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Lymphocytic infiltration in breast cancer

increases postoperative life

LIFE EXPECTANCY FOLLOWING RADICAL AMPUTATION
FOR CARCINOMA OF THE BREAST: A CLINICAL AND
PATHOLOGIC STUDY OF 218 CASES*

By Wavrer E. Sistrunk, M.D.
OF THE BECTION ON BURGERY
AND
Wituiam C. MacCarty, M.D.
ON

OF THE OF THE MAYO CLINIC,

RocEesTER, MINN.

THE study of these cases was undertaken for the purpose of determining,
as nearly as possible, the life expectancy of patients on whom primary radi-
cal amputations of the breast have been performed for carcinoma. The
factors which seem important in determining the expectancy of life were
carefully studied from a clinical and a pathologic standpoint in a series of
218 patients with carcinoma of the breast operated on in the Mayo Clinic.
The conclusions reached from the clinical findings and the findings at opera-
tion are discussed first, the microscopic picture of the tumors removed and
the bearing which these different pictures seem to have on the prognosis
are next considered.

‘It is impossible to foretell the duration of life of all patients with carci-
noma of the breast, because the degree of malignancy varies widely, and per-
sons react differently to the disease. For instance, certain types of carcinoma
of the breast cause death within a few months after they are recognized, and
other types metastasize slowly and do not prove fatal for many years; the
latter, however, are rare and constitute only a small percentage of carcinomas
of the breast. In the majority of these it is possible to make a fairly accurate
prognosis with regard to the duration of life following operation.

It was gratifying to find, from our statistics, that the results obtained
from early operations for carcinoma of the breast are probably better than
those obtained in operating for any, other type of malignant growths, with the
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exception of basal-cell epitheliomas and epitheliomas of the lip. Patients 1 / v . T e Y

who apply for treatment may be classed in three groups:
Group 1—Patients with inoperable growths ; growths firmly fixed to the

chest-wall; extensive ulcerating growths with metastatic skin nodules; fixed 11. The average length of postoperative life of the patients with lympho-

masses in the axilla; extensive involvement of the axillary and supraclavicu- .. . .. . .

lar glands, or internal metastasis. Operation is of no avail and is prob- cytic infiltration, hyalinization, z.md flbrosns was 37.8 per ce.nt. greater than

ably harmful. the average length of postoperative life of the ninety-one patients as a group.
Group 2—Patients who have removable growths, but in whom, because - : . . _

of the extent of the growth, or the glandular involvement, a cure cannot be _[2: The a.vera.ge lengt h OE postoperatlv_e life of patients without 1)' mPhO

expected by operation. Operation is often performed from an humanitarian cytic infiltration, hyalinization, and fibrosis was 42 per cent. less than the
+ Presented before the Southern Surgical Association, December, 1920, average length of postoperative life of patients with lymphocytic infiltration,

61 . . hyalimization, and fibrosis.



Lymphocytic-predominant phenotype is in 20-

28% of breast cancers and correlates with

outcome

Eur J Cancer. 1992;28A(4-5):859-64.

Lymphocyte infiltrates as a prognostic variable in female breast cancer.
Aaltomaa S, Lipponen P, Eskelinen M, Kosma VM, Marin S, Alhava E, Syrianen K.

Abstract

The predictive value of lymphocyte infiltrates (LI) was studied in 489 patients with breast cancer followed-up for over 10 years. LI were positively
correlated to axillary lymph-node status, tumour diameter and histological and morphometric variables (P less than 0.001). In a multivariate analysis
LI were independently related to axillary lymph-node status. LI predicted recurrence-free sunvival (RFS) in rapidly proliferating tumours (P = 0.0269). LI
predicted RFS (P = 0.08) and breast cancer related survival (BS) (P = 0.0164) in rapidly proliferating, axillary lymph-node negative tumours. In a
multivariate analysis LI independently predicted BS (P = 0.08) in rapidly proliferating tumours. LI independently predicted BS in rapidly (P = 0.025)
and slowly (P = 0.09) proliferating, axillary lymph-node negative tumours. If the tumours were not categorised according to proliferation rate, LI and
outcome were not significantly related. The results clearly confirm the presence of efficient immunological antitumour defence mechanisms in human
breast cancer. Consequently tumour-host interactions are subject to further studies particularly in axillary lymph-node negative breast cancer.

PMID: 1524909 [PublMed - indexed for MEDLINE]
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Outline

1.Clinical importance of TlLs in cancer

2. Immune-inflammed cancer phenotype and
benefit to immunotherapy

3.Assesing TlLs in practice: recommendations and
reproducibility



TILs as predictive and prognostic

biomarker in breast cancer

Metaanalysis of 3,771 patients from 6 neoadjuvant trials

TILs are linked to increased pCR rates in all subtypes
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TILs as predictive and prognostic

biomarker in breast cancer

Metaanalysis of 3,771 patients from 6 neoadjuvant trials

TILs and prognosis in different subtypes (Cox-regression)

Disease-free survival
‘ -;4 TiLs = better surv.

Overall survival

 high TiLs = better surv. 'IowTILs=bettersurv.§

low TILs = better surv.

HR per 10% p-value HR per 10% p-{ialue

all tumors —&- 1.02 ns all tumors 1.01 ns
univariate TNBC - 0.93 0.011 TNBC * 0.92 0.032

analysis HER2+  —o— 0.94  0.017 HER2+ —&— 0.94 ns
lum/HER2- —— 1.02 ns lum/HER2- —— 110 0.011

T all tumors  —— 0.94 0.001 all tumors —— 0.96 ns
analysis TNBC —— 0.91 0.003 TNBC —— 0.91 0.020
parameters lum/HER2- —¢— 0.99 ns lum/HER2- —e——1.09 0.044

L all tumors —— 0.96 0.037 all tumors . 0.99 ns

multivariate

analysls TNBC ——t 0.95 ns TNBC — 0.95 ns

all baseline HER2+ —— 0.94 0.041 HER2+ — 0.96 ns
parameters lum/HER2- — & 101 ns lum/HER2- — 111 0.014

and pCR
T 1 I 1
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Denkert, C et al. SABCS 2016




Association of immunoscore with prognosis in

colorectal cancer

Article i Science - October 2006

Type, Density, and Location of Inmune
Cells Within Human Colorectal Tumors
Predict Clinical Qutcome

Jéréme Galon,'*+ Anne Costes,* Fatima Sanchez-Caho,” Amos Kirilovsky,* Bernhard Mlecnik,?
Christine Lagorce-Pagés,® Marie Tosolini,* Matthieu Camus,* Anne Berger,* Philippe Wind,*
Franck Zinzindohoué,” Patrick Bruneval,® Paul-Henri Cugnenc,® Zlatko Trajanoski,?
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Association of immunoscore with prognosis in

various types of cancer
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Tumor immunity continuum

Inflamed Noninflamed
B
Preexisting immunity Excluded infiltrate Immunologically ignorant
e

Hedge, PS et al. Clin Cancer Res 2015



Tumor immunity continuum:

1. Immune-desert phenotype

v'Paucity of T cells in the stroma of the tumor. Although myeloid
cells may be present, the general feature of this profile is the
presence of a non-inflamed tumour microenvironment with few or
no CD8-carrying T cells

v'Rarely respond to anti-PD-L1/PD-1 therapy

v'This phenotype probably reflects the absence of pre-existing
antitumour immunity, which suggests that the generation of
tumour-specific T cells is the rate-limiting step



1. Immune-desert phenotype

Atezolizumab activity is associated

with presence of TlLs in stroma
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Tumor immunity continuum:

2. Immune-excluded phenotype

v'Abundant immune cells in the stroma that surrounds nests of
tumor and not penetrate the parenchyma

v'After treatment with anti-PD-L1/PD-1 agents, stroma-
associated T cells can show evidence of activation and
proliferation but not infiltration, and clinical responses are
uncommon

v'These features suggest that a pre-existing antitumor response
might have been present but was rendered ineffective by a block
in tumor penetration through the stroma or by the retention of
immune cells in the stroma



2. Immune-excluded phenotype

Atezolizumab activity is associated

with presence of TlLs in stroma

T-cell markers (gene expression)
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Tumor immunity continuum:

3. Immune-inflamed phenotype

v'Presence of both CD4- and CDS8 cells, often accompanied by myeloid and
monocytic cells, which are positioned in proximity to the tumor cells

v'Inflamed tumors exhibit staining for PD-L1 on infiltrating immune cells and, in
some cases, tumor cells

v'"Many proinflammatory and effector cytokines can be detected

v'This profile suggests the presence of a pre-existing antitumour immune
response that was arrested probably by immunosuppression

v'Clinical responses to anti-PD-L1/PD-1 therapy occur most often in patients with
inflamed tumors

v'"However, a response is not assured in these individuals, which indicates that
immune-cell infiltration is necessary but insufficient for inducing a response.

Chen, DS and Mellman, I. Nature 2017



3. Immune-inflamed phenotype

Association between mutational burden

and immune cells in tumor stroma
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3. Immune-inflamed phenotype

TILs are associated with PD-L1 expression

in melanoma, NSCLC and RCC
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Taube, JM et al. Clin Cancer Res 2014

Tumor cells Infiltrating immune cells
Parameter (nhumber of  Specimensn PD-L1(-)n PD-L1(+)°n PD-L1(—)n PD-L1(+)°n
specimens examined) (%) (%) (%) P value® (%) (%) P value®
Tumor type (n = 68)
Melanoma 30 (44) 14 (47) 16 (53) 0.005 15 (50) 15 (50) 0.007
NSCLC 17 (25) 8 (47) 9(53) 8 (47) 9 (63)
Kidney cancer 9 (13) 1(11) 8 (89) 0(0) 9 (100)
Colorectal cancer 8 (12) 7 (87) 1(13) 4 (50) 4 (50)
CRPC 4 (6) 4 (100) 0(0) 4 (100) 0(0)
Tumor site (n = 68)
Lymph node 17 (25) 11 (69 6 (35) 0.219 10 (59) 7 (@41) 0.339
Lung 15 (22) 5(33) 10 (67) 5 (33) 10 (67)
Other 36 (53) 18 (50 18 (50) 16 (44) 20 (56)
Primary vs. metastatic tumor (n = 68)
Primary 29 (43) 17 (59 12 (41) 0.327 15 (52) 14 (48) 0.463
Metastasis 39 (57) 17 (44) 22 (56) 16 (41) 23 (59)
Immune infiltrate score® (n = 68)
0 14 (21) 13(93) 1(7) 0.001 N/A N/A 0.69
1 35 (51) 16 (46) 19 (54) 12 (34) 23 (66)
2 16 (24) 5(31) 11 (69) 5(31) 11 (69)
3 3(4) 0(0) 3 (100) 0(0) 3 (100)
Proportion of TILs expressing PD-1° (n = 63)
0 38 (60) 25 (66) 13 (34) 0.001 22 (58) 16 (42) 0.005
1 13 (21) 5(38) 8 (62) 4 (31) 9 (69)
2 12 (19) 1(8) 11(92) 1) 11 92)
3 0(0) 0(0) 0(0) 0() 0(0)
CD4:CD8 ratio (n = 50)
CD4 > CD8 22 (44) 9 (41) 13 (59) 0.565 7(32) 15 (68) 1.000
CD4 < CD8 28 (56) 9 (32) 19 (68) 10 (36) 18 (64)
CD20" B cells (n = 51)
Absent 34 (67) 23 (68) 11 (32) 0.006 21 (62) 13 (38) 0.017
Present’ 17 (33) 4 (24) 13 (76) 4 (24) 13 (76)
Lymphoid aggregates (n = 68)
Absent 58 (85) 32 (55) 26 (45) 0.083 30 (52) 28 (48) 0.017
Present 10 (15) 2 (20 8 (80) 1(10) 9 (90)
Necrosis (n = 68)
Absent 50 (74) 27 (54) 23 (46) 0.41 25 (50) 25 (50) 0.276
Present 18 (26) 7 (39) 11 (61) 6 (33) 12 (67)
Small sample (n = 68)
No 44 (65) 19 (43) 25 (57) 0.204 17 (39) 27 (61) 0.135
Yes 24 (35) 15(62) 9 (38) 14 (58) 10 (42)




3. Immune-inflamed phenotype

CD8+ TlLs are associated with PD-L1

expression in advanced melanoma

Relationship between CD8 and PD-L1 expression in advanced melanoma
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3. Immune-inflamed phenotype

Mismatch-repair deficiency and PD-1

blockade benefit in CRC and others

N ENGL ) MED 372;26 NEJM.ORG JUNE 25, 2015

The NEW ENGLAND JOURNAL of MEDICINE

KEYNOTEO16: pembrolizumab and MSI
colorectal and non-colorectal tumors

“ ORIGINAL ARTICLE ”

PD-1 Blockade in Tumors

with Mismatch-Repair Deficiency 1500+
P=0.017
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3. Immune-inflamed phenotype

CD8+ TILs are associated with benefit to

pembrolizumab in advanced melanoma

Pembrolizumab benefit in advanced melanoma and TILs
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3. Immune-inflamed phenotype

Immune repertoire predicts nivolumab

response in melanoma
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3. Immune-inflamed phenotype

Nivolumab efficacy in T790 EGFR

mutated NSCLC is associated with
presence of CD8+ TlLs
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3. Immune-inflamed phenotype

TILs predict benefit to nivolumab in

advanced NSCLC

GOOD SCIENCE
BETTER MEDICINE
BEST PRACTICE

112P - Pathological evaluation of tumor infiltrating
lymphocytes and the benefit of nivolumab in advanced
non-small cell lung cancer (NSCLC).

l. Gataal, L. Mezquital, E. Auclin?, S. Le Moulec?, P. Alemany3, M.
Kossai3, J. Massé?, C. Caramella®, J. Remon Masip?, J. Lahmar?, R.
Ferraral, A. Gazzah?l, J. Soria®, D. Planchard?, B. Bessel, J. Adam3

» Background

Assessment of tumor infiltrating lymphocytes (TIL) by pathologists using Hematoxylin-Eosin (H&E), has
been described as a prognostic factor in resected NSCLC. We aimed to correlate TIL to the benefit
from nivolumab in patients (pts) with treated advanced NSCLC

» Methods

Patients with advanced NSCLC treated with nivolumab, with biopsy available for evaluation, were in-
cluded between November 2012 and February 2017 in two cancer centers. Patients characteristics
and outcome were collected. The percentage of tumor infiltrating lymphocytes in the stroma was evalu-
ated using H&E staining from archival pretreatment tumor tissue samples. Primary endpoint was to cor-
relate TIL density with progression free survival (PFS)

» Results

Out of ninety-eight patients included. 60 (61%) pts were male, with median age of 61 years and 85
(89%) were smokers. Sixty three (73%) pts were PS 0-1. Sixty tumors (61%) were adenocarcinoma, 29
(30%) squamous and 9 (10%) other histologies. Among 83 tumors with known molecular profile, 22
(27%) were KRAS mutated 7 (8%) EGFR mutated, 1(1%) ALK positive. The median treatment line was
3 (2-4). The median follow up was 8 months (m)(95%CI[6-19]). The median PFS was 2 m (95%CI[1-5]).
The ORR was for 16%. The median TIL density was 5% (2-15). TIL density 25% correlated with PFS in
univariate and multivariate analysis (HR: 0.48 [0.28-0.82] p =0.007 and HR:0.31 [0.14-0.68] p=0.004
respectively). TIL density 25% was also associated with better ORR (OR =3.5, 95%CI [1.06-11.7], p=
0.04)

» Conclusions

Pathological assessment of TIL allows an easy evaluation of immune infiltration in NSCLC and
independently correlates PFS in NSCLC pts treated with nivolumab. Results from validation cohorts
and combination with other morphological and immunohistochemical parameters will be reported



3. Immune-inflamed phenotype

TILs predict response to pembrolizimab

IN MTNBC

GOOD SCIENCE
BETTER MEDICINE
BEST PRACTICE

BREAST CANCER, METASTATIC

LBA13 | Relationship between tumor infiltrating lymphocyte (TIL) levels and
‘ response to pembrolizumab (pembro) in metastatic triple-negative
breast cancer (nTNBC): Results from KEYNOTE-086

S Loi', S Adams- P. Schmid-‘ J. Cortés® 3.‘.’\!.Ces_con=, EP. \.f\/u_'ler"‘, D.L.IQDDr“I1e)’er7.
HS. r2uqo , M. De | auremns R. \Janda ,H.Iwata'', A. Awada'®, A. Tan'?, A. Wang'*
G. Aktan'”, V. Karantza'”, R. ba\qauo

Background: TILs have been observed in TNBC and are thought to represent pre-exist-
ing antitumor immunity. Thus, TILs could be a biomarker for response to immune
checkpoint blockade. We assessed if TIL levels were associated with response to pembro
monotherapy in the phase 2 KEYNOTE-086 study of previously treated mTNBC of any
PD-L1 expression (cohort A) or previously untreated, PD-L1-positive mTNBC (cohort
B) (NCT02447003).

Methods: Stromal TILs were quantified by a single pathologist blinded to clinical data
using a published method oflight microscopy of H&E-stained slides obtained from
tumor biopsies. PD-L1 expression was assessed using the PD-L1 IHC 22C3 pharmDx.
Response was assessed every 9 wk for 12 mo, then every 12 wk (RECIST v1.1, central
review). Relationships between transformed TIL levelsand ORR and DCR (CR + PR +
SD > 24 wk) were assessed using logistic regression adjusted for cohort (AvsB) and
biopsy site (lymph node vs non-lymph node). All P values are 1 sided.

Results: 193 of the first 222 patients (pts) enrolled had evaluable tumor samples: 147
from cohort A, 46 from cohort B; 146 samples were newly collected (mostly from meta-
static sites), 47 were archival (mostly from primary breast tumors). Median [IQR] TIL
level was higher in cohort Bvs A (17.5% [6.2-57.5%] vs 5% [1-10%], Wilcoxon rank
sum P < .001), and in archival vs newly collected samples (10% [5-40%] vs 5% [1.2-
15%], P < .001), and lymph node vs non-lymph node samples (10% [5-50%] vs 5% [2-
15%], P =.01). ORR in pts with TIL level > vs < median was 6% vs 2% in cohort A
and 39% vs 9% in cohort B. Median (IQR) TIL level in responders vs nonresponders
was 10% (7.5-25%) vs 5% (1-10%) in cohort A and 50% (5-70%) vs 15% (5-37.5%) in
cohort B. In the combined cohorts, higher TIL levels were associated with significantly
improved ORR (odds ratio 1.26, 95% CI 1.03- 1.55, P = .01) and DCR (odds ratio 1.22,
95% CI 1.02-1.46, P = .01). Area under the ROC curve was 0.75 for ORR and 0.69 for
DCR. PD-L1 expression significantly correlated with TIL levels (p= 0.4962, P < .001).
Conclusions: TIL levels can identify pts with mTNBC with a greater chance of achiev-
ing response to pembro monotherapy, particularly in the first-line setting.
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Standardized methodology for pathological TILs
evaluation in cancer

Lymphocyte-predominant
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Definitions vary across studies
with stromal TILs of 50-60% used
as a threshold. LPC can be used
for predefined subgroup analyses
in tumors with a particularly high
immune infiltrate. However, TILs
are a continuous parameter and
the threshold is arbitrary.
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be predictive for increased
response to neoadjuvant
chemotherapy as well as
improved outcome after adjuvant
chemotherapy. This parameter is
the best one for characterization
of TlLs.

Several studies have shown that
intratumoral TILs are more
difficult to evaluate and do not
provide additional predictive/
prognostic information
compared to stromal TILs.
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Standardized methodology for pathological TILs evaluation

Recommendations for assessing tumor-infiltrating
lymphocytes (TILs) in breast cancer

Step 1: Select tumor area Step 2: Define stromal area
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Step 5: Assess the percentage of stromal TILs
(examples of percentages shown in figure 4)

0-10% stromal TILs 0% :‘_rs'lromal TiLs

For
intermediate
group evaluate
different areas
at higher
magnification.




Standardized methodology for pathological TILs evaluation

Recommendations for assessing TlLs in melanoma, NSCLC,

glioma, GU, endometrial, ovarian, Gl and HN tumors

TILs within the
border of the
invasive tumor are
evaluated.

The TILS along the
invasive edge are
included in the
evaluation.

Immune infiltrates
outside of the tumor
borders are not
included.
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Mild TiLs Moderate TiLs
(5%) (30%)

Evaluate TlLs within the borders of the tumor,
both in the central tumor and at the invasive
margin.

= stromal TiLs




Standardized methodology for pathological TILs evaluation

Ring studies for standardized evaluation of TILs in breast

cancer

Table 1 Comparison of ring study 1 and 2 for primary and

secondary endpoints

Ring study 1

Ring study 2

1CC

Fleiss’ kappa
TILs >60 vs >60%
TILs >50 vs >50%
TILs 0—20% vs 21-49%
vs >50%

Concordance rates®
TILs >60 vs >60%
TILs >50 vs >50%
TILs 0-20% vs 21-49%
vs >50%

0.7 (0.62-0.78)

0.45
0.51
0.46

0.88 (+0.05)
0.89 (+0.05)
0.78 (+0.07)

0.89 (0.85-0.92)

0.63
0.72
0.65

0.92 (+0.03)
0.93 (=0.04)
0.85 (+0.07)

Denkert, C et al. Mod Pathol 2016

Virtual slide area
- will adjust to
predefined area size
when TIL evaluation is
started

Side 16/60

Standardization area

Integrated visual
feedback. Standardized
images are shown
automatically when TIL
= levels are entered by

rotary control.
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