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Summary Tumor-infiltrating lymphocytes (TILs) have emerged as prognostic in triple-negative breast can-
cer (TNBC). We aimed to assess the consistency of hotspot placement and TIL enumeration among multiple
pathologists. Additionally, we assessed hotspot TIL count consistency by comparing hotspot counts in 3
separate locations within a single whole-tissue section. Anti-CD8 immunohistochemistry was performed
on a representative section from 66 cases of primary TNBC, which were then scanned as whole-slide
images. Quantification of the tissue area and combined stromal and intratumoral CD8+ TILs was performed
using digital image analysis (DIA) within 2.2 mm—diameter circle hotspots. TIL counts were quantified as
absolute counts and densities (absolute count/tissue area in micrometers?). For each case, 6 pathologists
placed a single hotspot, defined as an area with the subjectively highest CD8+ immunoreactivity, within
the tumor bed. Separately for each case, a single pathologist placed hotspots in 3 different locations within
a single tumor section. Intraclass correlation coefficients (ICCs) were generated following TIL enumeration
via DIA. ICCs for single hotspot placement by 6 pathologists were 0.96 for density and 0.97 for absolute
counts, respectively. In 32% of cases (21/66), all the hotspots placed by the 6 pathologists were in the same
location. When evaluating hotspots in 3 different locations within a tumor, the ICC was 0.95 for both density
and absolute counts. Hotspot evaluation by DIA is a reproducible method for CD8+ TIL quantification, and
the use of hotspots may reduce TIL count variation caused by intratumoral TIL heterogeneity.
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1. Introduction

Advancements in immunotherapies for cancer have
renewed interest in the role of inflammatory infiltrates in
breast cancer and other tumor types. Studies have shown
that tumor-infiltrating lymphocytes (TILs) are prognostic,
predictive, and prevalent in triple-negative breast cancer
(TNBC), a breast cancer subtype associated with poor clinical
outcomes [ 1-8].

An International TIL Working Group (ITWG) has estab-
lished guidelines for enumerating TILs on hematoxylin and
eosin (H&E) sections [9]. Subsequent studies have shown
the guidelines are adequately prognostic [10] and that interob-
server concordance is moderate [11,12]. According to
the guidelines, TIL quantification entails the evaluation of
the whole tumor area on a single section. However, TILs
are heterogeneously distributed throughout the tumor and are
variably concentrated at the periphery [13,14]. This intratu-
moral heterogeneity has been reported to be responsible for
outliers in studies evaluating interobserver concordance using
the ITWG guidelines [11]. To improve interobserver concor-
dance of TIL quantification, Denkert et al [11] asked patholo-
gists to evaluate at least 3 areas of a predefined size (1mm?)
per tumor, and the mean of the recorded values for each region
was used for statistical evaluation. Denkert et al demonstrated
that evaluating smaller tissue areas can effectively reduce
intratumoral variance as a source of outliers and increase
concordance.

Recently, hotspot CD8+ TIL counts have been shown
to be associated with a survival benefit in TNBC [15]. CD8+
cytotoxic T cells are consistently the most prognostic and pre-
dictive of the TIL subtypes. Other TIL subtypes, including
CD4+ regulatory T cells, CD20+ B cells, and plasma
cells, show more conflicting data [16-22]. Furthermore,
advances in image recognition software have made digital
image analysis (DIA) an instrument to reduce interobserver
variance [23-25].

The aim of this study was to assess the consistency of hot-
spot placement and TIL enumeration among multiple patholo-
gists. Additionally, we assessed the consistency of hotspot TIL
enumeration within a tumor by comparing counts from 3 hot-
spots in 3 different locations within a single whole-tissue sec-
tion of TNBC.

2. Materials and methods
2.1. Tumor samples

Patients with primary TNBCs were identified at New Y ork-
Presbyterian Hospital/Weill Cornell Medicine from the years
2000-2014. Tumors measuring <0.5 cm in greatest dimension
were excluded from this study. Institutional review board ap-
proval was obtained for all parts of this study.

2.2. Immunohistochemistry methods and
interpretation

Immunohistochemistry was performed on 4 pm—thick sec-
tions prepared from representative tumor blocks. Slides were
deparaffinized in sequential baths of xylene, transferred to se-
quential baths of 100% ethanol followed by sequential baths of
95% ethanol, and then rinsed in deionized water prior to stain-
ing. Immunohistochemistry was performed using mouse anti-
human monoclonal anti-CD8 antibody (4B11, Dilution: RTU,
Leica Biosystems, cat. # PA0183; Buffalo Grove, IL). Follow-
ing antigen retrieval, the slides were stained using the Bond
Polymer Refine Detection system (Leica Biosystems, Buffalo
Grove, IL), dehydrated in 100% ethanol, and mounted in
Cytoseal XYL (Richard-Allan Scientific, Kalamazoo, MI) by
a Leica CV5030 cover slipper (Leica Biosystems, Buffalo
Grove, IL).

2.3. Whole slide scanning

Slides were scanned at a 20x magnification using a single
z-plane via an Aperio AT2 whole slide scanner (Leica
Biosystems, San Diego, CA). Scanned images were evaluated
for quality and to ensure that they were in focus. Digital files in
“.svs” format were stored on an image server for remote eval-
uation using eSlide Manager Healthcare Network application
(Leica Biosystems, Buffalo Grove, IL). The scanned images
were loaded onto the HALO DIA platform (Indica Labs,
Corrales, NM).

2.4, Hotspot placement training

Six pathologists, ranging in clinical experience from 1 to 10
years (P. . M., A.P.P,E. W.Z.,P. G, F. K., T. D.), partic-
ipated in an educational session detailing the mechanics of the
HALO DIA software. Inclusion and exclusion criteria were
reviewed at this time. Subsequently, each pathologist reviewed
20 practice cases, which were not included in the study, with a
knowledgeable DIA user (P. J. M.).

2.5. Hotspot placement and TIL and tissue area
enumeration via DIA

The whole slide images were evaluated at scanning magni-
fication for each case. A hotspot was defined as an area within
the tumor with the highest subjective number of immunoreac-
tive CD8+ TILs. The hotspot size chosen for evaluation was a
2.2 mm—diameter circle (equivalent to a 10x objective field of
view), as previously described [15]. The pathologists manu-
ally excluded areas of in situ carcinoma, prior biopsy site, ne-
crosis, and regressed hyalinized stroma from DIA. Any
areas devoid of tissue (ie, prior Tissue Microarray site or be-
yond the tissue edge) were automatically excluded by the
DIA software. The DIA settings for TIL enumeration, in-
cluding size and staining thresholds, were created in
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Fig. 1  Examples of tumor annotation by 6 pathologists in HALO on anti-CD8—stained tissue sections. A, Low-power view of whole-tissue
section with 2.2 mm-—diameter circle (ie, 10% objective field of view) hotspot annotations from 6 pathologists in the same location (overlapping
hotspots). B, An example with diverse hotspot selection between the 6 pathologists in which concordance was maintained.

conjunction with software engineers from HALO, as previ-
ously described [15]. Cells staining with an intensity exceed-
ing the threshold was deemed as positive and counted. The
settings were set to include the full range of staining intensities
(weak to strong). DIA enumerated the CD8+ cells and the area
of the tissue analyzed.

2.6. Selection of 1 hotspot by 6 different patholo-
gists within a whole-tissue section of TNBC

For the interobserver consistency portion of the study, each
of the 6 pathologists independently reviewed each case in a
blinded manner. For each case, the pathologists placed a single
hotspot within the invasive tumor borders on a whole-tissue
section (Fig. 1). After all the pathologists had placed their hot-
spots, placement of the 6 hotspot annotations was evaluated in
each case to determine the proximity of placed hotspots among

the 6 pathologists. When all 6 hotspots overlapped, the hot-
spots were deemed to be in the same location.

2.7. Selection of 3 different hotspots within a whole-
tissue section of TNBC

For the intratumoral consistency portion of the study, 1 pa-
thologist (P. J. M.) placed 3 separate hotspots in 3 different lo-
cations within the invasive tumor borders on a single whole-
tissue section for each case (Fig. 2). The pathologist could
place the hotspot anywhere within the tumor provided none
of the 3 hotspots overlapped.

2.8. Statistical analysis

After TIL and tissue area enumeration by DIA, statistical
analyses were performed using absolute CD8+ TIL counts

Fig. 2  Multiple equivalent hotspots within a single tumor section. A, Low-power view of an anti-CD8—stained whole-tissue section with 3
separate hotspot annotations. B, High-power view of HALO TIL enumeration within an annotated hotspot. CD8+ cells enumerated by HALO
are red within the area of annotation, and CD8+ cells outside the annotation border are brown.
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and densities (absolute count/tissue area in micrometers?).
Using 1-way analysis of variance, intraclass correlation coeffi-
cient (ICC) was calculated from the chromogenic immunohis-
tochemistry data to evaluate the consistency between
pathologists [26]. ICCs were also separately calculated to eval-
uate the consistency of different hotspot (3 per case) TIL enu-
meration within a whole-tissue section. All analyses were
performed using statistical software SAS Version 9.4 (SAS In-
stitute, Cary, NC).

3. Results

3.1. Interobserver consistency in TIL enumeration

Six pathologists each placed a single hotspot within a
whole-tissue section of TNBC in a blinded manner. CD8+
TILs were enumerated from each hotspot. The consistency
of CD8+ TIL counts by hotspot placement among 6

pathologists was determined. The ICCs were 0.97 (95% confi-
dence interval [CI]: 0.96-0.98) for absolute CD8+ TIL counts
and 0.96 (95% CI: 0.95-0.97) for CD8+ TIL density (Fig. 3).
Retrospectively, the hotspots placed by the 6 pathologists were
evaluated in each case to assess the number of cases in which
all 6 pathologists placed the hotspot in the same location. For
32% of cases (21/66), all 6 pathologists selected hotspots in
the same location (overlapping hotspots).

3.2. Intratumoral consistency in TIL enumeration

Three hotspots per case were enumerated and subse-
quently evaluated for hotspot TIL count consistency within
a single whole tumor section. The ICCs generated from TIL
enumeration of hotspots placed in 3 different locations
within a single whole tumor section by a single pathologist
were 0.95 (95% CI: 0.93-0.96) for both CD8+ absolute and
density counts.
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Fig. 3  Distribution of average absolute CD8+ TIL count among 6 pathologists. A, Bar graph of the average absolute CD8+ TIL count. B, Bar

graph of the CD8+ TIL density count. C, The distribution of absolute CD8+ TIL counts provided by each of the 6 pathologists’ hotspot placement
(6 data points per case). Each boxplot represents 25th%, median, and 75th% scores with the whiskers denoting the minimum and maximum scores

of the 6 data points. D, The distribution of CD8+ TIL density.
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4. Discussion

The immune response to cancer is a new and evolving field
of translational research that has gained momentum in the era
of effective immunotherapies. Immune infiltrates have been
shown to influence response to therapy and prognosis, partic-
ularly in triple-negative and HER2-positive breast cancers
[1,5-7]. The aim of this study was to assess the consistency
of hotspot placement and TIL enumeration among multiple
pathologists. Additionally, we assessed the consistency of hot-
spot TIL counts within a tumor by comparing counts in 3 hot-
spots in 3 different locations within a whole-tissue section of
TNBC.

Digital image analysis has been used as a tool to assess bio-
markers in breast cancer and has been shown to outperform
manual biomarker assessment [23-25,27]. In a recent study
evaluating manual H&E-stained sections for stromal TIL den-
sity, the authors observed a systematic shift of mean TIL
values between the pathologists, suggesting that pathologists
have different individual cut points for a given TIL percentage
[11]. Similar results have been described when evaluating
Ki67 in breast cancer [28,29]. Digital image analysis evades
such sources of error because it has the capability of setting a
single quantification threshold for immunoreactive cells,
resulting in consistent counting and variance reduction.

Although the ITWG guidelines suggest evaluation of stro-
mal TIL density within the entire tumor bed on H&E-stained
sections, in practice, it may prove difficult to perform. In fact,
the studies that have evaluated interobserver variability using
the proposed ITWG recommendations, which have shown
moderate to strong concordance, did not fully adopt the guide-
lines [11,12]. To reach a predefined acceptable concordance
value, pathologists evaluated at least 3 areas of a predefined
size (1 mm?) per tumor for each case [11]. The mean values re-
corded for each region were used for statistical analysis. This
addressed variation due to tumor heterogeneity and random er-
rors [11]. In a separate study which evaluated concordance
among pathologists in manual H&E stromal TIL estimation,
TILs were categorized into 3 categories (<10%, 10%-50%,
and >50%) rather than counted as a continuous variable be-
cause “in practice, most pathologists will not report specific
values” [12]. This study also identified pitfalls in H&E TIL
identification including individual cell necrosis, marked indi-
vidual tumor cell apoptosis, and presence of reactive plasma
cells mimicking tumor cells and plasmacytoid-appearing
tumor cells mimicking plasma cells [12]. In response, the
authors stated that IHC staining with anti-CD45 or anticyto-
keratin can be used to differentiate TILs from carcinoma cells,
respectively, which is not in keeping with the ITWG guide-
lines [9,12]. Finally, they explained that TIL quantification in
specimens with focal areas of dense inflammatory infiltrate
was problematic, a finding previously reported to account for
individual outliers [11,12]. With the use of immunohistochem-
istry, quantification of TILs by DIA is not subject to these in-
terpretation pitfalls, as only immunoreactive cells are
enumerated.

We sought to evaluate the consistency of TIL counts
among multiple pathologists using hotspots and DIA. For a
single hotspot placement by 6 pathologists, the ICCs were
0.96 (density) and 0.97 (absolute) TIL counts, respectively.
In fact, we found that, in 32% of cases (21/66), all 6 patholo-
gists chose a hotspot in the same location (overlapping hot-
spots). Studies evaluating the reproducibility of manual
stromal TIL density and Ki67 indices have yielded varied re-
sults with ICCs ranging from 0.70 to 0.89 and 0.71 to 0.94, re-
spectively. In these studies, to reach a clinically acceptable
ICC, each required a second trial with additional techniques
to improve both stromal TIL density and Ki67 index estima-
tion [11,27,28]. With increased availability and utilization of
digital pathology, one can foresee a future in which DIA is ac-
cessible for clinical use. In fact, billing codes differ based on
whether morphometric analysis is performed manually or
using computer-assisted technology [30].

Mani et al [13] quantitatively assessed the spatial hetero-
geneity of TIL subtypes across biopsies, within a single sec-
tion, and among multiple sections. They found that CD8+
and CD3+ TIL heterogeneity was broad within a single sec-
tion. In our study, we were able to reduce the effect of CD8+
TIL heterogeneity on variance by selectively focusing on areas
with the highest density of immunoreactive CD8+ cells (hot-
spots). When evaluating 3 hotspots in 3 different locations of
a single whole-tissue section, the ICC yielded 0.95 for both
density and absolute TIL counts. Thus, within a single section,
there are multiple hotspots with similar numbers of immunore-
active cells per unit area from which a pathologist may choose.

We acknowledge that DIA is not clinically available for the
majority of pathologists today. In addition, our cohort is com-
posed of only TNBCs, with a significant portion of cases being
lymphocytic predominant breast cancer; however, Fig. 3 dem-
onstrates that our cohort is comprised of tumors with a variety
of absolute CD8+ TIL counts (range: 176-19 069 cells). We
also only assessed a single section per case, but this is less con-
cerning given that Mani et al [13] found that there was more
CD8&+ TIL heterogeneity within a single block of tumor than
between multiple blocks.

5. Conclusion

Hotspot TIL enumeration by DIA is a highly reproducible
method for quantification of CD8+ TILs. Given that 3 hotspots
in 3 different locations of a single whole-tissue section yielded
excellent ICCs, the use of hotspots may reduce TIL count var-
iation because of intratumoral TIL heterogeneity.
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