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Abstract. Background: Little evidence of the impact of
immunohistochemical analysis (IHC) on the indications for
adjuvant therapies is available. This study determined the
modification rate of adjuvant chemotherapy and lymph node
area radiotherapy using IHC and its impact on survival.
Patients and Methods: Between 2001 and 2005, 416 patients
underwent surgery for invasive breast cancer with sentinel
lymph node (SLN) biopsy. Results: A total of 112 patients
had positive SLNs: 12.5% isolated tumor cells, 35.7%
micrometastasis and 51.8% macrometastasis. Only 4% of
patients (14 out of 342 patients) had modified indications for
chemotherapy and 7% of patients (25 out of 342) for lymph
node area radiotherapy due to IHC findings. Conclusion:
IHC analysis led to modifications in adjuvant chemotherapy
and lymph node area radiotherapy in 4% and 7% of patients,
respectively. The prognosis of patients with nodal metastasis
discovered by ultrastaging was similar to that for
conventional Haematoxylin-Eosin-Safran (HES) staining.
Our data support the use of SLN ultrastaging.
Axillary lymph node status is the most important prognostic
factor in breast cancer. Saphir and Amromin (1) reported that
the use of a limited number of lymph node sections was
insufficient to determine the presence or absence of
metastases. These investigators serially sectioned lymph
nodes and discovered obscure axillary lymph node
metastases. Since these initial reports, many authors have
reported the presence of tumor deposits in initially diseasenegative axillary lymph nodes on routine histological
examination (2-4). However, the frequency of these occult
metastases has varied between studies. The prognostic
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significance of occult metastases has been debated, but its
significance was strongly suggested in a previous metaanalysis (4). The examination of all axillary lymph nodes by
serial sectioning is not feasible as a routine practice.
The introduction of the sentinel lymph node (SLN)
procedure has reduced the number of removed nodes, which
increases the feasibility for the routine use of a stepsectioning procedure with or without immunohistochemical
(IHC) staining. However, the intensive examination of SLN
increases the detection of isolated tumor cells and
micrometastases, which has reopened the discussion for the
prognostic value of these small metastases.
The detection of isolated tumor cells or micrometastases
raises the question regarding the indications for
complementary axillary dissection, adjuvant chemotherapy
and radiotherapy. Little data on the impact of IHC on the
indications for adjuvant therapies are available.
This study determined the impact of IHC on the
modification rate of adjuvant chemotherapy and lymph node
area radiotherapy and survival.

Patients and Methods
Between 2001 and 2005, 416 women underwent primary surgery for
invasive breast cancer with SLN biopsy in Tenon Hospital, Paris,
France. Individual patient records were prospectively recorded in
the institutional database. Patients’ and tumor characteristics (e.g.
tumor size, number of positives nodes, hormonal receptor status,
Scarff-Bloom-Richardson (SBR) grade and Ki67 rate), surgical
procedure, adjuvant chemotherapy and outcomes were analyzed.
The histological grade was defined according to the modified SBR
system, described previously by Contesso et al. (5). Patients with
strong IHC positivity for HER2 (3+) and patients with HER2 (2+)
with amplification detected by fluorescence in situ hybridization
(FISH) were considered as being HER2-positive.
The SLN biopsies performed between 2001 and 2003 provided
important knowledge on the procedure. Our local guidelines
determined the indications for SLN biopsy as unifocal T1 tumor
with an invasive component and no palpable axillary lymph nodes.
Fine-needle aspiration of the lymph node was performed for a
clinical suspicion of axillary metastasis. SLN biopsy was performed
when fine-needle aspiration did not yield objective tumor cells.
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Table I. Patients’ and tumor characteristics.
Number of patients

416

Median age, years (range)

57 (30-91)

Post-menopausal

285 (68%)

Tumor Characteristics

Figure 1. Local guidelines for breast cancer therapy according to node
status. ALND: axillary lymph node dissection.

Patients with a primary history of breast surgery or neoadjuvant
chemotherapy underwent primary axillary lymph node dissection
(ALND) without an SLN biopsy.
SLNs were evaluated in frozen sections followed by serial section
Hematoxylin-Eosin-Safran (HES) staining. IHC was performed if
HES revealed no tumor cells. Lymph node staging followed the
accepted pTNM classification: pN0, pN0i+ (0.2 mm, IHC+), pNmi
(0.2-2 mm) and pN1a (>2 mm). All positive SLNs underwent
complete ALND according to our local protocol.
Complementary ALND was performed when isolated tumor cells
were identified according to our local guidelines (Figure 1). Adjuvant
radiotherapy and chemotherapy were indicated when complementary
ALND revealed positive non-sentinel lymph nodes. No adjuvant
chemotherapy or radiotherapy was recommended when SLNs were
negative for disease. Complementary ALND was also performed in
cases of micro- or macrometastases, but patients underwent adjuvant
chemotherapy and radiotherapy regardless of the result. Adjuvant
chemotherapy was also recommended for patients with the following
tumors: (i) over 20 mm in size, (ii) status of grade 3, (iii) without
hormonal receptors, or (iv) present in patients less than 35 years old.
Patients with grade 2 tumors (v) received adjuvant chemotherapy if
the Ki67 rate was equal to or greater than 25%. Breast radiotherapy
was recommended for conservative surgery in all cases of invasive
tumors. Lymph node areas (supraclavicular/internal mammary) were
irradiated when axillary lymph node micro- or macrometastases were
identified. Postmastectomy radiotherapy was indicated for patients
with disease positive axillary nodes (micro- or macrometastases)
and/or T3-T4 tumors. Isolated tumor cells were considered pNduring this period, except for when micro- or macrometastases in
non-sentinel lymph nodes in complementary ALND were detected.
Micrometastases were systematically considered pN+.
We determined whether the diagnosis of SLN metastasis was
performed using HES and/or IHC/serial sectioning and the changes
in the indications for adjuvant chemotherapy and lymph node area
radiotherapy according to the final lymph node status. The impact of
the type of SLN detection on the prognosis was also determined.
Statistical analysis. Data were analyzed using the Fisher’s exact test,
the chi-squared test, and the Student’s t-test. Survival was analyzed
using Kaplan–Meier survival curves. Disease-free survival (DFS)
was measured from the time of initial treatment to the date of
relapse. All analyses were performed using the R package Design,
Hmisc, and Survival (http://lib.stat.cmu.edu/R/CRAN/).
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Median size*, mm (range)
T1
T2
T3
ER-positive*
PR-positive*
SBR
SBR 1
SBR 2
SBR 3
HER2-positive tumors*
IDC
ILC
Invasive carcinoma associated with DCIS or LCIS
Other histological type
Triple negative
Sentinel node (SN) procedure
Intraoperative analysis
Positive SN on preoperative analysis
Positive SN on definitive histopathology
By HES
By IHC
Positive nodes (%)
0
1-3
4-9
>9
Type of node metastasis
Isolated cells
Micrometastasis
Macrometastasis

13.5 (1-70)
361 (87%)
52 (12.2%)
3 (0.8%)
364 (87.5%)
274 (65.8%)
191 (46%)
147 (35%)
59 (14%)
31 (7.5%)
316 (76%)
48 (11.5%)
19 (4.5%)
33 (8%)
21 (5%)
416
134 (32%)
39 (9%)
112 (27%)
75 (67%)
37 (33%)
301 (72.3%)
97 (23.3%)
15 (3.6%)
3 (0.8%)
112
14 (12.5%)
40 (35.7%)
58 (51.8%)

Surgery
Lumpectomy
Mastectomy
Axillary lymph node dissection
Systematic, training
Because of positive SN
During first surgery
Secondary ALND

380 (91.3%)
36 (8.6%)
170 (40.8%)
97 (57%)
73 (43%)
32 (44%)
41 (56%)

Adjuvant therapy
Chemotherapy
Radiotherapy
Endocrine therapy
Trastuzumab

185 (44.4%)
378 (90.8%)
365 (87.7%)
19 (4.6%)

Recurrence
Axillary
Local recurrence
Metastasis

38 (9%)
6
13
19

*Invasive component. IDC, Invasive ductal carcinoma; DCIS, ductal
carcinoma in situ; ILC, invasive lobular carcinoma; LCIS, lobular
carcinoma in situ; ER, estrogen receptor; PR, progesterone receptor;
SBR, Scarff-Bloom-Richardson; ALND, axillary lymph node dissection;
HES, Haematoxylin-Eosin-Safran; IHC, immunohistochemical.
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Table II. Modifications of adjuvant therapies according to node status.
Isolated cells
Number of patients
Per operative diagnosis
Diagnosis by HES
Diagnosis by IHC
ALND
Systematic, training
Because of positive SN
During first surgery
Secondary ALND
Positive nodes on ALND
Adjuvant chemotherapy
Indication on IHC only
Lymph node area radiotherapy
Indication on IHC only
Modification of indication of
chemotherapy because of IHC
Modification of indication of
radiotherapy because of IHC

14 (12.5%)
1 (7%)
2 (14%)
12 (86%)
11 (78%)
3 (27%)
8 (73%)
1 (12%)
7 (88%)
0
7 (50%)
0
0
0

Micrometastasis
40 (35.7%)
3 (7.5%)
16 (40%)
24 (60%)
37 (92.5%)
15 (40.5%)
22 (59.5%)
2 (10%)
20 (90%)
8 (21.6%)
37 (92.5%)
13 (32.5%)
40 (100%)
24 (60%)
14/342
(4%)
25/342
(7%)

Macrometastasis
58 (51.8%)
34 (58.6%)
57 (98.2%)
1 (1.8%)
55 (94.8%)
12 (21.8%)
43 (78.2%)
29 (67.5%)
14 (32.5%)
24 (43.6%)
56 (96.5%)
1 (1.8%)
56 (96.5%)
1 (1.8%)

SN, Sentinel node; ALND, axillary lymph node dissection; HES, Haematoxylin-Eosin-Safran; IHC, immunohistochemical.

All patients provided informed written consent for the therapeutic
procedures and data analysis related to their malignancy, in
accordance with institutional guidelines and the Declaration of
Helsinki.

Results
A total of 416 patients were included in the present study. The
population characteristics are described in Table I. The median
age of the patients was 57 years, and 68% were postmenopausal. The median tumor size (invasive component) was
13.5 mm (1-70 mm). A total of 87% of tumors were T1, 12.2%
of tumors were T2, and 0.8% of tumors were T3, according to
the TNM classification. The most frequent SBR grade were,
SBR 1 (46%) and SBR 2 (35%). The Cerb-B2 oncogene was
overexpressed in 7.5% of these tumors. The most frequent
histological tumor type was invasive ductal carcinoma (76%).
Only 5% of patients had hormone receptor triple-negative status.
Lymph nodes were positive in 27% of patients.
Most of the patients underwent lumphectomy (91.4%) and
40.8% of patients had ALND. ALND was performed during
the learning curves in 57% of cases prior to the preoperative
results of the SLN examination.
A total of 112 patients had positive SLNs. SLN metastases
were diagnosed using HES in 75 patients (67%) and using
IHC in 37 patients (33%).
Finally, 44.4% of patients received adjuvant chemotherapy.
The recurrence rate in this cohort was 9% with a median
follow-up of 5.6 years for all patients.
Table II details the modifications in the indications of
adjuvant chemotherapy and/or radiotherapy, according to
metastasis size.

Among the patients with macrometastases, 57 of the 58
patients were diagnosed using HES. Finally, 1 of these
patients received adjuvant therapies based on IHC.
Among the 40 patients with micrometastases in SLN
biopsies, 40% were diagnosed using HES with serial
sectioning, and 60% of these patients were diagnosed using
IHC. Thirty-seven (92.5%) patients underwent ALND.
Positive non-sentinel nodes were discovered in 40 (21.6%)
patients. Among these 40 patients, 92.5% underwent
adjuvant chemotherapy. This indication was based solely on
the results of IHC in 32.5% of patients (13 of 37 patients).
All patients underwent lymph node area radiotherapy, and
60% of these patients had this indication based on IHC
results (i.e. micrometastases discovered by ultrastaging).
Among the 14 patients with isolated tumor cells, 14%
were diagnosed using HES with serial sectioning, and 86%
were diagnosed using IHC. Seventy-eight percent of these
patients underwent ALND. None of these patients had
positive non-sentinel nodes. Fifty percent of these patients
underwent chemotherapy, but none of these patients
underwent lymph node area radiotherapy. No indications for
adjuvant therapy were based solely on IHC, because these
patients were considered to be of node-negative status.
In the entire population, based on IHC, 4% of patients (14
of 342 patients with negative SLN biopsies, using HES) had
a modification of chemotherapy indication, and 7% (25 of
342 patients) had a modification of lymph node area
radiotherapy.
No significant difference between patients with positive
SLN biopsies diagnosed using HES or IHC, were observed
in DFS in patients with micrometastases (five-year DFS was
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Figure 2. Disease-free survival for patients with micrometastasis diagnosed according to Haematoxylin-Eosin-Safran (HES) and
immunohistochemical analysis (IHC).

86% for HES vs. 81% for IHC, p=0.64) (Figure 2).
Additionally, no difference in disease-free survival in patients
with nodal metastasis was observed between patients
diagnosed using IHC or conventional HES (five-year DFS
was 78% for conventional HES vs. 85% for IHC, p=0.37).
A significant difference was observed between patients
without nodal involvement and patients with nodal metastasis
diagnosed using IHC and using HES (p=0.003) (Figure 3).

Discussion
In this study, the rate of metastases that were detected using
IHC were 1.8%, 60% and 86% for macrometastases,
micrometastases and isolated tumor cells, respectively. In
this cohort, 4% of the patients (14 out of 342 patients) with
negative SLN biopsies using HES, required a modification
of their chemotherapy indication following IHC, and 7% of
the patients (25 out of 342 patients) required a modification
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for lymph node area radiotherapy. The impact of the type of
SLN detection on prognosis was determined. No significant
difference in the DFS of patients with micrometastasis was
observed between patients with positive SLN biopsies
diagnosed using HES and those using IHC (p=0.64), nor in
patients with nodal metastasis diagnosed using IHC and
those using conventional HES (p=0.37).
The role of IHC in the definitive assessment of SLNs. SLN
metastases were diagnosed using HES and IHC in 67% and
33% of cases, respectively. The detection rate of
micrometastases varies among centers due to the use of
different protocols and histopathological techniques,
including single level analysis, step sectioning and serial
sectioning (6). Available data suggest that 15%-48% of all
SLN metastases are micrometastases, and these findings have
led to an upstaging from 9% to 25% in initially nodenegative patients (2, 4, 7).
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Figure 3. Disease-free survival for patients without nodal involvement or with nodal involvement diagnosed according to Haematoxylin-Eosin-Safran
(HES) and immunohistochemical analysis (IHC).

The introduction of IHC techniques that target epithelial
cytokeratins has modified the definitive assessment of SLN,
particularly SLNs that appear negative using conventional
HES. The IHC approaches have enabled the detection of
otherwise occult metastases and additional extremely small
lesions that would otherwise have been missed. The
Philadelphia Consensus Meeting (8) recommended serial
sections of less than 2 mm for the detection of
macrometastases. The addition of IHC was not routinely
recommended. This recommendation is consistent with the
guidance from the American Society of Clinical Oncology
because isolated cancer cells that are detected by the
pathological examination of SLNs using specialized
techniques were of unknown clinical significance in 2005
(9). The European recommendations in 2003 suggest
screening for micrometastases, and they advise against

routine IHC analysis for the same reasons (6). In a recent
retrospective study, Weaver et al. confirmed that occult
metastases were an independent prognostic variable in
patients with SLNs that were negative on initial examination;
the difference in outcome at five years, was small but
significant (1.2 percentage points). However, these data do
not indicate the clinical benefit of additional evaluation,
including IHC analysis, of initially negative sentinel nodes
in patients with breast cancer (10), if no treatment
modification is proposed, or if the treatment modification is
inefficient.
Impact of diagnosis of micrometastases and isolated tumor
cells in SLNs. Although several studies on the association
between isolated tumor cells and micrometastases in lymph
nodes and survival have been published, none of these studies
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have provided a complete and systematic overview of the
existing evidence (11-21). Similarly, de Boer et al. (4)
evaluated the association between occult metastases, isolated
tumor cells, and micrometastases in axillary lymph nodes of
patients with invasive breast cancer and DFS and overall
survival (OS). This study revealed that the presence (vs. the
absence) of occult metastases was associated with a poorer 5year DFS [pooled(RR)=1.55, 95%(CI)=1.32 to 1.82] and OS
[pooled(RR)=1.45, 95%(CI)=1.11 to 1.88], although these
endpoints were not consistently assessed in multivariable
analyses. The authors concluded that the presence (vs. the
absence) of metastases of 2 mm or less in diameter in axillary
lymph nodes that were detected on single-section examination
was associated with lower DFS and OS rates, but the
independent prognostic value of occult metastases, including
isolated tumor cells, micrometastases, and macrometastases,
after an intensive pathological assessment of all axillary
lymph nodes, remained undetermined. In our study, the
prognosis of patients with metastases that were detected by
ultrastaging and HES was similar but poorer than that of
pN0(i-) patients. This is consistent with the analyses of
Weaver et al. and de Boer et al.
Our data quantified the therapeutic changes in surgery,
chemotherapy, and radiation therapy. Changes in chemotherapy
and radiation therapy for micrometastases, but not isolated
tumor cells, were examined because isolated tumor cells were
considered to confer pN– status and micrometastases pN+.
However, this decision was based on the fact that the pejorative
value of isolated tumor cells is less (or lacking) compared to
micrometastases or macrometastases, a fact that is debatable.
This type of division was not performed by de Boer et al. (4) or
Weaver et al. (10). However, the presence of isolated tumor
cells is an independent prognostic factor in the NSABP32
analysis (22). Therefore, the prognostic value of isolated tumor
cells should be reconsidered based on these latest publications.
Some authors suggest that complementary ALND is not
worthwhile and does not improve prognosis. Complementary
ALND may increase survival by reducing residual disease in
non-SLNs with metastasis. The number of such patients is
estimated at 15% (23), but this value was null in our series.
However, non-SLNs were only subject to conventional
histological assessment. Our current adjuvant treatment strategy
includes complementary ALND only for patients with isolated
tumor cells from a tumor with no indication of chemotherapy,
based on biological factors (e.g. grade and hormone receptor
status) and tumor size. Of note, only seven (1.7%) patients in
our previous series were of this case type. The impact of
adjuvant chemotherapy on prognosis modification is probably
limited because these patients have limited disease that is
unlikely to be chemosensitive (low proliferation). Our results
suggest that a demonstration of the survival impact of
complementary ALND using a randomized controlled trial is
not feasible. Therefore, the decision to perform complementary
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ALND may be empirically based on the adjuvant
chemotherapy indication. However, this latter point requires
reconsideration in the light of the prognostic value of isolated
cell highlighted in recent publications.
In our study, the most important therapeutic change
occurred in the radiation field (7%), which had not been
evaluated previously. In contrast to chemotherapy, radiation
is administered based on tumor burden factors but not
biological factors. Unfortunately, our series was too limited
to determine the impact of radiotherapy modification on
survival. Therefore, the most important treatment for occult
metastases, including complementary ALND, chemotherapy
or radiation therapy, was not determined; additional studies
are required in order to perform this determination.
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