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PROGNOSTIC ROLE OF RESIDUAL TUMOR FEATURES
IN HER2 NEGATIVE BREAST CANCER

L.A. Sivak, S.A. Lyalkin*, N.O. Verevkina, A.F. Shipko
National Cancer Institute, Ministry of Health of Ukraine, Kyiv 03022, Ukraine

The aim of the study was to examine the prognostic value of immunobiological markers (tumor-infiltrating lymphocytes (TILs)
and their subpopulations) in residual tumor after neoadjuvant chemotherapy (NACT) completion in patients with triple negative
(TNBC) and luminal B HER2-neu negative breast cancer (LBBC). Materials and Methods: The analysis of the treatment results
of 59 patients with TNBC and 56 patients with LBBC with stage IIB—IIIB who received NACT was performed. The levels of TILs
and their subpopulations (FOXP3*, CD4*, CD8") in patients at the time of diagnosis in core-needle biopsy material and in residual
tumor in postoperative material were studied by immunohistochemical method. Results: The risk of recurrence in patients with
LBBC who received NACT before surgery is associated mainly with 4 factors: FOXP3* lymphocytes, Ki-67 index in residual tumor,
the number of affected axillary lymph nodes after NACT and viable residual tumor volume. Analysis of the treatment outcome in pa-
tients with TNBC revealed that the lack of pathologic complete response (pCR) after NACT increases the risk of disease recurrence
by 2.9 times, hazard ratio (HR) = 2.9 (95% confidence interval (CI) 1.4—6.1; p = 0.005) compared with patients in which pCR was
achieved after NACT. It was also found that the presence of residual tumor in patients with TNBC after NACT increases the risk
of death from this disease by 2.7 times (95% CI 1.0—7.1; p = 0.05). Increased intratumoral and stromal CD8* lymphocyte counts
in the residual tumor after NACT significantly reduces the risk of death from TNBC, HR = 0.6 (95% CI 0.5—0.9; p = 0.01) and
HR = 0.6 (95% CI 0.4—0.9; p = 0.008), respectively. Increase in intratumoral CD4* lymphocytes in residual tumor in the non-
pCR group reduces by half the risk of death from TNBC, HR = 0.5 (95% CI 0.3—1.0; p = 0.05). Conclusion: The results of our
study indicate a favorable prognostic value of TILS in residual tumor in TNBC. It is also reasonable to include the determination
of the level of FOXP3" lymphocytes in the residual tumor in the standard algorithms for stratification of risk groups.
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In recent years, breast cancer (BC) remains
the most common malignancy in women in Ukraine.
BC occupies the first position in the female mortal-
ity rates causing 32.5% of all cancer-related deaths
in Ukraine [1].

For many years, neoadjuvant chemotherapy
(NACT) has been a standard approach for the treat-
ment of prognostically unfavorable BC types. One
of the main tasks of NACT is to achieve pathologic
complete response (pCR). Itis a known fact that pCR
can be considered a surrogate marker of survival for
prognostically unfavorable BC subtypes. Numerous
international multicenter randomized trials have shown
a direct correlation between overall survival (OS) and
pCR achievement in patients with different molecular
BC types who received NACT [2-5]. The strongest
relationship between pCR and survival rates was found
in patients with aggressive BC subtypes (triple nega-
tive, poorly differentiated hormone-dependent tumors
and hormone-independent tumors with HER2-neu
expression) [2—4].

In recent years, the scientific literature has been
actively discussing the prognostic and predictive role
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of tumor-infiltrating lymphocytes (TILs) in BC [6-10].
Researchers have evaluated the role of TILs as a pre-
dictive factor in the effectiveness of neoadjuvant che-
motherapy in BC [8-10]. The degree of intratumoral
lymphocyte infiltration was estimated as an indepen-
dent predictor of achieving pCR to NACT (p = 0.001)
in different BC subtypes [9].

When analyzing the immune infiltrate in primary and
residual breast tumors, researchers focus on the actual
level of TILs and their subpopulations: CD4*, CD8*
and FOXP3* lymphocytes [11-13]. Studies on the im-
munogenicity of BC, the effect of cytostatic therapy
on the immune microenvironment of the tumor and
the prognostic factors of the disease are relevant for
the selection of patients for personalized treatment
(immunotherapy) and the possible de-escalation
of adjuvant treatment.

The aim of the study was to examine the prognostic
value ofimmunobiological markers (TILs and their sub-
populations) in residual tumor after NACT in patients
with triple negative (TNBC) and luminal B HER2-neu
negative BC (LBBC).

MATERIALS AND METHODS

The prognostic role of immune biomarkers was
assessed in 115 patients with BC of stages |1I1B-11IB
(TNBC, n=59; LBBC, n=56). NACT in all patients was
performed using anthracycline-containing regimens.

All patients signed an informed consent on partici-
pationin the study. This study was approved by the Eth-
ics Committee of the National Cancer Institute
of the Ministry of Health of Ukraine.
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Morphological and immunohistochemical (IHC)
studies were performed in the Department of Pathol-
ogy of the National Cancer Institute. TlLs were as-
sessed according to the recommendations proposed
by the International Working Group on TILs evaluation
in BC [14]. Stromal TILs and FOXP3*, stromal and in-
tratumoral CD4*, CD8* were evaluated. Lymphocytic
infiltration of tumor tissue was assessed by evalua-
tion of hematoxylin and eosin-stained tumor sections
in 10 fields of view, and reported as percentage:
no infiltration (0), mild infiltration (+) < 10%, inter-
mediate (++) — 10-30% and high (+++) — > 30%.
IHC study was performed on deparaffinized sec-
tions prepared from paraffin blocks of surgically re-
moved tumors using antibodies: monoclonal mouse
anti-human CD4, clone MT310, monoclonal mouse
anti-human CD8 clone C8/144B, monoclonal mouse
anti-human Ki-67, clone MIB-1 (Dako, Denmark), anti-
FOXP3 clone 5H5L12 (Invitrogen, USA). For detection
of IHC reaction, EnVision™ FLEX imaging system
(Dako, Denmark) was used. The results of the IHC re-
action were assessed by a semi-quantitative method,
by counting the number of positively stained cells, i.e.
by labeling index (expressed in percent).

pCR was determined by the absence of infiltrative
cancer cells in breast tissue and lymph nodes and
the size of the affected lymph nodes [15]. Evalua-
tion of therapeutic pathomorphism was performed
on the basis of determining the viable residual tumor
volume (VRTV), according to the Miller — Payne clas-
sification of the presence of cancer in situ, as well
as the number and size of affected lymph nodes [15].

The statistical analysis of the primary data was
performed using the methods of descriptive statistics
and univariate and multivariate Cox proportional haz-
ards model, the significance of data differences was
assessed by Fisher coefficient.

RESULTS

To assess the impact of residual tumor charac-
teristics on overall survival (OS) and relapse-free
survival (RFS), an analysis of the treatment outcomes
of 56 patients treated with the radical program for lo-
cally advanced LBBC of stage 1IB-11IB was performed.

The study of postoperative material revealed
no association between the therapeutic patho-
morphism degree (TPMD), Ki-67 index and the TIL
value in the residual tumor with the risk of death from
LBBC. In addition, univariate Cox proportional-hazards
model did not reveal an independent prognostic value
of individual subpopulations of lymphoid cells (CD4*,
CD8* and FOXP3) in the residual tumor after NACT
in patients with locally advanced LBBC.

Table 1 shows the results of the assessment
of the impact of each of the risk factors on RFS
of the patients. Therefore, we found no association
between the TMPD and the TILs count in the re-
sidual tumor with the risk of metastasis in LBBS
cases. No significant increase in the risk of metas-
tasis (p = 0.09) in patients with LBBS with high levels

of Ki-67 in the residual tumor after NACT has been
observed as well.

It should be noted that the analysis of RFS of pa-
tients with LBBC using univariate Cox proportional haz-
ards model did not reveal an independent prognostic
value of CD4*, CD8* lymphocytes in residual tumor.
In contrary, there was found an increase in the risk
of metastasis (p = 0.03) along with an increase
in FOXP3* lymphocyte count in the residual tumor,
hazard ratio (HR) = 1.18 (95% confidence interval
(Cl), 1.01-1.39). Thus, the independent prognostic
value of FOXP3* lymphocytes in residual tumor after
completion of NACT in patients with locally advanced
BC was shown.

A multivariate Cox proportional hazards model
was used to identify the minimum set of factors as-
sociated with RFS. In total, 19 indices were used: age
of patients, menstrual function, stage of the disease,
size of primary tumor (pT category according to TNM
classification), presence or absence of metastases
in axillary lymph nodes (pN category according to TNM
classification), tumor differentiation grade, expression
of estrogen receptors, and progesterone receptors,
type of chemotherapy, VRTV, counts of TILs, stromal
and intratumoral CD4*, CD8" and stromal FOXP3 lym-
phocytes, Ki-67 labeling index in residual tumor.
The stepwise selection method was used to select
significant features (stepwise, inclusion threshold
p < 0.1 and exclusion threshold p > 0.3).

During the selection process, 4 valuable variables
were identified: the level of FOXP3* lymphocytes,
the Ki-67 index in the residual tumor, VRTV, and
the number of affected lymph nodes. The model for
predicting RFS based on these variables was adequate
(c?=20.0 at 6 degrees of freedom, p = 0.003). Table
2 shows the results of the analysis of the indepen-
dent influence of the variables on the RFS of patients
under standardization for other risk factors included
in the model.

The analysis showed that the risk of recurrence
in patients with LBBC who received NACT before sur-
gery is associated mainly with four factors: the level
of FOXP3*, Ki-67 index in residual tumor, the number
of affected axillary lymph nodes after NACT, and
VRTV. We found that in patients with locally advanced
BC who received NACT the increased number of af-
fected axillary lymph nodes from 10 and more (catego-
ry pN3) increases (p =0.001) the risk of BC recurrence
HR =8.9 (95% ClI, 4.2-13.8), compared with patients
who did not have metastases in regional lymph nodes
(category pNO), with standardization for other risk
factors. Also, it was found that in patients with high
VRTV values after NACT, the probability of recurrence
increases per each percent (p=0.02), HR=1.03 (95%
Cl, 1.00-1.06), with standardization for other risk
factors. There was also an increasing risk of disease
recurrence (p = 0.01) with increasing FOXP3 lym-
phocytes characteristic for the immunosuppressive
microenvironment of the tumor after NACT, HR =
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1.21(95% ClI, 1.08-1.46) per each percent, with stan-
dardization for other risk factors.

Given the different prognostic value of both
the presence of residual tumor after NACT and immune
infiltrate in different molecular BC types, the results
of treatment of patients with TNBC were analyzed.
The prognostic effect of pCR was initially assessed
in 59 patients with TNBC who received NACT. Analysis
of the results of treatment of these patients has shown
that the lack of pCR after NACT increases the risk
of disease recurrence by an average of 2.9 times,
HR 2.9 (95% CI 1.4-6.1; p = 0.005) compared with
patients in which pCR was achieved after NACT.

In addition, it was found that the presence of resid-
ual tumor in patients with TNBC after NACT increases
the risk of death from this disease by 2.7 times (95%
Cl1.0-7.1; p=0.05).

Table 3 shows the data of univariate regression
analysis of RFS depending on the immunobiological
markers of residual tumor after NACT.

As shown in Table 3, the increase in intratumoral
CD4* lymphocytes in the residual tumor after NACT re-
ducestherisk of disease recurrence on average almost
by 1.5times, HR = 0.7 (95% CI, 0.5-1.0; p = 0.048)
per each gradation.

Table 4 presents the data on analysis of OS de-
pending on the immunobiological markers in residual
tumor after NACT.

As shown in Table 4, an increase in intratumoral
CD4* and CD8* lymphocytes in the residual tumor
after NACT reduces the risk of death from TNBC, HR
=0.6 (95% Cl, 0.3-0.9; p =0.03) and HR = 0.7 (95%
Cl, 0.5-1.0; p = 0.03), respectively.

Given the important prognostic value of tumor re-
sponse to treatment, we separately analyzed the prog-
nostic value of immunobiological indices of BC after
NACT in patients who achieved complete therapeutic
pathomorphism and who did not have a pCR.

It was determined that in patients with pCR after
NACT no independent prognostic effect of immunobi-
ological parameters was found. In contrast, in patients
with TNBC who did not achieve pCR (non-pCR group),
an independent prognostic value ofimmunobiological
markers was found (Table 5).

As can be seen from Table 5, an increase of intra-
tumoral and stromal CD8* lymphocytes in the residual
tumor after NACT significantly reduces the risk of death
from TNBC, HR=0.6 (95% ClI, 0.5-0.9; p=0.01) and
HR 0.6 (95% CI, 0.4-0.9; p = 0.008), respectively.
Increase in intratumoral CD4* lymphocytes in residual

Table 1. The relationship of the variables with the risk of disease recurrence in residual tumor of patients with LBBC after NACT (univariate Cox model)

Index Model coefficient, b + m D HR (95% ClI)

VRTV 0.0020 = 0.0075 0.77 1.01(0.99-1.03)

TILs 0.08+0.25 0.67 1.09 (0.75-1.96)

Stromal CD4* 0.0020 +0.0080 0.80 1.00(0.99-1.02)

Intratumoral CD4* —0.085+0.080 0.23 0.92(0.80-1.03)

Stromal CD8* 0.0092 +0.0077 0.24 1.01(0.99-1.02)

Intratumoral CD8* —-0.003 £ 0.011 0.84 1.01(0.99-1.02)

FOXP3* 0.17+0.08 0.03 1.18 (1.01-1.39)

Ki-67 0.0097 £ 0.0057 0.09 1.01 (1.00-1.02)

Table 2. Prediction of recurrence-free survival of patients with LBBC (four-variate Cox model)

Index Model coefficient, b = m Jo HR (95% Cl)

N 1vs0 0.39+0.85 0.80 1.19 (0.40-5.50)
2vs0 0.73+0.80 0.41 2.12(0.41-9.98)
3vs0 3.70+1.10 0.001 8.90 (4.20-13.80)

VRTV 0.024 0,015 0.02 1.04 (1.02-1.06)

FOXP3* 0.19 £ 0,07 0.01 1.21 (1.08-1.46)

Ki-67 0.035+ 0,011 0.007 1.03 (1.01-1.05)

Table 3. Relationship of the variables with the risk of disease recurrence in the patients with TNBC in residual tumor after NACT (univariate Cox models)

Index Model coefficient, b + m D HR (95% Cl)
Stromal CD4* -0.19+0.16 0.28 0.9 (0.6-1.1)
Intratumoral CD4* -0.39+0.21 0.048 0.7 (0.5-1.0)
Stromal CD8* -0.24£0.16 0.15 0.85(0.6-1.1)
Intratumoral CD8* -0.14+0.15 0.39 0.9(0.7-1.2)
FOXP3+ -0.09+0.16 0.91 0.9(0.7-1.3)
Ki-67 0.0079 £ 0.0077 0.30 1.01(0.99-1.02)

Table 4. Relationship of the variables with overall survival of the patients with TNBC in residual tumor after NACT (univariate Cox models)

Index Model coefficient, b £ m D HR (95% Cl)
Stromal CD4* -0.31£0.20 0.16 0.8 (0.5-1.1)
Intratumoral CD4* -0.58 £0.27 0.03 0.6 (0.3-0.9)
Stromal CD8* -0.31£0.19 0.09 0.7 (0.5-1.1)
Intratumoral CD8* -0.38+0.18 0.03 0.7 (0.5-1.0)
FOXP3* -0.25£0.21 0.28 0.8 (0.5-1.2)
Ki-67 0.0016 + 0.0009 0.23 1.01 (0.99-1.03)

Table 5. Relationship of the variables with overall survival of the patients with TNBC from non-pCR group (univariate Cox models)

Index Model coefficient, b = m D HR (95% Cl)
Intratumoral CD4* -0.64 +£0.33 0.09 0.6 (0.3-1.0)
Stromal CD8* -0.44+0.18 0.01 0.6 (0.5-0.9)
Intratumoral CD8* -0.51+£0.19 0.008 0.6 (0.4-0.9)
Ki-67 0.0013 £ 0.0009 0.46 1.01(0.99-1.03)
FOXP3* 0.01 £ 0.16 0.74 1.03 (0.75-1.37)
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tumors in the non-pCR group reduces by half the risk
of death from TNBC, HR = 0.6 (95% CI, 0.3-1.0; p =
0.05).

DISCUSSION

Currently, there is no unambiguous opinion about
the prognostic value of T-regulatory cells; however,
there are data on their negative impact on the survival
rates of patients with some cancer types, including
BC [16]. An interesting fact is that cytotoxic agents
can reduce the degree of infiltration of the tumor with
FOXP3" regulatory cells, which correlates with a favor-
able prognosis [17].

We proved the independent prognostic value
of FOXP3* lymphocytes in the residual tumor of pa-
tients with LBBC. Our results coincide with the data
of various research groups. In particular, in a meta-
analysis performed by Jiang et al. [18] in 8277 patients
with BC, FOXP3" infiltration was shown to be signifi-
cantly associated with low tumor differentiation grade
(G3), (HR = 3.067); metastases to regional lymph
nodes (HR = 1.305); as well as worse RFS rates (HR
=1.752), and OS (HR = 1.447). Some other studies
have also found that the degree of FOXP3* infiltra-
tion is positively correlated with increased tumor
malignancy and lack of estrogen receptor expres-
sion, and is associated with an unfavorable prognosis
of BC patients [19, 20]. However, the latter statement
is contradictory and is not confirmed by some au-
thors [7, 21, 22]. In particular, there is evidence that
in the estrogen-negative BC group, FOXP3* levels cor-
relate with a positive prognosis as a marker of an ac-
tive immune response [13, 21]. In addition, in a study
of the prognostic value of FOXP3* lymphocytes
in different molecular BC types, a team of Canadian
researchers headed by Shuzen Liu proved that high
levels of FOXP3* lymphocytes along with low CD8*
levels in hormone-dependent BC [23] were associated
with poor survival rates.

Using multivariate analysis, we revealed that
in LBBC patients who received NACT arisk of metasta-
siswas related to FOXP3 levels, Ki-67 index in residual
tumor, and VRTV. However, other research groups did
not confirm the prognostic value of FOXP3 regula-
tory lymphocytes in patients with different molecular
BC types, so further study on thisissue is required [24].

In our study, it was found that achieving a pCR
of the tumor to NACT significantly increases the re-
currence-free and OS in patients with TNBC, which
is in agreement with the data of other research-
ers [2-5]. Also, we found that the presence of residual
tumor in patients with TNBC after NACT significantly
increases the risk of death from this disease. In pa-
tients with TNBC, who did not achieve pCR after NACT,
an independent prognostic value of immunobiologi-
cal tumor markers was found. The obtained data are
in general consistent with the results of a retrospective
study of Myashita et al. [25] who showed that the in-
crease of CD8* counts in residual tumor correlated
with an increased OS.

Although immunobiological markers have shown
prognostic value in many cancer types, including
BC, even such an important prognostic factor as TILs
is currently not included in standard algorithms for
risk group stratification of BC patients and is not
used in routine clinical practice. The composition
of the immune infiltrate in TNBC accurately reflects
the response of the immune system against malignant
tumors, which is why it is an important prognostic pa-
rameter. Moreover, immune biomarkers are becoming
important factors in selecting patients who may benefit
from immunotherapy. It is also reasonable to include
the determination of the level of FOXP3* lymphocytes
in the residual tumor in the standard algorithms for
stratification of risk groups, which include determina-
tion of the number of affected lymph nodes, Ki-67 and
VRTV after NACT.
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MPOrHOCTUYHA POJ1b XAPAKTEPUCTUK
PE3UAYAJIbHOI MYXJINHWU Y NALLIEHTOK
3 HER2-HEFATUBHUM PAKOM IrPYAHOI 3ANI03U

JI.A. Cusax, C.A. JIaavkin, H.O. Bepvoskina, A.D. Illunxo
Hauionansnuii incmumym paky, Kuie 03022, Ykpaina

MeToto pocnioxeHHs 6yno BMBYEHHSI MPOrHOCTUYHOIO 3Ha-
YEHHS1 IMYHOBIONOriYHNX MapkepiB (NyXMHO-IHDINLTPYBaNb-
Hux nimdoumTie (M) Ta ix cybrnonynaujii) y pesnayanbHin
MyXAWHI NiCNS 3aBepLUEHHs Heoap IoBaHTHOI noniximiotepanii
(HMXT) y naujieHToK 3 Tpudi HeratuBHum (THPI3) Ta nomi-
HanbHuM B HER2-neu-HeratmBHum pakoMm rpyaHoi 3anosu
(NBPI'3). Matepiann i meTogu: MNMpoBeneHo aHania pesysb-
TaTiB nikyBaHHa 59 xBopux Ha THPI'3 1a 56 naujeHTok 3 JIBPI'3
1IB-1IIB cTaginn, aki otpumysanu HIXT. IMyHOricTOXiMiYHUM
MeToAoM JocnigxeHo pieHi MIJ1 Ta ix cyononynsuin (FOXP3T,
CD4*, CD8") y XxBOpMX Ha MOMEHT BCTAHOBJIEHHS AOiarHO3Yy
B MaTepiani TpenaH-6ioncii Ta'y peauayanbHii nyxavHi B nicns-
onepaujiiHomMmy martepiani. Pesynbtatn: BnusHavyeHo, WO pu-
3uK peunameiB y xsopux Ha JIBPI'3, aki otpumysanu HMXT
[0 onepaLii, NoB’a3aHnin NepeBaxHoO 3 4 ¢pakTopamMu: PiBHEM
FOXP3*, iHoekcom Ki-67 y peauayanbHii NyxavHi, KinbkKicTio
yPaxXeHux akcunapHux nimeatndHux By3nis nicna HIMXT Tta
06’EMOM XUTTE3AATHOI 3aNNLLIKOBOI NyxX/MHU. Y XoAi aHani3y
pe3ynbTaTiB NlikyBaHHS naujieHTok 3 THPI'3 BuaBneHo, wWo Bia-
CYTHICTb NOBHOI naTonoriyHoi Bignosigi (MMNB) nicna HMXT nia-
BULLYE PU3MK peuuamBy XBopobu B cepenHboMy B 2,9 pasa,
BigHoLWeHHs pu3ukiB (BP) = 2,9 (95% posipuunii iHTepsan (Al)
1,4-6,1; p = 0,005) NOPIBHSAHO 3 XBOPUMMU, Y SKNX OYNO AOCAT-
HyTo MMB nicns HMXT. Takox 6yno BUSIBAEHO, IO HasIBHICTb
peaunayanbHoi NyxnmMHn y xsopux Ha THPI3 nicna HMNXT nigsum-
Lye pM3nK CMepTi Big, LbOro 3axBoploBaHHA y 2,7 pasa (95%
Al11,0-7,1; p=0,05). MigBrLLEHHS PiBHSA iIHTPATyMOpPanbHUX Ta
cTpomManbHux CD8*-nimdounTiB y pesuayanbHii nyxavHi nic-
ns HMNXT foCTOBIPHO 3HMXYE PU3nNK cMepTi BHacnigok THPIM3,
BP =0,6 (95% A1 0,5-0,9; p=0,01) ta BP = 0,6 (95% Al 0,4-
0,9; p = 0,008) BignosigHo. MigBULLLEHHS IHTPATYMOpPaNbHNX
CD4*-nimdpouunTiB y pesnayanbHiin nyxanHi y rpyni BioCyTHOCTI
MMNB 3Hmxye pnauk cmepTi Big THPIM3 'y 2 pa3n, BP = 0,5 (95%
[10,3-1,0; p=0,05).

Knoyosi cnoBa: Tpvii HeraTMBHUI pak rpyaHOI 3ano3u, pak
rpyaHoi 3ano3u noMiHanbHOro B nigtvny, Heoap 'toBaHTHA
ximioTepania, pesvayanbHa NyxavHa, NyXJANHO-iIHQINbTPYIOHi
nimpounTtn, CD4*, CD8*, FOXP3* nimdounTn, KniHiYHMIA Npo-
rHO3.



