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Abstract: This study designed and carried out to determine the disease-free survival of
breast cancer patients after surgery and to assess its associated factors. The vanability in
effect of prognostic factors over time was also assessed. For this purpose one hundred
seventeen women with breast cancer operated on at three hospitals in Tehran, Iran between
1990 and 2003 were enrolled in study. Since the occurrences of successive metastases in any
patient are correlated and the occurrence of one metastasis may make further events more
or less likely we used a Stratified Markov model to account for within-subject correlation
in event times. This model stratifies data by event so that the baseline hazard is allowed to
vary with each metastasis. In this model effect of covariates on the hazard of event is also
estimated in each stratum, separately. The variables of age at time of surgery, number of
positive lymph nodes, histologic grade, size of tumor, ER status, P53 and Her2 were
considered in the model. Median follow up time for patients in study was 26 months after
surgery. During the follow up time 44(38%) patients developed metastasis. 20(45%) of
those experienced the second metastasis. The median disease-free survival for patients in
study was 496 month and the median time to experience the second metastasis was
22.5 month. Risk of occurrance of a metastasis in the first year after mastectomy was
12%. Up to the second and fifth years risk of experience a metastasis was 32 and 69%,
respectively. The rate of metastasis in our study was higher than some other countries. One
reason for highly rate of relapse in patients is the fact that patients sought medical attention
when the disease has reached an advanced stage. Stratified Markov model showed that the
effect of prognostic factors was different for the first and the second metastasis. Size of
tumor and number of positive lvmph nodes had a significant effect on the risk of first
metastasis. While tumor size was the only factor that affected hazard of the second
metastasis. One possible reason for this finding is that the effect of these factors was mixed
with the effect of time to first metastasis and we can’t separate them in analysis of the
second time.

Key words: Breast cancer, metastasis, discase-free survival, recurrent events, stratified
Markov models

Introduction

Breast cancer is the most common malignant neoplasm in worldwide (Parkin ef af., 2005). The
annual mortality rate from breast cancer is about 27 death per 100,000 despite improvement in medical
management (Marshal, 1993). Breast cancer is one of the most growing and women’s health problems
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in Iran. Lack of a cancer registry system makes the number of cancer patient’s and annual occurrence
of new cases unknown. However, it is estimated that erude incidence rate of disease is about 22.4 new
cases per 100,000 women per year (Shamsa and Mohagheghi, 2002). Despite increasing use of
breast-conserving therapy; modified radical mastectomy retains an important in primary and salvage
treatment; likewise in United States (Marrow ef e/, 1998). Thus, the management of recurrence after
mastectomy remains a difficult and challenging problem for oncologists. The most established
prognostic factor is the number of positive lymph nodes based on at least level 1 or 2 auxiliary
(Carter ef al., 1989). Traditional prognostic factors consist of tumor size (T), number of positive
Ivmph nodes, grade according to Scraff-Bloom-Richrdson method and lymph vascular invasion;
however, controversies exist about biomarkers such as HER2/neu, P53 and ER. Tt has been recognized
that a certain prognostic factors may only be important in the first 5 years after treatment, but not
with long-term follow up (Lazovich ef af., 1999). In other words the effect of some prognostic factors
may change over time and the effect of those for the first metastasis and the later metastases is
different. This study was carried out to determine the risk of metastasis in breast cancer patients who
received surgical treatment followed by adjuvant treatment in three hospitals in Iran and to assess some
prognostic factors for the first and the second metastasis separately. We evaluated the effect of
significant prognostic factors on the time and sequence of further metastases.

Materials and Methods

The data were obtained from 117 women with breast cancer who underwent adjuvant therapy
at three oncology sections (Shohadaye Tagrish, Madaen, Fayazbakhsh Hospital) in Tehran, Tran. The
patients were considerasd since surgery between 1995. Feb and 2003. Tun and continued until a death,
emigration or withdrawal for other reason or April 2005. Women with defined breast cancer with no
distant metastasis in time of diagnosis who have undergone MRM or BCS were enrolled. Tumors were
classified according to the TNM system of the American Joint Committee on Cancer (AJCC)
(2002). Grading was performed according to Scarff-Bloom-Richardson method (Le Doussal,
1989). Adjuvant chemotherapy has been categorized to CMF, Doxrubicine-based chemotherapy,
Taxen-based therapy and no treatments. ER, HER-2/meu and P53 were measured by
Immunohistochemistry (IHC) method (Anonymous, 1999). Paraffin embedded specimens has been
stained according to standard IHC method. The colon DO-7 at 1/50 dilution (Dako, catalogue
NO:M7001) for P53 and colon 1D5 at 1/50 dilution (Dako, Catalogue NO:M7047) for ER were
used.The colon DO-7 at 1/200 dilution (Dako,Catalouge NO:A0485) were used to stain HER-2/neu.
Scoring system is performed on the basis of the proportion and intensity of the cell showing reactivity
by approved laboratories at Tehran and they confirmed by an independent pathologist and the weakly
positive specimens ablated from the study. According to Canadian guideline, we considered cut off for
positivity of 10% cells with moderate /strong complete membranous staining (Hana ef «f., 2001). The
patients followed regularly by routine clinical, lab profile, serologic markers (CEA, CA15-3) and Para
clinical examinations; furthermore, we followed missing materials by other access such as calling. The
patients with poor data on imtial meeting and missing materials did not enroll in study. We recorded
the first recurrences or metastasis according relevant documentations such as biopsy, X-ray,
ultrasound, whole body bone scan and marker rising with physician confirmation. We recorded
metastases sites as: liver, lung, bone, brain and other sites. Local recurrence considered for only loc
regional relapse. Although, theoretically a metastases aware us about other micro metastases, but we
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recorded any site as a separated one and after initial treatment disease -free or time to progression have
been recorded. In case we had relevant criteria for more than one site metastasis, we considered other
sites as well.

Median follow up time for patients in study was 26 months after surgery, range between less
than 1 month (23 days) and 185 months. 80(68%) patients were alive until the end of study. 22(18%)
died and status of 15 (13%) was unknown. Median follow up time for live patients was 27 months.
Ninteen out of 22 patients who died had experienced metastasis and 3 patients died without
metastasis. Because of the only one individual had 3 metastases we focused onup to 2 events only.

Statistical Methods

The occurrences of successive metastases in any patient are correlated. This correlation comes
from patient’s characteristics and effect of previous metastasis. The occurrence of one metastasis may
make further events more or less likely. A Stratified Markov model (Prentice ez af., 1981) was used
to account for within-subject correlation in event times. This model stratifies data by event so that the
baseline hazard is allowed to vary with each metastasis. In this model effect of covariates on the hazard
of event is also estimated in each stratum, separately. By using this property of model the changes in
the effect of factors on the hazard of event can be assessed over the time. The effect of following
variables were examined on the hazard of experience a metastasis after surgery: age (at time of surgery),
size of tumor, histologic grade, P53, Estrogen Receptor (ER) status, her2/neu, number of positive
lyvmph nodes and lymph node stage. We didn’t consider Catapsin because it is unknown for 55% of
patients.

In recurrent events data, besides of all covariates, it is expected the time to the previous events
is correlated with further events (Cook and Lawless, 2002). We used the time to the first metastasis
as a covariate in the model, as well.

Results

A total of 65 metastases were detected in the 3490 person-month of follow-up. Only one patient
had 3 metastases and all others had two or less. 44 patients (38%) developed metastasis within the
follow up period. Twenty patients (45%) of those with metastases experienced the second one. 10
(23%) out of 44 patients after first recurrence died without the second metastases, while 9 (20%) died
after second one.

Ages of patients in the study were between 26 and 75 vears with mean 48.5 years. Mean age
of patients with metastasis, 45.9, is slightly lower than patients with no metastasis, 49.9, however
the difference is not significant (p = 0.78). Distribution of characteristics of tumors is shown
in Table 1.

105 (89.7%) patients received MRM surgery and 12(10.3%) received BCS. There was no
significant difference between occurrences of metastasis in patients underwent MRM or BCS
(p = 0.429). Sixty patients (51%) had primary tumor in right and 48 (41%) in left breast. Three
patients had tumor in both sites.

Twenty nine patients in the first metastasis had one location. Eight with 2 and only one patient
had 3 different locations. First metastasis in bone was more likely than the other locations, while rate
of occurrence of the second metastasis was the highest in brain (30%). Doxrubicine-based
chemotherapy was the most frequent treatment in patients (39.6%). The distribution of treatments is
not the same for patients with and without metastasis. However risk of metastasis was not different
in treatment categories (p = 0.08)
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Table 1: Distribution of tumor characteristics

All patients Patients with metastasis Patients without metastasis
Factor No* (%o)* No. (%) No. (%)
Size of tumor
<2cm 21 18.58 5 11.90 16 22.54
(2-5) cm 57 50.44 17 40.48 40 56.34
=5 cm 27 23.89 14 3333 13 18.31
Skin or chest 8 7.08 [ 14.29 2 2.82
Lymph node stage
Positive 32 30.48 8 20.51 24 36.36
Positive with adhesion 65 61.90 27 69.23 38 57.58
Supraclavicular positive 8 7.62 4 10.26 4 6.06
Histologic Grade
Well differentiated 18 20.69 3 10.71 15 25.42
Moderate differentiated 37 42.53 12 42.86 25 42.37
Non-differentiated 32 36.78 13 46.43 19 32.20
Number of LN+
<4 68 59.13 21 47.73 47 66.20
(4-10) 26 22.61 13 29.55 13 18.31
=10 21 18.26 10 22,73 11 15.49
Treatment
ADR 40 47.00 18 62.00 22 39.00
CMF 22 26.00 7 24.00 15 27.00
Tax 23 27.00 4 14.00 19 34.00
ER status
Receptor Positive 68 62.39 22 55.00 46 66.67
Receptor Negative 41 37.61 18 45.00 23 33.33
P53
Positive 32 43.84 11 50.00 21 41.18
Negative 41 56.16 11 50.00 30 58.82
Her2
Positive 47 63.51 10 50.00 37 68.52
Negative 27 36.49 10 50.00 17 31.48

*Numbers and percents are for known values

Table 2 shows the result of a univariate stratified Markov model for describing the effect of the
introduced prognostic factors on the first and second metastasis hazard. As seen the effect of factors
was different for the first and second one. Age, size of tumor, histologic stage and number of positive
lymph nodes were significant on the first metastasis hazard. While lymph node stage, ER status, P53
and Her2 were not significant. Size of tumor was the only significant variable on the risk of the second
metastasis and all others were not significant. In other words patients who have experienced the first
metastasis had the same risk of getting the second one, regardless of their age, number of positive
lvmph nodes, histologic grade, ER status Her2 and P53. To account for the effect of time to first
metastasis on the second one, the first gap time considered as a covariate in the model. This time
showed no significant effect on the second metastasis (p = 0.9). However most of the second
metastases were occurred in the time intervals shorter than time to first event. Baseline Cumulative
Hazard function for each metastasis is shown in Fig. 1. It is seen Cumulative base line hazard for
metastasis first and second was different. The risk of the second metastasis was higher over all the
time. In other words time to first metastasis was much longer than the second one. Patients in the first
vear after mastectomy had low risk of metastasis, but for those who developed metastasis in this
period hazard of the szcond one in next one year was much higher. As time increases, difference
between two hazards became larger. In the period of between 2 and 5 years after surgery the difference
of hazard first and second event got larger.
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Fig. 1. Cumulative hazard function for two strata, solid: first metastasis, dashed: second metastasis

Table 2: Estimated effect of covariates on the risk of metastasis by univariate analy sis

First metastasis Second metastasis
Factor Estimate  SE RR p-value Estimate SE RR p-value
Age -0.03 0.02 0.97 0.04 * -0.02 0.02 0.98 0.25
Size of tumor
<2 Reference category
(2-5) 0.39 0.47 1.48 0.41 1.54 0.87 1.34 0.07
=5 1.39 0.48 4.03 0.004* 1.40 0.86 1.37 0.024+*
Lymph node stage
Positive Reference category
Positive with adhesion (.85 041 2.35 0.06 -0.76 0.52 047 0.17
Supraclavicular positive  0.63 0.52 1.88 0.22 -1.31 1.31 0.27 0.32
Histologic Grade
Well differentiated Reference category
Moderate differentiated  1.44 0.76 4.22 0.059 0.58 0.36 1.24 0.21
Non-differentiated 215 0.824 8.58 0.004 * 0.63 0.31 1.43 0.18
Number of LN+
<4 Reference category
=4 0.80 0.35 2.23 0.023 * -(0.85 0.63 0.43 0.17
ER
Positive Reference Category
Negative 0.35 0.32 1.42 0.27 0.68 0.57 1.98 0.23
P53
Positive Reference Category
Negative -0.25 0.41 0.78 0.55 0.23 0.60 1.26 0.70
Her2
Positive Reference Category
Negative 0.55 0.44 1.73 0.21 -1.59 1.05 0.20 0.13
Time to first metastasis 0.09 0.063 1.09 0.9

*Significant at level 0.05
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Table 3: Estimated effect of covariates on the risk of metastasis by multivariate analysis

First metastasis Second metastasis
Factor Estimate  SE RR  p-value Estimate SE RR  p-value
Size of tumor
<2 Reference category
(2-5) 0.49 1.13 1.06 0.67 2.08 1.05 8.02 0.048*
=5 1.18 0.36 317 0.047* 2.19 0.91 8.93 0.016%*
MNumber of LN+
<4 Reference category
=4 292 1.19 8.58 0.015* -0.05 0.64 0.57 0.39

*Significant at level 0.05

A multivaniate stratified Markov model was used to examine the independent effect of prognostic
factors after adjusting for potential confounding effects of other variables (Table 3). For the first
metastasis size of tumor and number of positive lymph nodes were significant in the model. All other
covariates were eliminated from the model. Risk of first metastasis for patients with number of
positive lymph node equal or grater than four is 8 Fifty eight fold risk of patients with less than four
positive lymph nodes. There was no significant difference between patients with tumor size less than
2 ¢m and those with tumor size up to Sem (p = 0.67). However patients who had tumor size larger
than 5 cm had risk of 3.17 times more than patients with small tumor (Table 3).

The prognostic factor for the second metastasis was tumor size. Risk of second metastasis for
patients with tumor size greater than 2 em was 8 folds of patients with tumor size less than 2 cm. The
risk increased to 8.9 fold for patient with tumor size greater than Scm.

The median disease-free survival for patients in study was 49.6 month. For patients who had
one metastasis median time to experience the second one was 22.5 month. The second metastasis is
occurred, on average, about half time of the first one.

Risk of occurrence of metastasis in the first year after mastectomy for study group was 12%. In
the second and fifth vears after mastectomy, risk of experience a metastasis was 32 and 69%,
respectively.

Discussion

Mean age of patients in this study was 48.5 years that show in Tran, breast cancer affects women
at least one decade vounger than their counterparts in developed countries {Sant ez /., 1998).

Age of patients at time of surgery is not a significant factor in the final model neither for the first
metastasis nor for the second. This may be because of patients below 35 years with breast cancer had
tumors with a poorer prognostic profile. However, this did not translate into a poorer overall survival
and this might be attributable to more aggressive adjuvant treatment of younger patients (Gruber ef a/.,
2005; Foo et al., 2005).

In this study we found there was no difference in terms of recurrence after MRM or BCS. This
finding agreed with some other studies (van Tienhoven, 1999). The risk of metastasis in the first year
for patients underwent MRM was 12% and for BCS was 14%. In the second year after surgery this
rate was 36 and 34% for MRM and BCS, respectively. These rates are higher than some other
countries, such as United States (Carlo, 2005), Netherland (van Tienhoven, 1999), Korea (Lee, 1997)
and Japan (Sonno, 1995). One possible reason for this is the small sample size, especially for BCS
patients, because the number of patients who received BCS was few and only three of those developed
metastasis over the study time. Another reason for highly rate of relapse in patients is the fact that
Iranian patients generally seek medical attention when the disease has reached an advanced stage.

15



Intl. J. Cancer Res., 2 (1): 10-18, 2006

Therefore, diagnosis is made when the chance of a full cure is smaller. Many patients referred to cancer
centers at T2-3N2 and it means they were not detected at early stage and they will meet more risk for
recurrence of disease.

Apparently, bone is the most frequent site of systemic progression of breast cancer (Campo
McKnight, 2005). In our study bone is the preferred site of metastasis and 32% of first metastasis
developed in bone. The second metastasis was more likely in brain. Thirty percent of patients
developed the second metastasis in the brain.

As we expected, in the present study, hazard of experience a metastasis after surgery was found
to be associated with size of tumor and number of positive lymph nodes. Increase in the mumber
positive lymph node increased the hazard of metastasis. A study performed in the Switzerland
revealed that number of positive lymph nodes was solely significant for regional metastasis
(Sant, 1998). This effect has been verified by studies in United States (Grills, 2003), Brazil (Megale
Costa, 2004) and Korea (Kim, 2005) as well. Tumor size was shown as another prognostics factor in
study. Patients with greater tumor had more chance of developing metastasis. This result 1s the same
as many other studies were performed in other countries (Lerouge, 2004; Megale Costa, 2004,
Chia et al., 2004).

In this study we find the tumor size is the only factor affect the hazard of the second metastasis.
Other variables that are significant for first metastasis are no longer significant for the second
metastasis. One possible reason for this is the number of patients who developed the second
metastasis was only 20 patients that seems we need more to find more reliable result for the second
metastasis. Another reason for this finding is that the effect of these factors was mixed with the effect
of time to first metastasis and we can’t separate them in analysis of the second time and the point
estimates of some of those are of opposite signs.

In the umivariate analvsis it is found that histologic grade is a significant variable. Patients who
were well-differentiated had relapse time from 774 days after surgery. The first metastasis in patients
with moderate grade observed at the same time, while patients in undifferentiated group developed
metastasis from 44 until 655 days after surgery. We can see that undifferentiated patients developed
metastasis in the range time that two other groups showed no metastasis. Thus there was a significant
effect for grade in univaniate analysis. In multivariate analysis histologic grade was not a significant
variable. One cause for this is that there was a high association between grade and number of positive
nodes. Only 18% of well-differentiated patients had Number of positive lymph nodes greater than 4,
while 71% undifferentiated patients had equal or greater than 4. This positive association was found
between histologic grade and size of tumor, as well.
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