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BACKGROUND. Large retrospective archival studies of S-phase fraction (SPF) mea-

sured by DNA flow cytometry in patients with breast carcinoma have shown its

long-term prognostic relevance. However, contradictory results have also been

reported, some of them being related to the various methods of SPF calculation

using different commercially available software.

METHODS. DNA flow cytometric list mode data, initially computed with Cellfit

software, were blindly reanalyzed using Modfit and Multicycle software. The data,

acquired prospectively between 1990 and 2003 from cytologic fine-needle aspira-

tion biopsy samples of 397 patients with breast carcinoma, were compared with

patient outcome with a median follow-up of 99 months (8.2 yrs).

RESULTS. Measurement of SPF was successful in 321 (81.7%), 362 (92.1%), and 335

cases (85.2%) by means of the Cellfit, Modfit, and Multicycle software programs,

respectively. In 306 cases (77.9%), SPF values were obtained using all 3 methods.

Comparisons between SPF measurements showed a good agreement between

Modfit and Multicycle computations. In the series of 306 patients, SPF median

values of 2.5%, 4.3%, and 5.45% for Cellfit, Modfit, and Multicycle, respectively,

were also found to be statistically different. Regardless of the software used, high

SPF defined as above the median value was an independent factor of prognosis in

a multivariate analysis including all traditional clinicopathologic parameters. It is

noteworthy that this was also observed in the subgroups of patients either treated

by primary surgery for an early tumor (n � 133) or by neoadjuvant chemotherapy

for a locally advanced breast carcinoma (n � 173).

CONCLUSIONS. The data in the current study supported the prognostic relevance of

SPF measurement in predicting the long-term overall survival of patients with

early-stage or locally advanced invasive breast carcinoma. Cancer (Cancer Cyto-

pathol) 2005;105:476 – 82. © 2005 American Cancer Society.

KEYWORDS: breast carcinoma, cytopathology, fine-needle aspiration biopsy sam-
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Determining the prognosis of patients with breast carcinoma re-
quires careful assessment of traditional clinicopathologic param-

eters and hormonal status of the tumor.1 These conventional factors,
however, are limited in predicting the prognosis of individual pa-
tients, and additional biologic factors are needed to achieve this goal.1

Assessing proliferation in breast carcinoma has been a subject of
intensive investigations for 30 years.2,3 Several studies have shown a
strong relation between a high thymidine labeling index and patient
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outcome.4 –7 These findings were subsequently sub-
stantiated by large retrospective archival studies of
S-phase fraction (SPF) by flow cytometry on breast
tumors from patients with long follow-up periods.8

Contradictory results have, however, been reported
and some of these discrepancies may be related to
technical and interpreting factors.9 To minimize these
factors, a panel of experts proposed consensus guide-
lines for reducing interlaboratory and intralaboratory
variability,10,11 to determine the role of SPF measure-
ment by flow cytometry in the clinical setting. Among
quality control steps suggested is the use of similar
methods for calculating SPF.12–17 This aspect is critical
because multiple commercial software including Cell-
fit (Becton Dickinson, San Jose, CA), Modfit LT 2.0
(Verity Software House, Topsham, Maine), and Multi-
cycle (Mac Cycle 1.3D, Phoenix Flow Systems, San
Diego, CA), which use different mathematical models
for computing SPF, are available.18

Because DNA flow cytometry has been utilized
routinely at the Institut Curie (Paris, France) since
1990 to evaluate surgical specimens19 and cytologic
fine-needle aspiration biopsy (FNAB) samples of
breast tumors,20 prospectively obtained data were
available. SPF analysis was initially computed using
Cellfit software, but list mode data on all cases were
kept on file and reanalyzed without bias using the
Modfit and Multicycle programs. The aims of the cur-
rent study were to conduct comparative SPF analysis
using the three software programs and to determine
which values correlate with patient outcome.

MATERIALS AND METHODS
Patients and Tissue Samples
A cohort of 397 patients whose breast carcinoma SPF
were measured comprised the study. Between January
1990 and December 1993, patient data were collected
prospectively and coded in the Institut Curie data-
base. Four patients (1%) were lost to follow-up and
were excluded from the study. All patients were female
with a mean and median age of 45 years (range, 28 –58
yrs). Seventy-seven (19.6%) patients were � 40 years,
256 patients (65.1%) were 40 –50 yrs, and the remain-
ing 60 patients (15.3%) were � 50 years. Five (1.3%)
had Stage 0 disease, 103 (26.2%) had Stage I disease,
132 (33.6%) and 122 (31%) had Stage IIA and IIB dis-
ease, respectively, and 31 (7.9%) had Stage IIIA dis-
ease.21 All patients were diagnosed and treated at the
Institut Curie according to standardized protocols ap-
proved by our institutional review board. Informed
consent was obtained from all patients. Depending on
their stage grouping, patients were either treated con-
servatively by wide excision and axillary lymph node
dissection (ALND) plus radiotherapy or with neoadju-

vant chemotherapy. The first group consisted of 165
(42%) patients (mean age, 45.6 years) with Stage 0
disease (n � 5 [3%]), I disease (n � 103 [62.4%]), IIA
disease (n � 51 [31%]), and IIB disease (n � 6 [3.6%]).
This group of patients had a median follow-up of 99
months (range, 4 –142 months). The second group
consisted of 228 (52%) patients (mean age, 44 years)
with Stage IIA disease (n � 81 [35.5%]), IIB disease
(n � 116 [50.9%]), and IIIA disease (n � 31 [13.6%]).
This group of patients had a median follow-up of 96
months (range, 3–142 months). Histologic classifica-
tion22 and grading23 were performed on surgical spec-
imens from patients treated by primary surgery and
on pretherapeutic drill biopsies of tumors20 in case of
neoadjuvant chemotherapy. All samples showed duc-
tal invasive carcinomas (n � 337 [85.7%]), lobular
invasive carcinoma (n � 29 [7.4%]), or other type of
invasive carcinoma (n � 11 [2.8%]). Sixteen cases
(4.1%) could not be subtyped. Grading was assessable
in 351 (89.3%) cases and showed 67 (19.1%) Grade I,
221 (63%) Grade II, and 63 (17.9%) Grade III tumors.
Hormone receptor determination20 was available for
373 (94.9%) cases (254 [68.1%] tumors were estrogen
receptor (ER) positive and 268 [71.8%] were progester-
one receptor positive).

DNA Flow Cytometry
Nuclear DNA content was measured by flow cytom-
etry from cell suspensions, and was obtained by the
cytopathologist performing FNAB before surgery or
drill biopsy,20 for patients treated by primary surgery
or neoadjuvant chemotherapy, respectively. DNA flow
cytometry was performed on a FACScan flow cytom-
eter (Becton Dickinson) equipped with a doublet dis-
crimination module as already described.20 Samples
were checked before analysis by light microscopy on
cytocentrifuged preparations stained using the May-
Grunwald-Giemsa procedure to verify that � 80% of
material was composed of tumoral nuclei. Data files
from � 10,000 nuclei stained using propidium iodide
were acquired in list mode and processed according to
published guidelines.10,11 Tumor specimens with a
DNA index ranging from 0.9 to 1.1 were classified as
DNA diploid, those with a single DNA index � 0.9 or �
1.1 were classified as DNA aneuploid, and the others
were classified as DNA multiploid. SPF were initially
computed using Cellfit software (Becton Dickinson)
including background subtraction. At the time of our
study, we compared these values with those obtained
after a blind reanalysis of the initial list mode data set
using Modfit LT 2.0 and Multicycle software. In non-
diploid cases, the SPF from the nondiploid cell popu-
lation was calculated. In cases of � 2 nondiploid cell
populations in which the G2 peaks were not separable,
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a total SPF was computed. Calculation of SPF was not
attempted when the proportion of tumor cells was �
20%, the coefficient of variation (CV) of the G1 peak
was � 8%, and the sample contained � 20% of back-
ground aggregates and debris.10,11

Statistical Analysis
The distribution of clinicopathologic factors between
the initial and the final set of patients was compared
using the chi-square test. Comparisons between SPF
computed using the three software programs were
made by plotting, for each case, the difference be-
tween the measurements obtained by two methods
against their mean.24 Data were logarithmically trans-
formed as their distribution was approximately log
normal and 95% limits of agreement were calculat-
ed.24 Primary study end points were overall survival
(OS) and disease-free survival (DFS) of the whole pop-
ulation of patients. OS and DFS within each subgroup
of patients, i.e., those treated by wide excision and
ALND plus radiotherapy and those treated by neoad-
juvant therapy, were secondary study endpoints. Time
to event (death, disease recurrence, metastasis) was
measured starting from the date of first treatment to
the time of the event or last follow-up. Both OS and
DFS were estimated by the Kaplan–Meier product-
limit method25 and the resulting curves were com-
pared by the log-rank test.26 Relative risks (RR) and
95% confidence intervals (95% CI) were calculated.
Univariate and multivariate analyses were not per-
formed keeping SPF as a continuous variable as its
distribution was not log normal. Patients were catego-
rized into high-risk and low-risk groups based on a
cutoff point corresponding to the median value of the
SPF. This dichotomization was not determined by a
data-dependent process such as exploring all cutoff
points to find the one that minimizes the P value.27 To
evaluate the simultaneous effects of different prognos-
tic factors on patients’ OS, a forward-stepping Cox
proportional hazards model was used.28 Variables
with kappa subgroups were coded to kappa�1
dummy variables, yielding a nonlinear relation be-
tween 2 subsequent subgroups when kappa was � 2.
The data were consistent with the assumptions of Cox
proportional modeling. Statistical analyses were per-
formed with the R-software (version 1.4; R Develop-
ment Core Team; http://www.R-project.org). All sta-
tistical tests were 2-sided and were considered to be
statistically significant at P � 0.05.

RESULTS
Measurement of SPF values was successful in 321
(81.7%), 362 (92.1%), and 335 cases (85.2%) by means
of Cellfit, Modfit, and Multicycle, respectively. The

higher proportion of cases computed using Modfit
was significantly different from those calculated with
Cellfit (P � 0.0001; McNemar test) or Multicycle (P �
0.0001). In 306 cases (77.9%), SPF values were ob-
tained using all 3 software methods. Clinicopathologic
characteristics of the corresponding patient tumors
are summarized in Table 1.

Comparisons between SPF measurements ob-
tained by means of the three software methods
showed a good agreement between Modfit and Mul-
ticycle (mean difference, 0.18; 95% limits of agree-
ment, �0.77 and 1.14). This was not the case when
comparing Cellfit with Modfit (mean difference, 0.55;
95% limits of agreement, �0.95 and 2.06) or with Mul-
ticycle (mean difference, 0.74; 95% limits of agree-
ment, �0.93 and 2.41). Depending on the software
method used, SPF median values were found to be
significantly different between the two subgroups of
patients (i.e., those treated conservatively by wide ex-
cision and ALND plus radiotherapy and those who
received neoadjuvant chemotherapy) (Table 2). In the
series of 306 patients, the SPF median values of 2.5%
for Cellfit, 4.3% for Modfit, and 5.45% for Multicycle
(Table 2) were also found to be statistically different
(data not shown).

TABLE 1
Patient Characteristics According to Type of Primary Treatment

Characteristics

All patients Surgery Chemotherapy

N � 306 (%) n � 133 n � 173

Age in yrs
� 40 56 (18.3) 17 39
40–50 202 (66.0) 87 115
� 50 48 (15.7) 29 19

AJCC stage grouping
0 3 (1.0) 3 0
I 83 (27.1) 83 0
IIA 99 (32.4) 42 57
IIB 94 (30.7) 5 89
IIIA 27 (8.8) 0 27

SBR grading
I 55 (18.0) 26 29
II 172 (58.5) 72 100
III 48 (16.3) 26 22

WHO histologic type
Ductal 260 (88.4) 117 143
Lobular 24 (8.2) 7 17
Other 10 (3.4) 6 4

ER positive 206 (69.8) 102 104
PR positive 213 (72.2) 107 106
DNA ploidy

Diploid 131 (42.8) 68 63
Nondiploid 175 (57.2) 65 110

AJCC: American Joint Committee on Cancer; SBR: Scarff Bloom and Richardson; WHO: World Health

Organization; ER: estrogen receptor; PR: progesterone receptor.
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At the time of the last follow-up, 59 (19.3%) pa-
tients died of their disease (16 in the group of patients
treated by surgery and 43 in the group treated by
neoadjuvant chemotherapy), 81 (26.5%) patients ex-
perienced metastasis (25 and 56 in the 2 subgroups of
patients, respectively), and 62 (20.3%) patients had
local disease recurrences (24 and 38 patients, respec-
tively).

The median follow-up for survivors was 8.2 years
(range, 3 months–11.8 years). Univariate analysis of
DNA ploidy and SPF showed a lack of a significant
correlation between DNA aneuploidy and prognosis
(data not shown). By contrast and regardless of the
software program used, a high SPF correlated signifi-
cantly with poor OS and DFS (Table 3). It is notewor-
thy that similar results were also obtained with Modfit
and Multicycle, and to a lesser extent with Cellfit, for
patients with relatively small tumors who were treated
conservatively by wide excision and ALND plus radio-
therapy (n � 133), and for patients (n � 173) with
locally advanced breast carcinoma treated by neoad-
juvant chemotherapy (data not shown). As an exam-
ple, Figure 1 illustrates the probabilities of OS in the
total population (Fig. 1A) of 306 patients as well as in
the 2 subgroups of patients with early-stage (Fig. 1B)
and locally advanced breast carcinoma (Fig. 1C), re-
spectively, treated by primary surgery and neoadju-
vant chemotherapy, according to the SPF median
value of 4.3% obtained using Modfit 2.0 software.

In a multiple regression analysis including all tra-
ditional clinicopathologic factors, SPF was an inde-
pendent factor of poor OS with clinical lymph node
involvement, negative ER expression, and age � 40
years. This was noted for all three software programs
with RRs of death of 2.27 (95% CI, 1.16 – 4.47; P � 0.02)
for Cellfit, 3.09 (95% CI, 1.51– 6.32; P � 0.002) for

Modfit, and 3.28 (95% CI, 1.60 – 6.73; P � 0.001) for
Multicycle. Similar results were observed in the sub-
group of patients treated by neoadjuvant chemother-
apy for whom the estimated RRs were 2.10 (95% CI,
0.91– 4.83; P � 0.08) for Cellfit, 2.39 (95% CI, 1.01–5.65;
P � 0.04) for Modfit, and 2.17 (95%CI, 0.95– 4.99; P �
0.06) for Multicycle. Finally, an SPF value above the
median was also found to be a strong predictor and
independent factor of poor OS in patients with early-
stage breast carcinoma, regardless of the software pro-
gram used (Table 4).

DISCUSSION
Our findings support the prognostic relevance of SPF
measurement in predicting the long-term OS of pa-
tients with early-stage or locally advanced invasive
breast carcinoma. This is underscored by the prospec-
tive nature of our large cohort of patients, the uniform
acquisition of high-quality cytologic FNAB samples,
and the inclusion of patients in well defined protocols
of treatment in a single institution.

Differences in percentage of analyzable cases and
in SPF computations using the three models of calcu-
lation were found. Using Modfit, we were able to ob-
tain measurable SPF in � 92% of the specimens. By
contrast, the 2 other methods yielded 85% and 82%
analyzable cases by means of Multicycle and Cellfit,
respectively. These results suggest an advantage for
using the former model to obtain clinically relevant
SPF in the clinical setting. The differences we observed
in calculating SPF values using the three methods are
known. For example, Cellfit uses a nonparametric
method based on the rectangular model29 generally
considered more operator dependent than Modfit and
Multicycle methods, and Modfit usually gives SPF val-
ues higher than Cellfit and lower than Multicycle.30

However, regardless of the software program used, the
SPF is always a strong and independent factor of OS,
even after adjustment with the other known clinico-
pathologic factors of breast carcinoma prognosis in a
multivariate regression analysis.

Conflicting data have been reported concerning
the clinical relevance of quantifying SPF in patients
with breast carcinoma.9 However, most of these
studies are retrospective series performed on histo-
logic material obtained from paraffin-embedded
blocks. In addition, various other factors, including
the 1) selection of patient material, 2) the use of
fresh or archival specimens, 3) differences in meth-
ods for processing and staining the samples, and 4)
variations in the software programs used for cell
cycle analysis, contribute to these puzzling results.9

The first three sources of variations were greatly
minimized in our laboratory by the use of FNAB

TABLE 2
S-Phase Fraction Values (%) According to Three Software Packages

Software
used

All
patients Surgery Chemotherapy

P valueN � 306 n � 133 n � 173

Cellfit
Median 2.75 1.80 3.50 � 0.0002
Range 0.10–21.7 0.10–17.0 0.10–21.7

Modfit
Median 4.30 3.10 5.40 � 0.0001
Range 0.20–34.3 0.30–23.6 0.20–34.3

Multicycle
Median 5.45 3.80 6.60 � 0.0001
Range 0.10–29.3 0.20–23.1 0.10–29.3

P values: Kruskall–Wallis test.
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samples from patients included in institutional pro-
tocols, and the fourth source of uncertainty was also
neutralized by comparing SPF measurement, as-
sessed using the three software programs, and cor-
relating the results with the long-term OS of patients
with breast carcinoma.

The use of median SPF as a cutoff value for defin-
ing two groups of patients with high and low risk is
debatable,10,30 because dichotomization of a continu-
ous variable may discard potentially important quan-
titative information and reduce the power to detect a
real association with outcome.31,32 Therefore, instead
of testing SPF as a continuous variable, because its
distribution was not log normal, or looking for the
optimal cutoff point using the minimum P-value ap-
proach,27,31,32 we verified33 that the highest value of
the log-rank test corresponded to the median SPF,
regardless of the type of software used (data not
shown). These data reinforce the use of median SPF as
a cutoff value for defining patient subgroups of high
and low risk.

Further evaluation and continuous efforts for
standardization of the technique are worthwhile be-
fore SPF measurement by DNA flow cytometry can be
considered as a definitive surrogate biologic marker of
long-term OS in patients with breast carcinoma.34,35

This also concerns evaluation of other potentially
competitive proliferation markers of interest such as
mitotic count and Ki-67 immunostaining,36,37 whose
transfer to general oncology practice may be critical
for triaging patients with an early-stage breast tumor
exhibiting a high proliferative activity as good candi-
dates for adjuvant or neoadjuvant chemotherapy.

Our data support the clinical relevance of measur-
ing SPF in patients with breast carcinoma and show its
independent value as a prognostic factor of long-term

FIGURE 1. Probabilities (%) of overall survival in all patients (A) and in the 2

subgroups of patients with early-stage (B) and locally advanced breast carci-

noma (C), treated by primary surgery and neoadjuvant chemotherapy, accord-

ing to the S-phase fraction (SPF) median value of 4.3% obtained using Modfit

2.0 software. Vertical bars represent confidence intervals. RR: relative risk. P:

P value.

TABLE 3
Univariate Analysis of S-Phase Fraction in a Series of 306 Patients with Breast Carcinoma

Software
used

Overall survival Disease-free survival

% RR CI P value % RR CI P value

Cellfit
� 2.75 89.4 1 — — 70.5 1 —
� 2.75 69.3 3.4 2.9–4.1 � 10�4 52.5 1.9 1.7–2.0 10�3

Modfit
� 4.30 91.3 1 — — 73.9 1 — —
� 4.30 67.5 4.6 3.7–5.7 � 10�4 49.1 2.2 2.1–2.4 � 10�4

Multicycle
� 5.45 91.3 1 — — 75.3 1 — —
� 5.45 67.6 4.6 3.7–5.6 � 10�4 47.8 2.4 2.2–2.6 � 10�4

RR: relative risk; CI: confidence interval; P values: log-rank test.
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OS in multivariate analysis, both in patients with ei-
ther early-stage or locally advanced tumors. Although
these results were obtained using all three software
programs, in our series, Modfit LT 2.0 allowed assess-
ment of SPF in a significantly higher number of cases
than Multicycle (Mac Cycle 1.3D) or Cellfit. As a con-
sequence, analysis of cell cycle kinetics of patients
with breast carcinoma is currently performed using
Modfit LT 2.0 in the laboratory.

REFERENCES
1. Fitzgibbons PL. Breast cancer. In: Gospodarowicz MK, Hen-

son DE, Hutter RVP, O’Sullivan B, Sobin LH, Wittekind C,
editors. Prognostic factors in cancer. New York: John Wiley
& Sons, 2001:467– 486.

2. Tubiana M, Pejovic MJ, Renaud A, et al. Kinetic parameters
and the course of the disease in breast cancer. Cancer.
1981;47:937–943.

3. Meyer JS, Friedman E, McCrate MM, Bauer WC. Prediction
of early course of breast carcinoma by thymidine labeling.
Cancer. 1983;51:1879 –1886.

4. Tubiana M, Pejovic MJ, Chavaudra N, Contesso G, Malaise
E. The long-term prognostic significance of the thymidine
labelling index in breast cancer. Int J Cancer. 1984;33:441–
445.

5. Tubiana M, Pejovic MJ, Koscielny S, Chavaudra N, Malaise
E. Growth rate, kinetics of tumor cell proliferation and long-
term outcome in human breast cancer. Int J Cancer. 1984;
33:441– 445.

6. Meyer JS, Province M. Proliferative index of breast carci-
noma by thymidine labeling: prognostic power independent
of stage, estrogen and progesterone receptors. Breast Cancer
Res Treat. 1988;12:191–204.

7. Amadori D, Sivestrini R. Prognostic and predictive value of
thymidine labelling index. Breast Cancer Res Treat. 1998;51:
267–281.

8. Witzig TE, Katzmann JA. Clinical utility of DNA ploidy and
cell proliferation measurements by flow cytometry. In:

Keren DF, McCoy JP, Carey JL, editors. Flow cytometry in
clinical diagnosis. Chicago: ASCP Press, 2001:663– 696.

9. Wenger CR, Clark GM. S-phase fraction and breast cancer. A
decade of experience. Breast Cancer Res Treat. 1998;51:255–
265.

10. Shankey TV, Rabinovitch PS, Bagwell B, et al. Guidelines for
the implementation of clinical cytometry. Breast Cancer Res
Treat. 1993;28:61– 68.

11. Ormerod MG, Tribukait B, Giaretti W. Consensus report of
the task force on standardization of DNA flow cytometry in
clinical pathology. Anal Cell Pathol. 1998;17:103–110.

12. Silvestrini R. Quality control for evaluation of the S-phase
fraction by flow cytometry: a multicenter study. Cytometry.
1994;18:12–16.

13. Brown RD, Linden MD, Mackowiak P, Kubus JJ, Zarbo RJ,
Rabinovitch PS. The effect of number of histogram events
on reproducibility and variation of flow cytometric prolifer-
ation measurement. Am J Clin Pathol. 1996;105:696 –704.

14. D’Haucourt JL, Spyratos F, Chassevent A. Quality control
study by the French Cytometry Association on flow cyto-
metric DNA content and S-phase fraction. Cytometry. 1996;
26:32–39.

15. Bergers E, Baak JPA, van Diest PJ, et al. Prognostic implica-
tions of different cell cycle analysis models of flow cytomet-
ric histograms of 1301 breast cancer patients. Int J Cancer.
1997;74:260 –269.

16. Baldetorp B, Stal O, Ahrens O, et al. Different calculation
methods for flow cytometric S-phase fraction: prognostic
implications in breast cancer? Cytometry. 1998;33:385–393.
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