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Does Immediate Breast Reconstruction using Free Flaps Lead to Delay in the Administration of Adjuvant Chemotherapy for Breast Cancer?
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BACKGROUND: Immediate breast reconstruction (IBR) using Free flaps is becoming increasingly popular. However, these are complex surgical procedures with more complications and longer recovery time, which can potentially delay adjuvant treatment.

Our aim is to investigate the impact of free flap IBR on the timing of adjuvant treatment.

METHODS: Details of all breast cancer patients undergoing mastectomy with (study group) and without (control group) free flap IBR, followed by adjuvant treatment between 2002 and 2007 were obtained. The time lapse between surgery and adjuvant therapy was calculated and the causes of delay were recorded. The results were compared between the two groups and with local and international guidelines. RESULTS: Twenty-seven and 139 patients were included in the study and control group, respectively. The mean time period between surgery and commencement of adjuvant treatment for the study group was 55 days compared with 40 days for the controls. Furthermore, significantly less IBR patients received their adjuvant treatment within 6, 8 or 10 weeks after surgery in comparison to the control group. Groups appeared similar however at 12-week point. The reason for the delays was reconstruction-related surgical complications. CONCLUSION: There is a significant delay in the commencement of adjuvant treatment after mastectomy and free flap IBR in comparison to mastectomy alone patients due to reconstruction related surgical complications. The effects of this delay on survival have not been fully investigated yet and may be significant for at least some of the patients.

Introduction

Over the past few decades, there has been a surge in the popularity of immediate breast reconstruction (IBR). Restoring body image has been shown to have an important effect on the psychological recovery of breast cancer patients [START_REF] Dean | Effects of immediate breast reconstruction on psychological morbidity after mastectomy[END_REF][START_REF] Rosenqvist | Patients psychological and cosmetic experience after immediate breast reconstruction[END_REF] and there is evidence that there is greater psychological advantage in those who have immediate rather than delayed reconstruction [START_REF] Sk | The psychological impact of immediate rather than delayed breast reconstruction[END_REF].

Many of the patients who require a mastectomy, and therefore will be considered for IBR, will have high-risk cancers that require post-operative chemotherapy and/or radiotherapy [START_REF] Taylor | The effect of immediate breast reconstruction on adjuvant chemotherapy[END_REF]. According to current guidelines, chemotherapy should be given within 4-12 weeks of surgery [START_REF] Wilson | Immediate breast reconstruction does not lead to a delay in the delivery of adjuvant chemotherapy[END_REF][START_REF]Early and locally advanced breast cancer: diagnosis and treatment[END_REF][START_REF] Lohrisch | Impact on Survival of Time From Definitive Surgery to Initiation of Adjuvant Chemotherapy for Early-Stage Breast Cancer[END_REF][START_REF] Mortenson | Immediate Breast Reconstruction after Mastectomy Increases Wound Complications[END_REF] amid fears that a further delay could adversely affect systemic recurrence and survival [START_REF] Shannon | Does Timing of Adjuvant Chemotherapy for Early Breast Cancer Influence Survival?[END_REF]. It is also current practice to wait until wound healing is complete before starting chemotherapy, which in itself has its own complications.

Free flap reconstructions and especially TRAM (transverse rectus abdominis myocutaneous) and DIEP (deep inferior epigastric perforator) flaps have become the most commonly used techniques [START_REF] Schusterman | Immediate Breast Reconstruction: Why the Free TRAM Over the Conventional TRAM Flap?[END_REF][START_REF] Elliott | Immediate TRAM Flap Breast Reconstruction: 128 Consecutive Cases[END_REF]. Free flap reconstruction provides good cosmetic result but is an intricate surgical procedure with more complications and a longer recovery period than a mastectomy alone. There are several publications on the potential delay of adjuvant treatment due to IBR complications. However, they all share a common limitation in that they consider all types of reconstruction as one uniform group and differences between reconstruction techniques are not taken into account.

Our aim is to investigate the impact of immediate free flaps, namely TRAM flap related and S-Gap (superior Gluteus artery perforator) reconstructions for breast cancer on the timing of adjuvant treatment. The delay of adjuvant treatment among patients who received immediate reconstruction and those who had mastectomy alone is compared and possible causes of delay are identified. Eligible patients were those who had mastectomy for breast cancer and immediate free flap reconstruction followed by either adjuvant chemotherapy, radiotherapy or both.

Patients and Methods

M

Patients who did not receive their treatment at Guy's, had at least a part of their chemotherapy prior to surgery, private patients, patients who had delayed reconstructions and patients who delayed their own adjuvant therapy were excluded. Patients for whom exact dates of surgery and adjuvant therapy were not known were also excluded.

All patients were treated with cancer therapy as high priority. Irrespective of history of immediate reconstruction, adjuvant treatment was delivered to all patients as soon as possible after surgery and with the same chemotherapy protocols. Organisational issues could possibly delay chemotherapy by a matter of a few days and they apply equally to both reconstructed and not reconstructed patients.

Patients were followed postoperatively with regular clinic visits by the surgical and medical teams. Adjuvant treatment was commenced when healing was satisfactory and any surgical complications had been successfully treated. The time lapse between surgery and adjuvant therapy was calculated and the and full detail of causes of delay were recorded whenever possible.

Two sets of guidelines were used to determine the cut-offs for the delay of primary interest: the Guy's Hospital guidelines which state that adjuvant treatment should start within 6 weeks from surgery and Lohrisch's et al recommendations which are 12 weeks after surgery [START_REF] Lohrisch | Impact on Survival of Time From Definitive Surgery to Initiation of Adjuvant Chemotherapy for Early-Stage Breast Cancer[END_REF]. The reason the latter was used is that the period of 12 weeks
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recommended is the longest reported in the literature and after which further delay is likely to have negative impact on survival.

Chi-square test was used to determine the differences between the number of patients who started their adjuvant treatment before the 6, 8, 10 and 12-week points between the two groups. Students' t-test was used to determine the difference of the mean time period between surgery and commencement of adjuvant treatment between the groups.

Results

Forty-eight patients underwent mastectomy, free TRAM, DIEP or S-GAP flap reconstruction and adjuvant chemotherapy and/or radiotherapy for breast cancer between 2002 and 2007 at Guy's and St. Thomas' NHS Foundation Trust. Nine of these patients had a delayed reconstruction, one was a private patient for whom details could not be obtained and ten patients had their adjuvant therapy outside the Trust, or incomplete data were available for them. One patient delayed her own adjuvant therapy. Therefore, 27 patients received immediate free flap reconstruction followed by adjuvant chemotherapy and/or radiotherapy and were included in the study group. Of them 1 had an S-GAP reconstruction and 26 TRAM/DIEP flaps.

The control group contained 139 patients all of them were treated in the Trust between 2002 and 2007. The characteristics of the two groups are summarised in Table 1.

The groups were of the same age (p=0.077) but reconstructed patients were more likely to have more advanced stage of the disease (p=0.0001).

Nine of the 27 patients in the study group received their adjuvant treatment within 6 weeks or less from surgery, 5 patients received their adjuvant treatment within 6.1 to 8 weeks from surgery, 6 patients 8.1-10 weeks, 5 patients 10.1-12 weeks and 2 patients after more than 12 weeks from surgery (Table 2). The causes for delay were mainly flap failure and abdominal wound complications as shown in Table 3.
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Eighteen patients (67%) were delayed for more than 6 weeks, not complying with local recommendations; and 2 patients (7%) were delayed for more than 12 weeks, not complying with Lohrisch's recommendations [START_REF] Lohrisch | Impact on Survival of Time From Definitive Surgery to Initiation of Adjuvant Chemotherapy for Early-Stage Breast Cancer[END_REF].

Of the 139 patients in the control group, 99 received their adjuvant treatment within 6 weeks from surgery, 17 patients between 6.1 to 8 weeks, 11 patients between 8.1 to 10 weeks, 7 patients between 10.1 to 12 weeks and 5 patients more than 12 weeks from surgery. The two groups are graphically compared in fig 1 .   Forty patients (28.8%) in the control group were delayed for more than 6 weeks, not complying with local recommendations; and 5 patients (3.6%) were delayed for more than 12 weeks not complying with Lohrisch's recommendations [START_REF] Lohrisch | Impact on Survival of Time From Definitive Surgery to Initiation of Adjuvant Chemotherapy for Early-Stage Breast Cancer[END_REF].

The number of patients whose commencement of adjuvant therapy exceeded the 6week point was different between the two groups (chi-square=15.28, p=0.0001), with the reconstruction group suffering the longest delay. The statistically significant difference was maintained for the 8 (chi-square=14.51, p=0.0002) and 10-week point (chi-square=6.67, p=0.0098). There was no statistically significant difference for the 12 week point (chi-square=0.81, p=0.37) although twice as many in the study group had their treatment delayed, the lack of statistical difference may have been due to the small number of patients at this point in time, although the % cumulative curves (fig 1) clearly start overlapping at about this point. The mean time period between surgery and commencement of adjuvant treatment for the study group was 55 days (95% confidence interval 46.6-64.3) and for the control group was 40 days (95% confidence interval 36.5-44.0). This difference is also statistically significant (t=3.08, p=0.0025).

Discussion

Since IBR enhances psychological recovery from breast cancer [START_REF] Dean | Effects of immediate breast reconstruction on psychological morbidity after mastectomy[END_REF][START_REF] Rosenqvist | Patients psychological and cosmetic experience after immediate breast reconstruction[END_REF][START_REF] Sk | The psychological impact of immediate rather than delayed breast reconstruction[END_REF] and seems to be oncologically safe. [START_REF] Zakhireh | Application of Screening Principles to the Reconstructed Breast[END_REF]13], it is not surprising that the IBR procedures are widely implemented into oncoplastic surgical practice [START_REF]Early and locally advanced breast cancer: diagnosis and treatment[END_REF][START_REF] Pennington | Breast reconstruction after Mastectomy: Current State of the Art[END_REF][START_REF] Heneghan | Evolution of breast cancer management in Ireland: a decade of change[END_REF][START_REF] Malycha | Oncoplastic breast surgery: a global perspective on practice, availability, and training[END_REF][START_REF] Recht | American Society of Clinical Oncology. Postmastectomy radiotherapy: clinical practice guidelines of the American Society of Clinical Oncology[END_REF][START_REF]Association of Breast Surgery at BASO 2009. Surgical guidelines for the management of breast cancer[END_REF]. Accumulated experience in Plastic There has been some research on the effect of the immediate reconstruction on the time interval between surgery and adjuvant therapy because of suggested risk that undue delay will compromise cancer treatment and consequently, survival. However, not only was the optimal time lag never determined through a large number of studies, but often in these reports all types of reconstruction are examined as if they were comparable and uniform groups, ignoring the fact that the "modern" option for free flaps is technically challenging with different types of complications which possibly lead to longer recovery times and delay of the commencement of adjuvant therapy.

The present study is the first report that specifically reviewed the effect of the "modern" reconstruction methods -free TRAM and DIEP flaps -on the time of commencement of adjuvant treatment. In this study we were able to demonstrate a delay in the administration of adjuvant treatment in the IBR free flap group compared to patients who did not undergo reconstruction. Patients receiving IBR free flap treatment received their chemotherapy with a significant 2-week delay on average compared to the control group and a significant proportion of them breached the local guidelines (chemotherapy within 6 weeks). Similarly, significantly less reconstructed patients received their adjuvant treatment within 8 or 10 weeks in comparison to the controls and only at the 12 week point the two groups appeared similar. The clinical significance of this remains to be determined as, despite published evidence [START_REF] Lohrisch | Impact on Survival of Time From Definitive Surgery to Initiation of Adjuvant Chemotherapy for Early-Stage Breast Cancer[END_REF], current clinical practice recommends starting chemotherapy on a basis of "the sooner the better". Furthermore, there is a possibility that this interval may not have the same effect on every patient and tumours with worst prognosis or ER (-) may be affected most by a delay [START_REF] Buzdar | Effect of timing of initiation of adjuvant chemotherapy on disease-free survival in breast cancer[END_REF][START_REF] Colleoni | The International Breast Cancer Study Group. Early start of adjuvant chemotherapy may improve treatment outcome for premenopausal breast cancer patients with tumors not expressing estrogen receptors[END_REF].

In the literature conclusions on the effect of TRAM/DIEP flap IBR on the timing of chemotherapy can only be indirectly extirpated from studies where autologous tissue reconstruction IBR patients are included in the study groups [START_REF] Lewis | Autologous tissue immediate breast reconstruction: desired but oncologically safe?[END_REF]: Wilson et al [START_REF] Wilson | Immediate breast reconstruction does not lead to a delay in the delivery of adjuvant chemotherapy[END_REF] report that
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half of the patients who underwent IBR with free tissue transfer had their adjuvant therapy delayed by more than 40 days. Although there was no statistically significant difference between all methods of IBR and mastectomy alone patients, the free tissue transfer subgroup did seem to have a statistically significant 36% increase in the delay. Schusterman et al [START_REF] Schusterman | Immediate Breast Reconstruction: Why the Free TRAM Over the Conventional TRAM Flap?[END_REF] found that seven of the 28 TRAM IBR patients had their postoperative chemotherapy delayed due to surgical complications. Taylor and Kumar [START_REF] Taylor | The effect of immediate breast reconstruction on adjuvant chemotherapy[END_REF] report that 72% of IBR TRAM patients were delayed beyond 39 days vs. 41% in the mastectomy only group.

In contrast, published data by Elliot et al [START_REF] Elliott | Immediate TRAM Flap Breast Reconstruction: 128 Consecutive Cases[END_REF] showed that only 1 of 36 patients had a delay caused by flap complications after TRAM IBR.

Regarding the difference in the stage of the disease between the two groups, it is a frequent observation in relevant articles [START_REF] Mortenson | Immediate Breast Reconstruction after Mastectomy Increases Wound Complications[END_REF][START_REF] Allweis | Immediate reconstruction after mastectomy for breast cancer does not prolong the time to starting adjuvant chemotherapy[END_REF]. Allewis et al report that stage of disease does not affect time to chemotherapy in either group.

In order to determine what constitutes a delay, two cut off time points were used in the present study: local guidelines -6 weeks -and conclusions reported by Lohrisch et al [START_REF] Lohrisch | Impact on Survival of Time From Definitive Surgery to Initiation of Adjuvant Chemotherapy for Early-Stage Breast Cancer[END_REF].

The latter permits a 12-week-long delay between surgery and commencement of chemotherapy and is in accordance with Hershman et al [25] who also conclude that delay beyond 3 months is associated with increased disease specific mortality. Other authors found no difference among groups which received chemotherapy in different times within the first 3 months [26-28].

Finally, as for the actual reason for the delay, reconstruction related surgical complications are the culprit. Surgical infections, cellulitis, skin breakdown, delayed wound healing, complete or partial flap failure and prolonged recovery period are reported in the literature [START_REF] Taylor | The effect of immediate breast reconstruction on adjuvant chemotherapy[END_REF][START_REF] Wilson | Immediate breast reconstruction does not lead to a delay in the delivery of adjuvant chemotherapy[END_REF][START_REF] Mortenson | Immediate Breast Reconstruction after Mastectomy Increases Wound Complications[END_REF][START_REF] Schusterman | Immediate Breast Reconstruction: Why the Free TRAM Over the Conventional TRAM Flap?[END_REF][START_REF] Elliott | Immediate TRAM Flap Breast Reconstruction: 128 Consecutive Cases[END_REF]. This study agreed with published data showing that flap failure constituted the commonest factor (Table 3). This highlights the need for these complex procedures to take place in high-volume centres with experienced teams, where complications can be minimised, identified and treated quickly.

In conclusion, this study demonstrates that there is a significant delay in the commencement of adjuvant treatment after mastectomy and free flap IBR in comparison to mastectomy alone patients due to reconstruction related surgical complications. However,
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the effects of this delay on survival have not been fully investigated yet and may be significant for at least some of the patients. Further studies of this group of patients in correlation to relapse and survival could provide valuable information and may influence clinical practice and management. 

  A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT Details of all breast cancer patients treated with mastectomy with (study group) and without (control group) free flap reconstruction who received adjuvant therapy in the Breast Unit at Guy's and St. Thomas' NHS Foundation Trust between July 2002 and July 2007 were obtained. Patients were identified through the Hospital electronic patient database and further information was subsequently obtained from their detailed written hospital notes. Details included age at diagnosis, histopathological staging, date of immediate reconstruction, date of start of adjuvant treatment, co-morbidities and complications.

  in instrumentation and techniques paved the way for cosmetically superior but more complex breast reconstructive techniques. Many Breast Units nowadays prefer free TRAM and DIEP flaps over the conventional simple silicone implants or LD (Latissimus Dorsi) flaps[START_REF] Schusterman | Immediate Breast Reconstruction: Why the Free TRAM Over the Conventional TRAM Flap?[END_REF][START_REF] Massey | Group for the Advancement of Breast Reconstruction. Perforator flaps: recent experience, current trends, and future directions based on 3974 microsurgical breast reconstructions[END_REF][START_REF] Losken | Oncoplastic breast surgery: past, present, and future directions in the United States[END_REF].
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Table 1 .

 1 Patients' characteristics

	Tables		
		Study group	Control group
	No of patients included	27	139
	Gender	Female	Female
	Age	Range 34-62, mean 44.9y	Range 30-63, mean 47.9y
	Year of surgical treatment	07/2002-07/2007	07/2002-07/2007
	Type of surgical procedure	Modified radical mastectomy	Modified radical mastectomy
		with immediate free flap	
		reconstruction: 1 SGAP, 26	
		TRAM/DIEP	
	Stage of disease	I: 4	I: 30
		II: 11	II: 106
		III: 9	III: 0
		Unknown: 3	Unknown: 3
	Adjuvant treatment	27	139
	Date of commencement of	Yes	Yes
	adjuvant treatment known		
	Neoadjuvant chemotherapy None	None

Table 2 .

 2 Time between mastectomy with (study group) or without (control group) immediate breast reconstruction and commencement of adjuvant treatment.

	Time between surgery and commencement of	Study group	Control group
	adjuvant treatment	No of patients	No of patients
	Less than or equal to six weeks	9	99
	6.1 to 8 weeks	5	17
	8.1 to 10 weeks	6	11
	10.1 to 12 weeks	5	7
	Greater than 12 weeks	2	5