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ABSTRACT

Background. We previously developed a prognostic index

for assessing local-regional recurrence (LRR) risk in

patients undergoing breast conservation therapy (BCT)

after neoadjuvant chemotherapy. The prognostic index

assigns a point for each of the following variables: clinical

N2/N3 disease, lymphovascular invasion, residual patho-

logic tumor size[2 cm, and multifocal residual disease on

pathology. The current study was undertaken to evaluate

this prognostic index in an independent cohort.

Methods. We identified 551 patients treated from 2001 to

2005 with neoadjuvant chemotherapy, mastectomy or

BCT, and radiation. These patients were not used in the

original development of the prognostic index. Outcomes

were stratified by prognostic index. The 5-year LRR-free

survival was calculated using the Kaplan–Meier method,

and differences were compared using the log-rank test.

Results. For patients undergoing BCT, the 5-year LRR-

free survival rates were 92, 92, 84, and 69% when the

prognostic index was 0 (n = 91), 1 (n = 82), 2 (n = 38),

or 3–4 (n = 13) (P = 0.01). The 5-year LRR-free survival

rates were similar between patients undergoing mastec-

tomy or BCT when the prognostic index score was 0, 1, or

2. When the prognostic index score was 3–4, the 5-year

LRR-free survival was significantly lower for patients

treated with BCT compared with mastectomy (69 vs. 93%,

P = 0.007).

Conclusion. The previously developed prognostic index

was successful in stratifying patients with respect to LRR

in an independent cohort undergoing BCT after neoadju-

vant chemotherapy. The prognostic index can be used to

identify patients at high risk for LRR who may be con-

sidered for more extensive surgery or enrollment into

clinical trials evaluating novel strategies for local-regional

control.

Neoadjuvant chemotherapy is being increasingly used in

breast cancer patients presenting with operable disease. For

patients presenting with large tumors requiring mastec-

tomy, the use of neoadjuvant chemotherapy has been

demonstrated to downsize tumors, thereby facilitating

breast conserving therapy (BCT).1–3 For patients who are

BCT candidates at presentation, neoadjuvant chemotherapy

has been shown to decrease the volume of resection

allowing for more favorable cosmetic outcomes.4 Treat-

ment with neoadjuvant chemotherapy has the added

advantage of allowing for in vivo assessment of tumor

response to systemic therapy.5

The increasing use of BCT following neoadjuvant che-

motherapy has led to an interest in identifying appropriate

candidates such that local-regional control is not compro-

mised. Some studies have reported local-regional

recurrence (LRR) rates as high as 21% in patients under-

going BCT following neoadjuvant chemotherapy.6–10

Other studies have reported more favorable outcomes.

Taken together, these studies suggest that there is a need

for selection criteria that can help to identify appropriate
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candidates for this approach. Our group previously

addressed this issue in a cohort of 340 patients treated with

BCT after neoadjuvant chemotherapy. We identified 4

clinicopathologic variables that were predictive of LRR on

multivariate analysis: clinical N2 or N3 disease, the

presence of lymphovascular invasion (LVI), residual

pathologic tumor size [2 cm, and a multifocal residual

pattern of disease.8 The MD Anderson Prognostic Index

was developed by assigning 1 point for each of the 4

variables and using the summed total to give an overall

score of 0–4. This prognostic index was able to stratify

patients undergoing BCT after neoadjuvant chemotherapy

with respect to LRR.11 We also compared rates of LRR as a

function of the prognostic index for patients treated with

BCT or mastectomy plus irradiation. Since the initial

publication detailing this prognostic index, there have been

several changes in our practice pattern with respect to

treating patients in the neoadjuvant setting. These include

increased use of neoadjuvant chemotherapy in patients

with clinical stage II disease, administration of a greater

number of chemotherapy cycles prior to surgery, and the

increased use of regimens combining a taxane and

anthracycline. The current study was undertaken to eval-

uate the prognostic index in a more contemporary cohort of

patients.

METHODS

Patients and Multimodality Treatment

A prospectively maintained database of breast cancer

patients treated at The University of Texas MD Anderson

Cancer Center was used to identify patients with nonmet-

astatic disease who were treated with neoadjuvant

chemotherapy, surgery, and postoperative radiation

between January 2001 and December 2005. Clinicopatho-

logic data were reviewed, and patients with data available

for all four components of the prognostic index were

included. This resulted in the identification of 551 patients,

224 treated with BCT, and 327 undergoing mastectomy

with postmastectomy radiation therapy (PMRT). None of

the patients were part of the original cohort treated from

1987 to 2000 that was used to develop the prognostic

index. The MD Anderson institutional review board

approved this study.

Patients were assessed at presentation using physical

examination, mammography, ultrasound of the breast and

regional nodal basins, and staging studies as clinically

indicated to exclude metastatic disease. Patients were

clinically staged according to the 6th edition of the

American Joint Committee on Cancer Breast Cancer

Staging System.12 All patients were treated with a neoad-

juvant chemotherapy regimen that was anthracycline-

based, taxane-based, or combination anthracycline/taxane-

based. Neoadjuvant therapy also included a hormonal agent

in four patients. The decision to offer BCT was made by

the treating surgeon after assessment of the clinical

response to neoadjuvant chemotherapy. BCT involved

excision of the residual primary tumor and did not require

resection of the prechemotherapy tumor volume. All

patients underwent surgical evaluation of their axilla to

include a complete axillary lymph node dissection in

patients presenting with clinically node-positive disease.

Patients who presented with clinically node-negative dis-

ease underwent sentinel lymph node biopsy with complete

axillary lymph node dissection if the sentinel lymph node

was positive or at the discretion of the attending surgeon.

All patients were treated with adjuvant whole breast or

chest wall radiation therapy. Typically, 50 Gy was deliv-

ered in 25 fractions to the breast or chest wall using

tangential fields, followed by a 10-Gy boost to the tumor

bed or chest wall scar using an appositional electron field.

Regional nodal radiation was added at the discretion of the

radiation oncologist. Adjuvant chemotherapy, given to

patients who did not receive their entire chemotherapy

course prior to surgery, was administered after surgery and

before radiation. There were 42 patients (19%) in the BCT

group and 93 patients (28%) in the mastectomy group who

received adjuvant chemotherapy. Patients with hormone

receptor positive disease were routinely offered adjuvant

hormonal therapy. Hormonal agents were administered to

122 patients (54%) undergoing BCT and 222 patients

(68%) undergoing mastectomy.

Prognostic Index and Statistical Analysis

The prognostic index was developed from prior analyses

that identified four independent risk factors predictive of

higher rates of LRR in patients undergoing BCT following

receipt of neoadjuvant chemotherapy: clinical N2–N3 dis-

ease, LVI, residual pathologic tumor size [2 cm, and a

multifocal pattern of residual disease.11 Each patient

received a score on a scale of 0–4 according to the presence

of each risk factor, assigning 1 point per risk factor.

The distribution of patient characteristics between

patients undergoing BCT and those undergoing mastec-

tomy was compared using t test for continuous variables

and the v2 test for categorical variables using the Yates’

correction when indicated. LRR-free survival was mea-

sured from the date of diagnosis to the date of first LRR

defined as disease recurrence in the ipsilateral breast or

chest wall, or in the ipsilateral axillary, supraclavicular,

infraclavicular, or internal mammary lymph nodes. All

LRR were counted as events regardless of whether they

were the first site of failure or occurred concomitantly or

after the diagnosis of distant metastases. Disease-specific
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survival (DSS) was measured from the date of diagnosis to

the date of death from breast cancer. Patients who did not

experience any of these events were censored at last fol-

low-up or at the time of death. LRR-free survival and DSS

were calculated using the Kaplan-Meier method, and dif-

ferences were compared using the log-rank test. All

calculations were performed with Stata software (Stata/SE

11 for Windows/Mac; Stata Corp., College Station, TX). A

P value B 0.05 was considered statistically significant.

RESULTS

Clinicopathologic characteristics of the study cohort are

shown in Table 1. When compared with BCT patients, a

greater percentage of mastectomy patients had more

advanced clinical stage as well as larger residual tumor

sizes after neoadjuvant chemotherapy and more patholog-

ically positive lymph nodes. The median follow-up for the

entire cohort was 62 months (range 8–114 months),

63 months for the BCT group and 61 months for the

mastectomy group. The differences in clinicopathologic

features are reflected in the 5-year DSS rates, which were

88% for the BCT patients versus 76% for the mastectomy

patients (P = 0.005).

With respect to LRR, the 5-year LRR-free survival rates

were 90% in the BCT group and 92% in the mastectomy

group (P = 0.54). In the BCT group, 23 patients experi-

enced a LRR: an IBTR in 14 patients, an ipsilateral axillary

nodal recurrence in 1 patient, regional lymph node recur-

rences in six patients, and both an IBTR and regional nodal

recurrence in two patients. The median time to LRR in the

BCT group was 23 months (range 8–63 months). In the

mastectomy group, 27 patients experienced a LRR: 12 in

the chest wall, six in the ipsilateral axilla, eight in regional

lymph nodes, and both the axilla as well as other regional

nodes in 1. The median time to LRR in the mastectomy

group was 17 months (range 8–92 months).

The distribution of patients according to their prognostic

index is shown in Table 2. As would be anticipated based

on clinicopathologic factors, mastectomy patients had a

greater percentage with a prognostic index of 3 or 4.

Consistent with our previous work, the prognostic index

was able to stratify BCT patients with respect to 5-year

LRR-free survival rates (Fig. 1). The 5-year LRR-free

survival rates were 92% (95% confidence interval [95%

CI], 83–96) for a prognostic index of 0, 92% (95% CI,

84–96) for a prognostic index of 1, 84% (95% CI, 68–93)

for a prognostic index of 2, and 68% (95% CI, 36–87) for a

prognostic index of 3 or 4 (P = 0.01). When LRR was

analyzed as a function of the type of surgery according to

the prognostic index, the 5-year LRR rates were similar

between patients undergoing BCT or mastectomy who had

a score of 0, 1, or 2 (Fig. 2a, b, c). For patients with a

prognostic index of 3 or 4, the 5-year LRR-free survival

rate was significantly higher for those treated with mas-

tectomy compared with those treated with BCT (94 vs.

TABLE 1 Distribution of clinicopathologic characteristics

Factor BCT

(n = 224)

Mastectomy

(n = 327)

P value

Age 0.4

Median 51 50

Range 28–76 24–80

Clinical tumor size (cm) (mean) 3.42 4.62 \0.001

Clinical stage \0.001

I 13 (6%) 8 (2%)

II 160 (71%) 140 (43%)

III 51 (23%) 179 (55%)

Histology \0.01

IDC 201 (90%) 255 (78%)

ILC 7 (3%) 35 (11%)

Mixed IDC/ILC 11 (5%) 29 (9%)

Other 5 (2%) 8 (2%)

Grade 0.07

I 9 (4%) 19 (6%)

II 64 (29%) 120 (37%)

III 150 (67%) 188 (57%)

Unknown 1 (\1%) 0

ER \0.01

Positive 131 (58%) 230 (70%)

Negative 93 (42%) 97 (30%)

PR 0.10

Positive 102 (46%) 172 (53%)

Negative 122 (54%) 155 (47%)

HER 0.22

Positive 27 (12%) 52 (16%)

Negative 194 (87%) 273 (83%)

Unknown 3 (1%) 2 (1%)

Margin status 0.04

Negative 209 (93%) 316 (97%)

Close (\2 mm)a 14 (6%) 6 (2%)

Positive 1 (\1%) 5 (1%)

Residual tumor size (cm) \0.001

0 22 (10%) 25 (8%)

0–2 144 (64%) 118 (36%)

[2 58 (26%) 184 (56%)

Positive lymph nodes \0.001

0 126 (56%) 67 (20%)

1–3 58 (26%) 101 (31%)

4–9 28 (13%) 98 (30%)

C10 12 (5%) 61 (19%) \0.001

ER estrogen receptor, PR progesterone receptor
a Close included invasive cancer or ductal carcinoma in situ within

2 mm of the margin
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68%; P = 0.007) (Fig. 2d). The LRR risk for the BCT

group was 4-fold higher for those patients with a prog-

nostic index of 3 or 4 compared with those with a score of 0

(hazard ratio [HR] = 4.05, 95% CI = 1.2–13.9).

DISCUSSION

The MD Anderson prognostic index consists of four

factors determined to be statistically significant predictors

of LRR in patients undergoing BCT following neoadjuvant

chemotherapy. This prognostic index was previously

shown to stratify BCT patients into subgroups with distinct

risk for LRR. In our current practice, neoadjuvant che-

motherapy is more commonly used in patients with earlier

clinical stage disease, more patients receive an increased

number of cycles of chemotherapy preoperatively, and

there has been greater use of combination chemotherapy

regimens including both anthracyclines and taxanes. Even

with these changes in practice, we found that the prog-

nostic index is still effective in stratifying patients

undergoing BCT with respect to LRR risk.

Historically, neoadjuvant chemotherapy has been used

in the setting of locally advanced or inoperable breast

cancer. However, the indications for use of neoadjuvant

chemotherapy have expanded, and it is now administered

to a significant number of women presenting with operable

disease. Neoadjuvant chemotherapy was evaluated in the

National Surgical Adjuvant Breast and Bowel Project

(NSABP) B-18 trial that was designed to determine whe-

ther 4 cycles of doxorubicin and cyclophosphamide (AC)

given preoperatively improved disease-free survival and

overall survival compared with AC given in the adjuvant

setting. Results from the NSABP B-18 trial demonstrated

no statistical difference between the two groups with

respect to these endpoints.13 Secondary aims of the NSABP

B-18 trial evaluated the effectiveness of neoadjuvant che-

motherapy in downstaging the primary breast tumor,

compared BCT rates, and determined rates of ipsilateral

breast tumor recurrence (IBTR) between the two groups.

With respect to these secondary outcomes, patients ran-

domized to receive neoadjuvant chemotherapy were more

likely to undergo BCT. In a report of the 9-year results of

the trial, there was no significant difference in the IBTR

rate in patients undergoing BCT after neoadjuvant che-

motherapy (11%) than in those who were randomized to

receive adjuvant chemotherapy (8%).14 Through 16 years

of follow-up, the IBTR rates for patients undergoing BCT

after receiving neoadjuvant chemotherapy was 13 vs. 10%

in patients receiving adjuvant chemotherapy, again, a dif-

ference that was not statistically significant. Regional

recurrence rates for the entire cohort as the site of first

treatment failure were low, 4% for the neoadjuvant che-

motherapy group and 5% in the adjuvant therapy group.13

In the current study, we demonstrated an overall favorable

5-year LRR-free survival rate of 90% for patients under-

going BCT following neoadjuvant chemotherapy. Our data

are not directly comparable to the NSABP B-18 study;

however, taken together these data confirm that BCT is an

appropriate option for select patients receiving neoadjuvant

chemotherapy.

Although the majority of patients selected for BCT after

neoadjuvant chemotherapy do well with respect to LRR, all

patients do not have equal LRR risk. The prognostic index

is therefore an important tool that can better stratify

patients undergoing BCT with respect to risk of developing

a LRR. Almost 80% of patients undergoing BCT had a

prognostic index of 0 or 1, and the 5-year LRR-free

TABLE 2 Distribution of prognostic index

BCT

(n = 224)

Mastectomy

(n = 327)

P value

Prognostic index \0.001

0 91 (41%) 37 (11%)

1 82 (37%) 107 (33%)

2 38 (17%) 124 (38%)

3 12 (5%) 47 (14%)

4 1 (\1%) 12 (4%)

Prognostic index factorsa

cN2-N3 disease 32 (14%) 74 (23%)

LVI 84 (38%) 206 (63%)

Pathologic tumor size [2 cm 58 (26%) 184 (56%)

Pathologic multifocal disease 24 (11%) 80 (24%)

a Percentages do not add up to 100% because several patients had

multiple factors or no factors

Months

1.0

0.8

0.6

0.4

0.2

MDAPI score
0 (n = 91)
1 (n = 82)
2 (n = 38)
3,4 (n = 13)

1200

LRR-free survival P = 0.02

92%
92%
84%

68%

20 40 60 80 100

FIG. 1 The 5-year rates of local-regional recurrence-free survival of

224 breast conservation patients stratified according to the prognostic

index
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survival rates were 92%, which were comparable to the

5-year LRR-free rates of 94% in our original publication of

patients with a prognostic index of 0 or 1.11 For patients

with a prognostic index of 2, the 5-year LRR-free survival

rate was 84% and for the small subset of patients (n = 13)

with a prognostic index of 3 or 4, the 5-year LRR-free

survival rate was 69%. In our previous study, the 5-year

LRR-free survival rates for patients with a prognostic index

of 2 and 3–4 were 83 and 58%, respectively.11 Despite the

differences in our practice patterns between the two study

cohorts, the results are very similar. This suggests that the

prognostic index, which accounts for several risk factors

contributing to LRR risk, may have importance in its

ability to identify patients with overall unfavorable

biology.

We also confirmed our previous finding that in patients

with a prognostic index of 3–4, mastectomy with PMRT

was associated with a significantly lower rate of LRR.15 It

should be noted that the small number of patients with a

prognostic index of 3–4 precludes determination of whe-

ther this difference in LRR translates to a difference in

disease-specific survival. For this reason, despite the fact

that this independent cohort does confirm that having a

completion mastectomy would significantly reduce the risk

of LRR, we would caution against interpreting these data to

suggest that all patients with a prognostic index of 3 or 4

should undergo mastectomy. Validation of the prognostic

index in a larger, external cohort would be required to

further evaluate the effect of LRR on disease-specific

survival for patients with a high prognostic index.

Months

1.0

0.8

0.6

0.4

0.2 BCT
Mastectomy

1200

a
LRR-free
survival MDAPI = 0 P = 0.24

Months

1.0

0.8

0.6

0.4

0.2 BCT
Mastectomy

1200

b
LRR-free
survival MDAPI = 1 P = 0.69

Months

1.0

0.8

0.6

0.4

0.2 BCT
Mastectomy

1200

c
LRR-free
survival MDAPI = 2 P = 0.78

Months

1.0

0.8

0.6

0.4

0.2 BCT
Mastectomy

1200

d
LRR-free
survival MDAPI = 3,4 P = 0.007

20 40 60 80 100 20 40 60 80 100

20 40 60 80 100 20 40 60 80 100

FIG. 2 a The 5-year rates of

local-regional recurrence-free

survival of breast conservation

therapy (BCT) (n = 91) and

mastectomy (n = 37) patients

with prognostic index of 0,

b The 5-year rates of local-

regional recurrence-free

survival of breast conservation

therapy (BCT) (n = 82) and

mastectomy (n = 107) patients

with prognostic index of 1,

c The 5-year rates of local-

regional recurrence-free

survival of breast conservation

therapy (BCT) (n = 38) and

mastectomy (n = 124) patients

with prognostic index of 2,

d The 5-year rates of local-

regional recurrence-free

survival of breast conservation

therapy (BCT) (n = 13) and

mastectomy (n = 59) patients

with prognostic index of 3 or 4
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In addition to the small number of patients with a

prognostic index of 3 or 4, this study has other limitations.

This was a retrospective analysis in which the surgical

treatment was not randomized, but rather was determined

by the patient and the attending surgeon based on multiple

considerations. A possible selection bias exists in that there

were undoubtedly patients who underwent mastectomy

who were appropriate candidates for BCT but elected for

more extensive surgery. In addition, all patients, including

those undergoing mastectomy, received postoperative

radiation. It is possible that omission of PMRT could have

resulted in higher rates of LRR than those reported for a

given prognostic index. Currently, at our institution, when

a patient undergoes mastectomy after neoadjuvant che-

motherapy, PMRT is considered for those with clinical

stage III disease, clinical T3N0 disease, clinical T1,2 N1

disease with residual tumor size larger than 2 cm, residual

nodal disease after chemotherapy, the presence of LVI, or

age under 40. Finally, it should be noted that the time

period of this study predates the use of trastuzumab in the

neoadjuvant setting for patients with HER2-overexpressing

tumors. Although the effect of adding trastuzumab to

standard neoadjuvant chemotherapy regimens on the suc-

cess of performing BCT has not been specifically

addressed, pathologic complete response (pCR) rates of up

to 65% have been reported, suggesting that the majority of

women would have downsizing of their primary tumor that

might facilitate BCT.16 In addition, we have previously

reported that patients receiving trastuzumab-based neoad-

juvant chemotherapy regimens who achieve a pCR have

significantly improved recurrence-free survival compared

with those achieving less than a pCR.17 We would

hypothesize that the use of trastuzumab would affect the

rates of LRR, and future work will evaluate factors asso-

ciated with LRR after BCT in patients receiving

trastuzumab in the neoadjuvant setting.

Despite the limitations of this study, we have confirmed

that the prognostic index can stratify patients undergoing

BCT after neoadjuvant chemotherapy with respect to their

LRR risk. The most recent report of the Early Breast

Cancer Trialists’ Collaborative group (EBCTG) demon-

strated that for every four local recurrences avoided by

5 years, one breast cancer related death was avoided at

15 years.18 Although the data reported by the EBCTG did

not include patients treated in the neoadjuvant setting, it is

likely that local regional control is important for this

population as well. Therefore, the prognostic index may be

valuable in counseling patients regarding their local ther-

apy options. Those with a favorable prognostic index can

be assured that they have low LRR rates. Patients with a

prognostic index of 3 or 4 can be counseled that they may

be at increased risk for LRR and may be considered for

more extensive surgery or participation in clinical trials

such as those evaluating novel therapeutics or treatment

strategies such as the use of radiosensitizers aimed at

reducing LRR.
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