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Abstract
Conditional disease-free survival (CDFS) reflects changes over time. Because traditional disease-free survival (DFS) is estimated from
the date of diagnosis, it is limited in the ability to predict risk of recurrence in patients who have been disease free. In this study, we
determined CDFS of breast cancer patients and estimated the prognostic factors for DFS.
We retrospectively reviewed clinical data of 7587 consecutive patients who underwent curative surgery for breast cancer between

January 2004 and December 2013 at Samsung Medical Center. Univariate and multivariate analyses were performed to identify risk
factors for DFS, which was computed using the Kaplan–Meier method. CDFS rates were based on cumulative DFS estimates.
Median follow-up duration was 20.59 months. Three-year DFS was 93.46% at baseline. Three-year CDFS survival estimates for

patients who had been disease free for 1, 2, 3, 4, and 5 years after treatment were calculated as 92.84%, 92.37%, 93.03%, 89.41%,
and 79.64%, respectively. Three-year CDFS increased continuously each year after 1 year of DFS in hormone receptor (HR)-negative
patients but decreased each year in HR-positive patients.
In HR-positive patients who are disease free after 3 years, continuous care including surveillance and metastases workup should

be considered, although this is not recommended in the current guidelines. On the other hand, the social costs may be reduced in
HR-negative patients by extending the surveillance interval. Further studies are needed to identify indicators of DFS prognosis in
breast cancer patients.

Abbreviations: ASCO = American Society of Clinical Oncology, CDFS = conditional disease-free survival, CI = confidence
intervals, CuDFS = cumulative disease-free survival, DFS = disease-free survival, ER = estrogen receptor, HER2 = human epidermal
growth factor receptor 2, HR = hormone receptor, LVI = lymphovascular invasion, PgR = progesterone receptor, pN = pathologic
regional lymph node, pT = pathologic primary tumor.
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1. Introduction

Breast cancer is the most common cancer among women
worldwide, with an estimated 1.67 million new cases diagnosed
in 2012. This represents about 25% of all cancers and 12% of all
new cancer cases in women. Breast cancer is the most common
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cause of cancer death in women in less developed countries
(14.3%) and the second most common cause of cancer death in
more developed countries (15.4%). Because of the favorable
survival of breast cancer patients, the mortality rate is less than
the incidence.[1] The methods traditionally used to evaluate
survival are based on measures made at the time of diagnosis.
Although these indicators provide much information to patients
and physicians, they have less value for those patients who
survive for a considerable time after the diagnosis. The term
conditional disease-free survival (CDFS) seems to provide a better
indicator of the risk over time and may give more accurate
information for patients who survive for a certain period of
time.[2–4]

Breast cancer is a heterogeneous disease whose diagnosis,
prognosis, and treatment depend on the molecular subtype rather
than a single characteristic.[5] Therefore, a tailored follow-up
treatment is determined according to the factors that significantly
affect the DFS of breast cancer patients. Understanding more
about CDFS after diagnosis and treatment in breast cancer
patients may help the clinician develop the plan for the follow-up
period. For example, certain patients may need more intensive
management during the follow-up period, whereas other patients
may not need routine checks or the intervals between
examinations can be lengthened. In this study, we analyzed
CDFS according to traditional prognostic factors such as
molecular subtype and pathological stage,[6,7] and we tried to
identify indicators that could predict recurrence in patients.
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2. Methods

2.1. Patients

Approval was granted by the Institutional Review Board of
Samsung Medical Center (IRB file No. 2015-07-142). To protect
the personal information, patient records and information were
anonymized and deidentified before analysis. We retrospectively
reviewed the clinicopathological records of 8938 patients
diagnosed with invasive breast cancer who received surgical
treatment at SamsungMedical Center between January 2004 and
December 2013. Patients with incomplete data were excluded,
and 7587 cases remained and were analyzed. The demographic
and clinicopathological data abstracted from medical records
included age, body mass index, tumor site, date of surgery, date
of recurrence, breast surgery type (total mastectomy or breast-
conserving surgery), axillary surgery type (sentinel lymph node
biopsy or axillary lymph node dissection), histopathology,
nuclear grade, pathological stage, and immunohistochemical
status (Table 1). Recurrence was defined as the return of disease,
proven by biopsy, after surgical treatment or a suspicious lesion
regarded as distant metastasis on circumstantial evidence. DFS
was defined as the period after surgery without recurrence.

2.2. Immunohistochemistry and breast cancer subtype

A positive estrogen receptor (ER) or progesterone receptor (PgR)
test is defined as positive staining of greater than or equal to 1%
of tumor cells. And a negative test is defined as staining of less
than 1% of tumor cells. In case of either ER or PgR is positive,
hormone receptor status is positive. If both receptors are negative,
hormone receptor status is negative.
HER2 status was evaluated according to the 2013 American

Society of Clinical Oncology (ASCO)/College of American
Pathologists.[8] Circumferential membrane staining that is
complete, intense, and within >10% of tumor cells results in a
score of “3+.” Circumferential membrane staining that is
incomplete and/or weak/moderate and within >10% of tumor
cells or complete and circumferential membrane staining that is
intense, and within ≥10% of tumor cells is scored “2+.”
Incomplete membrane staining that is faint/barely perceptible
and within>10% of tumor cells is “1+." No staining is observed
or membrane staining that is incomplete and is faint/barely
perceptible and within≥10%of tumor cells is “0.”A positive test
is defined as staining of 3+ score. The score of 2+ is interpreted as
equivocal. And a negative test is defined as staining of 0/1+ scores.
Breast cancer subtypes are defined according to the recom-

mendations of the 13th St Gallen International Breast Cancer
Conference.[9] The definition of luminal A subtype we used is ER
and PgR positive, HER2 negative and Ki-67 <14%. Luminal B
subtype is defined as ER positive, HER2 negative and Ki-67
≥14% or ER positive and HER2 positive. Subtypes described in
this study are all based on tissues at the date of diagnosis or
surgery.

2.3. Statistical analysis

All data were analyzed by using SAS version 9.4 (SAS Institute
Inc, Cary, NC) and all graphs were made using R 3.2.2 (Vienna,
Austria; http://www.r-project.org/). DFS estimates were calculat-
ed using the Kaplan–Meier method with the date of surgery as the
time origin. The effects of relevant patient characteristics on DFS
were assessed using Cox proportional-hazards models. The
hazard ratios were estimated with 95% confidence intervals
(CIs). Differences were considered significant at P values <0.05.
2

Univariate CDFS analysis of risk factors for breast cancer
recurrence was performed at 0, 1, 2, 3, 4, and 5 years after the
operation. All risk factors selected at least once in each univariate
analysis were used together in the multivariate CDFS analysis at
0, 1, 2, 3, 4, and 5 years after the operation (Table 2).
CDFS is defined as the probability of surviving a further y years

given that a patient has already survived x years after the
diagnosis.[2] CDFS was calculated as the probability of remaining
disease free for an additional y years (CDFSy) given that a patient
has survived for x years. We set y to be 3 in our study and used
cumulative DFS (CuDFS) estimates to compute CDFS estimates.
For instance, the 3-year CDFS estimate for patients who had
already been disease free for 1 year was computed by dividing the
4-year CuDFS by the 1-year CuDFS, which is summarized as
CDFS3=CuDFS(x+3)/CuDFS(x).
3. Results

The demographic and clinicopathological characteristics of the
7587 patients included in our study are summarized in Table 1.
The median age of our study population was 49.2 years. Ninety
percent of the patients were diagnosed with invasive ductal
carcinoma and 46% of the patients were in stage I. Seventy-five
percent of the patients were ER positive, whereas 70% of the
patients were PgR positive.
Three hundred fifty-three (4.65%) patients were diagnosed

with recurrent breast cancer and median follow-up duration
calculated by reverse Kaplan–Meier estimator was 20.59 months
(95% CI, 19.47–21.61 months).[10,11] At baseline, the 3-year
DFS was 93.46%. The 3-year CDFS survival estimates for
patients who had been disease free for 1, 2, 3, 4, and 5 years after
treatment were calculated as 92.84%, 92.37%, 93.03%,
89.41%, and 79.64%, respectively (Fig. 1).
At year 0 (baseline), positive lymphovascular invasion (LVI),

Ki-67 labelling index≥14%, high pathologic primary tumor (pT)
stage, and high pathologic regional lymph node (pN) stage were
risk factors. On the other hand, positive hormone receptor (HR)
status was a preventive factor. Risk factors and preventive factors
at year 1, year 2, year 3, year 4, and year 5 changed differently as
time passed (Table 2).
Figure 2 shows the results of 3-year CDFS stratified by HR

status, molecular subtype, pathological stage, and lymphovas-
cular invasion status. In the HR-negative group, after 1 year of
DFS, 3-year CDFS increased continuously each year. By contrast,
in the HR-positive group, 3-year CDFS decreased continuously
each year. Until 2 years of DFS, CDFS was higher in the HR-
positive group, but this trend was reversed after 2 years of DFS,
when CDFS became higher in the HR-negative group. A similar
result was obtained when the groups were stratified by molecular
subtype. The 3-year CDFS of luminal A and luminal B subtype
patients decreased continuously, whereas the 3-year CDFS
tended to increase continuously increase before year 4 and
decrease at year 5 in patients with the HER2 subtype or triple-
negative subtype. By contrast, 3-year CDFS stratified by
pathological stage and lymphovascular invasion status showed
similar trends in the groups.

4. Discussion

Traditionally, the accepted indicators for predicting the recur-
rence of breast cancer after treatment are molecular subtype,
pathological stage, and age.[6,7,12,13] However, studies that have
used these indicators for breast cancer patients were based on the

http://www.r-project.org/


Table 1

Demographic and clinicopathological characteristics of the study population with hazard ratios and corresponding 95% CIs for
recurrence at baseline.

Characteristics
Study population (N=7587)

No. % Hazard ratio 95% CI

Age, y
<50 4234 55.8 1.0 Ref
≥50 3353 44.2 0.996 0.987–1.005

BMI
<25 5453 71.9 1.0 Ref
≥25 2134 28.1 1.008 0.984–1.032

Tumor site
Bilateral 183 2.4 1.0 Ref
Right 3716 49 0.918 0.526–1.602
Left 3688 48.6 0.865 0.495–1.510

Breast surgery
Breast-conserving surgery 5269 69.4 1.0 Ref
Total mastectomy 2318 30.6 1.458 1.228–1.731

Axillary surgery
Axillary lymph node dissection 3424 45.1 1.0 Ref
Sentinel lymph node biopsy 4139 54.6 0.432 0.353–0.527
None 24 0.3 2.514 1.041–6.073

Histopathology
Invasive ductal carcinoma 6778 89.3 1.0 Ref
Invasive lobular carcinoma 270 3.6 0.909 0.482–1.712
Mucinous carcinoma 186 2.5 0.281 0.070–1.133
Others 353 4.7 0.643 0.382–1.083

Lymphovascular invasion
Negative 5333 70.3 1.0 Ref
Positive 2254 29.7 2.632 2.219–3.122

Nuclear grade
Low 1398 18.4 1.0 Ref
Intermediate 3384 44.6 2.621 1.774–3.872
High 2805 37 4.582 3.131–6.706

T stage
T1 4547 59.9 1.0 Ref
T2 2697 35.5 1.828 1.529–2.187
T3 326 4.3 3.644 2.668–4.978
T4 17 0.2 4.110 1.315–12.845

N stage
N0 4723 62.3 1.0 Ref
N1 2034 26.8 1.709 1.388–2.105
N2 532 7 3.397 2.645–4.364
N3 298 3.9 7.145 5.526–9.240

Stage
I 3450 45.5 1.0 Ref
II 3197 42.1 1.800 1.450–2.234
III 940 12.4 4.833 3.845–6.076

ER
Positive 5652 74.5 1.0 Ref
Negative 1935 25.5 1.815 1.215–2.711

PR
Positive 5257 69.3 1.0 Ref
Negative 2330 30.7 1.509 1.011–2.253

HER2
Negative 6077 80.1 1.0 Ref
Positive 1510 19.9 1.543 1.272–1.871

Ki-67
<14% 6077 80.1 1.0 Ref
≥14% 1510 19.9 2.683 2.038–3.532

BMI=body mass index, CI= confidence interval, ER=oestrogen receptor, HER2=human epidermal growth factor receptor 2, N= regional lymph node, PR=progesterone receptor, T=primary tumor.
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Table 2

Multivariate CDFS analysis of risk factors for disease-free survival after breast cancer surgery.

Characteristics

Baseline Year 1

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

LVI 0.002 0.016
Negative 1 1
Positive 1.489 1.156–1.919 1.426 1.070–1.902

Ki-67 <0.001 0.001
<14% 1 1
≥14% 1.896 1.403–2.563 1.728 1.248–2.394

HR <0.001 <0.001
Negative 1 1
Positive 0.438 0.348–0.551 0.482 0.372–0.626

HER2 0.130 0.807
Negative 1 1
Positive 0.905 0.705–1.161 0.966 0.729–1.279

pT 0.014 0.029
1 1 1
2 1.203 0.949–1.525 0.127 1.602 0.812–1.390 0.660
3 1.929 1.296–2.872 0.001 1.919 1.233–2.986 0.004
4 1.444 0.201–10.373 0.715 1.640 0.228–11.802 0.623

pN <0.001 <0.001
0 1 1
1 1.354 1.029–1.783 0.031 1.291 0.944–1.765 0.109
2 2.011 1.405–2.88 <0.001 2.135 1.433–3.182 <0.001
3 3.996 2.712–5.887 <0.001 4.161 2.674–6.475 <0.001

Characteristics

Year 2 Year 3

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

LVI 0.017 0.300
Negative 1 1
Positive 1.563 1.085–2.252 1.318 0.782–2.221

Ki-67 0.103 0.207
<14% 1 1
≥14% 1.373 0.938–2.008 1.392 0.833–2.328

HR 0.775 0.251
Negative 1 1
Positive 0.948 0.657–1.367 1.386 0.794–2.418

HER2 0.111 0.381
Negative 1 1
Positive 1.342 0.934–1.927 1.260 0.752–2.113

pT 0.906 0.508
1 1 1
2 0.951 0.675–1.339 0.773 0.835 0.513–1.358 0.468
3 1.206 0.628–2.315 0.573 1.543 0.672–3.544 0.307
4 0 0–9.21E+301 0.976 0 0.987

pN 0.003 0.011
0 1 1
1 1.527 1.038–2.245 0.031 1.588 0.923–2.731 0.095
2 2.003 1.191–3.370 0.009 2.773 1.381–5.571 0.004
3 3.088 1.634–5.835 0.001 3.675 1.472–9.175 0.005

Characteristics

Year 4 Year 5

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

LVI 0.230 0.002
Negative 1 1
Positive 1.513 0.770–2.975 6.862 2.037–23.116

Ki-67 0.922 0.021
<14% 1 1
≥14% 0.970 0.526–1.788 0.308 0.113–0.837

HR 0.014 0.334
Negative 1 1
Positive 3.776 1.311–10.874 1.936 0.507–7.388

HER2 0.520 0.109
Negative 1 1
Positive 1.259 0.624–2.542 2.463 0.819–7.408

pT 0.318 0.487

Paik et al. Medicine (2017) 96:1 Medicine
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Characteristics

Year 4 Year 5

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

1 1 1
2 0.899 0.476–1.701 0.745 1.689 0.651–4.378 0.281
3 2.166 0.839–5.591 0.110 2.435 0.269–22.022 0.428
4 0 0�. 0.988

∗ ∗

pN 0.007 0.825
0 1 1
1 2.605 1.278–5.312 0.008 1.71 0.564–5.19 0.343
2 3.782 1.484–9.639 0.005 1.424 0.323–6.281 0.641
3 5.964 1.889–18.832 0.002 0 0�. 0.990

CDFS = conditional disease-free survival, CI= confidence interval, HER2=human epidermal growth factor receptor 2, HR=hormone receptor.
∗
There is no pT4 sample observed in Year 5.

Paik et al. Medicine (2017) 96:1 www.md-journal.com
DFS, which is obtained using parameters measured at the time of
diagnosis. Survival rates estimated from the time of diagnosis
have less meaning for patients who have survived for a certain
period after diagnosis.[2,3,14]

Therefore, the conditional survival rate has been introduced to
predict survival in patients with various cancers who have
already survived a period of time after the diagnosis.[4,15–18] The
concept of conditional survival was first introduced in 1979.[19]

Henson and Ries[2] showed the importance of conditional
survival to breast cancer patients in 1994. Nowadays, there are
someweb-based calculators that can be used to calculate CDFS in
clinical practice.[20,21]

The 3-year CDFS rates in the included breast cancer patients
are shown in Figs. 1 and 2. There was a gradual decrease in
overall 3-year CDFS. Subgroup analysis also seemed to show a
similar trend with a gap within all subgroups except the HR
status subgroup. We found that the 3-year CDFS showed a trend
for a gradual increase in the HR-negative group and a gradual
decrease in the HR-positive group; the 2 CDFS intersected at year
2. Previous studies have reported that the prognosis for breast
cancer, including cancer recurrence, differs according to HR
status.[22–24] These results suggest that different surveillance
plans may be needed for HR-positive and HR-negative patients.
In this study, we also aimed to identify indicators that can

predict recurrence in breast cancer patients. We included factors
that are accepted indictors of breast cancer prognosis, such as HR
and HER2 status, LVI, Ki-67 labeling index, pT stage, and pN
Figure 1. Three-year conditional disease-free survival (CDFS) estimates in
breast cancer patients.

5

stage. Because of clinically used breast cancer markers such as
HR and HER2 status change over time during the course of
disease progression, prognostic factors used in this study are all
baseline values.[25]

In our analysis, the risk factors for breast cancer recurrence
differed with time. The significant risk factors were present of
LVI, elevated Ki-67, high pT stage, and high pN stage at years 0
and 1; present of LVI and high pN stage at year 2; high pN stage
at year 3; positive HR status and high pN stage at year 4; and
present of LVI at year 5. At years 0 and 1, positive HR status was
the only preventive factor identified and at year 5, elevated Ki-67
labeling index was a preventive factor. There was no prevention
factor at years 2 to 4. No single prognostic factor could predict
breast cancer recurrence at all times up to year 5. For example,
positive HR status was identified as a preventive factor in the
early years, but this became a risk factor as time passed. These
results also changed according to HR status (data not shown).
From the result of Table 1, type of breast cancer showed a

different HR in baseline univariate analysis. Total mastectomy
patients had a higher recurrence rate from the baseline compared
with breast conserving patients. We think that the preoperative
tumor burden affects the decision of surgical method before
surgery.[26] Patients with more tumor burden will need to receive
total mastectomy more frequently.
Breast cancer is known to be heterogeneous,[5] and we

performed 3-year CDFS analysis of the molecular subtype.
Similar results were found for the 3-year CDFS stratified by
molecular subtype. As expected, the 3-year CDFS rates for
HER2-positive and triple-negative patients were similar to the
rate for the HR-negative group, and the CDFS rates were similar
between the luminal A subtype and luminal B subtype patients
and the HR-positive patients. This is why we used HR status
instead of the molecular subtype to group patients for cancer
surveillance.
Our study included a relatively large sample size of 7587

participants. Therefore, the possibility that outliers were included
is low. Although no factor could predict recurrence exactly
during the long-term follow-up, there seemed to be a trend in the
prognostic factors during the follow-up period. Statistically
insufficient power in long-term follow-up may be related to the
decrease in sample size with time. As shown in Fig. 1 this may be
derived from the low “number at risk” as time passes. Therefore,
further studies should include longer follow-up to identify
indicators of breast cancer recurrence during long-term follow-up
of breast cancer patients.
The ASCO andNational Comprehensive Cancer Network have

released guidelines for breast cancer surveillance.[26,27] Despite
minor differences between the guidelines, both recommend history

http://www.md-journal.com
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taking and physical examinations every 3 to 12months for 5 years
and then annually. Mammographic evaluation should be
performed annually. The use of laboratory or imaging studies
formetastases screening, such as complete blood counts, chemistry
panels, bone scans, chest radiographs, liver ultrasounds, pelvic
ultrasounds, computed tomography scans, positron emission
tomography scans, magnetic resonance imaging, and tumor
markers is not recommended for routine follow-up in the absence
of clinical signs and symptoms that suggest disease recurrence.
Breast cancer-related costs are increasing and this increase is

becoming a social burden.[28–30] Most patients experience a fear
of recurrence,[31] which is why individual tailored follow-up
plans are needed instead of ready-made plans. We aimed to
identify whether some patients might need continuous close
surveillance whereas, in other patients, it might be possible to
omit some tests or extend the intervals between surveillance tests.
The results of our study lead us to suggest that minor changes in
the guidelines for breast cancer surveillance and the follow-up
schedule might be worthwhile.
From the results fromour study, we suggest that the surveillance

and follow-up plans should be different for HR-positive and HR-
negative patients. HR-positive patients need continuous care.
Some laboratoryor imaging studies to screen formetastasesmaybe
included if they have been disease free for >2 years. On the other
6

hand, HR-negative patients may need to have only an annual
history and physical examination plan with the same mammogra-
phy schedule if they have been disease free for >3 years.
In conclusion, in HR-positive patients who are disease free

after 3 years, we recommend amore tailoredmanagement such as
continuous care during surveillance and metastases workup,
which is not recommended in the current guidelines. Personalized
management may also be possible in HR-negative patients by
extending the surveillance period, which may reduce the social
costs. Further studies with long-term follow-up are needed to
confirm our results.
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