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Abstract

In early-stage HER2-positive breast cancer, biomarkers that guide deescalation and/or escalation of systemic therapy are
needed. CelTIL score is a novel, combined biomarker based on stromal tumor-infiltrating lymphocytes and tumor cellularity
and is determined in tumor biopsies at week 2 of anti-HER2 therapy only. We evaluated the prognostic value of CelTIL in 196
patients with early-stage HER2-positive disease treated with standard trastuzumab-based chemotherapy in the NeoALTTO
phase III trial. Using a prespecified CelTIL cutoff, a better 5-year event-free survival and overall survival was observed be-
tween CelTIL-high and CelTIL-low score with a 76.4% (95% confidence interval [CI] ¼ 68.0% to 85.0%) vs 59.7% (95% CI ¼ 50.0%
to 72.0%) (hazard ratio ¼ 0.40, 95% CI ¼ 0.17 to 0.94) and 86.4% (95% CI ¼ 80.0% to 94.0%) vs 73.5% (95% CI ¼ 64.0% to 84.0%)
(hazard ratio ¼ 0.43, 95% CI ¼ 0.20 to 0.92), respectively. Statistical significance was maintained after adjusting for baseline
tumor-infiltrating lymphocytes, hormone receptor status, pretreatment tumor size and nodal status, type of surgery, treat-
ment arm, and pathological complete response. Further studies to support CelTIL as an early readout biomarker to help dees-
calate or escalate systemic therapy in HER2-positive breast cancer seem warranted.

Use of (neo)adjuvant chemotherapy with at least 1 anti-HER2
agent is recommended for most patients with early-stage HER2-
positive breast cancer (1). Several studies have explored strate-
gies to improve HER2 blockade, such as adding 1 year of adju-
vant pertuzumab (2), 1 year of neratinib after trastuzumab (3),
or trastuzumab-emtansine (T-DM1) in patients who do not
achieve a pathological complete response (pCR) (4). Despite
such success, most patients are cured with chemotherapy and
trastuzumab. Biomarkers to identify patients not requiring
these anti-HER2 therapies are needed.

Various biomarkers determined on diagnosis have been ex-
plored for their predictive and/or prognostic value in early-stage
HER2-positive disease, including T (tumor size) N (nodes) M
(metastases) staging, hormone receptor status (5), stromal
tumor-infiltrating lymphocytes (TILs) (6,7), PAM50 subtypes
(8,9), loss of PTEN (10), PIK3CA mutations (11), and p95HER2 ex-
pression (12). However, their clinical utility remains unknown,
and further validation is needed. Biological information
obtained after neoadjuvant therapy is gaining attention, be-
cause it measures individual response to specific therapies and
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can inform treatment strategies (4). Promising biomarkers being
evaluated in residual tumors are PAM50 subtypes (13), TILs (14),
and HER2 expression (15). One caveat is the 4- to 6-month wait
until completion of neoadjuvant therapy.

We have shown the value of defining predictive and prognos-
tic biomarkers after some weeks of anti-HER2 therapy (16). We de-
veloped the CelTIL score, a combined biomarker based on both
TILs and tumor cellularity determined by a tumor biopsy after
14 days (6 2 days) of anti-HER2 therapy only in early-stage HER2-
positive breast cancer (16). The CelTIL score was determined in

the PAMELA (17) and LPT109096 (18) neoadjuvant trials as an early
readout of the probability of a pCR at surgery beyond baseline
TILs, PAM50 subtypes, and main clinical-pathological characteris-
tics. High CelTIL scores identify tumors that are highly immune
infiltrated with reduced tumor cellularity (16).

The value of CelTIL as a biomarker for long-term survival
is unknown. Here, we determined the CelTIL score after 2 weeks
of anti-HER2 therapy in tumor samples from the neoadjuvant
NeoALTTO phase III trial (19) that randomly assigned
455 patients to receive lapatinib, trastuzumab, or
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Figure 1. Survival outcomes in NeoALTTO based on CelTIL score. A) Event-free survival (EFS) based on the CelTIL prespecified cutoff score. B) Overall survival (OS). C)

EFS based on CelTIL tertile groups. D) OS based on CelTIL tertile groups. E) EFS in patients with a pathological complete response (pCR). F) EFS in patients with a non-

pCR. Estimates of EFS and OS were from Kaplan-Meier curves and tests of differences by Cox proportional hazards model. All statistical tests were 2 sided. CelTIL ¼
score based on tumor cellularity and tumor infiltrating lymphocytes at day 14; CI ¼ confidence interval; HR ¼ hazard ratio.
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trastuzumab-lapatinib for 6 weeks followed by the addition of
weekly paclitaxel for 12 weeks and adjuvant fluorouracil, epiru-
bicin, and cyclophosfamide. The lapatinib arm was excluded be-
cause of noninclusion of trastuzumab. The trial was approved
by the ethics committee and relevant health authorities at each
participating institution. All participating patients gave the
written informed consent before the study entry.

TILs and tumor cellularity were centrally determined from
formalin-fixed paraffin-embedded hematoxylin and eosin
staining of tumor tissues obtained at day 14 (62 days) of the
assigned anti-HER2 therapy. The CelTIL score was centrally
evaluated as a continuous variable using a reported formula
(CelTIL unscaled score ¼ �0.8 � tumor cellularity [%] þ 1.3 �
TILs [%]; the score was scaled to reflect a 0-100 range) (16). The
primary objective was to evaluate the association of CelTIL (us-
ing the predefined 33.59 scaled cutoff score identified in the
PAMELA trial) (17) and event-free survival (EFS), defined as the
time from randomization to first event (breast cancer relapse af-
ter surgery, second primary cancer, or death without recur-
rence). Secondary objectives were to evaluate the association of
CelTIL and overall survival (OS) and pCR defined as ypT0/is
ypN0 and assess the prognostic effect of CelTIL per pCR status.
For associations with EFS and OS, multivariable Cox propor-
tional hazards regression models using a landmark analysis
(from 30-week post randomization) were performed, adjusting
for baseline TILs, hormone receptor status, pretreatment tumor
size and nodal status, planned type of surgery, pCR status, and
assigned treatment arm. The proportionality assumption was
tested through evaluation of Schoenfeld residuals. Univariate
and multivariable Cox proportional regressions models were
used to investigate the association of CelTIL with pCR, and odds
ratios and 95% confidence intervals (CIs) were calculated.
Baseline TILs were analyzed as a continuous variable (per 10%
increase) for association with EFS and OS and as low vs high for
associations with pCR (�5% vs >5%). In all Cox model analyses,
the statistical significance level was a 2-sided alpha of .05.

A total 196 of 303 (64.7%) tumor samples were evaluated for
CelTIL (108 from the trastuzumab arm and 88 from the trastuzu-
mab-lapatinib arm). Patients’ clinical-pathological characteris-
tics were comparable with the original population in NeoALTTO
(Supplementary Table 1, available online). Median age at diag-
nosis was 49 years, 59.7% of patients had T2 tumors, and 84.7%
had clinical N0/N1. Per prespecified CelTIL cutoff, 45.4% of
patients had CelTIL-low and 54.6% had CelTIL-high.

The CelTIL score was independently associated with EFS, OS,
and pCR. Five-year EFS was 76.4% (95% CI ¼ 68.0% to 85.0%) and
59.7% (95% CI ¼ 50.0% to 72.0%) in patients with CelTIL-high and
CelTIL-low, respectively (adjusted hazard ratio [HR] ¼ 0.40, 95%
CI ¼ 0.17 to 0.94, P¼ .04). Five-year OS rate was 86.4% (95% CI ¼
80.0% to 94.0%) and 73.5% (95 CI ¼ 64.0% to 84.0%) in patients

with CelTIL-high and CelTIL-low, respectively (adjusted
HR¼ 0.43, 95% CI ¼ 0.20 to 0.92, P¼ .03). When CelTIL was evalu-
ated by tertiles, the upper tertile showed better EFS and OS (EFS
univariate HR ¼ 0.29, 95% CI ¼ 0.13 to 0.62, P¼ .001; OS univari-
ate HR¼ 0.28, 95% CI ¼ 0.11 to 0.69, P¼ .006). Patients with
CelTIL-high disease had a higher pCR rate vs CelTIL-low group
(37% vs 18%, adjusted odds ratio ¼ 2.21, 95% CI ¼ 1.09 to 4.62,
P¼ .03) (Figure 1). All univariate and multivariable survival anal-
yses are shown in Table 1 (Supplementary Table 2, available on-
line). To note, only TILs determined at week 2 (as a continuous
variable) were statistically associated with better EFS
(Supplementary Table 3, available online).

This is the first report, to our knowledge, to show an inde-
pendent association between an early, optimal on-treatment
measurement of TILs and tumor cellularity and long-term-
survival outcome in early-stage HER2-positive breast cancer
treated with anti-HER2–based therapy. The ability of CelTIL to
predict survival benefit to specific drugs is currently unknown.
However, with further validation, CelTIL could be used with
other clinical-pathological variables as an early survival readout
and to select patients in prospective clinical trials for escalation
or deescalation of adjuvant regiments. For example, patients
achieving pCR and being CelTIL-low may require additional ad-
juvant anti-HER2 treatments because of their poor prognosis.
Additionally, CelTIL could help to identify patients who may do
well with standard therapy and thereby not be candidates for
adjuvant clinical trials. Determining the CelTIL score has the
limitation that an additional biopsy at day 15 should be con-
ducted, which is an invasive procedure. Moreover, the score
was initially established for early HER2-positive breast cancer
treated with a chemo-free regimen, and its value in other con-
texts, such as upfront anti-HER2–based chemotherapy, remains
unknown. Our data suggest that CelTIL seemed to provide prog-
nostic stratification in patients who did and did not achieve
pCR, although this finding is underpowered and did not reach
statistical significance (Supplementary Figure 1, available on-
line); further data will be required for confirmation. The limited
sample size is a limitation to determine the prognostic effect of
2 or more variables. Finally, CelTIL could be used in window-of-
opportunity or preoperative trials to compare biological activity
of anti-HER2 drugs and estimate potential survival advantages
among strategies. More validations are warranted to draw ro-
bust conclusions.

Funding

This work was supported by PhD4MDgrant of “Departament
de Salut” exp SLT008/18/00122 (to NC) and the Breast Cancer
Research Foundation (BCRF, grant No. 17–194 grant to RS).

Table 1. Association of CelTIL score with event-free survival and overall survival in NeoALTTO

Variable and type of analysis

Event-free survival Overall survival

HR (95% CI) Pa HR (95% CI) Pa

CelTIL high vs low
Univariate 0.51 (0.30 to 0.85) .01 0.43 (0.22 to 0.84) .01
Multivariable 0.40 (0.17 to 0.94) .04 0.43 (0.20 to 0.92) .03

CelTIL as a continuous variable
Univariate 0.83 (0.73 to 0.95) .006 0.85 (0.72 to 1.01) .06
Multivariable 0.78 (0.62 to 1.00) .05 0.85 (0.71 to 1.03) .09

aAll statistical tests were 2-sided. CelTIL ¼ score based on tumor cellularity and tumor infiltrating lymphocytes at day 14; CI ¼ confidence interval; HR ¼ hazard ratio.
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