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			Abstract

			Adjuvant Radiotherapy (RT) is an essential part of Breast cancer treatment with proved survival advantage . Although its radiobiological and clinical advantage becoming a standard of care practice in most centers, Hypofractionation (HF) still of a concern in certain clinical situations. Treatment Protocols are still variable across the ocean and worldwide. With the recent publications of the extreme hypofractionation we have a wide range of evidence-based protocols. This is a review of radiobiological bases and current evidence for hypofractionation in breast cancer radiation therapy starting from the basic science base up to the most recent studies.

		

		
			Background

			Radiotherapy (RT) is an essential part of Breast cancer adjuvant treatment with proved survival advantage . Although its radiobiological and clinical advantage becoming a standard of care practice in most centers, Hypofractionation (HF) still of a concern in certain clinical situations. Hypofractionation trials based predominantly on patients undergoing breast conservation surgery are informative for postmastectomy radiotherapy. Protocols are still variable across the ocean and worldwide. This is a review of Radiobiological bases and current evidence for hypofractionation in breast cancer radiation therapy.

			Introduction

			Hypofractionation trials based initially predominantly on patients undergoing breast conservation surgery are also informative for postmastectomy radiotherapy [1]. In this group of patients, most early trials used B2.2 Gy/fraction to deliver doses of 50–54 Gy to the breast [2]. Now , HF Radiation therapy with 2.5 - 3.0 Gy per fraction should be the better choice for treatment of early breast cancer patients [3].

			Review 

			Since the 1970s , several trials have employed hypofractionated schedules, with doses[2.2 Gy/fraction and lower total doses [4,5]. Now. For women with invasive breast cancer receiving Whole breast irradiation ( WBI ) with or without inclusion of the low axilla, 

the preferred dose-fractionation scheme is hypofractionated WBI to a dose of 4000 cGy in 15 fractions or 4250 cGy in 16 fractions according to American society of Radiation Oncology (ASTRO) [6] while extreme hypofractionation became an option according to the very recent UK FAST- Forward trial [7].

			Interest in hypofractionation applied to primary breast cancer was sparked by the Canadian radiation biologist Bruce Douglas. On the final page of his 11-page manuscript of the of the still-new linear quadratic model was a single reference to hypofractionation; “For breast cancer, however, the β/α value that can be calculated from published data is about 0.26 Since the reciprocal of 0.26 is an α/β-value of 3.8 Gy [8,9]. The data to which Douglas referred were published by Lionel Cohen in the British Journal of Radiology in 1952 [10]. His manuscript combined an analysis of patients treated at the Radiotherapy Department, Johannesburg, with a review of earlier manuscripts describing tumor control in >1000 locally advanced or recurrent breast cancer patients irradiated with a range of fractionation regimens (Figure 1). Douglas does not describe how he reanalysed Cohen’s data, but he will have controlled for time-related effects by estimating median tumor control doses for subgroups of patients treated to different total doses in daily fractions over similar time periods.

			Radiobiological Background

			Conventional fractionation (CF) for half a century has been justified on the basis that 2.0 Gy fractions spare dose limiting late-responding normal tissues to a greater degree than cancerous tissues [9]. In the landmark study by Owen et al. In 1986–98, randomly assigned 1410 women with invasive breast cancer (tumor stage 1–3 with a maximum of one positive node and no metastasis) who had had local tumour excision of early stage breast cancer to receive 50 Gy radiotherapy given in 25 fractions, 39 Gy given in 13 fractions, or 42·9 Gy given in 13 fractions, all given over 5 weeks. The primary endpoint was late change in breast appearance. ipsilateral tumor relapse, one of the secondary endpoints. It was confirmed that the sensitivity of breast cancer to dose per fraction was estimated to be 4·0 Gy (95% CI 1·0–7·8), similar to that estimated for the late adverse effects in healthy tissue from breast radiotherapy. Interpretation of this is that Breast cancer tissue is probably just as sensitive to fraction size as dose-limiting healthy tissues. This study suggested that “If this finding is confirmed, radiotherapy schedules can be greatly simplified by the delivery of fewer, larger fractions without compromising effectiveness or safety, and possibly improving both” [11].
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			Breast cancer is more sensitive to fraction size than many other common cancers. Early indications that breast cancer responds more strongly to fraction size than many other common cancers and there is now reliable Level I evidence that this is the case. Four randomized trials testing fraction sizes in the range 2.7–3.3 Gy have reported 10-year follow up in almost 8000 patients, providing estimates of α/β in the range of 3 Gy. The implication is that there is no superiority in terms of safety or effectiveness of 2.0 Gy fractions in patients with breast cancer. Hypofractionated (HF) 15 or 16 fraction schedules have been replacing the conventional 25-fraction regimen as a standard of care for adjuvant therapy in an increasing number of countries. The lower limits of hypofractionation are currently reaching a 5-fraction schedule of local-regional radiotherapy delivered in 1 week [7,9]. A number of concerns are still not answered.

			The conventional fractionation (1.8-2 Gy per fraction) has been used as the standard over the last decades, with a total dose of 50-50.4 Gy over 25-28 sections, distributed over 5 consecutive weeks [12]. The use of small fractions (≤2·0 Gy) in curative radiotherapy is strongly based on reliable data for squamous carcinomas of the bronchus, cervix uteri, and head and neck ,which show that these tumors are much less sensitive than late-responding healthy tissues to the size of individual fractions. If these cancers are treated with fractions of greater than 2·0 Gy, the ratio of cured local tumors to late complications is lower than if smaller fractions are given during the same overall treatment time [13].

			Hypofractionated radiotherapy is an RT technique in which the total dose is administered over a shorter time range with fractionated doses that are higher than the conventional ones. The scientific evidence for its use is established by prospective and randomized studies, including a considerable number of patients submitted to the conventional treatment for breast cancer, with comparable safety, effectiveness, local control, and survival observed on conventional treatment [6,14,15].

			For late-responding tissues α/β generally ranges from 0.5 to 6 Gy. The fractionation response of well-oxygenated carcinomas of head and neck, and lung, are thought to be similar to that of early responding normal tissues. However, there is clear evidence that some human tumor types like prostate, breast, melanoma, and sarcomas exhibit low α/β values, maybe with α/β even lower than for some late-responding normal tissues. late-reacting normal tissues being more sensitive to fraction size than early reacting normal tissues and most cancers  (Figure 2) [16].
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			From (Figure 3) It can be seen that Late-responding tissues are more sensitive to a change in dose per fraction and this could be interpreted as reflecting a greater curvature of an underlying survival curve for putative target cells. When dose per fraction is increased above a reference level of 2 Gy , the is effective dose falls more rapidly for the late-responding tissues than for the early responses. Similarly, when dose per fraction is reduced below 2 Gy, the is effective dose increases more rapidly in the late-responding tissues [17]. 
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			The use of fewer fractions of more than 2·0 Gy (hypofractionation) in primary breast cancer is based on data suggesting that breast adenocarcinoma is more sensitive to fraction size than squamous carcinomas, and therefore could have similar fractionation sensitivity to the dose-limiting healthy tissues, including skin, subcutaneous tissues, muscle, and ribs [8,10,18,19]. The response to fraction size is typically non-linear and well fitted by a linear-quadratic function in which clinical response is proportional to αD+βD2, where α and β are If breast cancer coefficients characteristic of the tissue under consideration and D is the fraction size [13].

			Assuming a typical a/b value of 3.0 Gy for late normal tissue responses, a 15-fraction regimen reproducing the effects of 25 fractions of 2.0 Gy requires a reduction in total dose from 50 Gy to 42.8 Gy in fractions of 2.85 Gy [20]. The linear-quadratic model predicts that the Ellis formula estimate of 45 Gy in 15 fractions is equivalent to 54 Gy in 2.0 Gy fractions, or to 56.3 Gy in the case of tissues like the brachial plexus with an assumed a/b value of 2.0 Gy. Thus, using the Ellis formula for estimating biologically is effective doses for late effects leads to an overdose of the tissues where these effects are dose-limiting [1]. If breast cancer is generally as sensitive to fraction size as are the late-reacting healthy tissues of the breast, muscle, and underlying ribcage (ie, an α/β value of 3–5 Gy compared with ≥10 Gy for squamous carcinomas), larger fraction sizes will be more effective than previously thought [11].

			Clinical Evidence

			A randomized clinical trial [1] was therefore begun in 1986 to test the hypothesis that fewer, larger fractions are at least as effective as standard fractions of 2·0 Gy and offer convenience and reduced cost for patients and health services. The study was planned with late effects of healthy tissue as the primary endpoint and tumour recurrence and palpable fibrosis as the secondary endpoints. The trial was controlled for overall treatment time of radiotherapy, and generated reliable estimates of α/β of 3·6 Gy (95% CI 1·8–5·4) for late change in breast appearance (assessed by photographs taken before and after treatment) and of 3·1 Gy (1·8–4·4) for moderate or striking breast induration (grade 2–3 on a clinical examination scale of 4).

			The early results informed the design of the UK National Cancer Research Institute (NCRI) Standardization of Radiotherapy (START) trial [21], launched in January 1999, which was planned to have sufficient statistical power to assess tumor control as the primary endpoint. In the study of Owen et al. that found that the sensitivity of breast cancer to dose per fraction was estimated to be 4·0 Gy (95% CI 1·0–7·8), similar to that estimated for the late adverse effects in healthy tissue from breast radiotherapy. Interpretation for that Breast cancer tissue is probably just as sensitive to fraction size as dose-limiting healthy tissues. If this finding is confirmed, radiotherapy schedules can be greatly simplified by the delivery of fewer, larger fractions without compromising effectiveness or safety, and possibly improving both [11].

			Zhi-Rui Zhou in a meta-analysis conducted in 2015 concluded that HF Radiation Therapy with 2.5-3.0 Gy per fraction should be the better choice for treatment of early breast cancer patients [3]. In conclusion, on the basis of level I evidence from four clinical trials, there appears to be no reason to avoid modest hypofractionation for the adjuvant treatment of women requiring whole breast or postmastectomy chest wall radiotherapy in any identifiable subset of subclinical breast cancers. However, there are some residual concerns [1]. 

			Extreme hypofractionation: The UK FAST trial tested two total doses (30 and 28.5 Gy) of a 5-fraction regimen (3.0 & 5.7 Gy per fraction) delivering one fraction per week against 50 Gy in 2.0 Gy fractions to whole breast in 915 females ≥50 years following complete microscopic local resection of pT1-2pN0M0 disease [22]. Median 3-year analyses of adverse effects (primary end point) were consistent with α/β of 3 Gy, as reported by the START trials, although the point estimate was slightly lower at 2.6 Gy [95% CI (1.4–3.7)]. If a point estimate of 2.6 Gy is assumed, it may reflect the much lower rate of moist desquamation (11% after 50 Gy vs 2% after 28.5 Gy) and reduced risk of consequential late effects, particularly telangiectasia in the inframammary fold. Consequential late effects share the same high α/β-value as the epidermal depletion that causes them and if present will tend to increase the estimate of α/β-value. At last reporting (median 3 years), only two local relapses had been recorded [22] (Table 1).

			Table 1: Patient and treatment characteristics in four randomized trials testing hypofractionated radiotherapy after surgery for early breast cancer [8,10].
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							START-A

						
							
							START-B

						
							
							Ontario

						
							
							Fast-forward

						
					

					
							
							Years accrual

						
							
							1986–1998

						
							
							1998–2002

						
							
							1999–2001

						
							
							1993–1996

						
							
							2011-2014

						
					

					
							
							Total number of patients

						
							
							1410

						
							
							2236

						
							
							2215

						
							
							1234

						
							
							4096

						
					

					
							
							Standard arm (Gy/fr/weeks)

						
							
							50/25/5

						
							
							     50/25/5

						
							
							    50/25/5

						
							
							     50/25/5

						
							
							40/15/3

						
					

					
							
							Test arm A (Gy/fr/weeks)

						
							
							42.9/13/5

						
							
							41.6/13/5

						
							
							40.0/15/5

						
							
							42.5/16/3.1 n/a

						
							
							27-05-2001

						
					

					
							
							Test arm B (Gy/fr/weeks)

						
							
							39/13/5

						
							
							    39/13/5

						
							
							       n/a

						
							
							n/a

						
							
							26-05-2001

						
					

					
							
							Mean age (years)

						
							
							54.5

						
							
							57.2

						
							
							57.4

						
							
							Not reported

						
							
							61

						
					

					
							
							Node+ (%)

						
							
							32.7

						
							
							28.8

						
							
							22.8

						
							
							0

						
							
							18.7

						
					

					
							
							Mastectomy (%)

						
							
							0

						
							
							15

						
							
							8

						
							
							0

						
							
							19.3

						
					

					
							
							Tumour size ≥ T2 (%)

						
							
							42.5a

						
							
							48.6b

						
							
							  35.9b

						
							
							    20.0b

						
							
							31.3

						
					

					
							
							Boost (%)

						
							
							74.5

						
							
							60.6

						
							
							42.6

						
							
							0

						
							
							50.8

						
					

					
							
							Chemotherapy (%)

						
							
							13.9

						
							
							35.5

						
							
							22.2

						
							
							11

						
							
							13.7

						
					

					
							
							Regional Radiotherapy (%)

						
							
							20.6

						
							
							14.2

						
							
							7.3

						
							
							0

						
							
							0

						
					

				
			

			a Clinical

			b Pathological

			Very recently the UK (FAST-Forward) trial was published [7] which is a multicenter, phase 3, randomized , non-inferiority trial done with Patients with invasive carcinoma of the breast (pT1–3, pN0–1, M0) after breast conservation surgery or mastectomy allocated patients to either 40 Gy in 15 fractions/3 weeks, 27 Gy in five fractions / 1 week , or 26 Gy in five fractions /1 week) to the whole breast or chest wall. Study showed higher normal tissue effect risk for 27 Gy versus 40 Gy but not for 26 Gy versus 40 Gy. Interpretation and concluded that 26 Gy in five fractions over 1 week is non-inferior to the standard of 40 Gy in 15 fractions over 3 weeks for local tumour control, and is as safe in terms of normal tissue effects up to 5 years for patients prescribed adjuvant local radiotherapy after primary surgery for early-stage breast cancer 

			Arguments against routine adoption of 15- or 16-fraction regimens given Level I evidence of safety and effectiveness are often expressed in terms of underrepresented patient subgroups beside rapid changes in patient management. Subgroups for endocrine and biological agents that target cancer-specific mechanisms. 

			ASTRO recommendations for hypofractionated radiation selection of patients has changed within a decade in the 2011 guidelines [23] it was confined to patients with early stage (T2,T2) node negative above 50 years with no adjuvant chemotherapy given and with dose hemogenity of ± 7 % along central axis while it was extended to include Any age ,any stage with or without nodal fields and with minimizing area receiving less than 105 % [6].

			Important Highlights from the ASTRO guidelines 2018 [6]:

			
					Conventional fractionation (CF-WBI) may be preferred over hypofractionated whole breast irradiation (HFWBI) when treating primary breast cancers with rare histologies that are most commonly treated with CF when arising in other parts of the body with 93 % agreement and low level of evidence.

					The decision to offer HF-WBI should be independent of breast size (including central axis separation) provided that dose-homogeneity goals, can be achieved with moderate evidence and 100 % agreement.

					In patients with breast augmentation, either HF-WBI or CF-WBI may be used with low evidence and 85 % agreement.

					In patients with collagen vascular disease, if the patient and her physician opt for WBI, then either HF-WBI or CF-WBI may be used with 85 % agreement and low evidence.Special Concerns
Age
Start ( A, and B ) and Canadian studies included, respectively, 23%, 21%, and 25% of women under 50 years old. The local control was similar among different ages [9,15,24]. There was NO agreement regarding the safety of indication of hypofractionated RT of exclusively the breast for patients with age under 40 years [12]. 
Breast Size
The Canadian study limited the inclusion of breasts with latero-lateral diameter above 25 cm² [15]. He Start studies (A, and B) did not limit breast size, and classified them into small, medium, and large. There was no toxicity difference amongst different breast sizes. The restriction should be made according to dosimetric parameters [12,14].
Chemotherapy
None of the clinical trials that assessed hypofractionated RT included neoadjuvant CT in their respective treatment protocols; however, the indication in this scenario has substantially increased over the last few years. Adjuvant Chemotherapy was used in 13.9%, 35.5%, 22.2%, and 11% in the Start-P15 adjuvant CT. There was no difference in local control in the Start (P, A, and B ) and Canadian [9,15,24,25] studies in the subgroup of adjuvant CT, regardless of the RT model used (hypofractionated RT or conventional RT).There was no difference amongst the study groups , upon evaluating cosmesis and regular tissue toxicity, regardless of the use of adjuvant CT. 
The use of hypofractionated RT for breast cancer has been increasing considerably over the years. A study conducted by the US National Cancer Database showed an increase in hypofractionated RT indication for patients who received CT, with an absolute increase of 13.6% over the last decade (from 4.6% to 18.2%) and this was confirmed by Diwanji et al. that the use of HF whole breast radiation therapy in patients receiving chemotherapy has increased fourfold (absolute = 13.6%) over a decade from 2004 to 2013 [26, 27]. In current clinical practice, the exposure to CT, both adjuvants as neoadjuvant, prior to surgery did not alter the toxicity patterns for hypofractionated RT [12]. The is no data in the literature that addresses the oncologic safety of hypofractionated RT concurrent with CT since the main clinical trials available did not use that combination [26]. Hypofractionated RT, exclusively concurrent with anti-HER2 drugs, is considered to be safe [12].
Mastectomy
The hypofractionation trials were conducted before the current era of oncoplastic surgery, but there are no identifiable reasons to avoid hypofractionation in this subgroup either. As emphasised above, even assuming α/β of 1.5 , 40 Gy in 15 fractions is expected to generate milder late adverse effects than 50 Gy in 25 fractions [9].
Regional Nodal Irradiation
There were no randomized clinical trials that included the axilla in RT volumes. Despite some studies suggesting the model were equivalent regarding acute and late toxicities, most panel members did not consider hypofractionated radiotherapy to be appropriate in this context due to a lack of safety for recommendation to this day [12]. The Start (P, A, and B ) used hypofractionated RT in the SCF, respectively, in 20%, 14%, and 7% of a total of 470 patients. The Canadian [15] study did not include patients for lymphatic drainage irradiation [9,24,25]. The Cochrane [27] meta-analysis grouped only 10% of patients who underwent hypofractionated RT in the SCF. 
In total, only 470 patients were prescribed lymphatic radiotherapy in the START trials, most commonly to supraclavicular fossa, and extending to upper axillary levels in a small minority. Variable volumes of Level I/II axilla would have been included the tangential beams to the breast, despite Level I/II surgical dissection in >90% patients [9]. There was no suggestion of enhanced shoulder stiffness or arm oedema associated with hypofractionation in the 10-year START assessments, but these included all patients regardless of lymphatic radiotherapy [14].
A Chinese study [28] randomized 811 patients with high-risk breast cancer, stage II, for conventional or hypofractionated RT in the SCF and did not observe any difference in locoregional recurrence, distant metastasis, disease free survival, and global survival. Locoregional recurrence was also similar in meta-analysis [3] [relative risk [RR]= 1.03; 95% CI (0.87; 1.23), P=0.72], and in the Start [9] studies (0.5% vs 0.3%; p=0.71). The risks of pulmonary toxicity, rib fracture, plexopathy, and upper limb lymphedema were similar between the conventional and hypofractionated RT models [3,9]. There was NO agreement regarding the safety of indication of hypofractionated RT exclusively of the breast in lymphatic drainage of the supraclavicular fossa (SCF) and axilla.
Internal Mammary chain: The randomized studies did not include the internal mammary chain in the RT volumes. Despite some studies suggesting equivalent levels of acute and late toxicity, it is not possible to exclude the possibility of increased pulmonary, costal arch, and heart toxicity with hypofractionated radiotherapy due to lack of scientific evidence [3]. 
Boost
In the Start studies (Start-P, Start-A, and Start-B ) and the Cochrane meta-analysis [9,24,25,27], a boost was used in 75%, 60%, 43%, and 44% of patients, respectively. In MD Anderson [29] and a Chinese study [3], all patients had a boost after the whole breast hypofractionated RT. No increased toxicity was observed with the addition of a boost to the hypofractionated models when compared to conventional therapy [3,27]. The models used were: 3x3 Gy, 4x2,5 Gy, 3x2,67 Gy and 5x2 Gy. The UK IMPORT HIGH trial (N = 2,658) tests the hypothesis that concomitant boost is as safe and non- inferior to standard sequential boost techniques . 
T3 Stage
T3 stage was included in the Start studies (Start-P, Start-A, and Start-B), with tumors equal or larger than T2 representing 42.5%, 48.6%, and 35.9%, respectively. There is no analysis of the results; however, the randomized controlled trials considered that the size of the resected tumor, on its own, should not be an exclusion factor for hypofractionated radiotherapy [9,24,25]. 
Breast Reconstruction
Despite Start studies (A and B ) [14] not having as the assessment of post-mastectomy hypofractionated RT as the initial objective, this group represented 8% (513 patients) of the sample [14]. There was no statistical power for a recommendation. However, locoregional recurrence happened in 6.8% of these patients. The toxicity was not different for patients who underwent mastectomy and hypofractionated RT. Radiobiological ratios of similar remaining-tissue sensibility, regardless of the surgical technique, and the potential reduction of late events from breast α/β encourage the use of hypofractionated models [1].
The Start studies (A and B ) excluded post-mastectomy patients with immediate reconstruction, and there are no other studies that can be used as a reference for the procedure There was NO agreement as to the safety of the indication of post-mastectomy hypofractionated RT after immediate breast reconstruction WITH autologous tissue. The Start studies (A and B ) excluded post-mastectomy patients with immediate reconstruction and, to the present day, there are no other studies with results that can be used as a reference for the procedure [12,13]. 
Ductal carcinoma in situ (DCIC)
Hypofractionation use was similar in patients with DCIS and those with invasive disease [30].
Critical Organs
Lung: The sensitivity of lung tissue to larger fractions is a concern, but lung doses delivered by tangential fields exceed tolerance in whatever fractionation schedule is used. It is unusual for patients to develop clinically significant pneumonitis or fibrosis following radiotherapy confined to the whole breast [31,32]. The Heart: Since there appears to be no safe lower dose limit, however fractionated the priority is to protect the heart from exposure regardless of radiation schedule [33,34].
After irradiation of the axilla and/or supraclavicular fossa, there were no cases of brachial plexopathy recorded in 82 patients given 40 Gy in 15 fractions in the START B trial at a median follow-up of 6.0 years (interquartile range [IQR], 5.0–6.2 years) [35]. The regimen is equivalent to 47 Gy in 2.0-Gy fractions if the a/b value for brachial plexus is 2.0 Gy or to 49 Gy in 2.0-Gy fractions if a/b = 1.0 Gy. If radiotherapy centers are confident that their technique is safe when prescribing 50 Gy in 25 fractions, there will be no excess risk after 40 Gy in 15 fractions by using the same treatment position, field arrangement, dosimetry, and reference point [1].
‘‘Triple-trouble’’
‘‘Double trouble’’ was the term coined by Withers [36] to illustrate the significance of a hot spot in a dose plan that receives not only a higher total dose but also a higher dose per fraction. However, due to the mathematical form of the linear-quadratic dose-effect relationship, hot spots will be penalized more severely in a hypofractionated treatment, a phenomenon called triple-trouble [37]. One way to look at this is by noticing that the steepness of the dose-response curve increases with increasing dose per fraction and that this will tighten the required dose uniformity [38]. 
For distributions falling within International Commission on Radiation Units and Measurements recommendations (95%-107% of reference isodose), triple-trouble has no clinically relevant impact: the main effect is double-trouble, already present in a 2-Gy-per-fraction schedule. Even for hot spots of >110%, there is a marked volume response for late effects such as breast shrinkage and induration. In other words, the clinical consequences of high doses to small volumes are much less than high doses delivered to large volumes [1]. In conclusion : Current evidence suggesting non inferiority of hypofractionation radiation therapy for the adjuvant therapy of breast cancer with better cosmetic and late effect . Extreme hypofractionation is very recently also proved non inferiority for early stage adjuvant therapy.  Data heterogeneity of patient populations is still a challenge to adobt a universally accepted protocol.
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Figure 2: Schema illustrating the traditional model of fractionation sensitivity in normal and malignant tissues, late-reacting normal
tissues being more sensitive to fraction size than early-reacting normal tissues and most cancers [17].
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Figure 3: Theoretical isoeffect curves based on the LQ model for various o/ values [18].
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Figure 1: Dose-effect for control of inoperable or recurrent breast cancer. adapted from Cohen[11] . Vertical axis is total dose
expressed in Roentgens; Vertical position indicates median tumour dose prescribed. Horizontal axis indicates number of daily
fractions given 5-times weekly. Large circles represent published series of minimum 30 patients; open large circles describe control
in which 250% tumor control; closed large circles describe control in which <50% tumour control. Small circles/dots represent
individual patients treated by Cohen; open symbol indicates local control; closed symbol indicates local failure. Dashed line
represents the median tumor control dose for 61 of Cohen's patients. Solid line represents median tumour control doses for
previously published series.
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