outcome in breast
cancer. In human epidermal growth factor receptor 2 (HER2)-positive breast cancer, the effects of
aging remain largely unknown.

Patients and Methods: 4,547 patients were included (3,132 from North Central Cancer
Treatment Group [NCCTG] N9831 and 1,415 from National Surgical Adjuvant Breast and Bowel
Project [NSABP] B-31). Pathologic stromal tumor infiltrating lymphocyte (sTIL) and molecular
tumor infiltrating lymphocyte (mTIL) signatures were evaluated.

Results: In NCCTG N9831, comparable benefit of trastuzumab was observed in all patients (age
<40; hazard ratio [HR], 0.43; 95% ClI, 0.28-0.66; P<0.001; and age >40; HR, 0.56; 95% ClI,
0.45-0.69; P<0.001). Similar results were observed in NSABP B-31 (age <40; HR, 0.45; 95% ClI,
0.29-0.68; P<0.001; and age >40; HR, 0.42; 95% Cl, 0.33-0.54; P<(0.001). Among patients who
received chemotherapy alone, younger age was associated with poor outcome in the hormone
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receptor-positive subset, but not the hormone receptor-negative subset, in both trials. While there
was no association between sTIL and age, a small, but significant increase in mTIL CD45 and
some immune subset signatures were observed. Among patients who received chemotherapy
alone, patients over 40 years of age with lymphocyte-predominant breast cancer had excellent
outcome, with 95% remaining recurrence-free at 15 years.

Conclusions: Among patients treated with trastuzumab, there was no significant difference in
outcome related to age. Our study suggests that trastuzumab can negate the poor prognosis
associated with young age.

Keywords
HER2-positive breast cancer; age; immune landscape

Introduction

Breast cancer is among the most common malignancies afflicting women worldwide (1).
While breast cancer is generally a disease of aging, a number of patients develop breast
cancer at a young age. In developed countries, breast cancer is the leading cause of cancer-
related death among women younger than 40 years of age(2), and approximately 6.6% of
breast cancer occurs in patients younger than 40 (3). Several studies consistently
demonstrated that young age is an independent factor associated with adverse outcome (4—
7), which can only partly be attributed to aggressive phenotypes. Breast cancers in young
patients are more likely to have hormone receptor negativity, lymphovascular invasion, and
high histologic grade compared to those in older patients.(8) Nevertheless, after adjustment
for these known aggressive phenotypes, young age continues to be an independent predictor
of recurrence and poor outcome (7).

Early genomic studies established that breast cancers arising in younger patients are
different from those occurring in older patients. One of the gene sets that differs in breast
cancers occurring in younger patients is the immune function-related gene set (4). Still, the
immune architecture of breast cancers arising in younger patients compared to older patients
has not been elucidated to date. Furthermore, given that breast cancer is a heterogeneous
disease comprised of multiple subtypes, it is critical to discern the immune architecture for
each intrinsic subtype of breast cancer. Human epidermal growth factor receptor 2 (HER2)-
positive breast cancer is a unique subset, accounting for approximately 15% to 30% of
breast cancers (9,10). Historically, HER2 overexpression conferred poor outcome, with high
rates of disease recurrence, metastasis, and death. However, with the advent of treatments
targeting HER2, particularly trastuzumab, the outcome of patients with HER2-positive
breast cancer has drastically improved in the past 2 decades (11).

Trastuzumab, a monoclonal antibody against the extracellular domain of HER2, is thought
to exert its activity via several mechanisms, including inhibition of downstream signaling of
HER2 (12) as well as immune-mediated tumor cell killing, particularly by antibody-
dependent cellular cytotoxicity (13,14). To date, the effects of patients’ preexisting immune
response according to age and benefit of trastuzumab have not been elucidated. In the
previous study from the Herceptin Adjuvant (HERA) trial, age of 40 years or younger at
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study entry was not associated with risk of early recurrence (15). However, the median
follow-up of this study was only 2 years. Therefore, we sought to evaluate the long-term
outcome and immune landscape of adjuvant trastuzumab-treated HER2-positive breast
cancer patients aged 40 years or younger compared to older patients. Patients in this study

were accrued to the N9831 trial from North Central Cancer Treatment Group (NCCTG),

now part of Alliance for Clinical Trials in Oncology, and the B-31 trial from National
Surgical Adjuvant Breast and Bowel Project (NSABP), now part of NRG.

Materials and Methods

Patient Population

The NCCTG N9831 trial is a randomized, multicenter, phase 111 trial that enrolled women
with primary, operable, node-positive or high-risk node-negative HER2-positive breast
cancer who were eligible for adjuvant chemotherapy. Patients were randomly assigned to 1
of 3 arms: arm A received only standard adjuvant chemotherapy with doxorubicin and
cyclophosphamide followed by weekly paclitaxel (AC-T); arm B patients received AC-T
followed by trastuzumab after completion of chemotherapy; and arm C patients received
AC-T concurrently with trastuzumab (AC-TH). NSABP B-31 trial is a 2-arm, randomized,
phase 111 trial that enrolled patients with operable, node-positive, HER2-positive breast
cancer. Eligible patients were randomly assigned to AC-T, with paclitaxel either every 3
weeks or weekly, or to AC-TH. The study has been performed in accordance with the
Declaration of Helsinki and good clinical practice guidelines. Each participant signed an
Institutional Review Board-approved, protocol-specific informed consent document in
accordance with federal and institutional guidelines. The primary results of these two trials
were previously published in 2005,(16) 2011,(17,18) and 2014 (19).

Pathologic Quantification of Tumor Infiltrating Lymphocytes

Data regarding pathologic quantification of stromal tumor-infiltrating lymphocytes (sTILS)
were available in a subset of patient samples from AC-T and AC-TH arms of the NCCTG
N9831 trial, as previously reported in Perez et al. (20). sTIL quantification was not available
in the NSABP B-31 trial. Histopathologic analysis of sTILs was performed with a single
hematoxylin-eosin-stained section using the method previously described by Loi et al. (21),
Denkert et al. (22), Adams et al. (23), and Salgado et al. (24). The degree of STILs was
collected in deciles, and similar to the previous publication by Loi et al. (25), lymphocyte-
predominant breast cancer (LPBC) was defined as tumors with 50% or more sTILs.

Molecular Tumor-Infiltrating Lymphocytes and Immune Subset Signatures

Gene expression data involving immune-related genes were analyzed in 1,378 samples from
the NCCTG N9831 trial. There were no data regarding immune-related gene expression in
the NSABP B-31 samples. NanoString (NanoString Technologies, Inc.) was used to quantify
MRNA in RNA from paraffin-embedded tumor samples from NCCTG N9831. NanoString
custom CodeSets were constructed to comprise 1,252 genes, including 5 housekeeping
genes (BZ2M, GAPDH, POLRZA, UBC, YWHAZ) for normalization purposes. Background
variation was removed by correcting for the geometric mean of positive spike-in RNAs, and
by subtracting the mean plus 2 standard deviations of negative spike-ins. Normalization
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proceeded by multiplying a patient’s expression profile by a factor scaled to the geometric
mean of their housekeeping genes, via the R package NanoStringNorm (26). Molecular
tumor-infiltrating lymphocyte (mTIL) signatures were calculated using normalized and log2
transformed data as previously published by Danaher et al. (27). The geometric mean across
relevant genes (Supplemental Table 1) was calculated to generate the composite score for
each immune subset signature, namely CD45, B cell, CD8 T cell, cytotoxic cell, exhausted
CD8, immature dendritic cell (iDC), macrophage, mast cell, neutrophil, natural killer (NK)
CD56dim cell, T cell, and regulatory T cell signatures. The score was mean-centered and
standardized in all analyses.

Statistical Analysis

Results

For outcome analysis, recurrence-free survival (RFS) was defined as the time from random
assignment to breast cancer recurrence (local, regional, or distant recurrence of breast cancer
or breast cancer-related death). The time to event for patients who died without recurrence
was considered censored at the time of death. Log-rank Pvalues were employed to assess
survival differences among groups with more than 2 categories. Cox proportional hazard
models were used to generate point estimates of hazard ratios (HRs) and corresponding 95%
Cls to assess the benefit of trastuzumab for RFS in each age group, with age treated as both
a continuous and dichotomous variable [defined as age < 40 vs >40 years by Partridge et al.
(15)]. The effect of age was also assessed in multivariate HRs controlling for hormonal
status, breast cancer subtype, and immune subtype scores. Gene Ontology Enrichment
Analysis (Gene Ontology Consortium) was used to calculate fold enrichment of biologic
processes of genes of interest. All statistical analyses were carried out in R version 3.2.3
(The R Foundation) on a dataset locked on November 14, 2017.

Baseline Characteristics, Age, and Outcome

There were 4,547 patients with available data from both trials, with 3,132 from NCCTG
N9831 and 1,415 from NSABP B-31 (Supplemental Figure 1A and B). The median follow-
up was 10.3 years in NCCTG N9831 and 8 years in NSABP B-31. The median age was
similar in both trials, with 49 years (range 19-82) in NCCTG N9831 and 49.6 years (range
26-77) in NSABP B-31. Across both trials, 3,625 (79.72%) patients were older than 40
years and 922 (20.28%) were 40 years or younger. Patients’ baseline characteristics for both
NCCTG N9831 and NSABP B-31 are stratified by age in Table 1, respectively. Similar to
the previous report by Partridge et al,(15) younger age (< 40) was associated with
significantly higher hormone receptor positivity in NCCTG N9831, but not in NSABP B-31
(XZ P=.02 and P=.78, respectively). Tumor grade was also higher in younger patients (~=.
04). However, there was no significant difference in tumor size or nodal status among
younger versus older patients (Table 1).

Comparing younger versus older patients, similar survival benefit of trastuzumab was
observed in both age groups (age by treatment interaction P= 0.1; P=.27 for NCCTG N9831
and P=.82 for NSABP B-31). In the combined analysis of both NSAPB B-31 and NCCTG
N9831 trials, age was a significant predictor of poor outcome only in patients who received
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chemotherapy alone (P<0.001) and not in patients who received trastuzumab-based
chemotherapy (P=.12). In NCCTG N9831, 8-year RFS rate was 63.5% with AC-T versus
83.1% with AC-TH in younger patients (HR, 0.43; 95% Cl, 0.28-0.66; P<0.001; Figure
1A). In older patients, 8-year RFS rate was 71.1% in the AC-T arm versus 83.4% in the AC-
TH arm (HR, 0.56; 95% Cl, 0.45-0.69; P<0.001; Figure 1B). In NSABP B-31, 8-year RFS
rate was 46.3% with AC-T versus 72.0% with AC-TH in younger patients (HR, 0.45; 95%
Cl, 0.29-0.68; P<0.001; Figure 1C) and 60.3% and 80.3%, respectively, in older patients
(HR, 0.42; 95% Cl, 0.33-0.54; P<0.001; Figure 1D).

Given that previous studies of HER2-positive breast cancer demonstrated differential
complete pathologic response to neoadjuvant chemotherapy among patients with hormone
receptor-positive (HR+) versus hormone receptor-negative (HR-) disease,(28,29) we
evaluated outcome as a function of HR status. Furthermore, to match NSABP B-31 trial,
which only included patients with lymph node involvement, we only analyzed patients with
lymph node involvement in the NCCTG N9831 trial (N = 2,716). We observed a significant
difference in outcome among younger versus older patients with HR+ disease receiving AC-
T (P=.04, Figure 2Ai), though HR- patients did not reach this threshold (P=.09, Figure 2Aii;
interaction p-value > 0.1). Similar results were observed in NSABP B-31 (P=.01, Figure 2Bi
and P=.60, Figure 2Bii; interaction p-value > 0.1). However, there was no significant
difference in outcome between younger and older patients who received AC-TH in either
trial, regardless of their hormone receptor status (Figures 2Aiii, 2Aiv, 2Biii, and 2Biv).

Immune Landscape in Younger Versus Older Patients

Pathologic quantification of sTIL was available in 831 patients from the NCCTG N9831
trial with 435 patient samples from the AC-T arm and 396 from the AC-TH arm. In this
cohort, 159 (19.13%) patients were 40 years old or younger and 672 (80.87%) patients were
older than 40. One hundred twenty-seven (15.3%) patient samples had sTIL of 50% or
greater and were categorized as LPBC. Overall, there was no significant association between
the amount of sTIL by deciles and age in both continuous (P=.19; Figure 3A) and
dichotomized analyses (XZ P=.75). Among younger patients, 14.4% (23/159 patients) had
LPBC. Similarly, 15.5% (104/672) of older patients had LPBC. More comprehensive
analysis was carried out using gene expression signatures to identify individual immune
infiltrates. mTIL used CD45 to estimate total leukocyte infiltration. There was a small but
statistically significant increase in mTIL CD45 expression with older age (linear regression,
P=.01) (Figure 3B). Similar trends were observed in other mTIL subset signatures (Table 2),
including cytotoxic cells (P=.03), exhausted CD8 (P=.02), macrophages (P<0.001),
neutrophils (P<0.001), NK CD56dim (P<0.001), T cells (P=.02), and regulatory T cells (P=.
04). However, there was no statistically significant difference in B cells (P=.09), CD8 T cells
(P=.14), and iDC (P=.17) among younger and older subgroups.

Outcomes Related to Immune Landscape and Age

Patient outcomes related to sTIL and age were further evaluated in the 831-patient cohort
with available sTIL data in the NCCTG N9831 trial. In patients with LPBC who received
AC-T, there was statistically significant improvement in RFS (HR, 0.18; 95% Cl, 0.05-0.7;
P=.01; Figure 4A) in patients older than 40 compared to younger than 40. The older patients
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in this group had excellent outcomes, with 95% remaining recurrence-free at 15 years,
despite not receiving adjuvant trastuzumab. However, younger patients had poor RFS when
receiving AC-T, regardless of LPBC status. In contrast, among patients who received AC-
TH, there was no significant difference in RFS (P=.26; Figure 4B) among younger and older
patients stratified by LPBC status. Similar findings were observed using age and sTILs as
continuous variables (Supplemental Table 2). In patients who received AC-T, there was no
significant difference in RFS when age and sTIL were analyzed as continuous variable (HR,
1.00; 95% ClI, 0.97-1.02 ; P=.74 and HR, 1.20; 95% ClI, 0.75-1.92 ; P=.44, respectively).
Similar findings are observed in in patients who received AC-TH (HR, 1.01; 95% CI, 0.98—
1.04 ; P=.52 and HR, 1.25; 95% ClI, 0.72-2.18 ; P=.43). Furthermore, the age by sTIL
interaction was significant with an age dichotomization of 40 years, but was not for 50 or 60.
As shown in Supplemental Figure 2 and Table 3, younger LPBC patients have significantly
higher levels of genes enriched in proliferation (P=.02), but lower levels of genes enriched in
chemokines related to leukocyte migration and function (P<0.001). In contrast, older
patients have significantly higher levels of genes involved in immune suppression and
exhaustion, including FOXP3, HAVCRZ, LAGS3, and ICOS.

Discussion

Similar to other studies (3,4,30), our study demonstrates that breast cancers arising in
younger patients have distinct characteristics and gene expression compared to older
counterparts. Overall, breast cancer in younger patients is associated with more aggressive
phenotypes. When combining all breast cancer subtypes, previous studies showed younger
patients were more likely to have HR— disease, higher HER2 protein expression, larger
tumors, pathologic grade 3, lymphovascular invasion, and lymph node involvement
compared to older patients (8). In HER2-positive patients, previous HERA trial reported that
younger patients are more likely to have estrogen receptor-positive and progesterone
receptor-positive disease (15). However, in our study, younger age was associated with
higher hormone receptor positivity compared to older age in NCCTG N9831 trial but not in
NSABP B-31 trial. These findings signify the importance of evaluating biologic process
related to age separately in each breast cancer subtype.

Among patients who received AC-T, our analysis in the NCCTG N9831 and NSABP B-31
trials demonstrated that younger age confers significantly poorer outcomes among patients
with HR+ HER2-positive, but not HR— HER2-positive breast cancer. This is in contrast to
the HERA trial report (15), which found no significant difference in disease-free survival
(HR, 1.16; 95% CI, 0.89-1.51; P=.27) among patients treated with AC-T when comparing
between younger and older patients. However, outcome based on hormone receptor status in
the context of age was not reported. Furthermore, the median follow-up in that particular
report was relatively short, with only 2 years of median follow-up. Nevertheless, the poor
outcomes associated with younger age were not observed among patients who received AC-
TH. This finding is similar to the HERA trial report, which also showed no significant
difference in disease-free survival among patients treated with AC-TH (HR, 1.18; 95% ClI,
0.87-1.61, P=.30) (15). To our knowledge, our analysis represents the first study to
demonstrate that trastuzumab may mitigate the poor prognosis associated with younger age
in patients with early stage HER2+ breast cancer as age was not significantly associated with
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poor outcome in our combined analysis in patients treated with adjuvant trastuzumab-based
chemotherapy. Nevertheless, among patients received trastuzumab in the NSABP B-31 trial,
there was numerically more number of older patients without recurrence compared to
younger patients (80.3% vs. 72%, respectively). Given the fact that patients in the NSABP
B-31 had higher risk disease with more lymph node involvement than patients in the
NCCTG N9831, it is possible that the detrimental effect of age may exist in patients with
higher risk disease. In addition, our study also shows the difference in outcomes among HR+
versus HR- within HER2-positive disease based on age. However, beneficial effects of
trastuzumab on age persist, regardless of hormone receptor status.

One potential explanation for the poorer outcome observed only in younger patients with
HR+ HER2+ breast cancer but not HR— HER2-positive breast cancer may be due to the type
of adjuvant endocrine therapy used in these trials. The accrual period of our two trials
preceded the information from the SOFT and TEXT trials (31), which demonstrated
superiority of ovarian suppression in combination with tamoxifen or aromatase inhibitor in
premenopausal patient with HR+ disease. The majority of younger premenopausal patients
in our two trials were mainly treated with adjuvant tamoxifen and older postmenopausal
patients were treated with adjuvant aromatase inhibitors. Giving the fact that aromatase
inhibitor confers approximately 30% improvement in the outcome compared to tamoxifen
(32), this may explain the poorer outcome observed in younger patients only in the HR+
HER2+ subset.

Using gene set enrichment analysis, a previous large-scale genomic study demonstrated that
distinct gene sets that are different in younger patients involve immune function, hypoxia,
BRCA1, stem cells, apoptosis, histone deacetylase, and multiple other oncogenic signaling
pathways, including MYC, E2F, RAS, and mammalian target of rapamycin (4). While this
previous study showed that immune function genes are among the gene sets distinctly
different with age, the actual difference in immune-related genes in tumors arising in
younger versus older patients remains largely unknown. In general, aging of the immune
system is associated with a decline in both humoral and cellular adaptive immune response.
This process is termed /immune senescence (33). Due to involution of the thymic gland with
aging, the number and portion of naive T cells considerably decrease with aging process
(34). Furthermore, there is an increase in the proportion of memory T cells, which may
cause defects in cytokine production (35) and accumulation of terminally differentiated T
cells that are dysfunctional and have limited T-cell receptor repertoire diversity (36).
Nevertheless, the immune landscape of younger versus older patients with breast cancer,
specifically with HER2-positive subtype, is not defined. In contrast to a decline in the
immune response expected from immune senescence, we observed no statistically
significant difference in the amount of sTIL measured by pathologic quantification.
However, with more in-depth analysis using gene expression signatures, there were small,
but significant increases in mTIL signatures for total lymphocytes, cytotoxic cells,
macrophages, neutrophils, NK CD56dim cells, and total T cells. Older patients appeared to
have slight increases in exhausted CD8 T cells and regulatory T cells, but there was no
statistically significant difference in B cells, CD8 T cells, and iDC.
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In our analysis, older patients with LPBC appeared to have excellent outcomes with AC-T,
despite not receiving trastuzumab. However, the number of older patients with LPBC was
too small with only 55 patients receiving AC-T and 49 patients receiving AC-TH. Therefore,
definitive conclusion about the added benefit of trastuzumab cannot be determined. When
comparing gene expression among younger and older patients with LPBC, it appears
younger patients have lower levels of chemokines critical for immune function. By contrast,
older patients appear to have more immune suppression and exhaustion. These findings
highlight that immune escape mechanisms may differ between younger and older patients.
Therefore, different treatment strategies may be needed to modulate immune response to
improve outcomes in these 2 distinct groups of patients.

However, our study has several limitations. One of the limitations is the lack of
predetermined statistical analysis plan to evaluate specific association between age and
outcome in both of the trials. Furthermore, the data of STIL and gene expression analysis of
immune-related genes were not available in both trials. Currently, the data of sTIL and gene
expression analysis of immune-related gene were only available in the NCCTG-N9831 trial
and not the NSABP B-31 trial. Therefore, we were unable to further validate these findings
from the NCCTG-N9831 trial in the NSABP B-31 trial. Therefore, the results of this
analysis should be viewed as hypothesis generation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Statement of Translational relevance

Conventionally, young age has been previously shown to be an independent
predictor of poor outcome in patients with breast cancer. However, our study
suggests that trastuzumab-based adjuvant chemotherapy can negate the poor
prognosis associated with young age in patients with HER2-positive breast
cancer.

However, among patients who received chemotherapy alone, younger age was
associated with poor outcome in the hormone receptor-positive subset, but not
the hormone receptor-negative subset.

In contrast to a decline in the immune response expected from immune
senescence with aging process, a small, but significant increase in mTIL
CD45 and some immune subset signatures were observed. Our study
highlights that immune escape mechanisms may differ between younger and
older patients, with younger patients having lower levels of chemokines
critical for immune function and older patients having more immune
suppression and exhaustion.
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Figure 1.
Kaplan-Meier Curves of Recurrence-Free Survival Comparing Chemotherapy Alone and

Concurrent Trastuzumab Arms. A, NCCTG N9831 patients < 40 years old; B, NCCTG
N9831 patients > 40 years old; C, NSABP B-31 patients < 40 years old; D, NSABP B-31
patients > 40 years old. AC-T indicates adjuvant chemotherapy followed by paclitaxel; AC-
TH, adjuvant chemotherapy followed by paclitaxel with concurrent trastuzumab; NCCTG,
North Central Cancer Treatment Group; NSABP, National Surgical Adjuvant Breast and
Bowel Project.
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B. N9831: Patients Over 40
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Figure 2.

Kaplan-Meier Curves of Recurrence-Free Survival Stratified by Age < 40 Versus > 40 Years
Old in Separate Analysis. A, NCCTG N9831 patients with lymph node involvement (N =
2,716): i, HR+ subgroup in chemotherapy alone arm; ii, HR— subgroup in chemotherapy
alone arm; iii, HR+ in concurrent trastuzumab arm; and iv, HR- in concurrent trastuzumab
arm. B, NSABP B-31 patients with lymph node involvement (N = 1,415): i, HR+ subgroup
in chemotherapy alone arm; ii, HR— in chemotherapy alone arm; iii, HR+ subgroup in
concurrent trastuzumab arm; and iv, HR— in concurrent trastuzumab arm. AC-T indicates
adjuvant chemotherapy followed by paclitaxel; AC-TH, adjuvant chemotherapy followed by
paclitaxel with concurrent trastuzumab; HR+, hormone receptor-positive; HR—, hormone
receptor-negative; NCCTG, North Central Cancer Treatment Group; and NSABP, National
Surgical Adjuvant Breast and Bowel Project.
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Kaplan-Meier Curves of Recurrence-Free Survival (RFS) and Overall Survival (OS)

Stratified by Age < 40 versus > 40 Years Old and LPBC in NCCTG N9831. A, RFSin
chemotherapy alone arm. B, RFS in concurrent trastuzumab arm. C, OS in chemotherapy
alone arm. D, OS in concurrent trastuzumab arm. AC-T indicates adjuvant chemotherapy
followed by paclitaxel; AC-TH, adjuvant chemotherapy followed by paclitaxel with
concurrent trastuzumab; LPBC, lymphocyte-predominant breast cancer; NCCTG, North
Central Cancer Treatment Group; NSABP, National Surgical Adjuvant Breast and Bowel

Project.
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Table 1.
Baseline Characteristics and Age in NCCTG N9831 and NSABP B-31

NCCTG N9831 Age < 40 Age > 40 Total
Characteristics (n=642) (n=2,490) (n=3,132) P Value
Age <.0001
Median 36.0 52.0 49.0
Mean 354 53.2 49.5
Tumor size, No. (%) 21
<2.cm 265 (41.3)  985(39.6) 1,250 (39.9)
2.0-4.9 cm 314 (48.9) 1,302 (52.3) 1,616 (51.6)
>5cm 63 (9.8) 203 (8.2) 266 (8.5)
Nodal status, No. (%) 21
NO 71(11.1)  345(139) 416 (13.3)
N1 535(83.3) 1,990 (79.9) 2,525 (80.6)
N2 36 (5.6) 153 (6.1) 189 (6.0)
N3 0(0.0) 2(<0.1) 2(<0.1)
Menopausal status, No. (%) <.0001

Premenopausal or >50 yearsold 621 (96.7) 1,064 (42.7) 1,685 (53.8)
Postmenopausal or >50 years old 21(3.3) 1,426 (57.3) 1,447 (46.2)

Histologic grade, No. (%) .04
Low (1-2) 154 (24.3) 699 (28.4) 853 (27.6)
High (3) 479 (75.7) 1,759 (71.6) 2,238 (72.4)
Unknown 9 32 41
Hormonal status, No. (%) .02
Negative 269 (41.9) 1,174 (47.1) 1,443 (46.1)
Positive 373(58.1) 1,316(52.9) 1,689 (53.9)
Treatment arm, No. (%) .04
A 226(35.2) 861(34.6) 1,087 (34.7)
B 246 (38.3) 850 (34.1) 1,096 (35.0)
c 170 (265)  779(31.3) 949 (30.3)
NSABP Age <40 Age > 40 Total P Value
B-31 Characteristics (n=280) (n=1,135) (N=1,415)
Age <.0001
Median 37.0 52.0 49.0
Mean 36.2 52.9 49.6
Tumor size, No. (%) .69
<2cm 85(30.4)  341(30.0)  426(30.1)
2.0-4.9 cm 155 (55.4) 652 (57.4) 807 (57.0)
>5 cm 40 (14.3) 142 (125) 182 (12.9)
Missing 2 2 4
Nodal status, No. (%) .64
NO 0 0 0
N1 149 (53.2) 638 (56.2) 787 (55.6)
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NCCTG N9831 Age <40 Age > 40 Total
Characteristics (n=642) (n=2,490) (n=3,132) P Value
N2 89 (31.8)  344(30.3)  433(30.6)
N3 42 (150)  153(135)  195(13.8)
Hormonal status, No. (%) .78
Negative 134 (47.9) 554 (48.8) 688 (48.6)
Positive 146 (52.1) 581 (51.2) 727 (51.4)
Treatment arm, No. (%) 22
1 149 (53.2)  557(49.1) 706 (49.9)
2 131 (46.8) 578 (51.0) 709 (50.1)

Abbreviation: NCCTG, North Central Cancer Treatment Group and NSABP, National Surgical Adjuvant Breast and Bowel Project.
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Molecular Tumor Infiltrating Lymphocytes and Immune Subset Signatures Stratified by Age < 40 Versus > 40
Years Old in NCCTG N9831

Age <40 Age > 40 Total Mann-Whitney
mTIL Signatures (n=281) (n=1,111) (N=1,392) P Value
CD45 .004

Mean -0.2 0.0 0.0
Median (range) -0.2(-2.4-2.4) 0.0(-2.8-29) -0.1(-2.8-2.9)
B cells .09
Mean -0.2 0.0 0.0
Median (range) -0.3 (-2.7-3.4) -0.1(-3.0-4.1) -0.2(-3.0-4.1)
CD8 T cells 14
Mean -0.1 0.0 0.0
Median (range) -0.1(-2.8-2.3) 0.0 (-3.0-2.5) 0.0 (-3.0-2.5)
Cytotoxic cells .03
Mean -0.2 0.0 0.0
Median (range) -0.2 (-3.0-2.8) 0.1 (-2.9-3.6) 0.0 (-3.0-3.6)
Exhausted CD8 .02
Mean -0.1 0.0 0.0
Median (range) -0.1(-1.3-1.4) 0.0 (-1.4-2.2) 0.0 (-1.4-2.2)
iDC 17
Mean -0.1 0.0 0.0
Median (range) -0.1(-3.2-2.0) 0.1 (-2.6-2.6) 0.0 (-3.2-2.6)
Macrophages .0003
Mean -0.2 0.0 0.0
Median (range) -0.2 (-2.2-1.8) 0.0 (-3.4-3.0) 0.0 (-3.4-3.0)
Mast cells .08
Mean 0.1 0.0 0.0
Median (range) 0.2 (=5.3-4.5) 0.1 (-5.4-4.5) 0.1 (-5.4-4.5)
Neutrophils .0005
Mean -0.1 0.0 0.0
Median (range) -0.1(-2.9-1.7) 0.0 (-2.7-2.9) 0.0 (-2.9-2.9)
NK-CD56dim cells .001
Mean -0.2 0.0 0.0
Median (range) -0.2 (-3.2-2.1) 0.0, (-2.9-2.9) 0.0 (-3.2-2.9)
T cells .02
Mean -0.1 0.0 0.0
Median (range) -0.2 (-2.6-2.4) 0.0 (-2.9-2.5) 0.0 (-2.9-2.5)
Treg .04
Mean -0.1 0.0 0.0
Median (range) -0.1(-2.0-1.6) 0.0 (-2.4-2.0) 0.0 (-2.4-2.0)

Abbreviations: iDC, immature dendritic cell ; mTIL, molecular tumor infiltrating lymphocyte; NCCTG, North Central Cancer Treatment Group;

NK, natural killer; Treg, regulatory T cells
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