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Abstract
Background  Following KEYNOTE-522, there is limited population-level data regarding the use and outcomes of neoadju-
vant chemoimmunotherapy (NACI) for triple-negative breast cancer (TNBC) management across patient ages. We examined 
trends in the use of NACI and neoadjuvant chemotherapy (NAC) without immunotherapy in TNBC patients stratified by age 
groups and impact on pathological complete response (pCR) and overall survival (OS).
Methods  Adult women with nonmetastatic TNBC who underwent NAC/NACI between 2012 and 2022 were selected from 
the National Cancer Database. These patients were compared overall and stratified by age group (< 50 years, 50–70 years, 
and >70 years) based on receipt of NACI or NAC.
Results  A total of 56,606 patients were included. Use of NACI significantly increased from 2012 to 2022 with a concomitant 
decrease in NAC (p < 0.0001), although women >70 years received significantly less NACI in 2022 than other age groups 
(p < 0.0001). Women had greater pCR rates in the breast and axillary lymph nodes with NACI compared with NAC overall 
(relative risk 1.405, p < 0.0001), with women >70 years receiving the greatest benefit (relative risk 1.56, p < 0.0001). All 
women had greater OS with NACI over NAC (hazard ratio 0.704, p < 0.0001), especially women 50–70 years.
Conclusions  Use of NACI for TNBC patients has increased over the past decade. NACI was associated with higher pCR rates 
and greater OS over NAC in all women, especially > 70 years. These data suggest that older TNBC patients may achieve 
significant clinical benefit from this regimen.
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Although breast cancer remains the second most common 
malignancy for women, it is a heterogenous disease.1–4 
Triple-negative breast cancer (TNBC), a subtype without 
estrogen receptor (ER), progesterone receptor (PR), 
and human epidermal growth factor receptor 2 (HER2) 
overexpression, is associated with early onset, increased 
metastatic potential, and the worst prognosis of all breast 
cancers.5,6 Given the historic lack of targeted therapies 
for these patients, chemotherapy administered in the 
neoadjuvant and adjuvant setting has been the mainstay 
of systemic therapy for TNBC.7–12 Within the past two 

decades, immunotherapy has become an attractive treatment 
approach for the management of aggressive cancers bearing 
a high degree of immune cell infiltration. Strategies aimed 
at blocking the immune checkpoints PD-1, PD-L1, and 
CTLA-4 rejuvenate populations of exhausted tumor-
infiltrating T cells and allow enhanced anticancer immune 
responses.6,13–16 This immune checkpoint inhibitor (ICI) 
therapy has revolutionized the treatment of several “immune 
hot” malignancies, including melanoma, non-small cell lung 
cancer, and renal cell carcinoma.17–20 Compared with other 
breast cancer subtypes, TNBC also has the highest degree 
of immune cell infiltration, which has spurred interest in 
leveraging immunotherapy, including ICIs, for TNBC 
treatment.21–23

Prior to 2021, neoadjuvant chemotherapy was the 
preferred treatment strategy for early-stage, high-risk 
TNBC.12,24,25 The phase III KEYNOTE-522 trial enrolled 
women with previously untreated anatomic stage II 
or stage III TNBC to assess the efficacy of combined 
neoadjuvant pembrolizumab and chemotherapy for 
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early-stage TNBC, followed by adjuvant treatment 
with pembrolizumab alone, compared to the standard 
neoadjuvant chemotherapy (NAC) alone. The group 
receiving combined pembrolizumab and chemotherapy 
had an absolute improved pathological complete response 
(pCR) rate improvement of 7.5% compared with the 
group receiving only chemotherapy.26 In addition, the 
chemoimmunotherapy group had increased event-free 
survival (EFS) over the chemotherapy only group at 
the median follow-up of 15.5 months.27 These findings 
led to the FDA approval of neoadjuvant combination 
chemoimmunotherapy for high-risk early-stage TNBC 
patients in 2021.28 Prior to approval, neoadjuvant 
chemoimmunotherapy (NACI) had also been used in a trial 
setting for TNBC, with the KN522 trial being most recent 
in the last 5 years.29

Some studies, often in other tumor types, suggest 
that older patients may have greater ICI benefit than 
younger patients,30–33 despite the gradual decline of 
immune function that occurs naturally with age.34 
Despite this efficacy, older adults are less likely to 
receive immunotherapy for some solid malignancies.30 
Furthermore, data regarding efficacy of breast cancer 
therapies in older women are scarce, as older women are 
often underrepresented in clinical trials.35,36 For example, 
only 11% of KEYNOTE-522 patients were 65 years or 
older. The number of adults older than 65 is expected to 
surpass those 18 and younger by 2035.37 With 60% of 
new cancer diagnoses occurring in people older than 
65 years and 70% of cancer-related deaths occurring in 
this population, it is imperative to investigate differential 
responses to immunotherapy as well as trends in adoption 
of these therapies across age groups to identify potential 
barriers to treatment.33 Using the National Cancer 
Database (NCDB), we sought to examine trends in NACI 
utilization as well as adoption following FDA approval of 
NACI for the management of TNBC from 2012 to 2022.38 
We also sought to investigate differences in adoption of 
NACI, as well as rates of pCR and overall survival (OS), 
in women younger than 50 years, women 50 to 70 years 
old, and women older than 70 years.

Methods

Data Source

Data were obtained from the American College of Surgeons 
and American Cancer Society 2022 National Cancer 
Database (NCDB). This database is noted to include at least 
70% of incident cancers in the United States.38

Study Design and Population

We utilized the NCDB participant user files for 2012 to 
2022 for adult (≥18 years) female patients with clinical 
T0-4, N0-3, M0 TNBC. Patients with inflammatory breast 
cancer (T4d) were included. Patients with metastatic 
disease were excluded. Patients with T1 N0 disease 
were also excluded as these patients are typically not 
candidates for NACI in clinical practice. Characteristics 
of the overall study population are included in Table 1. A 
complete table of T and N staging included in the study 
population is available in Table 2. Triple-negative breast 
cancer status was determined by the absence of estrogen 
receptor (ER), progesterone receptor (PR), and human 
epidermal growth factor receptor 2 (HER2) expression. 
In order to capture practice patterns during the study 
period, patients were evaluated based on treatment with 
neoadjuvant chemotherapy or neoadjuvant chemotherapy 
with neoadjuvant immunotherapy. Patients were stratified 
into three age groups based on age at diagnosis (<50 years, 
50-70 years, >70 years).

Covariates

Clinical and demographic covariates were collected, 
including neoadjuvant therapy type in the NCDB file 
specific to neoadjuvant chemotherapy and neoadjuvant 
immunotherapy starting in 2012. Surgery type was 
included based on the annotations in the NCDB file 
specific to sentinel lymph node biopsy (SLNB) and 
axillary lymph node dissection (ALND) starting in 
2012. Additional demographic information included age, 
rural status, race, comorbidity score using the Charlson 
Comorbidity Index (CCI), facility type, and insurance 
status. Tumor characteristics were also collected, including 
grade and stage information. Posttreatment T-stage was 
determined by using the TNM_POST_PATH_T variable 
when available (after 2018) and using the TNM_PATH_T 
variable only for patients who received NAC before 2018. 
Nodal PCR was evaluated for patients who received NAC 
and were found to have ypN0 disease. This was determined 
by using the TNM_POST_PATH_N variable when 
available (after 2018) and by using the TNM_PATH_N 
variable for only patients who received NAC before 2018.

Statistical Analysis

Frequencies were used to describe demographic and clini-
cal characteristics of the cohort overall and stratified by 
exposure status (NACI vs. NAC). Chi-square tests of 
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Table 1   Characteristics of adult female breast cancer patients with triple-negative breast cancer who received neoadjuvant chemotherapy or neo-
adjuvant chemoimmunotherapy between 2012-2022 in the National Cancer Database (n=56606)

Overall  
(n=56606)

Neoadjuvant  
Chemotherapy (NAC)  
(n= 44400, 78.4%)

Neoadjuvant  
Chemoimmunotherapy 
(NAC) (n= 12206, 21.6%)

Characteristic Categories Frequency (%) Frequency (%) Frequency (%) P-value

Age (continuous) Mean 53.7 53.7 53.4 0.011
Age (categorical) < 50 23346 (41.2) 18221 (41) 5125 (42) 0.0097

50-70 27349 (48.3) 21595 (48.6) 5754 (47.1)
> 70 5911 (10.4) 4584 (10.3) 1327 (10.9)

Race White 39297 (70) 30755 (69.8) 8542 (70.7) <.0001
Black 13331 (23.8) 10755 (24.4) 2576 (21.3)
Native American,
Alaskan Native,
Pacific Islander 375 (0.7) 276 (0.6) 99(0.8)
Asian 2273 (4) 1626 (3.7) 647 (54)
Other 848 (1.5) 624 (1.4) 224 (1.9)
Missing 482 364 118

Ethnicity Not Hispanic/Latino 50471 (90.8) 39705 (91.1) 10766 (89.7) <.0001
Hispanic/Latino 5110 (9.2) 3873 (8.9) 1237 (10.3)
Missing 1025 822 203

Location Metropolitan 46701 (85.6) 36640 (85.5) 10061 (85.6) 0.3644
Urban 6809 (12.5) 5369 (12.5) 1440 (12.3)
Rural 1077 (2) 829 (1.9) 248 (2.1)
Missing 2019 1562 457

Insurance Uninsured 1581 (2.8) 1333 (3) 248 (2) <.0001
Private 33905 (60.5) 26460 (60.2) 7445 (61.4)
Government 20591 (36.7) 16159 (36.8) 4432 (36.6)
Missing 529 448 81

Region Midwest 12313 (21.8) 9702 (21.9) 2611 (21.4) <.0001
Northeast 16944 (29.9) 13106 (29.5) 3838 (31.4)
South 19935 (35.2) 15878 (35.8) 4057 (33.2)
West 7414 (13.1) 5714 (12.9) 1700 (13.9)

Facility type Community Cancer
 Program 2773 (5.8) 2176 (5.8) 597 (5.9) 0.0021

Comprehensive
Community Cancer
 Program 17518 (36.7) 13979 (37.1) 3539 (35.1)

Academic/ Research 
  Program 16841 (35.3) 13177 (35) 3664 (36.3)
Integreated Network
  Cancer Program 10611 (22.2) 8318 (22.1) 2293 (22.7)
Missing 8863 6750 2113

Median household income < $46,277 8517 (17.9) 6950 (18.5) 1567 (15.5) <.0001
$46,277-$57,856 10039 (21.1) 8003 (21.3) 2036 (20.2)
$57,857-$74,062 11282 (23.7) 8883 (23.6) 2399 (23.8)
> $74,063 17811 (37.4) 13735 (36.6) 4076 (40.4)
Missing 8957 6829 2128

Charlson Comorbidity 
Index

0 47628 (84.1) 37358 (84.1) 10270 (84.1) 0.8064
1 6670 (11.8) 5247 (11.8) 1423 (11.7)
2 1467 (2.6) 1137 (2.6) 330 (2.7)
3 841 (1.5) 658 (1.5) 183 (1.5)
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independence (for categorical variables) and the Wil-
coxon rank-sum test (for continuous variables) were used 
to assess differences in exposure status across baseline 
characteristics.

Trends in neoadjuvant immunotherapy were assessed by 
using the Cochran-Mantel-Haenszel test. Hazard ratios (HR) 
for the potential predictors of survival were estimated by 
using Cox proportional hazard regression models.

To compare risk of breast, nodal, and overall PCR by 
exposure status, log-risk regression was used to generate 
risk ratios (RRs) and their corresponding 95% confidence 
intervals. In our primary outcomes analysis (for PCR), we 
adjusted for age, breast surgery type, axillary surgery type, 

CCI, income, and hospital/facility type. We further esti-
mated and compared risk of breast, nodal, and overall pCR 
within age groups (<50 years, 50-70 years, >70 years).

We used Kaplan-Meier methods to estimate and show 
graphically median survival time after diagnosis and esti-
mate and compare hazard of death postdiagnosis by expo-
sure status after adjusting for age, TNM clinical stage, 
breast surgery type, axillary surgery type, CCI, income, 
and facility type. Alpha of 0.05 was used for all measures. 
All analyses were conducted by using SAS version 9.4 
(SAS Institute Inc., Cary, NC) and RStudio (R Core Team 
2024). The University of North Carolina institutional 

Table 1   (continued)

Overall  
(n=56606)

Neoadjuvant  
Chemotherapy (NAC)  
(n= 44400, 78.4%)

Neoadjuvant  
Chemoimmunotherapy 
(NAC) (n= 12206, 21.6%)

Characteristic Categories Frequency (%) Frequency (%) Frequency (%) P-value

Histology Ductal
Lobular
Other

52089 (92)
559 (1)
3958 (7)

40660 (91.6)
423 (1)
3317 (7.5)

11429 (93.6)
136 (1.1)
641 (5.3)

<.0001

Grade 1 243 (0.7) 178 (0.8) 65 (0.6) 0.0598
2 5112 (14.7) 3444 (14.9) 1668 (14.5)
3 29314 (84.6) 19536 (84.4) 9778 (84.9)
Missing 21937 21242 695

Clinical T Stage 0 142 (0.3) 127 (0.3) 15 (0.1) <.0001
1 4921 (8.7) 3872 (8.7) 1049 (8.6)
2 37570 (66.4) 29130 (66) 8260 (67.7)
3 9280 (16.4) 7278 (16.4) 2002 (16.4)
4 4693 (8.3) 3813 (8.6) 880 (7.2)

Clinical N Stage 0 27323 (48.3) 21312 (48) 6011 (49.2) <.0001
1 22677 (40.1) 17852 (40.2) 4825 (39.5)
2 3382 (6) 2766 (6.2) 616 (5)
3 3224 (5.7) 2470 (5.6) 754 (6.2)

Radiation Therapy Timing No radiation 16247 (29.7) 12540 (29.1) 3797 (31.8) <.0001
Adjuvant radiation 37928 (69.3) 29922 (69.9) 8006 (67.1)
Unknown or alternative 

radiation sequence 554 (1) 426 (1) 128 (1.1)

Missing 1877 1602 275
Breast Surgery Type Mastectomy 32323 (57.1) 25551 (57.5) 6772 (55.5) <.0001

Breast conservation 
therapy 24283 (42.3) 18849 (45.3) 5434 (31.5)

Axillary Surgery Type SLNB only 32028 (56.6) 23742 (53.5) 8286 (67.9) <.0001
ALND only 14255 (25.2) 12335 (27.8) 1920 (15.7)
ALND & SLNB 9697 (17.1) 7777 (17.5) 1920 (15.7)
No surgery or
 biopsy/aspiration of
 regional lymph nodes 626 (1.1) 546 (1.2) 80 (0.7)

* Chi Square Test of Independence, alpha = 0.05
** Wilcoxon Rank Sum Test, alpha = 0.05
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review board determined this study to be exempt (IRB# 
20-1493).

Results

Patient Characteristics

We identified 56,606 women diagnosed with non-meta-
static triple-negative breast cancer between 2012 and 2022 
who received NAC or NACI (Fig. 1). Demographic and 
clinical characteristics for the overall cohort provided in 
Table 1 were stratified by treatment group. The median age 
at diagnosis was 53.7 years and was similar between treat-
ment groups. Patients were further separated into categori-
cal age groups: <50 years (n = 23,346), 50-70 years (n = 
27,349), and >70 years (n = 5,911).

Clinical T and N staging for the study population is 
included in Table 2. Patients most frequently presented 
with clinical T2 N0 disease (40.1% of NAC patients, 
41.6% of NACI patients) or T2 N1 disease (21.3% of NAC 
patients, 21.5% of NACI patients). Clinical T4 tumors were 
most common in the NAC group (8.6% vs. 7.2% of NACI 
patients). Grade 3 disease was also noted most frequently 
and was similarly represented in both treatment groups 
(84.4% of NAC, 84.9% of NACI).

The majority of women in this study were considered 
healthy with a Charlson-Deyo comorbidity index (CCI) 
score of 0 (84.1%), which was similar between treatment 
groups. However, CCI scores were highest in the >70 years 
group. 90.0% of patients <50 years had a CCI of 0, com-
pared to 81.4% of patients 50 to 70 and 73.5% of patients 
>70 (p < 0.0001). Overall, 70% of women were White, 
23.8% were Black, and 6.2% were other races. Most women 
lived in metropolitan areas (85.6%), whereas 12.5% lived in 
urban areas and 2% lived in rural areas. Of patients included, 
36.7% were treated at comprehensive community cancer 
programs, 35.3% were treated at academic/research insti-
tutions, 22.2% received treatment at an integrated network 
cancer program, and 5.8% were treated at a community can-
cer program. Most women (60.5%) were covered by private 
insurance or managed care, 36.7% were covered by Medi-
care and/or Medicaid, and 2.8% of women were uninsured.

Table 2   T and N Staging of Study Population

Stage Overall Neoadjuvant 
Chemotherapy 
(NAC)

Neoadjuvant 
Chemoimmunotherapy 
(NACI)

Frequency (%) Frequency (%) Frequency (%)

T0N1 84 (0.2) 80 (0.2) 4 (0)
T0N2 30 (0.1) 23 (0.1) 7 (0.1)
T0N3 28 (0.1) 24 (0.1) 4 (0)
T1N1 4109 (7.3) 3203 (7.2) 906 (7.4)
T1N2 450 (0.8) 382 (0.9) 68 (0.6)
T1N3 362 (0.6) 287 (0.7) 75 (0.6)
T2N0 22906 (40.5) 17823 (40.1) 5083 (41.6)
T2N1 12086 (21.4) 9458 (21.3) 2628 (21.5)
T2N2 1375 (2.4) 1124 (2.5) 251 (2.1)
T2N3 1203 (2.1) 905 (2) 298 (2.4)
T3N0 3493 (6.2) 2743 (6.2) 750 (6.1)
T3N1 4211 (7.4) 3322 (7.5) 889 (7.3)
T3N2 751 (1.3) 600 (1.4) 151 (1.2)
T3N3 825 (1.5) 613 (1.4) 212 (1.7)
T4N0 924 (1.6) 746 (1.7) 178 (1.5)
T4N1 2187 (3.9) 1789 (4) 398 (3 3)
T4N2 776 (1.4) 637 (1.4) 139 (1.1)
T4N3 806 (1.4) 641 (1.4) 165 (1.4)

Neoadjuvant immunotherapy & 
chemotherapy (n=12206)

Neoadjuvant chemotherapy
alone (n=44400)

Adult women diagnosed with triple 
negative breast cancer receiving 
neoadjuvant chemotherapy and 

staged at N1 or higher OR T1 N1 or 
higher*(n = 56606)

NCDB Breast (n = 4231296)

NCDB Breast 2012-2022
(n = 2722481)

Fig. 1   Consort diagram
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Treatment Characteristics

Neoadjuvant chemotherapy alone was more common than 
NACI during the study period. Overall, 44,400 women 
(78.4%) received NAC, while 12,206 women (21.6%) 
received NACI. The proportion of patients in each age 
group was also similar between NAC and NACI treatment 
groups. Given the large cohort size, the difference in age 
was statistically significant (p = 0.0097). For women 
receiving NAC, 41% of women were < 50 years, 48.6% were 
between 50 and 70 years, and 10.3% were > 70 years. For 
women receiving NACI, 42% were < 50 years, 47.1% were 
50-70 years, and 10.9% were > 70 years.

Mastectomy was the most frequent surgical management 
of the breast during the study period; 57.5% of NAC patients 
and 55.5% of NACI patients underwent mastectomy (p < 
0.0001). Sentinel lymph node biopsy (SLNB) was the most 
frequent axillary management strategy for patients during 
the study period and was more common in the NACI group, 
with 53.5% of NAC patients and 67.9% of NACI patients 
receiving SLNB only (p < 0.0001), and 17.5% of the NAC 
group received SLNB followed by completion ALND com-
pared with 15.7% in the NACI group. Axillary lymph node 
dissection (ALND) alone was performed in 27.8% of the 
NAC group and 15.7% of the NACI group (Fig. 2a). This 
pattern was also observed in the age-stratified groups, with 
SLNB being the most common axillary procedure across age 
ranges. Interestingly, SLNB was most common in women 
<50 years in both treatment groups and least common in 
women >70 years (Fig. 2b). Similar use of adjuvant radia-
tion was observed between treatment groups; 69.9% of NAC 
patients and 67.1% of NACI patients were treated with radia-
tion in an adjuvant setting (p < 0.0001).

Trends in Neoadjuvant Chemoimmunotherapy

In 2012, 99.61% of patients overall received NAC alone, 
whereas only 0.39% received NACI (Fig. 3a). Stratifying by 
age group, 0.5% of women younger than 50 years and 0.33% 
of women 50–70 years received NACI in 2012, while no 
women older than 70 received NACI in 2012 (Figs. 3b-d). 
NACI increased over time from 2012 to 2022 (p < 0.0001) 
with a concomitant decrease in NAC alone. This trend was 
also observed in all three age groups (p < 0.001). There was 
a substantial increase in NACI treatment beginning in 2021, 
where 45.04% of women received NACI compared with 
NAC (54.96%). In 2022, NACI was more frequently utilized 
than NAC overall (81.78% vs. 18.22%). However, in 2022, 
86.24% of women younger than 50 years and 82.43% of 
women aged 50–70 years were treated with NACI, whereas 
only 68.37% of women older than 70 years received NACI 
(p < 0.0001).

PCR Rate

Overall, 38.9% of women receiving NAC achieved patho-
logical complete response (pCR) in the breast (n = 17,524), 
whereas a greater proportion of women receiving NACI 
achieved breast pCR (56.19%, n = 6,859; Table 3a). The 
overall risk ratio for breast pCR in women receiving NACI 
versus NAC was 1.39 (95% confidence interval [CI] 1.36-
1.41, p < 0.0001). Stratifying by age group, women older 
than 70 were most likely to achieve breast pCR on NACI 
over NAC (RR 1.49, 95% CI 1.38–1.60, p < 0.0001), fol-
lowed by women 50–70 years (RR 1.40, 95% CI 1.36–1.44, 
p < 0.0001), and women younger than 50 years (RR 1.36, 
95% CI 1.33–1.40, p < 0.0001).

In the axillary lymph nodes, there was a marginal 
increase in rate of pCR for women receiving NACI over 

< 50 years

50-70 years

> 70 years

< 50 year
s

50 - 70 years

> 70 years

Surgery type
No Surgery

SLNB Only

ALND + SLNB

ALND Only

Neoadjuvant
chemotherapy

Pe
rc

en
ta

ge

ba Neoadjuvant
chemoimmunotherapy

Neoadjuvant
chemotherapy

Neoadjuvant
chemoimmunotherapy

0%
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50%

75%

100%
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Fig. 2   Axillary surgery type by treatment overall (a) and by age group (b)
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those receiving NAC (RR 1.02, 95% CI 1.01–1.02, p < 
0.0001; Table 3b). Similar modest effects were also seen 
when stratifying by age group. The risk ratio for nodal 
pCR in women younger than 50 receiving NACI vs. NAC 
was 1.02 (95% CI 1.00-1.03, p = 0.0089). For women 
50–70 years, the risk ratio was 1.02 (95% CI 1.01–1.03, p 
= 0.0002). For women older than 70 years, the risk ratio 
for nodal pCR following NACI vs. NAC was 1.01 and not 
statistically significant (95% CI 0.99–1.04, p = 0.161). 
Women older than 70 years were also more likely to have 
residual nodal disease following neoadjuvant therapy; 
64.7% of women older than 70 years were ypN0, whereas 

70.8% of women 50–70 years and 74.4% of women < 
50 years were ypN0.

Looking at overall tumor clearance in both the breast 
and lymph nodes, NACI was associated with higher rates 
of pCR in both sites than NAC overall (RR 1.41, 95% 
CI 1.38–1.43, p < 0.0001; Table 3c). Women > 70 years 
had the greatest benefit from NACI over NAC (RR 1.56, 
95% CI 1.44–1.69, p < 0.0001), followed by women 
50–70 years (RR 1.46, 95% CI 1.41–1.50, p < 0.001) 
and women <50 years (RR 1.38, 95% CI 1.35–1.42, p < 
0.0001).

Fig. 3   Trends in the use of neo-
adjuvant chemotherapy and neo-
adjuvant chemoimmunotherapy 
for TNBC patients from 2012 to 
2022 overall and by age group. 
a Overall cohort. b <50 years 
age group. c 50–70 years age 
group. d >70 years age group
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Overall Survival

Multivariate analysis assessing factors associated with haz-
ards for mortality showed that receiving NACI was associ-
ated with improved survival over patients receiving NAC 
(HR 0.704, 95% CI 0.645–0.768, p < 0.0001; Fig. 4). This 
model was adjusted for age, TNM clinical stage, breast 
surgery type, axillary surgery type, and Charlson-Deyo 
comorbidity score. Women aged 50–70  years had the 
strongest survival association from NACI (HR 0.653, 95% 
CI 0.573–0.745, p < 0.0001), followed by women younger 
than 50 years (HR 0.73, 95% CI 0.683–0.836, p < 0.0001) 
and women older than 70 years (HR 0.777, 95% CI 0.616 
– 0.979, p = 0.0323).

Discussion

In this study, we found that immunotherapy use for TNBC 
has risen significantly from 2012 to 2022. The notable 
increase in the use of NACI in 2021 likely coincides 
with publication of the KEYNOTE-522 study and FDA 
approval of this regimen for high-risk early-stage TNBC, 
which became the predominant neoadjuvant therapy choice 
in 2022.27 This trend was present across the age groups 
examined, though women older than 70 years were less likely 
to receive immunotherapy than younger women each year 
between 2017 and 2022. While there has been significant 
interest in the field to de-escalate surgical intervention 
especially for older patients, there may be hesitancy to 
provide additional therapy to older women over concern for 
their ability to tolerate it, as well as the under-representation 
of this group within clinical trials.35,36 Immune function 
declines with age, partially owing to age-associated immune 
senescence, prompting concern that older patients may not 
respond as robustly to immune checkpoint therapy.39–42 In 
addition, immune dysregulation related to aging may confer 
increased vulnerability to immune related adverse effects 
(irAEs) associated with immune checkpoint therapy.43–45 
This may partially explain the slightly reduced adoption of 
this regimen for older TNBC patients.

As was demonstrated in KEYNOTE-522 trial, we 
observed an improved breast, nodal, and overall pCR rate 
in women receiving NACI compared to NAC. Interestingly, 
we found that women older than 70 years who received 
NACI had the greatest benefit in achieving breast and total 
pCR over chemotherapy alone compared to women 50-70 
years and younger than 50 years. Women <50 years and 
50-70 years had a marginal but statistically significant bene-
fit in achieving pCR in the axillary lymph nodes with NACI, 
but the benefit in women >70 years was not statistically sig-
nificant. This discordance in response to neoadjuvant immu-
notherapy between the primary tumor and regional lymph Ta
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nodes has been seen in other cancers, as well, and may be 
associated with differential compositions of the T-cell com-
partment between the lymph node and primary tumor.46,47 
The increased benefit in the >70 years group compared 
with the other age groups did not extend to overall survival, 
although all age groups had improved overall survival on 
NACI compared to NAC. This may partially be explained 
by increased rates of all-cause mortality in the oldest age 
group which may not be linked to their cancer diagnosis. 
These findings of improved immunotherapy benefit in the 
>70 years group are in line with other recent studies show-
ing that older patients respond most robustly to ICI therapy 
in several cancers, including melanoma, non-small cell lung 
cancer, and renal cell carcinoma.30,32

De-escalation of medical and surgical intervention for 
elderly breast cancer patients has been an active area of 
research for the past decade. For example, the Society of 

Surgical Oncology’s Choosing Wisely campaign recommends 
omitting SLNB in women older than 70 years with node 
negative, early stage ER/PR+ HER2− breast cancers.48,49 
Furthermore, recent updates to the American Society for 
Clinical Oncology guidelines recommend against routine 
SLNB in postmenopausal patients 50 years and older with low-
grade, small, HR+ HER2− breast cancers and no evidence 
of axillary involvement on preoperative ultrasound.50 It is 
interesting in this study that women > 70 years were more 
likely to receive an ALND, because older women are often 
more likely to receive de-escalated axillary management by 
SLNB.51 It is unclear whether this is related to initial patient 
presentation or other patient selection factors. Notably, CCI 
scores were highest in the > 70 years group. However, women 
> 70 years were more likely to have residual axillary disease 
after neoadjuvant therapy, as well as had a higher proportion 
of completion ALNDs performed than the other age groups. 
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This may partially explain the predilection for ALND in this 
group. Some studies have also suggested that elderly breast 
cancer patients are less likely to achieve pCR following 
neoadjuvant chemotherapy.52,53 However, these studies often 
included women with HR+ and HER2+ breast cancers, which 
are less likely to respond to chemotherapy and may deflate 
pCR rates in older women, for whom luminal tumors are more 
common.54 The findings of this study overall are suggestive 
that women > 70 years may receive increased benefit from 
immunotherapy approaches compared with younger women 
and that de-escalation of medical therapy may not be 
warranted. Future prospective trials should aim to increase 
representation of this age group to evaluate therapeutic 
efficacy for older breast cancer patients, as well as assess rates 
of adverse effects that may warrant de-escalated management.

One limitation of this study is that there is only limited 
available data regarding neoadjuvant immunotherapy use 
for TNBC since FDA approval in 2021, which narrows 
analysis of survival associated with adoption of this 
regimen. Furthermore, patients in the oldest age group 
(>70 years) may have reduced survival due to age-associated 
confounding factors. There is also possible selection bias 
in the older age groups, where older patients with higher 
functional status who are more likely to have improved 
outcomes may be preferentially selected to receive NACI 
over NAC. However, adjusting for comorbidities with CCI 
helps mitigate this risk. Another limitation of this study is 
that NCDB does not contain data on the type and duration of 
neoadjuvant immunotherapy or chemotherapy administered, 
limiting comparisons of outcomes based on these factors. It 
is noteworthy that a substantial number of TNBC patients 
received neoadjuvant immunotherapy prior to its FDA 
approval in 2021. Immune checkpoint therapy was first 
approved for melanoma in 2011 following the publication 
of trials demonstrating the efficacy of ipilimumab, an anti-
CTLA-4 antibody, in extending survival for patients with 
metastatic disease.55,56 A gradual increase in off-label 
use of neoadjuvant immunotherapy for TNBC patients 
may coincide with the increase in immunotherapy use for 
other cancers. It is unclear whether certain TNBC patient 
populations were more likely to receive NACI in this setting 
or how this selection may have impacted overall survival 
analyses for this cohort. The NCDB contains retrospective 
data, and details regarding patient selection for NACI versus 
NAC are also not available. In addition, we are unable 
to comment on the decision-making related to surgical 
management and the false negative rate of nodal pCR for 
patients who received SLNB only following neoadjuvant 
therapy, although it has been shown that patients with cN1 
disease who convert to cN0 after neoadjuvant therapy with 
nodal pCR have low rates of axillary recurrence.57

The use of immunotherapy for the treatment of 
solid malignancies continues to grow rapidly. As these 

modalities evolve for the management of breast cancer, it 
will be imperative to balance these promising treatments 
with medical de-escalation efforts. Prospective studies 
investigating which patient groups may benefit the most 
from these innovative approaches are critical to improve 
outcomes for this aggressive disease.

Conclusions

The addition of immunotherapy to NAC for TNBC 
management has been increasing and is now the standard-of-
care for young and older TNBC patients. Use of NACI was 
associated with higher pCR rates than NAC in all patients, 
but women older than 70 years in this cohort may derive 
the greatest benefit from NACI over NAC compared with 
women 50-70 years and younger than 50 years. These results 
suggest that older women with TNBC may have greater 
benefit from chemoimmunotherapy than other age groups 
in the neoadjuvant setting.
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