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Abstract. The potential prognostic significance of DNA flow
cytometric measurements (DNA ploidy and S-phase frac-
tion) in breast cancer remains in dispute. Inconclusive data,
primarily due to the lack of consistent standardization and
quality control programs, have limited its translation into
clinical practice. The aim of the present review, based on the
25-year experience of the Portuguese Institute of Oncology
of Lisbon, is to assess the clinical relevance and application
of DNA flow cytometry for the prognosis of breast cancer.
Overall, data from Portuguese Institute of Oncology of Lisbon
indicate that DNA flow cytometry provides significant prog-
nostic information that is biologically relevant and clinically
useful for the management of patients with breast cancer.
Furthermore, this data has demonstrated the independent value
of DNA aneuploidy as a prognostic indicator of poor clinical
outcome in various subgroups of patients with early or locally
advanced breast cancer at short- and long-term follow-up.
Notably, aneuploidy identifies subsets of patients with grade
(G)1 or G2 tumours who exhibit a poor clinical outcome. These
patients may benefit from adjuvant chemotherapy, particu-
larly those with luminal A and luminal B/human epidermal
growth factor-2-negative endocrine-responsive breast cancer.
In conclusion, data from Portuguese Institute of Oncology of
Lisbon reinforces the clinical importance and utility of DNA
flow cytometric analysis, particularly DNA ploidy, in the prog-
nostic assessment and therapeutic planning for patients with
breast cancer.
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1. Introduction

Invasive breast carcinoma is one of the most frequent types of
malignant neoplasm and the leading cause of cancer-associated
mortality in females (1). The clinicopathological characteristics
typically used to assess prognosis and guide therapy for this
disease frequently fail to characterize the multiple aspects and
clinical heterogeneity of breast cancer, particularly concerning
the biological behaviour of tumours in individual cases.

DNA flow cytometry is a widely-used technique to esti-
mate the DNA content (DNA ploidy) and proliferative activity
(S-phase fraction; SPF) in a number of human neoplasms. In
breast cancer, DNA ploidy and SPF have been investigated in
association with the biological characterization of tumours,
patient survival and prognosis (2-15).
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Numerous studies have reported that DNA ploidy and/or
SPF are prognostic markers for breast cancer (2-11); however, a
number of studies have questioned their independent prognostic
significance (12-15). These conflicting data have limited the
prognostic value of DNA flow cytometry and the extent of its
clinical use. The primary reason for the discrepant data appears
to be a lack of consistent standardization and quality control
programs to ensure the intra- and inter-laboratory reproducibility
of results (5,16-20). In addition, intratumoral biological heteroge-
neity (21,22) and SPF categorization (16,17) have been implicated
in the variability of the results. However, despite the inconclusive
data on the prognostic value of DNA flow cytometry, numerous
hospitals and cancer centres perform cytometric analyses to aid
in the measurement of prognostic markers for breast cancer (23).

Previous studies have indicated that the evaluation of
cytometric parameters can improve the management of breast
cancer, aiding in the prognostic assessment and therapeutic
planning for patients (2-6,9,10,24). The current study aimed
to review the application of DNA flow cytometry in the prog-
nostic assessment of patients with breast cancer. The present
review is based on a 25-year experience of using DNA cyto-
metric technology at the Portuguese Institute of Oncology of
Lisbon (Lisbon, Portugal).

2. Patients and methods

Patients. DNA flow cytometry has been routinely used at the
Portuguese Institute of Oncology of Lisbon since 1990, to
evaluate the surgical specimens and fine-needle cytological
aspirates of patients with breast cancer. Patients (females;
n>1000; age range, 23-91 years old) in the present review were
diagnosed and treated at the Portuguese Institute of Oncology
according to standardized therapeutic protocols between
August 1990 and April 2007.

Therapies. Patients in the previous studies that the current
report is reviewing received a modified radical mastectomy or
conservative treatment with an axillary lymph node dissection.
All lymph node-positive premenopausal patients, hormone
receptor-negative postmenopausal patients and lymph
node-negative patients with a high-risk of tumour recurrence
received adjuvant chemotherapy. Patients with a tumour >2 cm,
a poorly differentiated tumour or hormone receptor-negative
tumour were considered to have a high-risk of tumour recur-
rence. Endocrine treatment was recommended for all hormone
receptor-positive patients with breast cancer. Patients who
underwent conservative breast surgery received local radio-
therapy postoperatively, while lymph node metastasis-positive
patients received radiotherapy to the axillary region. The
majority of the changes to the therapeutic system in place to
treat patients with breast cancer at the Portuguese Institute
of Oncology of Lisbon were associated with the introduction
of taxanes in 1998 and trastuzumab in 2005. No patients had
metastatic breast cancer at time of diagnosis or had received
treatment prior to surgical resection. All studies reviewed in
the present report were approved by the Portuguese Institute of
Oncology Institutional Review Board and Ethics Committee.

DNA flow cytometry.Based on the experience at the Portuguese
Institute of Oncology of Lisbon, the key to performing accurate
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and reproducible DNA flow cytometry assessments is based
on the following methodological factors: i) The preferential
use of fresh/frozen tumour samples, since on formalin-fixed
paraffin-embedded tissue, particularly for SPF determination,
the DNA histograms demonstrate low technical quality and
problems with standardization; ii) the examination for the
presence of tumour cells in the tissue sample using haema-
toxylin and eosin staining of a cell suspension aliquot obtained
following mechanical/enzymatic disaggregation; iii) the
adequate internal standardization with chicken/trout red blood
cells to aid in the localization of the diploid reference peak,
primarily consisting of fibroblasts, lymphocytes and healthy
epithelial cells in the sample; iv) the optical alignment of the
cytometer with calibrated fluorospheres; v) the acquisition of
>15,000 nuclei at a slow rate; vi) the exclusion of DNA histo-
grams with coefficients of variation for tumour G,/G, peaks
>6% (5,16-20).

Regarding DNA ploidy, tumours were categorized
according to the DNA index (DI) as follows: Hypodiploid,
DI<0.95; diploid, DI=0.95-1.05; hyperdiploid, DI>1.05-1.92;
tetraploid, DI>1.92-2.04; hypertetraploid, DI>2.04; and
multiploid, =2 DIs (7). SPF is a continuous biological variable
rather than a dichotomous function; thus, each laboratory
should establish its own SPF data (18). The current study used
a median SPF value of 6.1% as the cut-off point to distinguish
between tumours with low and high proliferative activity, as
when distinct SPF variables were previously investigated, this
cut-off value provided the highest prognostic significance (25).
As recommended by previous studies (18-20), another
approach to reporting SPF is the subdivision into tertiles
(<4.5,4.5-9.2 and =29.2%), which has been proven to possess
prognostic significance (25). However, as reported previously,
a well-known limitation of SPF is the fact that in 20-25% of
cases, primarily those with aneuploidy, determining SPF from
the DNA histogram fails for the following technical reasons:
i) Overlap of populations; ii) a high degree of background
debris; iii) too few cells; and iv) tumour classification as multi-
ploid and/or hypertetraploid (9,10).

Survival analysis. In previous studies performed at the
Portuguese Institute of Oncology of Lisbon, there was system-
atic focus on the application of survival analysis methods,
including the following: Sample size; length of follow-up
time; definition of the end points of interest; and the choice
and quality of the univariate, multivariate and graphical
analyses (7,8,11). The statistical power of survival studies
depends on the accurate assessment of these variables, in
order to prevent statistical inadequacies (26). The cumula-
tive probability of patient survival was evaluated using the
Kaplan-Meier estimator. The differences between survival
curves was analysed using the log-rank test. The relative
strength and independent prognostic value of the variables
investigated was analysed using Cox's proportional hazard
regression model analysis. P<0.05 was considered to indicate
a statistically significant difference. R software (version 3.3.0;
R Foundation for Statistical Computing, Vienna, Austria) was
used to perform statistical analyses.

The clinical data from the follow-up of patients was
obtained from the review of clinical records or consultation
of the epidemiological registry service at the Portuguese



ONCOLOGY LETTERS 13: 2027-2033, 2017

2029

Table I. Data on the application of DNA flow cytometric measurements as prognostic markers for patients with breast cancer at
the Portuguese Institute of Oncology of Lisbon.

No. of Median follow-up Reference
Sample type patients (months) Data presented studies
Fresh/frozen 308, 392,393 39.6,81,134 Aneuploidy and high SPF are significantly (7,8,11,25)
and 306, and 39.6, associated with high tumour grade, a greater
respectively respectively tumour size, lack of hormone receptors and
HER-2 expression
Fresh/frozen 308 39.6 At short term follow-up, axillary nodal status, @)
DNA ploidy (for OS) and SPF (for DFS)
demonstrated independent prognostic
significance through multivariate analysis
Fresh/frozen 308 39.6 At short term follow-up, aneuploidy and high @)
SPF were significantly associated with poor
prognosis in axillary node-positive disease
Fresh/frozen 308,393 and 39.6, 134 and Multiploid/hypertetraploid (7,11,30)
189, respectively ~ N/A, respectively tumours demonstrated the poorest clinical
evolution
Fresh/frozen 306 39.6 SPF is a better prognostic indicator for breast (25)
cancer compared with Ki-67 expression
Fine-needle 392 81 In advanced breast cancer, disease stage, (8)
cytological absence of progesterone receptors and
aspirates DNA aneuploidy are independently associated
with poor OS
Fresh/frozen 393 134 At long term follow-up, aneuploidy is an indicator (11)
of poor prognosis in patients with axillary node-
positive disease and G2 tumours, and an indicator
for poor DFS in axillary node-negative patients
Fresh/frozen 684 134.5 Aneuploidy identifies subsets of patients with early (32)

breast cancer (G1 and G2 tumours) who
demonstrated poor clinical outcome

SPF, S-phase fraction; HER-2, human epidermal growth factor 2; OS, overall survival; DFS, disease-free survival; G, grade; N/A, not applicable.

Institute of Oncology of Lisbon. Disease-free survival (DFS)
was defined as the time elapsed between diagnosis and docu-
mented local or distant tumour recurrence. Overall survival
(OS) was defined as the time interval between diagnosis and
mortality from breast cancer.

3. Association between DNA ploidy/SPF, and the
histopathological and molecular characteristics frequently
associated with breast cancer prognosis

A consistent result from our previous cytometric studies was
the significant correlation between DNA aneuploidy/high SPF
and a high grade of tumour differentiation (P<0.001) (7,8,11),
greater tumour size (P<0.002) (7), lack of hormone
(oestrogen and progesterone) receptors (P<0.001) (7,8,11)
and human epidermal growth factor expression-2 (HER-2;
P<0.001) (27). In addition, no significant association between
DNA ploidy/SPF and axillary lymph node status was identi-
fied (7,8,11,27). Relevant findings are summarized in Table I.

4. Independent prognostic value of DNA ploidy and SPF
in breast cancer compared with established prognostic
factors

In a study of 308 patients with breast cancer (7), with a
short-term follow-up (median follow-up time, 39.6 months),
Cox's proportional hazard regression model analysis was
used to investigate the disease staging (tumour-node-metas-
tasis) (28), histopathological tumour grading (Nottingham
Histologic Score system) (29), DNA flow cytometry results,
oestrogen and progesterone receptor expression status, and
marker of proliferation Ki-67 (Ki-67) and HER-2 immuno-
histochemical expression status. Univariate analysis (Cox's
proportional hazard regression model analysis) revealed
that there was a significant difference between all the above
mentioned prognostic factors, excluding Ki-67 expression
status (7). Multivariate analysis (Wald test) demonstrated
that axillary lymph node status (OS, P=0.001; DFS, P<0.001),
DNA ploidy [OS relative risk (RR), 3.43; P=0.006], and SPF
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(DFS RR, 4.53; P<0.001) retained independent prognostic
significance (7).

5. Prognostic significance of cytometric parameters
regarding the axillary node status of patients with breast
cancer

In a subset analysis performed in a previous study (7), aneu-
ploidy (P=0.005) and a high SPF (P<0.001) were significantly
associated with poor DFS and OS survival in patients with
axillary node-positive breast cancer. No significant differences
were identified between a higher frequency of aneuploidy/a
high SPF and a shorter survival time in patients with axillary
node-negative breast cancer (7).

6. Prognostic significance of specific DNA aneuploidy
subcategories in breast cancer

In several of our previous studies (7,11,30), patients with
aneuploidy tumours, including hyperdiploid/tetraploid tumours
(OS RR, 1.96; P=0.003; DFS RR, 1.70; P=0.006) and multip-
loid/hypertetraploid tumours (OS RR, 2.91; P<0.001; DFS RR,
2.31; P=0.003) demonstrated a significantly poorer prognosis
compared with patients with DNA diploid tumours (11). In addi-
tion, patients with multiploid/hypertetraploid tumours (Fig. 1)
had an increase in tumour biological aggressiveness and a poor
clinical evolution compared with patients with diploid and
hyperdiploid/tetraploid tumours. To investigate the underlying
genetic mechanisms associated with the development of this
aneuploidy, copy number variations in a cohort of patients with
multiploid/hypertetraploid tumours (n=13) were analysed using
comparative genomic hybridization (31). A high incidence of
genetic aberrations, primarily associated with chromosomal
gains was identified in this group and the 7q locus appeared
to be a potential site for a number of candidate oncogenes (31).

7. Prognostic value of SPF compared with Ki-67 expression
in breast cancer

In a study of 306 patients with primary operable breast
cancer (disease stages I and II), flow cytometry and immu-
nohistochemistry analysis were simultaneously performed in
230 cases (25). Cut-off points of 6.1% for SPF and 10% for Ki-67
expression were used to discriminate between tumours with
low and high proliferation. An agreement in the proliferation
data between the two methods was identified in 69.1% of cases
(K statistic=0.384). However, as a cell proliferation variable
SPF, but not Ki-67 expression, demonstrated prognostic signifi-
cance in regards to OS (P<0.0003) and DFS (P<0.0001) (25).
Therefore, SPF appears to be a better prognostic indicator for
breast cancer compared with Ki-67 expression (25).

8. Prognostic value of DNA flow cytometry in locally
advanced breast cancer using fine-needle aspiration
cytology (FNAC)

In a prospective study (8) involving 392 patients with advanced
breast cancer (stage IIB, n=106; stage IIIA, n=66; stage I111B,
n=174; stage IV, n=46) and a median follow-up time of
81 months, multivariate analysis (Cox's proportional hazard
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Figure 1. Representative DNA histogram of a multiploid tumour with an
aneuploid population (DNA index 1.38) and hypertetraploid clone (DNA
index 2.71). Tot, total; DI, DNA index.

regression model analysis; Wald test) of OS using FNAC
revealed that an advanced disease stage (P<0.001), the absence
of progesterone receptors (P=0.008) and DNA aneuploidy
(P=0.016) had independent prognostic significance (8).

9. Long-term prognostic significance of cytometric
parameters in breast cancer

Due to previous results regarding the prognostic value of DNA
flow cytometry in patients with breast cancer with a short-term
follow-up (7), a study of 393 patients with invasive ductal breast
carcinoma with a long-term follow-up (median follow-up time,
134 months) (11) was performed to evaluate ‘classical’ and cyto-
metric prognostic parameters. In multivariate analysis (Cox's
proportional hazard regression model analysis; Wald test), axil-
lary node involvement (OS and DFS, P<0.001), DNA aneuploidy
(OS, P=0.002; DFS, P=0.001) and lack of progesterone receptor
expression (OS, P=0.029) demonstrated statistically significant
associations with a shorter patient survival time. In axillary
node-negative patients, DNA aneuploidy (DFS, P=0.030) and
absence of oestrogen receptor expression (OS, P=0.010) signifi-
cantly predicted poor survival. In axillary node-positive patients
(OS, P=0.010; DFS, P=0.051) and those with moderately differ-
entiated tumours [grade (G)2; OS, P=0.045; DFS, P=0.011]
aneuploidy was an indicator of poorer prognosis.

10. Identification of different prognostic subgroups in
patients who present with similar grades of tumour
differentiation using DNA ploidy

The results of a previous study (11) led to an investigation into the
association between the grade of tumour differentiation and DNA
ploidy in a large cohort of 684 patients with invasive breast carci-
noma with a long-term follow-up (32). Patients with aneuploid G2
tumours demonstrated significantly poorer DFS (P=0.001) and
OS (P<0.001), and patients with aneuploid G1 tumours demon-
strated significantly poorer OS (P=0.013) (Fig. 2), compared with
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Figure 2. Kaplan-Meier survival curves based on DNA ploidy for patients with G2 tumours plotted for (A) overall survival (P<0.001), (B) disease-free survival

(P=0.001), and for patients with G1 tumours for (C) overall survival (P=0.013).

patients with G2 and Gl diploid tumours, respectively. The same
significant prognostic associations were identified in a subset of
patients (n=451) with stage I/ITA breast cancer (aneuploid G2
tumour DFS, P=0.003; OS, P=0.004; aneuploid G1 tumour OS,
P=0.049). These results suggest that aneuploidy identifies subsets
of patients with well (G1) and moderately (G2) differentiated
tumours with a poor clinical outcome.

11. Conclusions

Numerous prognosis-associated studies using DNA flow
cytometry have been performed in breast cancer (2-15);
however, the results are notably variable. Contradictory find-
ings may result from differences in study design and technical,
analytical and interpretative methods (15,17-20). Despite
these limitations, the prognostic significance of DNA ploidy
and SPF in breast cancer is relatively consensual, at least in
univariate models (3,10,33). However, an important question
remains in relation to the clinical utility and predictive value
of DNA ploidy and SPF in the selection of adjuvant therapies.

Similarly to studies by other institutes (34,35), data from
the Portuguese Institute of Oncology of Lisbon indicates
that when DNA flow cytometric analysis is performed on
fresh/frozen tumour samples from a large cohort, DNA aneu-
ploidy and/or high SPF are significant poor prognostic factors
for breast cancer, as determined by univariate and multivariate
analyses. Michels et al (35) and Wenger and Clark (36), in their
comprehensive reviews of studies involving >100 patients and
using fresh or frozen material, demonstrated that 21/24 studies,
with 17 using multivariate analysis, reported an association
between high SPF and poor patient outcome. Regarding DNA
aneuploidy, 17/23 studies, with 8 of them using multivariate
analysis, identified a correlation with poor patient prognosis.
However, a number of studies using state-of-the-art DNA flow
cytometry, in regards to sampling size, recommended proto-
cols and data analysis, have reported that SPF and DNA ploidy
do not provide significant prognostic information in breast
cancer (13,15).

Data from the Portuguese Institute of Oncology of Lisbon
demonstrates that DNA aneuploidy and a high SPF, markers of
genetic instability and cell proliferation, respectively, are signif-
icantly associated with established molecular features of poor

patient prognosis, including a high histological grade, and the
absence of hormone receptor and HER-2 expression (20,27,35).
Nevertheless, the significant association of DNA aneuploidy
and a high SPF with tumour size, but lack of association with
lymph node status suggests that they are indicators of tumour
growth rather than metastatic potential (15,37).

In our previous studies (7,11), DNA ploidy had a signifi-
cant prognostic influence in short and long follow-up periods,
similar to the results of another study (13). This prognostic
influence was most evident in axillary node-positive patients,
a subgroup with a poor prognosis. However, in the long-term
follow-up study (11), DNA ploidy retained an independent
prognostic value for DFS in the subset of patients with axillary
node-negative breast cancer, a subset for whom it is difficult to
identify significant prognostic indicators for. This finding has
been corroborated by others (33,34). Therefore, it is important
that DNA ploidy can aid in the prediction of recurrence risk of
patients with axillary node-negative breast cancer.

Similarly to the early stages of breast cancer, the prog-
nostic value of DNA ploidy in advanced breast cancer,
using FNAC, was identified to be significant (8). Patients
with diploid tumours, compared with those with aneuploid
tumours, exhibited a more positive OS (8). Notably, despite
the screening mammography programs implemented, there
are a non-negligible number of cases of locally advanced and
metastatic breast cancer, diagnosed ab initio, that still consti-
tute a number of oncological mortality cases. FNAC has the
advantage of overcoming a number of sampling disaggrega-
tion problems associated with DNA flow cytometry (38).

Notably, the subgroup of patients with relatively uncommon
multiploid/hypertetraploid tumours, comprising 5-10% of
all cases, had the poorest clinical outcome (7,11,30). Other
studies that investigated aneuploid subsets of patients with
breast cancer have demonstrated similar results (3,39,40). It
is reasonable to hypothesise that the occurrence of multiple
aneuploid clones and/or hypertetraploidy supports the devel-
opment of a more aggressive phenotype (41). Supporting this,
Duesberg er al (42) reported that the degree of genomic insta-
bility is proportional to the degree of aneuploidy, potentially
leading to tumour metastasis.

The association between SPF and DNA ploidy, particularly
diploidy with low SPF and aneuploidy with high SPF, is well
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known. Therefore, the mutual inclusion of DNA ploidy and
SPF in multivariate Cox's proportional hazard regression
model analysis can produce confounding results. The asso-
ciation between SPF and DNA ploidy can explain why, in
our previous short-term follow-up study (7), DNA ploidy and
SPF demonstrated independent, prognostic significance for
OS and DFS, respectively. A number of studies have recom-
mended that an adequate SPF adjustment should be made in
order to eliminate the redundant association with DNA ploidy
and improve the prognostic model (43). Despite their similar
prognostic significance, there are three primary reasons that
make DNA ploidy a more suitable cytometric parameter
in routine practice: i) The possibility of assessing ploidy in
formalin-fixed paraffin-embedded sample; ii) the technical
inability to determine SPF in ~1/4 of cases; and iii) difficulties
in the reproducibility of SPF measurements.

Even with inherent technical limitations, the importance of
SPF as a prognostic cell proliferation variable cannot be under-
estimated. Numerous studies have reported that SPF is the most
important predictor of survival in breast cancer (2,9,10,16,17).
In the studies performed at the Portuguese Institute of
Oncology of Lisbon, besides the prognostic significance of
SPF in the subgroup of axillary node-positive patients (7), a
comparison between SPF and Ki-67 expression for assessing
tumour proliferative activity (25) revealed that only SPF had
statistical significance for predicting disease outcome. Ki-67
expression analysis has the technical advantage of allowing
the morphological evaluation of proliferating cell popula-
tions; however, there is still an important unresolved issue
concerning the identification of the optimal Ki-67 cut-off
value for discriminating between tumours with low and high
proliferation (44 ,45).

Similarly to numerous studies (10,19,33,34,37,46),
results from the Portuguese Institute of Oncology of Lisbon
have consistently identified a strong association between
the grade of tumour differentiation and DNA ploidy in
breast cancer (11,32). This result is explained by the similar
biological significance of these characteristics, reflecting the
extent, type and complexity of genomic abnormalities of the
tumour (38,47). In addition, the majority of well-differentiated
G1 tumours are diploid and the majority of poorly differenti-
ated G3 tumours are aneuploid (11,32,46). This supports the
usefulness of DNA ploidy analysis as a complementary or
alternative tool to conventional histological tumour grading,
providing additional and less subjective prognostic informa-
tion. Furthermore, the finding that aneuploidy can identify
subgroups of patients with G1 and G2 tumours that have poor
prognosis increases the significance of the clinical application
of DNA ploidy determination (32). The clinical relevance of
this finding is associated with the potential rationally-based
influence of DNA ploidy on the therapeutic decisions for
patients with aneuploid low/intermediate grade tumours,
particularly those whose tumours are luminal A or luminal
B/HER-2-negative endocrine-responsive breast cancer, who
may benefit from adjuvant chemotherapies.

In conclusion, despite the growing clinical interest
and potential implications for therapeutics, the majority
of complex high-throughput molecular/genomic technolo-
gies (48) are not yet fully standardized or adapted to routine
practice (49,50). Notably, relevant prognostic information for
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breast cancer could easily be obtained by relatively simple and
fast DNA flow cytometry, even in cost:benefit financial terms.
Investigations into the prognostic significance of DNA flow
cytometric analysis for different molecular subtypes of breast
cancer, including luminal A, luminal B, HER-2 positive and
triple-negative, in the future will prove interesting. Although
the studies performed at the Portuguese Institute of Oncology
of Lisbon are robust and reliable, they are retrospective in
nature. Therefore, further well-designed randomized clinical
trials with a larger cohort of patients are required to confirm
the accuracy and reliability of the findings discussed in the
present review.
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