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Association between tumor-infiltrating
lymphocytes and survival in patients with
metastatic breast cancer receiving first-
line chemotherapy: analysis of

CALGB 40502

M| Check for updates

Daniel G. Stover ® ">'>'3

, Roberto Salgado ®%*'2, Oleksander Savenkov®, Karla Ballman®,

Erica L. Mayer®, Mark Jesus M. Magbanua ®7, Sherene Loi®*, Mark Vater', Kristyn Glover',
Mark Watson®, Yujia Wen®, W. Fraser Symmans ® '°, Charles Perou® ", Lisa A. Carey® "',

Ann H. Partridge® & Hope S. Rugo ®™*?

Association of stromal tumor-infiltrating lymphocytes (sTILs) with survival outcomes among patients
with metastatic breast cancer (MBC) remains unclear. The primary objective was to evaluate the
association of sTlLs with progression-free survival in randomized phase Il trial CALGB 40502. sTILs
were associated with progression-free and overall survival in chemotherapy-treated MBC when
controlling for treatment arm; however, this effect did not remain significant after additional adjustment
for hormone receptor status. CALGB is now part of the Alliance for Clinical Trials in Oncology. Trial

Registration: ClinicalTrials.gov: NCT00785291.

Quantification of stromal tumor-infiltrating lymphocytes (sTILs) via
hematoxylin and eosin (H&E) stained slides using established approaches'
is an effective surrogate for host anti-tumor immunity’. sTILs are prognostic
and associated with response to neoadjuvant chemotherapy (NAC) in
primary triple negative breast cancer (TNBC) and HER2+ breast cancer’”’
yet their role in metastatic breast cancer (MBC) is less well defined.
Microtubule-targeting agents are a mainstay of MBC treatment and Cancer
and Leukemia Group B (CALGB) 40502 (Alliance) was a randomized phase
II trial of 799 patients treated in the first-line setting, comparing
microtubule-targeting chemotherapies: nab-paclitaxel, ixabepilone, or
paclitaxel, with or without bevacizumab'. In this non-protocol-specified
analysis, we hypothesized that sTILs quantity is significantly associated with
progression-free survival (PES) in MBC patients receiving first-line

chemotherapy. In the primary analyses, sTILs were evaluated as <5% (low)
versus 25% (high) based on prior analyses in MBC establishing 5% as a
standard threshold" ™", with sensitivity analyses incorporating sTILs as a
continuous variable.

Stromal TILs are lower in distant metastatic sites

sTILs distribution was skewed to low sTILs, with 373/582 (64.1%) with
STILs <5% and 155/582 (26.6%) with sTILs >5% (Fig. 1B). 68/582 (11.7%)
samples demonstrated sTIL >50%, frequently considered ‘Tymphocyte
predominant’. Overall, samples from primary sites had higher average sTILs
relative to locoregional recurrence or metastatic sites (mean 13.3% vs. 8.4%,
respectively; Wilcoxon-Mann-Whitney p = 3e-4; Fig. 1C) and metastatic
sites had the lowest mean sTILs (primary breast 12.7%, primary LN 22.9%,

"Division of Medical Oncology, Department of Medicine, The Ohio State University College of Medicine, Columbus, OH, USA. ?Pelotonia Institute for Immu-
noOncology, The Ohio State University Comprehensive Cancer Center, Columbus, OH, USA. *GZA-ZNA Hospitals, Antwerp, Belgium. “Division of Research, Peter
MacCallum Cancer Centre, Melbourne, VIC, Australia. *Alliance Statistics and Data Management Center, Weill-Cornell Medical College, New York, NY, USA.
®Dana-Farber/Partners CancerCare, Boston, MA, USA. “University of California, San Francisco, San Francisco, CA, USA. ®Washington University School of
Medicine, St. Louis, MO, USA. °Alliance Protocol Operations Office, University of Chicago, Chicago, IL, USA. "University of Texas, MD Anderson Cancer Center,
Houston, TX, USA. "'University of North Carolina, Lineberger Comprehensive Cancer Center, Chapel Hill, NC, USA. 2These authors con-

tributed equally: Daniel G. Stover, Roberto Salgado.'®These authors jointly supervised this work: Daniel G. Stover, Hope S. Rugo

e-mail: daniel.stover@osumc.edu

BCRﬁp

npj Breast Cancer| (2024)10:75


http://crossmark.crossref.org/dialog/?doi=10.1038/s41523-024-00683-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41523-024-00683-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41523-024-00683-x&domain=pdf
http://orcid.org/0000-0001-9003-8165
http://orcid.org/0000-0001-9003-8165
http://orcid.org/0000-0001-9003-8165
http://orcid.org/0000-0001-9003-8165
http://orcid.org/0000-0001-9003-8165
http://orcid.org/0000-0002-1110-3801
http://orcid.org/0000-0002-1110-3801
http://orcid.org/0000-0002-1110-3801
http://orcid.org/0000-0002-1110-3801
http://orcid.org/0000-0002-1110-3801
http://orcid.org/0000-0003-2113-3593
http://orcid.org/0000-0003-2113-3593
http://orcid.org/0000-0003-2113-3593
http://orcid.org/0000-0003-2113-3593
http://orcid.org/0000-0003-2113-3593
http://orcid.org/0000-0001-6137-9171
http://orcid.org/0000-0001-6137-9171
http://orcid.org/0000-0001-6137-9171
http://orcid.org/0000-0001-6137-9171
http://orcid.org/0000-0001-6137-9171
http://orcid.org/0000-0002-1526-184X
http://orcid.org/0000-0002-1526-184X
http://orcid.org/0000-0002-1526-184X
http://orcid.org/0000-0002-1526-184X
http://orcid.org/0000-0002-1526-184X
http://orcid.org/0000-0001-9827-2247
http://orcid.org/0000-0001-9827-2247
http://orcid.org/0000-0001-9827-2247
http://orcid.org/0000-0001-9827-2247
http://orcid.org/0000-0001-9827-2247
http://orcid.org/0000-0003-2388-4649
http://orcid.org/0000-0003-2388-4649
http://orcid.org/0000-0003-2388-4649
http://orcid.org/0000-0003-2388-4649
http://orcid.org/0000-0003-2388-4649
http://orcid.org/0000-0001-6710-4814
http://orcid.org/0000-0001-6710-4814
http://orcid.org/0000-0001-6710-4814
http://orcid.org/0000-0001-6710-4814
http://orcid.org/0000-0001-6710-4814
mailto:daniel.stover@osumc.edu

https://doi.org/10.1038/s41523-024-00683-x Brief communication
A Total Study Population B
Total enrolled patients: n=799 400 T d
Total pati receiving treatment: n=788 1sTILs 5%
I
Il
Il
300
Total Slides Submitted for Review |
Total slides n=690 Il
Total unique patients n=484 z I
] I
Non-Evaluable Slides: 3 200 I
icient tissue™: N=66 o
No stroma/Cytology: n=28 w Il
Withdrew consent: n=14 (]
Evaluable Slides 100 :
Primary breast: n=390
Primary lymph node: n=26
Locoregional recurrence: n=45
Distant metastasis: n=121 0
Total slides n=582
Total unique patients n=443 0 & Stromal TSIES (%) I 100
C Wilcoxon-Mann-Whitney p=3e-4 D o Kruskal-Wallis p=1e-5
100 1
. - . . . Lo e
. - .
75 : .. .‘.' e . 75 . .’ * *
Lod . . e .. ¢ . . .
g ‘.:’ oyt - = g K RO I . . .
] ]
E 50 E 50
k] ] .
£ .. £ . .
2 . 2
»n »n . . .. o
2 2 .
0 0 s s Y RS A o)
PrimaryBreastCancer PrimaryLymphNode LocoregionalRecurrence DistantMetastasis
Mean Mean
13.3 8.4 12.7 22.9 13.4 6.5
sTILs sTILs
Kruskal-Wallis p=1.4e-5 .
E F Wilcoxon rank sum p=0.008
.
75 .
LI 75
g . - -
12} . E
£ 50 g .
E &
5 4
@ E
25
. d 25
of et /= b P e P B
0
Bone Breast ChestWall ~ Liver ~ Lung LymphNode Skin Visceral M Primary Metastasis_LRR
Mean Site ean
eTiLs 13 23 48 17 95 204 15 14 sTILs 105 7.7

Fig. 1 | Study design and descriptive analyses of stromal TILs in CALGB 40502.
A CONSORT diagram. B Distribution of stromal TILs across all evaluable slides
(n=582). C Stromal TILs in combined primary samples (primary breast or lymph
node) versus combined recurrent/metastatic (locoregional recurrence or distant
metastatic sites). D Stromal TILs in primary breast versus primary lymph node
versus locoregional recurrence versus distant metastatic sites. E Stromal TILs in

distant metastatic sites. For C-E, box indicates 25th-75th percentile with median as
center line and whiskers indicates 95th percentile above/below median. Mean value
indicated below each variable. F Stromal TILs in paired primary breast cancer:me-
tastasis or locoregional recurrence (LRR) within individual patients.

LRR 13.4%, distant metastasis 6.5%; Kruskal-Wallis p = le-5; Fig. 1D).
Among distant metastatic sites, mean sTILs ranged from 1.3% bone (least)
t0 9.5% lung (greatest non-LN), and 20.4% LN (Kruskal-Wallis p = 1.4e-5;
Fig. 1E). Of note, TILs in LN tissue is less reliable, impacted by presence of
native nodal lymphocytes.

Evaluable slides from both primary and LRR or metastasis within the
same patient were available for 100 unique patients. Among paired samples,
primary tumors had significantly higher sTILs (mean 10.5%) relative to LRR
or distant metastasis (mean 7.7%; Wilcoxon rank sum p = 0.008; Fig. 1F).
Sensitivity analyses only evaluating primary:distant metastasis pairs

demonstrated a trend that remained statistically significant (mean sTILs
primary 7.6% vs. distant metastasis 6.3%; p = 0.011; data not shown).

Stromal TILs and association with survival outcomes

For all survival analyses, one slide per individual with the highest sTILs value
was included for analyses (recurrent or metastatic site - 77/443, 17.4%;
primary tumor - 366/443, 82.6%). Most patients had maximum sTILs <5%
(259/443; 58.5%), with no significant difference in distribution by treatment
arm, age, race, BMI, or inferred menopausal status (age >55) (Table 1).
There was a significantly greater proportion of high sTILs (>5%) among
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Table 1 | Cohort characteristics

Low sTILs High sTILs p-value
(<5%) (25%)

n=259 n=184

n (%) n (%)

Treatment 0.2
Ixabepilone 86 (33%) 51 (28%)
Nab-paclitaxel 81 (31%) 72 (39%)

Paclitaxel 91 (35%) 61 (33%)
Unknown 1 0

Age at diagnosis (years) >0.9

20-49 60 (23%) 44 (24%)
50-69 174 (67%) 121 (66%)
70-80 24 (9.3%) 19 (10%)

Unknown 1 0

Hormone Receptor Status <0.001
Negative 41 (16%) 73 (40%)

Positive 217 (84%) 111 (60%)
Unknown 1 0

Body Mass index 30(7) 30 (8) >0.9
Median (SD)

Race 0.13
Black or African American 29 (11%) 33 (18%)
Unkown/Other 12 (4.7%) 7 (3.8%)

White 217 (84%) 144 (78%)
Unknown 1 0

Menopausal status (inferred 0.6

age > 55 years)

Post-menopausal 194 (75%) 134 (73%)
Unknown 1 0

Disease-Free Interval <0.001
0 (de novo) 35 (14%) 16 (8.7%)
<1 year 58 (23%) 27 (15%)
1to 2 years 17 (6.6%) 32 (17%)
> 2 years 146 (57%) 108 (59%)

Unknown 3 q

hormone receptor-negative patients (73/114; 64.0%) than hormone
receptor-positive patients (111/328; 33.8%). DFI (time from completion of
adjuvant therapy to metastatic diagnosis) varied with greater proportion of
de novo MBC (35/51; 68.6%) and DFI < 1 year (58/85; 68.2%) among low
STILs (<5%). Covariate data was missing for one individual.

For the primary objective, Cox proportional hazard model of sTILs low
(versus high) was significantly associated with worse PFS (HR 1.34; 95% CI
1.1-1.63, p = 0.004) and OS (HR 1.32; 95% CI 1.07-1.63, p = 0.009; Table 2)
when controlling for treatment arm. When controlling for both treatment
arm and hormone receptor status, association of sTILs low versus high
demonstrated similar trends but did not reach statistical significance for PFS
(HR 1.2; 95% CI 0.97-1.47, p=0.09) or OS (HR 1.14; 95% CI 0.91-1.43,
p=0.2; Table 2). When controlling for treatment arm, hormone receptor
status, and clinicopathologic variables, association of sTILs low versus high
demonstrated similar trends but further attenuated association for PES (HR
1.17;95% C10.94-1.44, p = 0.20) or OS (HR 1.06; 95% CI 0.84-1.34, p = 0.6;
Table 2). There was no significant interaction between sTILs and treatment
arm (all p-interaction >0.05). Sensitivity analyses among only breast pri-
mary samples with sTILs low vs. high and as a continuous variable and,
separately, only distant metastases demonstrated that when controlling for
treatment arm or both treatment arm and hormone receptor status,

association of sTILs low versus high showed similar trends to the primary
analyses but did not reach significance for PFS or OS (Supplementary
Tables 1-3).

This study is the first trial to our knowledge to examine the association
of sTILs with outcomes in MBC among patients receiving chemotherapy.
Currently, there is not a reliable biomarker of immune activation that is
applied clinically across centers; however, sTILs can readily be determined
from routine H&E slide/image and, for TNBC and HER2+- breast cancers,
appears to be consistently associated with response to NAC and prognosis
among primary breast cancers. By evaluating primary:metastasis pairs from
the same patient, we can see a consistent, significant decline in average
sTILs. This difference varied patient-to-patient and also could be impacted
by site of metastasis evaluated, given differences in sTIL amount, as has been
seen in other studies'>'".

In this study, we found sTTLs were associated with PFS in the metastatic
setting, but that association was attenuated after controlling for HR status.
This calls into question the robustness of the association and also in part
reflects variations in sTILs between HR-negative and -positive tumors.
Based on these findings, immune checkpoint inhibitor therapy is rational in
mTNBC patients with pre-existing TIL'>", yet the clinical challenge remains
how to increase TIL/anti-tumor immunity in the metastatic setting. Given
the extensive literature supporting association of sTILs with outcome and/or
treatment response in primary”” and metastatic'*"* settings, a rational next
step is design of prospective trials incorporating sTILs in patient stratifi-
cation or treatment determination.

Limitations of this study include: sTILs enumeration on a mix of pri-
mary tumors, primary LN, LRR, and distant metastases adds heterogeneity
to the evaluable data. Given significantly lower sTILs in LRR/metastatic
specimens compared to primary, dedicated analyses of sTILs and PFS using
only distant metastases in non-HR + MBC patients is needed.

In conclusion, immune activation measured by sTILs is sig-
nificantly lower in metastatic than primary breast cancers and varies by
metastatic site. We demonstrated that sTILs were associated with PFS
and OS in chemotherapy-treated MBC, but the association of sTILs
with outcome did not persist after controlling for hormone receptor
status.

Methods

Study population

Clinical data were locked as of March 31, 2021. Of 788 patients receiving
treatment on CALGB 40502, 690 H&E slides from 484 unique patients
(62.7%) were submitted (Fig. 1A). Relative to the overall intention-to-treat
population, patients with available tissue were balanced across arms and
baseline characteristics (Table 1). None of the analyzed patients had HER2-
positive breast cancer, which comprised only 2% of the CALGB 40502 study
population. Protocol-specific written informed consent was obtained from
participants and protocol approved by the National Cancer Institute’s
Institutional Review Board. The informed consent document complies with
federal and institutional guidelines, including the Declaration of Helsinki,
for collection and use of data and samples. Overall, 582 slides were evaluable
from 443 unique patients: 390 primary breast cancer, 26 primary lymph
node (LN), 45 locoregional recurrence (LRR), 121 distant metastasis
(Fig. 1A).

Tumor-infiltrating lymphocyte enumeration

TILs were enumerated in accordance with International TILs Working
Group methods""”. Briefly, one section (4-5 pm, magnification x200-400)
per sample was evaluated and TILs were reported for the stromal com-
partment (percent stromal TILs by study pathologist, RS). TILs were
evaluated within the borders of the invasive tumor on full sections (pre-
ferred) or core biopsies. All analyses study used stromal TILs as the pre-
defined TIL biomarker. As noted above, for the primary endpoint, sTILs
were evaluated as <5% (low) versus 25% (high) based few existing
studies'' ™", with sensitivity analyses incorporating sTILs as a continuous
variable.
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Table 2 | Association of sTILs and progression-free and overall survival

Feature Progression-free Survival Overall Survival
Hazard Ratio 95% Confidence Intervals P-value Hazard Ratio 95% Confidence Intervals P-value
Cox Model: sTILs & Treatment
sTILs (<5% versus > 5%)* 1.34 1.10-1.63 0.004 1.32 1.07-1.63 0.009
Cox Model: sTILs, Treatment, hormone receptor status
sTILs (<5% versus >5%)° 1.20 0.97-1.47 0.09 1.14 0.91-1.43 0.20
Combined Cox Model + Clinical Variables
sTILs (<5% versus >5%) 1.17 0.94-1.44 0.20 1.06 0.84-1.34 0.6
Treatment Arm
Paclitaxel Ref Ref Ref Ref Ref Ref
Nab-paclitaxel 1.15 0.91-1.46 0.30 1.17 0.90-1.50 0.20
Ixabepilone 1.51 1.18-1.93 0.001 1.45 1.11-1.88 0.006
Hormone Receptor Status
Positive Ref Ref Ref Ref Ref Ref
Negative 1.48 1.16-1.89 0.002 1.59 1.22-2.07 <0.001
Body Mass Index 0.99 0.98-1.01 0.40 0.99 0.97-1.0 0.08
Age at Diagnosis (years)
20-49 Ref Ref Ref Ref Ref Ref
50-69 1.02 0.81-1.30 0.80 1.12 0.87-1.45 0.40
70+ 1.29 0.88-1.89 0.20 1.15 0.77-1.71 0.50
Race
White Ref Ref Ref Ref Ref Ref
Black or African-American 1.04 0.78-1.39 0.80 0.99 0.73-1.35 >0.9
Other/Unknown 1.19 0.73-1.92 0.60 1.33 0.79-2.25 0.30
Disease-free Interval
0 (de novo) Ref Ref Ref Ref Ref Ref
<1 year 1.04 0.72-1.50 0.80 1.04 0.70-1.35 0.80
1to 2 years 1.99 1.31-3.03 0.001 2.06 1.32-3.24 0.002
> 2 years 1.28 0.90-1.70 0.2 1.32 0.94-1.86 0.11
“Adjusted for treatment arm.
°Adjusted for treatment arm and hormone receptor status.
Statistical analyses Code availability

The association between sTILs low/high and baseline characteristics of
patients with evaluable sTILs was examined using two-sample t-test or rank
sum tests for continuous variables and chi-squared test or Fisher’s exact test
for categorical variables. Cox regression models were based on TIL-
evaluable cohort for endpoints of PFS and OS to test the prognostic value of
TILs, adjusting for treatment arm alone, with hormone receptor status, or
with hormone receptor status plus body mass index (BMI), race, age at
diagnosis, and disease-free interval (DFI). Proportional hazards assump-
tions were verified with Schoenfeld residuals. Data collection and statistical
analyses were conducted by Alliance Statistics and Data Management
Center.

Data availability

De-identified digital H&E images are available through data access
request to the Alliance Standardized Translational Omics Resource (A-
STOR). De-identified patient data may be requested from Alliance for
Clinical Trials in Oncology via concepts@alliancenctn.org if data are not
publicly available. A formal review process includes verifying the avail-
ability of data, conducting a review of any existing agreements that may
have implications for the project, and ensuring that any transfer is in
compliance with the IRB. The investigator will be required to sign a data
release form prior to transfer.

Statistical analyses were performed with SAS v9.4. Figures were generated
with Rv3.5.1.
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Published online: 21 August 2024
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