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BACKGROUND: The importance of the components of host local inflammatory response in determining outcome in primary operable
ductal invasive breast cancer is not clear. The aim of this study was to examine the relationship between components of the tumour
inflammatory cell infiltrate and standard clinicopathological factors including hormone status (oestrogen receptor (ER), progesterone
receptor (PR) and human epidermal growth factor receptor (HER)-2), Ki-67 and survival in patients with primary operable invasive
ductal breast cancer.

METHODS: Tumour inflammatory cell infiltrate, hormone status (ER, PR and HER-2), Ki-67 and standard clinicopathological factors
were determined using routine pathological and immuno-histochemical techniques in 468 patients.

RESULTS: The large majority (94%) of ductal tumours had evidence of inflammatory cell infiltrate. The general inflammatory cell
infiltrate was positively associated with high grade (P<0.001), the absence of ER (P<0.001), the absence of PR (P<0.0l), the
presence of vascular invasion (P<0.05) and high lymphocytic infiltrate, plasma cell infiltrate, other inflammatory cell infiltrate and
macrophage infiltrate (all P<0.001). The median follow-up of the survivors was 165 months. During this period, 93 patients died of
their cancer. On univariate analysis, stratified for ER status, tumour size (P<0.01), lymph node involvement (P<0.001), tumour
plasma cell infiltrate (P<0.001), other inflammatory cell infiltrate (P<0.05) and treatment (P<0.05) were associated with poorer
cancer-specific survival whereas lymphocyte infiltrate (P<0.001) was associated with improved cancer-specific survival.
On multivariate analysis, stratified for ER status, lymph node involvement (P<0.05) was independently associated with poorer
cancer-specific survival whereas increased tumour lymphocyte infiltrate (P<0.001) was independently associated with improved
cancer-specific survival.

CONCLUSION: The results of this study show that, using routine histology, the general inflammatory cell infiltrate was a common feature
and was positively associated with high grade, the absence of ER, the absence of PR, the presence of vascular invasion and high-grade
infiltration of lymphocytes, plasma cells, other inflammatory cells and macrophages. Also, that within a mature cohort of patients, a
high lymphocytic infiltrate was associated with improved survival, independent of clinicopathological characteristics including ER status,
in primary operable ductal invasive breast cancer. These results rationalise previous work and provide a sound basis for future studies
in this important area of breast cancer research.
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Breast cancer is the commonest cancer and the leading cause of
cancer death in women. It accounts for 22% of all female cancers
(Parkin et al, 2001). More than 42000 women in the United
Kingdom are diagnosed with breast cancer each year and ~80%
survive at least 5 years (Cancerstats, 2008).

The prognosis of breast cancer is influenced by well recognised
host and tumour related factors including patient age, histological
type and grade, tumour size, lymph node status, oestrogen
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receptor (ER) and progesterone receptor (PR) status and human
epidermal growth factor receptor 2 (HER-2) status (Lal et al, 2005).
In addition, accumulating evidence indicate that lymphatic and
blood vascular invasion are also significant prognostic factors for
poorer survival for breast cancer (Lee et al, 1990; Gasparini et al,
1994; Kato et al, 2003).

There is now good evidence that the development of cancer
and its progression are dependent on a complex interaction of
the tumour and the host inflammatory response (Vakkila and
Lotze, 2004; DeNardo and Coussens, 2007; Gottfried et al, 2008;
Colotta et al, 2009; Hanahan and Weinberg, 2011). The role of
the tumour inflammatory cell infiltrate in predicting survival in
patients with primary operable breast cancer has recently been
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the subject of a systematic review (Mohammed et al, 2012b).
They concluded that, despite the large number of studies and
considerable effort over a 90-year period, the relationship
between different aspects of tumour inflammatory cell infiltrate
and outcome in primary operable breast cancer remains
unclear. Indeed, a number of studies over these years have
attempted to examine the relationship between the inflamma-
tory infiltrate at the invasive margin and survival in operable
breast cancer. However, there have been conflicting results, out
of a total of 24 studies, 13 studies reported an association
between inflammatory infiltrate and improved survival, 4
reported no association and 7 reported an association between
inflammatory infiltrate and poorer survival. It was concluded
that the inconsistencies in the literature were, in large part, due
to the absence of methodological validation, underpowered
studies (small sample size, cancer subtype heterogeneity and
insufficient follow-up) and the absence of independent valida-
tion (Mohammed et al, 2012b).

Recently, Klintrup et al (2005) reported that a high-grade
inflammatory reaction at the invasive margin predicts longer
survival in patients undergoing potentially curative resection of
colorectal cancer. In particular, they simplified and standardised
the evaluation of the tumour inflammatory infiltrate by including
all inflammatory cell types and classifying the infiltrate as either
low or high grade. This approach has been independently
validated in patients undergoing potentially curative resection
for colorectal cancer (Roxburgh et al, 2009a, b). However, its
prognostic value has not been examined in primary operable
invasive ductal cancer.

Therefore, a logical starting point to examine the nature the
tumour inflammatory cell infiltrate in operable breast cancer
would be to examine simple routine pathology haematoxylin and
eosin (H&E) slides in a manner similar to that proposed by
Klintrup et al (2005) and to determine its association with
standard pathological criteria and outcome. Therefore, the aim of
this study was to examine in routine histopathological sections the
relationship between components of the tumour inflammatory cell
infiltrate and standard clinicopathological factors including
hormone status (ER, PR and HER-2), Ki-67, vascular invasion
and survival in patients with primary operable invasive ductal
breast cancer.

PATIENTS AND METHODS

Patients presenting with invasive ductal breast cancer at the
Glasgow Royal and Western Infirmaries and the Stobhill Hospital,
all in the West of Scotland, between 1995 and 1998 were studied
(n=468). Clinicopathological data included age, histological
tumour type, grade, tumour size, lymph node status, vascular
invasion, type of surgery and use of adjuvant treatment
(chemotherapy, hormonal therapy and radiotherapy). The data
was retrieved from the routine reports and all features were
reported by qualified specialist pathologists. ER, PR, HER-2 status
and Ki-67 immunohistochemical analyses was performed as
previously described and the results of visual scoring were used
in this study. The cutoffs for ER, PR and Ki-67 were 10%, 10% and
15%, respectively (Mohammed et al, 2012a, 2012c). Human
epidermal growth factor receptor-2 was reported according to
national guidelines with in situ hybridisation for those who were
2+ on immunohistochemistry (IHC) (Mohammed et al, 2012d).
The inclusion of ductal breast cancers only was to limit the
potential confounding effects of other tumour types on the analysis
in this study.

Ethics committee approval for use of all human tissue specimens
in this study was obtained under a protocol approved by the
Research Ethics Committee of the North Glasgow University
Hospitals NHS Trust.
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Methods

Slide scanning and scoring Routine histopathological sections for
the 468 patients were scanned at objective magnification x 40 by
Hamamatsu NanoZoomer (Hertfordshire, UK). Assessment of
tumour inflammatory was performed on a computer monitor
using the Slidepath Tissue IA system version 1.0 (Slidepath,
Dublin, Ireland).

Assessment of tumour inflammatory cell infiltrate Scanned routine
histopathological sections were used to score peritumoural inflam-
matory cell infiltrate according to Klintrup criteria. Klintrup scoring
of slides was carried out as described (Klintrup et al, 2005). Briefly,
tumours were scored on a 4 point scores based on appearances
at the edge of tumour invasion. A score of 0, signified there was
no inflammatory cells at the tumour’s invasive margin; score 1,
indicated a mild and patchy inflammatory cells; score 2, denoted a
prominent band-like inflammatory reaction at the invasive margin
and score 3, revealed a florid cup-like inflammatory infiltrate at the
invasive edge with frequent destruction of cancer cell islands
(Figure 1). A total of 121 tumour specimens were scored
independently for local inflammatory infiltration (tumour margin
characteristics) by two observers (JJG and ZM) and the interclass
correlation coefficients (ICCC) was 0.98. The author (ZM) then
scored all slides and these data were used in the analysis. These
scores were then subsequently classified as absent or present.

In those patients with evidence of a tumour inflammatory cell
infiltrate (present) a technique for the analysis of peritumoural
inflammatory cell infiltrate was developed in consultation with a
pathologist (JJG). To account for the variation within individual
fields proportions of the tumour inflammatory cell infiltrate were
estimated in a minimum of 4 to a maximum of 12 fields ( x 40,
0.6mm in diameter) at the invasive margin on full-faced sections.
Lymphocytes, neutrophils, eosinophils, basophils, plasma cells and
mast cells had characteristic morphological features that allowed
them to be recognised and counted in H&E full-faced sections.
Carcinoma cells, stromal and endothelial cells, and cells undergoing
necrosis were not counted. The mean percentage of each cell type in
the four fields was calculated and used in the analysis. As a check on
reproducibility of this approach, a total of 60 tumour specimens were
scored independently for lymphocyte, neutrophils, eosinophils,
basophils, plasma cells and mast cells infiltration by two observers
(BE and ZM) with ICCC=0.85, 0.91, 0.96, 0.97, 0.87 and 0.97,
respectively. The author (ZM) then scored all slides and these data
were used in the analysis.

IHC for macrophages Using the H&E slides macrophages were
difficult to identify reliably. Therefore, tissue microarray (TMA)
and THC were utilised to assess macrophages. The TMA samples
were taken from the tumour as previously described (Mohammed
et al, 2012c).

In the assessment of CD68 an important concern was whether
the small core samples used in the TMA was representative of the
tumour biopsy as a whole. To address this concern a pilot study of
the comparison the scoring of full-face sections with the TMA
sections was carried out in 35 patients.

Immunoreactivity to anti-CD68 + antibody was determined
in 35 cases by using full-face tissue sections. TMAs were also
utilised to assess macrophages for the 468 patients. Freshly cut 2.5-
um thick breast cancer full-face tissue sections and TMAs were
stained for CD68+. Sections and cores were dewaxed and
rehydrated. Antigen retrieval for CD68+ were performed by
keeping the slides in Tris EDTA buffer (pH 8), in a pressure cooker
for 7 min. Endogeneous peroxidise was locked by incubation in 3%
hydrogen peroxide for 20 min. The slides were then incubated with
the normal horse serum at dilution 1:10 for 30 min at 25°C to
block nonspecific-binding sites. Primary antibody for CD68 +
(Monoclonal mouse anti-human, CD68 +, Clone PG-M1, Code

British Journal of Cancer (2012) 107(5), 864—873

865



K4
=
o
o]
-
)
S
o
)
09
]
(=}
7]
e
0
)

&

Tumour inflammatory cell infiltrate and breast cancer survival
ZMA Mohammed et al

866

2 = Moderate mflammatory infiltrate

Figure |

MO0876, Dako, Glostrup, Denmark) was added with dilution 1:200
for 60min at room temperature. Sites of binding were detected
using the Envision technique (Dako, code K5007) with 3-3'
diaminobenzidine (Vector, code SK 4001, Burlingame, CA, USA),
a chromogenic substrate, according to the manufacturer’s
instruction. Slides were counterstained with haematoxylin, dehy-
drated and mounted with DPX. Two full sections of tonsil tissue
were used as positive and negative controls for each set of staining
as tonsil had previously shown to have a high CD68 + content,
by IHC.

Assessment of CD68+  CD68 + scoring in full-face tissue sections
and in TMA was based on a modification of the method described
by Mahmoud et al (2012) in which the number of macrophages
was counted. In the full-face tissue sections, CD68 + was counted
in three x20 fields and the mean for the three fields was
calculated. In TMA CD68 + was counted in the three cores and the
mean for the three cores was calculated. The mean for the
three fields in full-face sections was compared with the mean of
three cores in TMA for the same patients. The ICCC was 0.94,
which indicates excellent agreement.

In total, 180 cores were independently scored for CD68 + by two
observers (JJG and ZM) blinded patient outcome and the other
observer’s score. The ICCC was 0.80, which indicates excellent
agreement. The author (ZM) then scored all slides and these data
were used in subsequent analysis.

Patients underwent regular follow-up (3 months, 6 months and
then yearly to 5 years) with yearly CT scanning and regular X-ray
mammography surveillance until 10 years post surgery. Informa-
tion on date and cause of death was checked with that received by
the Cancer Registry system and the Registrar General (Scotland).

Statistical analysis For the purpose of analysis, the percentage of
tumour lymphocyte, the plasma cell and other inflammatory cells
were examined using the interobserver interclass correlation
coefficient was performed using reliability analysis. Interrelation-
ships between variables were assessed using contingency table
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Scoring of general inflammatory infiltrate at the invasive margin (Klintrup criteria).

Table | The clinicopathological characteristics of patients with primary
operable invasive ductal breast cancer (n =468)

Clinicopathological characteristics Patients (n)

Age (<50/>50 years)
Size (<20/21-50/> 50 mm)

138 (30%)/330 (70%)
280 (60%)/174 (37%)/
13

o

Grade (I/1I/1Il) 94 (20%)/182 (39%)/
192(41%)

Involved lymph node (0/1-3/>3) 253(54%)/132 (28%)/
78(17%)

Oestrogen-receptor status (ER —/ER +)
Progesterone-receptor status (PR — /PR +)
HER-2 status (HER-2 — /HER-2 +)

Ki-67 status (low Ki-67/high Ki-67)
Lymphovascular invasion (absent/present)

159 (34%)/283(61%)
243 (529%)1202 (43%)
370 (79%)/73 (16%)
335 (729)/104 (22%)
203 (43%)/171 (37%)

30 (6%)/313 (67%)/104
(22%)121 (5%)

179 (38%)/289 (62%)

General inflammatory infilttrate (None/mild/
moderate/severe)

Loco-regional treatment (Lumpectomy * radiotherapy/
mastectomy * radiotherapy)

Systemic treatment (ER-based treatment; hormonal/
hormonal 4- chemotherapy/chemotherapy/none)

238 (519%)/92 (20%)/
101(22%)/29 (6%)

Abbreviations: ER = oestrogen receptor; HER-2 =human epidermal growth factor
receptor-2; PR = progesterone receptor.

analysis with the y> test for trend as appropriate. Univariate and
multivariate survival analysis with calculation of hazard ratios
(HRs) and 95% confidence interval (95% CI) were performed using
the Cox proportional hazards model. A stepwise backward
procedure was used to derive a final model of the variables
that had a significant independent relationship with survival.
Deaths up to March 2010 were included in the analysis. Because
of the number of statistical comparisons, a P-value <0.01 was
considered to be significant. All statistical analysis was
performed using the SPSS software version 19 (SPSS Inc., Chicago,
IL, USA).
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RESULTS

Baseline clinicopathological characteristics of the patients with
primary operable ductal invasive breast cancer (n=468) are
shown in Table 1.

Relationships between inflammatory cell infiltrate and clinico-
pathological characteristics are shown in Table 2. Patients who had
tumour with inflammatory cell infiltrate had higher tumour grade
(P<0.001), more ER-negative tumours (P<0.001), more PR-
negative tumours (P<0.01), the presence of vascular invasion
(P<0.05), higher percentage of lymphocyte cell infiltrate at the
invasive margin (P<0.001), higher percentage of plasma cell
infiltrate at the invasive margin (P<0.001) and higher percentage
of other inflammatory cell infiltrate (neutrophils, eosinophils,
basophils and mast cells) at the invasive margin (P<0.001).

Tumour inflammatory cell infiltrate and breast cancer survival
ZMA Mohammed et al
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Relationships between ER status and clinicopathological char-
acteristics are shown in Table 3. Patients with ER-negative
tumours were younger (P<0.01), had larger tumour size
(P<0.001), higher tumour grade (P<0.001), more lymph node
involvement (P<0.05), more PR-negative tumours (P<0.001),
more HER-2-positive tumours (P<0.001), the presence of vascular
invasion (P<0.001), severe inflammatory infiltrate at the invasive
margin (P<0.001), lower percentage of lymphocyte cell infiltrate at
the invasive margin (P<0.001), higher percentage of plasma cell
infiltrate at the invasive margin (P<0.001), higher percentage of
other inflammatory cell infiltrate at the invasive margin
(P<0.001), higher CD68 + (P<0.001), were more likely to receive
adjuvant treatment in the form of endocrine therapy and/or
chemotherapy (P<0.001) and had a shorter cancer-specific
survival (P<0.001). To account for the major confounding effect

Table 2 The relationship between inflammatory cell infiltrate and clinicopathological characteristics of patients with primary operable invasive ductal

breast cancer

No inflammatory cell Inflammatory cell

infiltrate (n=30) infiltrate (n=438) (P-value)
Age (<50/>50 years) 5/25 133/305 0.112
Size (<20/21-50/> 50 mm) 22/8/0 258/166/13 0.095
Grade (I/1I/11l) 12/14/4 82/168/188 <0.001
Involved lymph node (0/1-3/>3) 191714 234/125/74 0.361
Oestrogen-receptor status (ER —/ER+) 0/29 159/254 <0.001
Progesterone-receptor status (PR —/PR+) 8/20 235/182 0.004
HER-2 status (HER-2 — /HER-2+) 25/3 345/70 0.396
Ki-67 status (low Ki-67/high Ki-67) 21/5 314/99 0.582
Vascular invasion (absent/present) 20/6 183/165 0016
96 Tumour lymphocyte infiltrate (median, range) 0 98 (0-100) <0.001
96 Tumour plasma cell infiltrate (median, range) 0 | (0-90) <0.001
% Other inflammatory cell infiltrate (median, range) 0 0 (0-85) <0.001
Macrophages (median, range) 100 (24-221) 126 (14-619) 0.348
Loco-regional treatment (Lumpectomy * radiotherapy/mastectomy * radiotherapy) 12/18 1671271 0.838
Systemic treatment (ER-based treatment; hormonal/hormonal 4+ chemotherapy/chemotherapy/none) 20/6/2/2 218/86/99/27 0.088
Cancer-specific survival (months)? 134 (109-159) 152 (147-157) 0.098

Abbreviations: Cl = confidence interval; ER = oestrogen receptor; HER-2 = human epidermal growth factor receptor-2; PR = progesterone receptor. “Mean (95% Cl).

Table 3 The relationship between clinicopathological characteristics and ER status of patients with primary operable invasive ductal breast cancer

ER negative ER positive
(n=159) (n=283) (P-value)

Age (<50/>50 years) 59/100 66/217 0.002
Size (<£20/21-50/>50mm) 76/78/4 190/86/7 <0.001
Grade (I/1I/11l) 6/25/1128 80/147/56 <0.001
Involved lymph node (0/1-3/>3) 83/38/37 160/83/36 0.042
Progesterone-receptor status (PR —/PR+) I51/6 88/191 <0.001
HER-2 status (HER-2 —/HER-2+) 109/47 253/26 <0.001
Ki-67 status (low Ki-67/high Ki-67) 124/32 197172 0.149
Vascular invasion (absent/present) 49/74 140/88 <0.001
General inflammatory cell infiltrate (absent/present) 0/159 29/254 <0.001

9% Tumour lymphocyte infilttrate (median, range) 95 (4-100) 98 (0-100) <0.001

9% Tumour plasma cell infiltrate (median, range) 2 (0-90) I (0-90) <0.001

% Other inflammatory cell infiltrate (median, range) I (0-41) 0 (0-85) <0.001
Macrophages (median, range) 145 (16-619) [16 (14-450) 0.001
Loco-regional treatment (Lumpectomy + radiotherapy/mastectomy + radiotherapy) 58/101 112/171 0.521
Systemic treatment (ER-based treatment; hormonal/hormonal 4 chemotherapy/chemotherapy/none) 38/23/82/13 193/61/13/13 <0.001
Cancer-specific survival (months)® 134 (123-145) 159 (153-164) <0.001

Abbreviations: Cl = confidence interval; ER = oestrogen receptor; HER-2 = human epidermal growth factor receptor-2; PR = progesterone receptor. “Mean (95% Cl).
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of ER status on clinicopathological characteristics and the tumour
inflammatory cell infiltrate analysis was subsequently stratified
according to ER status.

Minimum follow-up was 142 months; the median follow-up of
the survivors was 165 months. In the patients with ER-negative
tumours, 57 patients developed recurrence, 8 local, 38 distant and
3 both, 78 patients died, 47 of their disease. In the ER-positive
tumours, 44 patients developed recurrence, 8 local, 30 distant and
1 both, 117 patients disease.

According to Figure 1A general inflammatory cell infiltrate was
split to absent and present (Figure 2A for ER negative and B for ER
positive). As there appears to be no consistent and well defined
cutoffs for tumour lymphocyte infiltrate, tumour plasma cells
infiltrate or other inflammatory cells infiltrate, the data were split
into tertiles. On inspection of the survival curves for these tertiles
(Figure 1B-D), for tumour lymphocytic infiltrate and to simplify
the analysis for subsequent validation, the first tertile was taken as
‘low’ and the second and third tertiles were grouped as ‘high’
whereas for tumour plasma cells infiltrate and other inflammatory
cells infiltate the first and second tertiles were grouped as ‘low’ and
the third tertile was taken as ‘high’. This yielded a cutoff of <96/
>96% for low and high tumour lymphocyte infiltrate and of <3/
>3% for tumour plasma cells infiltrate and other inflammatory
cells infiltrate. These cutoffs were examined with cancer-specific
survival for ER-negative (Figures 3C, E and G) and for ER positive
(Figures 3D, F and H).

The relationship between clinicopathological characteristics of
patients with ER-negative primary operable invasive ductal
breast cancer and recurrence-free survival was examined.
On univariate survival analysis, tumour size (HR 2.50, 95%
CI 1.39-4.39, P=0.002), lymph node involvement (HR 1.67, 95%
CI 1.19-2.35, P=0.003), vascular invasion (HR 2.67, 95% CI 1.25-
5.69, P=0.011), plasma cell infiltrate (HR 3.25, 95% CI 1.75-6.04,
P<0.001) and other inflammatory cells infiltrate (HR 2.09, 95% CI
1.16-3.77, P=0.014) were significantly associated with poorer
recurrence-free survival. Lymphocyte infiltrate (HR 0.34, 95% CI
0.18-0.63, P=0.001) and macrophage infiltrate (HR 0.52, 95% CI
0.33-0.81, P=0.004) were significantly associated with improved
recurrence-free survival. On multivariate survival analysis, tumour
size (HR 5.30, 95% CI 1.79-15.71, P=0.003) was independently
associated with poorer recurrence-free survival. Lymphocyte
infiltrate (HR 0.31, 95% CI 0.13-0.74, P=0.008) and macrophage
infiltrate (HR 0.50, 95% CI 0.30-0.82, P=0.007) were indepen-
dently associated with improved recurrence-free survival for
patients with ER-negative tumours.

The relationships between clinicopathological characteristics of
patients with ER-negative primary operable invasive ductal breast
cancer and cancer-specific survival are shown in Table 4. Tumour
size (P<0.01), lymph node involvement (P<0.001), vascular
invasion (P<0.05), plasma cell infiltrate (P<0.001), other
inflammatory cells infiltrate (P<0.01) and loco-regional treatment
(P<0.01) were significantly associated with poorer cancer-specific
survival. Lymphocyte infiltrate (P<0.001) and CD68 + (P <0.01)
were significantly associated with improved cancer-specific
survival for patients with ER-negative tumours. On multivariate
survival analysis, lymph node involvement (P<0.05), other
inflammatory cells infiltrate (P<0.05) and loco-regional treat-
ment (P<0.0) were significant independent predictors of poorer
cancer-specific survival. Lymphocyte infiltrate (P<0.01) and
CD68+ (P<0.001) were significant independent predictors of
improved cancer-specific survival for patients with ER-negative
tumours.

The relationship between clinicopathological characteristics of
patients with ER-positive primary operable invasive ductal breast
cancer and recurrence-free survival was examined. On univariate
survival analysis, tumour grade (HR 2.12, 95% CI 1.29-3.50,
P=0.003), lymph node involvement (HR 2.82, 95% CI 1.84-4.33,
P<0.001), HER-2 status (HR 2.90, 95% CI 1.26-7.62, P=0.012),
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Figure 2 The relationship between general inflammatory infiltrate (A),
tumour lymphocyte infittrate (B), tumour plasma cell infiltrate (C) and
other inflammatory cell infiltrate (D), using tertiles and cancer-specific
survival in all patients with invasive ductal breast cancer.

Ki-67 proliferative activity (HR 3.27, 95% CI 1.69-6.65, P<0.001),
vascular invasion (HR 5.93, 95% CI 2.54-13.83, P<0.001) and
local-regional treatment (HR 2.42, 95% CI 1.10-5.33, P=0.028)

© 2012 Cancer Research UK
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Figure 3 The relationship between general inflammatory cell infiltrate (A for ER — and B for ER +), lymphocytes infiltrate (C for ER — and D for ER +),
tumour plasma cell infiltrate (E for ER — and F for ER +), and other inflammatory cell infiltrate (G for ER — and H for ER 4 ) and cancer-specific survival in

all patients with invasive ductal breast cancer.

were significantly associated with poorer recurrence-free survival.
Lymphocyte infiltrate (HR 0.37, 95% CI 0.19-0.72, P=0.003) was
significantly associated with improved recurrence-free survival.
On multivariate survival analysis, lymph node involvement
(HR 2.14, 95% CI 1.26-3.63, P=0.005), HER-2 status (HR 2.46,
95% CI 1.00-6.05, P=0.049), Ki-67 proliferative activity
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(HR 4.58, 95% CI 2.02-10.42, P<0.001), vascular invasion
(HR 4.01, 95% CI 1.45-11.10, P=0.007) and other inflammatory
cell infiltrate (HR 5.03, 95% CI 1.95-13.00, P=0.001) were
independently associated with poorer recurrence-free survival.
The presence of PR (HR 0.38, 95% CI 0.17-0.86, P=0.020) and
general inflammatory cell infiltrate (HR 0.10, 95% CI 0.04-0.29,

British Journal of Cancer (2012) 107(5), 864—873

869

("]
-
i)
7]
()
5
8
(a]
1 9
8
>
(%}
2
=)
b




hpg)

Tumour inflammatory cell infiltrate and breast cancer survival
ZMA Mohammed et al

Table 4 The relationship between clinicopathological characteristics of patients with ER-negative primary operable invasive ductal breast cancer and

cancer-specific survival

Multivariate
survival analysis

Univariate
survival analysis

HR (95% CI) P-value HR (95% CI) P-value
Age (<50/>50 years) [.10 (0.61-1.98) 0.752
Size (<20/21-50/> 50 mm) 222 (1.23-4.02) 0.008 0.061
Grade (I/1I/111) 1.22 (0.67-2.25) 0518
Involved lymph node (0/1-3/>3) 1.90 (1.36-2.65) <0.001 1.90 (1.07-3.35) 0.028
Progesterone-receptor status (PR —/PR+) 0.05 (0.00-16.79) 0.307
HER-2 status (HER-2 —/HER-2 +) 123 (0.67-2.26) 0.497
Ki-67 status (low Ki-67/high Ki-67) 1.58 (0.82-3.06) 0.172
Vascular invasion (absent/present) 2.11 (1.02-4.34) 0.043 0.354
General inflammatory cell infiltrate (absent/present)
9% Tumour lymphocyte infiltrate (low grade/high grade) 0.20 (0.10-041) <0001  0.03 (0.00-0.28) 0.002
9% Tumour plasma cell infiltrate (low grade/high grade) 426 (2.21-822) <0.001 0.075
9% Tumour other inflammatory cell infiltrate (low grade/high grade) 2.75 (1.55-4.88) 0.001 025 (0.07-0.87) 0.030
Macrophage (tertiles |, 2, 3) 0.49 (0.31-0.77) 0.002 031 (0.17-0.57) <0.001
Loco-regional treatment (Lumpectomy * radiotherapy/mastectomy =* radiotherapy) 2.61 (1.30-5.25) 0007  3.62 (1.14-11.55) 0.030
Systemic treatment (ER-based treatment; hormonal/hormonal 4 chemotherapy/chemotherapy/none) ~ 0.96 (0.71—1.31) 0.799

Abbreviations: Cl = confidence interval; ER = oestrogen receptor; HER-2 = human epidermal growth factor receptor-2; HR = hazard ratio; PR = progesterone receptor.

Table 5 The relationship between clinic-pathological characteristics of patients with ER-positive primary operable invasive ductal breast cancer and

cancer-specific survival

Multivariate
survival analysis

Univariate
survival analysis

HR (95% CI) P-value HR (95% CI) P-value
Age (<50/>50 years) 221 (094-521) 0070 284 (1.04-7.81) 0.043
Size (<£20/21-50/> 50 mm) 223 (1.37-3.62) 0.001 0.150
Grade (I/1I/111) 1.93 (1.26-2.97) 0.003 0.109
Involved lymph node (0/1-3/>3) 247 (1.70-3.58) <0.001 1.89 (1.18-3.03) 0.008
Progesterone-receptor status (PR —/PR+) 0.63 (0.35-1.15) 0.131
HER-2 status (HER-2 —/HER-2 +) 223 (0.99-4.96) 0053 337 (1.34-847) 0010
Ki-67 status (low Ki-67/high Ki-67) 4.19 (2.30-7.63) <0.001 557 (2.73-11.36) <0.001
Vascular invasion (absent/present) 4.42 (2.26-8.68) <0.001 2.60 (1.11-6.10) 0.027
General inflammatory cell infiltrate (absent/present) 0.34 (0.16-0.72) 0.005  0.26 (0.09-0.72) 0.009
% Tumour lymphocyte infiltrate (low grade/high grade) 0.13 (0.07-0.26) <0.001 0.15 (0.07-0.33) <0.001
9% Tumour plasma cell infiltrate (low grade/high grade) 353 (1.97-629) <0.001 0.708
% Tumour other inflammatory cell infiltrate (low grade/high grade) 349 (1.77-6.89) <0.001 0.171
Macrophage (tertiles |, 2, 3) 0.92 (0.63-1.34) 0.647
Loco-regional treatment (Lumpectomy + radiotherapy/mastectomy + radiotherapy) 2.16 (1.12-4.18) 0.022 0.075
Systemic treatment (ER-based treatment; hormonal/hormonal 4 chemotherapy/chemotherapy/none) .18 (0.85-1.63) 0.328

Abbreviations: Cl = confidence interval; ER = oestrogen receptor; HER-2 = human epidermal growth factor receptor-2; HR = hazard ratio; PR = progesterone receptor.

P<0.001) were independently associated with improved recur-
rence-free survival.

The relationships between clinicopathological characteristics of
patients with ER-positive primary operable invasive ductal breast
cancer and cancer-specific survival are shown in Table 5. Tumour
size (P<0.01), tumour grade (P<0.01), lymph node involvement
(P<0.001), Ki-67 proliferative activity (P<0.001), vascular inva-
sion (P<0.001), plasma cell infiltrate (P<0.001), other cells
infiltrate (P<0.001) and loco-regional treatment (P<0.05) were
significantly associated with poorer cancer-specific survival.
General inflammatory cell infiltrate (P<0.01) and lymphocyte
infiltrate (P<0.001) were significantly associated with improved
cancer-specific survival. On multivariate survival analysis,
patient’s age (P<0.05), lymph node involvement (P<0.01),
HER-2 status (P<0.05), Ki-67 proliferative activity (P<0.001)
and vascular invasion (P<0.05) were significant independent
predictors of poorer cancer-specific survival. Inflammatory cell
infiltrate (P<0.01) and lymphocyte infiltrate (P<0.001) were
significant independent predictors of improved cancer-specific
survival for patients with ER-positive tumours.

British Journal of Cancer (2012) 107(5), 864—873

The interrelationships between clinicopathological characteristics
for patients with ER-negative primary operable invasive ductal breast
cancer are shown in Table 6. Increased tumour size was positively
associated with more lymph node involvement (P<0.01). Higher
tumour grade was positively associated with PR status (P<0.01).
Lymph node involvement was positively associated vascular invasion
(P<0.001). HER-2 status was positively associated with vascular
invasion (P<0.01). Lymphocyte infiltrate was negatively associated
with plasma cell infiltrate (P<0.001) and other inflammatory cells
infiltrate (P<0.001). Plasma cell infiltrate was positively associated
with other inflammatory cells infiltrate (P<0.001).

The interrelationships between clinicopathological characteris-
tics for patients with ER-positive primary operable invasive ductal
breast cancer are shown in Table 7. Increased tumour size was
positively associated with more involved lymph node (P<0.001),
high Ki-67 proliferative activity (P<0.01) and vascular invasion
(P<0.001). Higher tumour grade was positively associated with
HER-2 + status (P<0.001), Ki-67 proliferative activity (P<0.001),
vascular invasion (P<0.001) and CD68 + (P<0.01). Lymph node
involvement was positively associated with vascular invasion

© 2012 Cancer Research UK
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Table 6 Interrelationships between the clinicopathological characteristics in patients with ER-negative primary operable invasive ductal breast cancer
(n=159)
Tumour
Involved Tumour plasma Other
lymph PR HER-2 Ki-67  Vascular lymphocyte cell inflammatory
Grade node status status status  invasion infiltrate infiltrate  cell infiltrate CD68
(P-value) (P-value) (P-value) (P-value) (P-value) (P-value) (P-value) (P-value) (P-value) (P-value)

Size (<20/21-50/> 50 mm) 0.078 0.001 0.085 0.150 0.092 0.043 0979 0510 0722 0.875
Grade (I/11/11l) 0.032 0.002 0.582 0377 0.097 0.128 0347 0.689 0.136
Involved lymph node (0/1-3/>3) 0.101 0.027 0.129 <0.001 0.143 0.110 0.571 0.820
Progesterone —receptor status (PR — /PR +) 0.862 0.807 0.345 0.380 0.531 0.452 0.942
HER-2 status (HER-2 —/HER-2 +) 0920 0.002 0.780 0.832 0.750 0.659
Ki-67 proliferative activity 0.837 0.096 0.070 0.223 0.121
(low Ki-67/high Ki-67)

Vascular invasion (absent/present) 0.256 0.020 0.980 0.579
Tumour lymphocyte infiltrate <0.001 <0.001 0.831
(low grade/high grade)

Tumour plasma cell infiltrate 0.001 0.743
(low grade/high grade)

Other inflammatory cell infiltrate 0.054

(low grade/high grade)

Abbreviations: Cl = confidence interval; ER = oestrogen receptor; HER-2 =human epidermal growth factor receptor-2; HR =hazard ratio; PR = progesterone receptor.

Bold values indicate P<0.01.

Table 7 Interrelationships between the clinicopathological characteristics in patients with ER-positive primary operable invasive ductal breast cancer
(n=283)
Tumour Other
Involved General Tumour plasma inflammatory
lymph PR HER-2 Ki-67  Vascular inflammatory lymphocyte cell cells
Grade node status status status  invasion cell infiltrate infiltrate infiltrate infiltrate CD68 +
(P-value) (P-value) (P-value) (P-value) (P-value) (P-value) (P-value) (P-value)  (P-value) (P-value) (P-value)
Size (<20/21-50/> 50 mm) 0011 <0.001 0956 0791 0.007 <0.001 0228 0.506 0.047 0.968 0.075
Grade (/1I/11T) 0.106 0944 <0.001 <0.001 <o0.00I 0.063 0718 0617 0.330 0.005
Involved lymph node 0310 0251 0013 <0.001 0.759 0218 0.185 0.494 0.356
0/1-3/>3)
Progesterone —receptor status 0011 0.587 0.924 0.722 0.122 0.007 0.722 0.385
(PR—/PR+)
HER-2 status (HER-2 —/ 0018 0.102 0.789 0561 0986 0.677 0475
HER-2+)
Ki-67 proliferative activity 0019 0.362 0.751 0.964 0.820 0.070
(low Ki-67/high Ki-67)
Vascular invasion 0.1'3 0.346 0.083 0.174 0310
(absent/present)
General inflammatory cell <0.001 0.002 0.060 0.056
infiltrate (absent/present)
Tumour lymphocyte infiltrate <0.001 <0.001 0485
(low grade/high grade)
Tumour plasma cell infiltrate <0.001 0.859
(low grade/high grade)
Other inflammatory cell infittrate 0.204

(low grade/high grade)

Abbreviations: Cl = confidence interval; ER =oestrogen receptor; HER-2 =human epidermal growth factor receptor-2; HR =hazard ratio; PR = progesterone receptor.

Bold values indicate P<0.01.

(P<0.001). The presence of PR was negatively associated with
plasma cell infiltrate (P <0.01). General inflammatory cell infiltrate
was positively associated with lymphocyte infiltrate (P<0.001)
and plasma cell infiltrate (P<0.01). Lymphocyte infiltrate was
negatively associated with plasma cell infiltrate (P<0.001) and
other inflammatory cells infiltrate (P<0.001). Plasma cell infiltrate
was positively associated with other inflammatory cells infiltrate
(P<0.001).

DISCUSSION

This study examined, in systematic manner, the clinicopathologi-
cal nature of the tumour inflammatory cell infiltrate in patients

© 2012 Cancer Research UK

with primary operable invasive ductal breast cancer. The results of
this study show that, using routine histology, the general
inflammatory cell infiltrate was a common feature and was
positively associated with high grade, the absence of ER, the
absence of PR, the presence of vascular invasion and high-grade
infiltration of lymphocytes, plasma cells, other inflammatory cells
and macrophages. Also, that within a mature cohort of patients, a
high lymphocytic infiltrate was associated with improved survival,
independent of clinicopathological characteristics including ER
status, in primary operable ductal invasive breast cancer. These
results rationalise previous work and provide a sound basis for
future studies in this important area of breast cancer research.
The peritumoural inflammatory response is thought to reflect
the interaction between the tumour and the host. Although this
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response has frequently observed using different approaches
irrespective of tumour type or ER status (Mohammed et al,
2012b), it has been reported to have either a positive or negative
influence on survival. However, the results of this study are
consistent with lymphocytes and macrophages being the most
prominent tumour infiltrating cells (Rilke et al, 1991; O’Sullivan
and Lewis, 1994; Lee et al, 2006; Mahmoud et al, 2012), and that
high-grade lymphocytic infiltrate is independently associated with
improved survival (Mohammed et al, 2012b). Taken together,
these results indicate an important role for inflammatory cell
infiltrate and lymphocytic infiltration in patients with primary
operable invasive ductal breast cancer. Therefore, further work is
required to improve our understanding of lymphocyte phenotypes,
their functions and their prognostic potential in patients with
ductal invasive breast cancer.

It was also of interest that this study identified that a high
plasma cell infiltrate was associated with poorer survival in
patients with ER-positive breast cancer. These results are
consistent with the concept that, once the tumour is established,
B-lymphoctyes may have a negative effect on protective anti-
tumour responses (Dong et al, 2006) and may even facilitate
tumour progression (de Visser et al, 2005; DeNardo and Coussens,
2007). Moreover, the activation of B lymphocytes by apoptotic
bodies could result in production of cytokines such as IL-10 that
can inhibit T-cell responses and promote tumour growth (Harless,
2009). However, there have been conflicting reports regarding the
relationship between B-lymphocytes infiltrate and survival in
patients with breast cancer (Mohammed et al, 2012b). Two out of
five studies, that examined the relationship between B-lymphocytic
infiltrate and survival, reported a direct association between
high B-lymphocytes infiltrate and improved survival whereas
one reported inverse association and the other two reported no
association (Mohammed et al, 2012b). Therefore, further work is
needed to examine, with more sophisticated techniques, the
relationship between tumour T- and B-lymphocytic infiltrate and
outcome in patients with breast cancer.

There have also been conflicting reports regarding the relation-
ship between tumour macrophage infiltrate and survival in
patients with breast cancer (Mohammed et al, 2012b). Five out
of ten studies, that examined the relationship between macrophage
infiltrate and survival, reported an inverse association whereas five
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et al, 2008).

In this study, it was of interest that it may appear paradoxical
that 60 patients with apparently ER-negative tumours received
endocrine treatment. However, in the period 1995-1998, the ER
status was determined by a ligand-binding assay. As part of this
study, patients had their ER status reassessed using IHC. It is likely
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there were no patients who received adjuvant anti-HER-2 therapy.
Therefore, given the impact of such treatment on improved
survival, it would be of considerable interest, in future studies to
specifically examine the relationship between the tumour inflam-
matory infiltrate and survival in such patients.

In conclusion, the results of this study show that, using routine
methods, tumour inflammatory cell infiltrate is a common feature,
varies with ER status and grade and, within a mature cohort of
patients, a high lymphocytic infiltrate was associated with
improved survival, independent of clinicopathological character-
istics including ER status, in primary operable ductal invasive
breast cancer.
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