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Reliability of tumor-infiltrating lymphocyte and
tertiary lymphoid structure assessment in
human breast cancer
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The presence of tumor-infiltrating lymphocytes (TIL), reflecting host immune activity, is frequently correlated with
better clinical outcomes, particularly in HER2-positive and triple-negative breast cancer. Recent findings suggest
that organization of immune infiltrates in tertiary lymphoid structures also has a beneficial effect on survival. This
study investigated inter- and intra-observer variation in TIL assessment using conventional hematoxylin-eosin
versus immunohistochemical staining to identify immune cells. Global, intratumoral, and stromal TIL, as well as
tertiary lymphoid structures were scored independently by experienced pathologists on full-face tumor sections
(n=124). The fidelity of scoring infiltrates in core biopsies compared to surgical specimens, and pathological
assessment compared to quantitative digital analysis was also evaluated. The inter-observer concordance
correlation coefficient was 0.80 for global, 0.72 for intratumoral, and 0.71 for stromal TIL, while the intra-observer
concordance correlation coefficient was 0.90 for global, 0.77 for intratumoral, and 0.89 for stromal TIL using
immunohistochemical stains. Correlations were lower with hematoxylin-eosin stains, particularly for intratu-
moral TIL, while global scores had the highest concordance correlation coefficients. Our study concluded that
tertiary lymphoid structures are accurately and consistently scored using immunohistochemical but not
hematoxylin-eosin stains. A strong association was observed between TIL in core biopsies and surgical samples
(R?=0.74) but this did not extend to tertiary lymphoid structures (R?=0.26). TIL scored by pathologists and
digital analysis were correlated but our analysis reveals a constant bias between these methods. These data
challenge current criteria for TIL and tertiary lymphoid structure assessment in breast cancer and recommend
that how pathologists evaluate immune infiltrates be reexamined for future studies.
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evaluated on hematoxylin-eosin-stained tumor sec-
tions is linearly correlated with prognosis in primary
breast cancer and particularly robust in the triple-
negative and HER2-positive subtypes.! TIL scored on
diagnostic biopsies have also been correlated with a
higher rate of pathological complete response after
neoadjuvant chemotherapy in ER-negative as well as
in ER-positive breast cancer.?3 These clinical studies
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suggest TIL are a new biomarker for breast cancer
management decisions and particularly well-suited
for treatment decisions associated with new cancer
immunotherapies.

Broadening the clinical utility of scoring tumor
immune infiltration is currently restricted by the
need for standardized evaluation methods. Initial
steps to harmonize TIL evaluation for breast cancer
were taken by the international working group who
published TIL scoring recommendations for
hematoxylin-eosin-stained sections in 2014 (ref. 4)
and standardized these evaluations in 2016.° Most
studies score TIL as ‘stromal,” which is defined as
mononuclear cells located within the border of the
invasive tumor but not in direct contact with
malignant cells, and as ‘intratumoral,” which are
intraepithelial mononuclear cells in tumor cell nests
or in direct contact with tumor cells.? Stromal and
intratumoral TIL are correlated but scoring of the
latter, generally at lower abundance, is inconsistent
on hematoxylin-eosin-stained sections. Current
guidelines recommend evaluating immune infiltra-
tion on a continuous scale as a percentage of stromal
TIL in the invasive tumor area* with this approach
effectively applied in the recent ring studies.® The
recommendation to score stromal TIL alone is based
on the practical experience of many breast patholo-
gists. Comparing inter- and intra-observer variability
for global, stromal, and intratumoral TIL on
hematoxylin-eosin and immunohistochemically
stained sections has not been done. This leaves a
number of open questions, including: (1) Are
immunohistochemical staining’s more reliable and
reproducible than their histochemical counterparts
for scoring TIL?; (2) Which of these two stains
produces the most consistent results for global,
stromal, and intratumoral TIL?; (3) Does tumor
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immune infiltration evaluation on core biopsies
accurately reflect the surgical specimen?; and (4)
Can digital pathology provide reliable help for the
quantitative  assessment of tumor immune
infiltration?

Recent studies have shown that TIL in the peri-
tumoral stroma are frequently aggregated in orga-
nized tertiary lymphoid structures. These structures
may signal local immune responses directed to the
tumor, a hypothesis supported by studies showing
their prognostic value for several malignancies,
including breast cancer (reviewed in Dieu-Nosjean
et al®). Tertiary lymphoid structures were first
identified in breast cancer on immunohistochemi-
cally stained sections” with recent studies using
histochemical staining for scoring.®~1? The same
questions listed above for TIL can also be asked for
tertiary lymphoid structures.

The present study was undertaken to address these
issues. We compared scoring of TIL and tertiary
lymphoid structures on histologically and immuno-
histochemically stained full-face tumor sections to
determine inter-observer and intra-observer agree-
ment. We also investigated how accurately TIL and
tertiary lymphoid structure evaluation on diagnostic
core biopsies reflects the corresponding surgical
specimen. Finally, we tested digital pathology as a
bioimaging processing tool for rigorous and quanti-
tative analysis of the tumor immune infiltrate.

Materials and methods
Tumor Samples

Formalin-fixed and paraffin-embedded breast tumor
blocks were selected from the Institut Jules Bordet’s
tumor bank, including 124 cases of primary tumors

Figure 1 Staining of breast tumor tissues. Representative images of diffuse tumor-infiltrating lymphocytes (TIL) in a breast tumor (a—c) and
enlargement of an area where immune cells are organized in tertiary lymphoid structures (d—f) is shown for tissue sections stained with
hematoxylin-eosin (a and d) or CD45 immunohistochemistry (b and e; CD45 =total leukocytes) or CD3/CD20 (c and f; CD3=T cells
(brown) and CD20 =B cells (red), respectively). Images (a—c) are at x 100 and (d—f) at x 200 magnification.
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(Cohort A) and 65 pairs of diagnostic core biopsies
with their corresponding primary tumor surgical
specimen (Cohort B). The clinicopathological
characteristics for all patients are detailed in
Supplementary Tables S1-S3. This study was
approved by the Institut Jules Bordet’s ethics
committee (EC -1943).

Histopathology Staining

Formalin-fixed and paraffin-embedded tissue sec-
tions (4 um) were histochemically stained with
hematoxylin-eosin on a Tissue-Tek Prisma & Cover-
slipper HQP!"s (Sakura Finetek) stainer or immuno-
histochemically stained to label immune cells on a
Ventana Benchmark XT automated staining instru-
ment (Ventana Medical Systems). Antibodies were
used to label either all leukocytes (CD45), (Cohort A)
or T and B lymphocytes (CD3/CD20), respectively
(Cohort B). A detailed protocol for the dual CD3/
CD20 immunohistochemical stain is described in
Buisseret et al.'’ Representative stained images are
shown in Figure 1. Estrogen receptor, progesterone
receptor, Ki67, and HER2 immunohistochemical
stains were performed in the routine pathology lab
using accredited procedures.

Pathologic Assessment

Full-face tumor sections were independently scored
for TIL and tertiary lymphoid structures by two
(Cohort A) or three (Cohort B) experienced patholo-
gists (GvdE, AdW, and SD). Fifty randomly selected
slides from Cohort A were rescored after 3 months for
the same immune parameters by the same two
pathologists. Global TIL are defined as the percentage
of the invasive tumor area (including the tumor bed
and peri-tumoral stroma) infiltrated by lymphocytes.
Global, intratumoral, and stromal TIL were scored
following the 2014 guidelines from the Breast Cancer
International Tumor Infiltrating Lymphocyte Working
Group.* Tertiary lymphoid structures were identified
on hematoxylin-eosin and CD45 immunohistochemi-
cally stained tissues as lymphoid aggregates, whereas
for CD3/CD20 immunohistochemically stained tis-
sues they were restricted to a B-cell follicle sur-
rounded/adjacent to a T-cell zone. Regions of in situ
carcinoma, normal glandular epithelium, and necro-
sis were excluded from evaluation.

Digital Pathology

CD3/CD20 (n=50) and the corresponding CD45
(n=46) immunohistochemically stained sections
from Cohort A and CD45 immunohistochemically
stained sections of tumors and biopsies from Cohort
B were scanned at a magnification of x20 on
a NanoZoomer slide scanner (Hamamatsu).
Images were analyzed using VisiomorphP? software
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(Visiopharm) to quantify the CD3*CD20* and CD45*
areas within the invasive tumor area defined by a
pathologist for each digital image. The total posi-
tively stained area(s) was scored as a percentage of
the defined region.

Statistical Analysis

TIL scores were log-transformed to approximate a
normal distribution and stabilize the variance. A
value of 0.5 was added to the scores equal to 0.
Agreement between staining methods, inter-observer
variability, and intra-observer repeatability were
assessed using the Bland—Altman method and
Passing—Bablok regression analyses. Bland—Altman
plots represent the ratio of the TIL scores between
the two staining methods or between two assess-
ments (intra- and inter-observer variability) plotted
against their geometric mean and report the agree-
ment intervals, within which 95% of the ratios are
expected to fall when the ratios are normally
distributed.'? In the Passing—Bablok regression lines,
intercepts and slopes are measures, respectively, of
constant and proportional bias on the log scale.!?

The concordance correlation coefficient was used
as a summary measure of reproducibility for both the
log of continuous TIL scores and binary variable for a
tertiary lymphoid structure presence.'* For binary
variables with no repetitions, the concordance
correlation coefficient is equivalent to Cohen’s
kappa. The association between TIL in diagnostic
core biopsies and primary tumors was evaluated by a
simple linear and Loess regression model of the log
geometric means for the two pathologists. A logistic
model, adjusting for the pathologist and accounting
for intra-patient correlation by the Huber covariance
estimator, was fitted to study the relationship
between tertiary lymphoid structures in biopsies
and tumors. Statistical analyses were performed
using R v.3.2.5, exploiting in particular the Agree-
ment, MethComp, and rms packages.'®

Results

Comparative Analysis of TIL Scoring on
Histochemically versus Immunohistochemically
Stained Tumor Sections

TIL from 124 primary breast tumors (Cohort A) were
independently scored by two pathologists on tumor
sections stained using hematoxylin-eosin and dual
CD3/CD20 immunohistochemistry. Three scores
were determined: stromal, intratumoral, and global
TIL, which were highly correlated with both staining
methods (Supplementary Table S4). The scores from
both pathologists were compared by taking the
geometric mean and results were reported in
Bland—Altman plots depicting the ratio between the
two pathologist’s scores against their geometric
average (Figures 2a—c). The limits of agreement show
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Figure 2 Hematoxylin and eosin (H&E) versus immunohistochemistry. Bland—Altman analyses of tumor-infiltrating lymphocytes (TIL)
score agreement using H&E versus immunohistochemical (IHC) stains for global (a), intratumoral (b), and stromal (¢) TIL. For each
comparison, the geometric mean value for the two scores (histochemical H&E and IHC) from the same tumor sample (x axis) is plotted
against the ratio between the same two scores (y axis). The horizontal lines represent the overall geometric mean of the ratios (center line)
and the approximate 95% limits of agreement. The Loess fitted curve is also shown. Passing—Bablok regression of H&E versus IHC log-
transformed scores for global (d), intratumoral (e), and stromal TIL (f) are shown. Each comparison is represented by a scatter diagram
where the regression line and 95% pointwise confidence bands are superimposed with the identity line (dashed line). The intercept and
slope are reported with their 95% confidence intervals (CI). Forest plots showing estimated concordance correlation coefficients with 95%
CI between H&E and IHC stains are depicted for global, intratumoral, and stromal TIL (g).

a relatively high level of imprecision between mea-
surements; however, there is no major constant
(intercept) or proportional (slope) drift between the
two methods shown in the Passing—Bablok regres-
sion analysis (Figures 2d-f) and the estimated
concordance correlation coefficient values con-
firmed there is a good correlation between the two
methods, which is better for global and stromal
compared to intratumoral TIL scores (Figure 2g).

The data from Cohort A were used to examine
inter-observer agreement. Bland—Altman and Pas-
sing—Bablok analyses demonstrate that inter-
observer bias is stronger when scoring global and
stromal TIL, while this trend is not apparent for
intratumoral TIL (Figures 3a—f; Supplementary
Figure S1). In terms of precision, immunohistochem-
istry produces more consistent results between
pathologists, reflected by the higher estimated
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Figure 3 Inter-observer and Intra-observer agreement. Bland—Altman plots showing inter-observer agreement between two pathologists
using tumor-infiltrating lymphocytes (TIL) scores from hematoxylin-eosin (H&E) (a—c) or immunohistochemical (IHC) (d-f) stains for
global (a and d), intratumoral (b and e), and stromal TIL (c and f). For each comparison, the geometric mean of the two scores (pathologist 1
and 2) from the same histochemically or immunohistochemically stained tumor section (x axis) is plotted against the ratio between
pathologist 2 to pathologist 1 scores (y axis). The horizontal lines represent the overall geometric mean of the ratios (center line) and the
approximate 95% limits of agreement. The Loess fitted curve is also shown. Forest plots representing estimated concordance correlation
coefficients with 95% confidence interval (CI) for each pairing between pathologists (inter-observer agreement in g) and between the first

and second reading (intra-observer agreement in h).

concordance correlation coefficient values for all
immunohistochemical measurements compared to
their histochemical counterparts (Figure 3g). Scoring
intratumoral TIL on hematoxylin-eosin-stained tis-
sues is relatively inaccurate with a concordance
correlation coefficient of only 0.57 (95% confidence
Interval (CI): 0.44—0.68).

This data were also used to explore intra-observer
agreement by having the same pathologists re-score
TIL on 50 randomly selected histochemically and
immunohistochemically stained sections from
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Cohort A after a 3-month interval. Regression
analyses, together with the intra-observer concor-
dance correlation coefficient values show that TIL
evaluation using immunohistochemical stains has a
slightly higher degree of reliability than their
histochemical counterparts (Figure 3h; Supple-
mentary Figures S2—S5). Importantly, these data show
that scoring global TIL is more accurate than
intratumoral or stromal TIL both for inter-observer
and intra-observer variability with both staining
methods.
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Figure 4 Pathological assessment versus digital image analysis. Bland—Altman plots showing the agreement between pathologist’s scores
and data from digital image analysis for CD45 (a) and CD3/CD20 (b) immunohistochemical stains. For each comparison, the geometric
mean value of the two scores (CD45* or CD3*CD20%) (x axis) is plotted against the ratio between the same two scores (y axis). The
horizontal lines represent the overall geometric mean of the ratios (center line) and the approximate 95% limits of agreement. The Loess
fitted curve is also shown. Passing—Bablok regression of log-transformed tumor-infiltrating lymphocytes (TIL) scores assessed by digital
image analysis (x axis) or by two pathologists (y axis) using CD45 (c) or CD3/CD20 immunohistochemistry (d). Each comparison is
represented by a scatter diagram where the regression line and 95% pointwise confidence bands are superimposed with the identity line
(dashed line). The intercept and slope are reported with their 95% confidence intervals (CI).

Accuracy of Identifying Tertiary Lymphoid Structures
on Hematoxylin-Eosin versus Inmunochistochemically
Stained Tumor Tissues

We used tumors from Cohort A to compare the
accuracy of tertiary lymphoid structure identification
on sections stained with hematoxylin-eosin or immu-
nohistochemistry. Our results show that tertiary
lymphoid structure identification is underestimated
on hematoxylin-eosin-stained tissues as the number
of tertiary lymphoid structure-positive tumors and the
global tertiary lymphoid structure count increases
when scored using their immunohistochemically
stained counterparts (Supplementary Table S5).
These data show relatively weak agreement between
the two staining methods for scoring tertiary lym-
phoid structures (inter-method concordance correla-
tion coefficient: 0.36, 95% CI: 0.24-0.47).

An analysis of inter-observer and intra-observer
agreement for tertiary lymphoid structures scores
clearly shows that sections stained with hematoxylin-
eosin are inaccurate (Supplementary Table S6). Alter-
natively, scoring immunohistochemically stained
tumor sections produces consistent results between
pathologists and duplicate readings from individual
pathologists (Supplementary Table S6).

Pathological Assessment versus Digital Pathology

Digital pathology was used as a tool to quantify global
TIL on scanned CD3/CD20 and CD45 immunohisto-
chemically stained tissues (Cohort A). The resulting
data were then compared with the mean pathologist’s
scores. Regression analysis clearly shows a constant
bias between the two approaches with digital image
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Figure 5 Diagnostic core biopsies and tumors. (a and b) show the linear regression line (dark gray) and loess fitted curve (light gray) of log-
transformed tumor-infiltrating lymphocytes (TIL) scores between diagnostic biopsies (x axis) and their matched full tumor sections from
surgical specimens (y axis), for pathological assessment (a) or digital image analysis (b). The identity line (dashed line) is also shown.

analysis reporting lower percentages than patholo-
gists, both for CD45 and CD3/CD20 immunohisto-
chemical staining (Figure 4). We further compared
both stains and detected a good correlation when
comparing pathologist’s scores with those obtained
from image analysis (Supplementary Figure S6).

Accuracy of Core Biopsies as a Reflection of the
Primary Tumor

We compared mean global TIL scores (three pathol-
ogists) from 65 immunohistochemically stained
(CD45), matched pairs of diagnostic core biopsies,
and primary tumor sections (surgical specimens from
untreated patients). This analysis investigated the
accuracy of TIL and tertiary lymphoid structure
scores (Cohort B), and showed a marked linear
dependence between the two measurements
(Figure 5). These data reveal that TIL scores from
immunohistochemically stained biopsies predict
immune infiltration in the tumor at surgery with a
slight proportional underestimation effect that dis-
appears as the TIL scores increase. Tertiary lymphoid
structure scores from core biopsies were next inves-
tigated for their ability to predict scores from surgical
specimens. The odds ratio estimate from the logistic
model was 10.0 (95% CI: 2.9-35.2, P < 0.00001) with
a Nagelkerke coefficient of determination R? of 0.26,
indicating that tertiary lymphoid structure scoring of
biopsies does not accurately reflect the tumor at
surgery. TIL scoring for matched biopsy tumor pairs
was also measured using image analysis. These
analyses reiterate the pathologist’s scores showing
that TIL in core biopsies predict tumor immune
infiltration at surgery with the same effect (Figure 5b).

Discussion

This study draws several conclusions based on our
comparative analysis of conventional hematoxylin-eosin
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versus immunohistochemical stains for quantifying
global, stromal, and intratumoral TIL in primary
breast cancer. TIL assessment on sections stained
with hematoxylin-eosin is relatively well-correlated
with immunohistochemistry and without systematic
bias. This correlation is better for global and stromal
compared with intratumoral TIL. A comparison
of inter- and intra-observer agreement between
pathologists using the two different stains reveals
higher concordance for immunohistochemistry.
However, hematoxylin-eosin staining is suitably
reproducible and accurate except for scoring intra-
tumoral TIL. Most of the current studies investigat-
ing TIL as a breast cancer prognostic biomarker
scored stromal TIL as a continuous variable on
sections stained with hematoxylin-eosin.*16-18 A big
advantage of this stain is that the sections prepared
for routine clinical analysis are readily available;
however, distinguishing TIL and apoptotic tumor
cells on these stained tissues can be ambiguous.
A recent study of inter-observer variability for
assessment of breast cancer TIL using hematoxylin-
eosin-stained sections found that tumor cell
necrosis and apoptosis were specific factors causing
discrepancies between pathologists.!® In our study,
the weakest inter-observer agreement was detected
for intratumoral TIL scores from hematoxylin-eosin-
stained tissues, which supports recommendations
from the International Working Group to avoid
scoring intratumoral TIL (ie, global TIL or stromal
TIL) on these slides.* A recently published ring
study organized by this group show that using a
software-guided image evaluation approach for
scoring hematoxylin-eosin-stained tissues improves
reproducibility between pathologists.? Using immu-
nohistochemically stained sections for specific
immune markers has the advantage of counteracting
these limitations and making speeding up the
evaluation by pathologists but require additional
tissue sections and staining. The dual CD3/CD20
immunohistochemical stain used here is highly



advantageous because TIL and tertiary lymphoid
structures are easily scored on the same section.
The highest concordance values for inter- and
intra-observer comparisons were obtained for global
TIL scores, suggesting that this measurement could
be wused instead of stromal TIL, the current
recommendation.* All three TIL measures were
well-correlated both in our study and previous
publications from others;>'® however, biological
and clinical evidence that identifies the most mean-
ingful parameter for breast cancer is still lacking. A
recent study of triple-negative breast cancer identi-
fied three subgroups based on the immune infil-
trate’s location, finding that intratumoral infiltration
was associated with a better prognosis.??

Tertiary lymphoid structure detection was also
examined in this study because these mini lymph
nodes forming at the tumor site have been described
in several types of solid tumors (reviewed in Dieu-
Nosjean et al). Our previous work demonstrated
that tertiary lymphoid structures are specifically
associated with CD4* Tth cells and positively
correlated with breast cancer survival.” The data
presented here show that tertiary lymphoid structure
detection is underestimated on hematoxylin-eosin
compared to immunohistochemically stained tissues
and that inter- and intra-observer agreement is also
clearly superior using immunohistochemistry. The
potential clinical relevance of tertiary lymphoid
structures at the tumor site requires further investi-
gation into their functional contributions to anti-
tumor immunity; however, our data clearly show
that tertiary lymphoid structures should only be
evaluated using immunohistochemical stains
specific for immune cells.

Examination of whether immune infiltrate quanti-
fication in core biopsies accurately reflects surgical
specimens is critically relevant for studies that
evaluate TIL, particularly for situations where tissues
are limited, such as pre-therapeutic biopsies or tissue
microarrays. Our data show a good correlation
between lymphocyte infiltration scores from core
biopsies and tumors at surgery. This suggests that in
the neoadjuvant setting, TIL assessed on core biopsies
can be used as a surrogate for the primary tumor.
Unfortunately, tertiary lymphoid structure evaluation
on core biopsies does not accurately reflect all tumors,
with 50% of those found to contain these structures in
the surgical specimen negative on the core biopsy.
Tertiary lymphoid structures are principally resident
in the stroma, with their position often non-
concentric and thus biopsy sampling would only
randomly bisect these tumor regions.

We also investigated the potential for using image
analysis and digital pathology to score TIL. These
technologies are rapidly growing with high-through-
put, high-resolution microscopic scanners and power-
ful image analysis software currently under
development. Digital pathology has recently shown
real promise in translational trials.?»?2 Our approach
coupled CD45 immunohistochemically stained
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leukocytes with Visiomorph software to measure
positivity in defined areas of invasive carcinoma.
Our analyses show a constant bias between auto-
mated digital and pathological assessment, indicating
that pathologists may overestimate TIL as a percen-
tage of the tissue area because they are influenced by
the density of TIL. Image analysis was limited to
global lymphocytic infiltration within the ‘invasive
carcinoma’ region manually defined by a pathologist.
Other studies have shown that tumor and stromal
areas can be discriminated digitally even on sections
stained with hematoxylin-eosin.?324

This study is, to the best of our knowledge, the first
to formally compare hematoxylin-eosin and immu-
nohistochemical staining, differential scoring (global,
stromal, and intratumoral TIL) and different types of
tumor specimens (core biopsies versus surgical speci-
mens) for quantification of breast cancer TIL. We
show that scoring on immunohistochemically stained
sections delivers higher inter- and intra-observer
agreement compared to hematoxylin-eosin stains.
These data further demonstrate that quantification of
global TIL on histochemically or immunohistochemi-
cally stained sections is best, but the former should be
avoided for quantification of intratumoral TIL. The
added value of immunohistochemistry for the pre-
dictive and prognostic significance of TIL remains to
be demonstrated. Our results also reveal that tertiary
lymphoid structures should only be scored using
full-face immunohistochemically stained sections
surgical specimens to ensure accuracy, reproducibil-
ity, and distinguish them from lymphoid aggregates.
Finally, image analysis with digital pathology is
potentially interesting for efficient and reproducible
TIL quantification; however, further work is needed
before it can be used in routine pathology.
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