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Abstract 

Aims  To evaluate the efficacy of three methods of breast-conserving surgery (BCS) for 

nonpalpable invasive breast cancer in obtaining adequate resection margins and volumes of 

resection. 

Materials and methods A total of 201 consecutive patients undergoing BCS for nonpalpable 

invasive breast cancer between January 2006 and 2009 in four affiliated institutions were 

retrospectively analysed. Patients with pre-operatively diagnosed primary or associated 

ductal carcinoma in situ (DCIS), multifocal disease, or a history of breast surgery or neo-

adjuvant treatment were excluded from the study. The resections were guided by wire 

localisation (WL), ultrasound (US), or radio-guided occult lesion localisation (ROLL). The 

pathology reports were reviewed to determine oncological margin status, as well as tumour 

and surgical specimen sizes. The optimal resection volume (ORV), defined as the spherical 

tumour volume with an added 1.0-cm margin, and the total resection volume (TRV), defined 

as the corresponding ellipsoid, were calculated. By dividing the TRV by the ORV, a 

calculated resection ratio (CRR) was determined to indicate the excess tissue resection. 

Results Of all 201 excisions, 117 (58%) were guided by WL, 52 (26%) by US, and 32 (16%) 

by ROLL. The rate of focally positive and positive margins for invasive carcinoma was 

significantly lower in the US group (N = 2 (3.7%)) compared to the WL (N = 25 (21.3%)) and 

ROLL (N = 8 (25%)) groups (p = 0.023). The median CRRs were 3.2 (US), 2.8 (WL) and 3.8 

(ROLL) (WL versus ROLL, p < 0.05), representing a median excess tissue resection of 3.1 

times the optimal resection volume. 

Conclusion US-guided BCS for nonpalpable invasive breast cancer was more accurate than 

WL- and ROLL-guided surgery because it optimised the surgeon’s ability to obtain adequate 

margins. The excision volumes were large in all excision groups, especially in the ROLL 

group. 
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Introduction 

 

Breast-conserving surgery (BCS) with adjuvant radiotherapy has become the local treatment 

of choice for early-stage breast cancer. In recent years, advances in early diagnosis have 

been achieved by widespread screening mammography, better imaging techniques, 

improved patient awareness and breast self-examination. As a consequence, the rate of 

BCS procedures for early-stage, nonpalpable lesions has increased. [1-3] 

For these nonpalpable lesions, intra-operative guidance of the excision is indispensable and 

continues to develop. Wire localisation (WL) is still considered the gold standard for intra-

operative tumour localisation. The WL procedure is technically demanding and depends on 

both the wire placement by the radiologist and on the experience and three-dimensional 

orientation abilities of the surgeon. The insertion of the wire can be uncomfortable for the 

patient; also, there is a risk of wire transaction, dislocation, or migration. [4-6] Intra-operative 

ultrasonography (US) was introduced in 1988 as a method of excising a tumour under direct 

visualisation. There is no need for additional interventions before surgery, but a possible 

restriction is the arrangement of a radiologist’s presence in the operating theatre. In contrast 

to ductal carcinoma in situ (DCIS), most invasive lesions are echogenic. In situ lesions are 

mostly visualised by mammographically observable microcalcifications. [5-12] Recently, the 

radio-guided occult lesion localisation (ROLL) technique has emerged. In this procedure, a 

radioactive pharmaceutical is injected into the tumour pre-operatively, and a gamma probe is 

used to guide the surgical resection. Although the ROLL technique seems promising, failures 

in the placement of the radioactive tracer and widespread dispersal of the isotope have been 

described. [13,14] 

In daily practice, the main goal of BCS is to achieve tumour-free resection margins and thus 

prevent local recurrence. However, the cosmetic outcome is receiving increasing attention 

because of its strong relation to the patient’s well-being. [15,16] A number of studies have 

shown that the cosmetic outcomes following BCS are unacceptable in up to 40% of patients. 
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Resection of a large volume of breast tissue often proves to be the key determinant of these 

poor cosmetic outcomes; specifically, a lump size exceeding 50 to 85 cm³ results in a 

significantly higher rate of cosmetic failures. [17-21]  

The aim of this study was to evaluate the efficacy of the three most commonly used methods 

of BCS for nonpalpable invasive breast cancer in obtaining adequate resection margins and 

volumes of resection. The excess breast tissue resection was determined using the 

calculated resection ratio (CRR), representing a comparison of the total resection volume 

(TRV) to the optimal resection volume (ORV). 
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Patients and Methods  

Patient selection 

All consecutive patients undergoing BCS for nonpalpable breast cancer in four affiliated 

hospitals over a three-year period were identified retrospectively (January 2006–January 

2009). The pathology reports were reviewed for patients with invasive breast carcinoma as 

identified in a surgical specimen. Breast cancer had been diagnosed pre-operatively with 

mammography, US, and occasionally MRI, followed by image-guided core needle biopsy or 

cytological puncture. Patients with pre-operatively diagnosed primary or associated DCIS, 

multifocal disease, a history of neo-adjuvant therapy or previous surgical treatment or 

radiation therapy of the affected breast were excluded from the study. 

 Excision methods 

The method of tumour excision was reported for all included patients. The three methods that 

were evaluated were the WL, the US guidance and ROLL techniques. In the WL procedure, 

a guide wire had been placed under mammographic or US guidance before surgery, and the 

tumour had been excised by using the wire for localisation. After excision, the specimen had 

been sent to the radiology department for radiography to check the completeness of the 

excision. In the US-guided excision, repeated intra-operative imaging with the US probe 

performed by a radiologist had guided the procedure and enabled the surgeon to maintain an 

appropriate surgical margin around the malignant tumour. Immediately after specimen 

removal, the radiologist had checked the completeness of the specimen ex vivo with US. In 

the ROLL technique, 99mTc-labelled serum albumin particles had been injected into the 

tumour prior to the surgical procedure under mammographic or US guidance. A gamma 

probe had been used to locate the tumour and guide the excision. After excision, the gamma 

probe had been used to search the resection bed for residual areas of high radioactivity. All 

surgical procedures had been performed by dedicated breast surgeons or by closely 

supervised residents. The method utilised had been selected according to the surgeon’s 
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preference and the logistical feasibilities of the institution. In each institution, WL, US 

guidance or ROLL had been performed. However, when the lesions had not been reliably 

identifiable by US or when ROLL could not be performed, WL had been used as an 

alternative.  

Tumour characteristics and margin status 

The dimensions (in cm) of the surgical specimens, the tumour stage (T1a–T2) and the 

diameters of the tumours (in cm) as given in the final report were recorded. The following 

tumour histopathological subtypes were identified: invasive ductal carcinoma, invasive 

lobular carcinoma, and other types of invasive carcinoma. The presence and amount of 

tumour-associated DCIS, as found unexpectedly by the pathologist in the surgical specimen, 

were calculated and categorised. The oncological margin status was reported and defined as 

negative, focally positive, or positive for either invasive or in situ cancer according to the 

World Health Organisation (WHO) classification for breast cancer and the Dutch national 

guidelines. The presence of an additional intraductal component had not been expected by 

the surgeon. Therefore, the main outcome of resection margins was calculated for invasive 

carcinoma only. An outcome on the associated DCIS-involved resection margins was 

considered separately.  

Calculations of the volumes and the calculated resection ratios 

Both the tumour diameter and the three dimensions of the surgical specimen were used to 

calculate the ORVs and TRVs. The tumour was defined as a sphere (Fig. 1.a.). An ORV was 

calculated for each tumour as the spherical tumour volume plus a 1.0-cm margin of healthy 

breast tissue, calculated by the formula 4/3π(r+1.0 cm) ³. The TRV was assumed to be 

ellipsoid and was calculated by the formula 4/3π(a·b·c) (Fig. 1.b.). If additional tissue was 

excised during the initial surgery, the final TRV comprised the sum of the resection volumes. 

CRR was defined to determine the amount of excess breast tissue resected and was 



 

 8

calculated by dividing TRV by ORV (CRR=TRV/ORV). In other words, in a perfect excision, 

in which TRV is equal to ORV, CRR is 1.0. If TRV is twice the size of ORV, CRR is 2.0.  

Statistical analyses 

The data were analysed using the Statistical Package for the Social Sciences (SPSS 

statistical software, Version 15.0; SPSS, Inc., Chicago, IL, USA). The medians were 

calculated. Groups were compared using one-way analysis of variance and the chi-square, 

Mann-Whitney or Fisher’s exact test where appropriate. Univariate analysis was performed 

to calculate the relationships of the risk factors (tumour size, unexpected tumour-associated 

DCIS (absent, minor, major), histopathological tumour type, excision method, and institution) 

with margin positivity. A multivariate model was used to evaluate the influence of the excision 

method on margin status. The results are presented with the corresponding p-values, and 

differences were considered significant at p < 0.05. 
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Results  

Patient and tumour characteristics 

Two hundred and one patients who had been treated for nonpalpable invasive T1–2N0–1 

breast carcinoma were identified; surgery was guided by WL in 117 patients (58.2%), by 

intra-operative US in 52 patients (25.9%), and by ROLL in 32 patients (15.9%). For patient 

and tumour characteristics, see Table 1. Seventy-five specimens (47.2%) presented with a 

tumour-associated DCIS component, as found unexpectedly by the pathologist. Most in situ 

lesions presented inside or within several millimetres surrounding the invasive tumour. There 

were no differences in patient age, tumour type, presence and amount of tumour-associated 

DCIS, tumour diameter, or tumour stage amongst the different excision groups (all p > 0.05). 

Margin status 

Table 2 shows the margin statuses for the total group and for the various methods of tumour 

excision. The tumours were grossly removed with adequately negative surgical margins. The 

differences amongst the three groups with regard to the margin status of  invasive carcinoma 

were highly significant; focally positive or positive margins presented in 25 WL-guided 

tumours (21.4%) and in 8 ROLL-guided tumours (25%), whereas in the US-guided group, 2 

tumours (3.8%) were focally positive (p = 0.023). The unexpected presence of tumour-

associated DCIS resulted in an extra 15 resection margins (7.5%) that involved DCIS. The 

differences in margin status amongst the three excision groups still supported the use of US-

guided excisions but did not reach significance (p = 0.3). Univariate and multivariate analysis 

showed that the excision method, the institution, and the presence of unexpected tumour-

associated DCIS significantly influenced oncological margin status (p = 0.009, p = 0.006 and 

p = 0.002, respectively). 

Resection volumes and calculated resection ratios  

The median ORVs, TRVs, and CRRs for the total group and for the various methods of 

tumour excision are stated in Table 3. Median CRR was 3.1. There was no evidence of any 
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differences in median ORV or TRV amongst the different excision groups (p > 0.05). 

However, median CRR was significantly higher in the ROLL group compared to the WL 

group (3.8 and 2.8, respectively; p < 0.05). 
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Discussion  

Margin status 

This study of the methods of BCS for nonpalpable breast cancer clearly demonstrates that, 

of the three methods applied, US-guided surgery resulted in lower positive margin rates on 

final pathology, particularly for invasive carcinoma. Favourable oncological margin status is 

the primary goal for both the surgeon and the patient; tumour-positive margins are 

associated with an increased risk of locoregional recurrence, signifying the need for a second 

surgery to obtain definite clear pathological margins (via re-excision or even mastectomy); 

focally positive margins require either additional surgery or external beam radiotherapy, with 

a directed boost to the tumour bed. [22-24] Both options are psychologically stressful to the 

patient, reduce the patient’s well-being, and increase hospital costs. Moreover, when 

additional tissue is removed or boost irradiation is administered, the cosmetic result is 

worsened.  

Nearly half of all tumours presented with pre-operatively missed tumour-associated DCIS. 

This high rate of tumour-associated in situ structures corresponds well with previously 

reported data. [11] The unexpected ductal carcinomas resulted in only 7.5% DCIS-involved 

margins, while the invasive tumour was adequately removed. The surgeons in all three 

excision groups were unaware of the presence of an associated DCIS component. For this 

reason, they could not have anticipated a larger excision. In our opinion, the possible 

presence of tumour-associated DCIS does not justify excessively large resections in daily 

practice to prevent unexpected DCIS-involved margins.  

In the present study, the institution significantly influenced margin positivity. This was 

probably caused by the strong relationship between the institution and the selected excision 

method. Previous studies show that tumour type (lobular carcinomas) and tumour size (large 

tumours) are typically associated with margin positivity as well. [21] The small sample sizes 

may explain why the present study failed to show a relationship. Surprisingly, about 15% of 
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all tumours were sized 2 cm or larger. In general, nonpalpable tumours are smaller. The 

nonpalpability of these relatively large tumours might be caused by their deep localisation in 

a large breast.  

Resection volumes and calculated resection ratios  

As previously stated, the volume of resected breast tissue is the main determinant of 

cosmetic outcome. In our series, the relative excision volumes were large, especially in the 

ROLL group. In fact, with a median CRR of 3.1, the volumes were over three times as large 

as they should be. In the ROLL group, the excision volumes were nearly four times too large. 

In a recent study, we showed that in daily practice, an unnecessarily large amount of 

adjacent healthy breast tissue is often excised along with both palpable and nonpalpable 

tumours. There was also a marked difference in the depths of the margins around the 

cancer, with very generous margins on some sides and a very narrow margin on one side. 

Furthermore, despite the large excision volumes, clear margins were not assured. A 

remarkable finding of that previous study was that the rate of positive margins was higher for 

the palpable tumours than for the nonpalpable tumours. This might be caused by the lack of 

intra-operative visualisation for the excision of palpable tumours. [21] The large excision 

volumes in both the previous and the present study might be explained by the surgeons’ 

primary focus on obtaining tumour-free resection margins. The sparing of breast tissue was 

probably only a secondary aim and, therefore, was somewhat neglected. 

Limitations of the study  

To calculate the optimal excision volumes, optimal resection margins of 1.0 cm were 

arbitrarily chosen. Although local recurrence and overall survival have proven to be unrelated 

to a tumour-free resection margin wider than 1 mm, surgeons should aim for a 1.0-cm margin 

because this is technically feasible. [22,23] The formula for the prediction of the optimal 

excision volumes and the specimen volumes was based on the assumptions that tumours 

are spheres and specimens are ellipsoids. In actuality, they may vary in shape. However, 
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these assumptions permitted easy calculation from the measurements of the pathology 

reports.  

Primary DCIS was not taken into account in this retrospective study. In situ cancer often 

escapes detection by US. This type of pathology is typically nonpalpable and noncontiguous 

in nature, and it contains calcifications that are not easily visualised by US. Therefore, the 

results of this study are only applicable for primary invasive carcinomas. [10,11,25,26]  

The main limitations of this multicentre study are that the total sample size was relatively 

small and the numbers of patients in the various excision groups were not well balanced. The 

group of ROLL patients, in particular, was limited. The ROLL procedure is relatively new, and 

due to the learning curve the results from ROLL might be biased. Future studies may clarify 

whether ROLL is amenable to improvement. 

Intra-operative ultrasonography 

Despite these limitations, previous prospective studies support our observations on the 

efficacy of intra-operative US guidance and the rates of tumour-involved margins. In 1988, 

Schwartz and colleagues first reported the successful intra-operative use of US as an 

alternative to WL, and many reports followed. [5-12] Harlow et al. achieved an impressive 

overall success rate of 97% (65/67) of pathologically negative margins by US-guided 

lumpectomy. [7] In 2002, Rahusen and colleagues reported the superiority of US guidance 

as compared to WL with respect to tumour-free resection margins (89% (24/27) and 55% 

(12/22), respectively). [5] In 2007, Haid and coworkers demonstrated the efficacy of US-

guided surgery in the hands of the surgeon, with 81% (242/299) negative margins in the US-

group compared to 62% (38/61) in the WL group. [11] Studies comparing WL with ROLL 

reported similar clinical efficacies for both procedures, but these studies are not conclusive. 

[13,27,28]  

On the basis of the present study and earlier studies, it can be theorised that the use of intra-

operative US will offer several potential benefits for the patient desiring BCS. Most 
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importantly, continuous intra-operative tumour visualisation with US results in the highest 

margin clearance compared to WL and ROLL. This is probably attributable to the direct real-

time visualisation of all six margin depths. This advantage of using intra-operative US to 

visualise close margins or additional suspicious tissue permits the immediate removal of 

potentially malignant satellite lesions and adequate margin clearance. After excision, the 

specimen is scanned ex vivo by US to assess the completeness of the resection. The 

improved margin clearance as achieved by US guidance will lessen the need for re-excisions 

due to positive margins, decrease the frequency and expense of additional surgical 

interventions and improve cosmetic results. Moreover, because US enables the surgeon to 

optimally position the incision on the breast and to focus on delineating a margin around a 

breast tumour, US-guided surgery may reduce the unnecessary sacrifice of healthy breast 

tissue, thereby improving cosmetic outcomes further. US is a widely available and feasible 

tool, and it is the most comfortable and least traumatic option for the patient because there is 

no need for additional interventions, such as the placement of a wire or injection of  material. 

This allows the surgeon flexibility in scheduling patients. A potential disadvantage of intra-

operative US is that the presence of a dedicated radiologist in the operating theatre is 

required. However, because US is clearly better for the patient, this cannot be considered a 

restriction. Studies using intra-operative US for breast surgery have shown that, after a 

certain learning period, surgeons became confident in interpreting US images and recording 

them themselves. In the future, after adequate training of the surgeons, the radiologist’s 

presence will no longer be required for a successful procedure in simple cases. [7,11] In 

general, over 95% of invasive breast cancers and all palpable breast lesions are easily 

visualised on US. [10,25,26,29] For palpable breast cancer, US guidance might thus result in 

higher efficacy than palpation-guided surgery. It might provide the surgeon with more 

precision in localising tumours than palpation alone. To our knowledge, only one study has 

compared US-guided surgery with surgery without an imaging technique for palpable 

invasive ductal breast cancer. Margin status (96.3% (26/27) and 83.3% (20/24) negative 



 

 15

margins) and the amount of breast tissue excised (104 cm³ and 114 cm³) were both 

improved with US. [12]  

Conclusion 

The present study clearly shows that intra-operative guidance by US is the most efficient 

method of obtaining tumour-free margins in patients undergoing BCS for nonpalpable breast 

cancer. We propose the use of US for the accurate intra-operative assessment of all 

echogenic breast tumours because it is perfectly suited for detecting nonpalpable tumours 

intra-operatively and for outlining palpable lesions. A prospective randomised controlled 

clinical trial will be undertaken in our region to assess the surgical accuracy of intra-operative 

US guidance for palpable tumours and its effects on cosmetic outcomes and patient 

satisfaction. The results are expected in July 2011.  
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a.    

b.  

Figure 1. Mathematical calculation of the optimal resection volume (ORV) (1.a) and the total 

resection volume (TRV) (1.b) 

a. The tumour was defined as a sphere, and the tumour volume was calculated by the formula 

4/3πr³. r represents the radius, which is equal to one half of the diameter measured by the 

pathologist. An ORV was calculated for each tumour. ORV was defined as the spherical 

tumour volume with an added 1.0-cm margin of healthy breast tissue, calculated by the 

formula 4/3 π(r+1.0cm)³. 

b. TRV represents the volume of the surgical specimen. TRV was assumed to be ellipsoid in 

shape and was calculated using the three dimensions of the surgical specimen (in cm) 

measured by the pathologist. The formula applied to calculate TRV was 4/3 π(a·b·c), with a, 

b, and c representing one half of each of the three dimensions of the surgical specimen. 
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Excision method 

 

WL 

N=117 

US 

N=52 

ROLL 

N=32  

Total  

N=201 

Age (median yrs) (range) 61.5 (33–77) 58.6 (42–82) 60.3 (39–79) 60.1 (33–82) 

Histology (N) (%)     

Invasive ductal 104 (88.9) 46 (88.5%) 24 (75.0%) 174 (86.6%) 

Invasive lobular 9 (7.7%) 4 (7.7%) 6 (18.8%) 19 (9.4%) 

Others 4 (3.4%) 2 (3.8%) 2 (6.2%) 8 (4.0%) 

Tumour diameter 

(median) (cm) (range) 

1.10 (0.30–4.00) 1.20 (0.30–3.50) 1.15 (0.30–3.50) 1.20 (0.30–4.00) 

Stage (pT) (N) (%)     

T1a  4 (3.4%) 2 (3.8%) 2 (6.2%) 8 (4.0%) 

T1b 38 (32.5%) 16 (30.8%) 11 (34.4%) 65 (32.3%) 

T1c 63 (53.8%) 19 (36.5%) 16 (50.0%) 98 (48.8%) 

T2 12 (10.3%) 15 (28.9%) 3 (9.4%) 30 (14.9%) 

Associated DCIS (N) (%)     

Minor  41 (35.0%) 24 (46.2%) 9 (28.1%) 74 (36.8%) 

Major  12 (10.3%) 6 (11.5%) 3 (9.4%) 21 (10.4%) 

 

Table 1. 
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Table 1. Patient and tumour characteristics 

 

Distribution of age, tumour type, tumour diameter, tumour stage, and the presence and amount of 

tumour-associated DCIS in the WL, US and ROLL groups. The presence of tumour-associated DCIS, as 

found unexpectedly by the pathologist in the surgical specimen, was categorised. Minor associated DCIS 

represents DCIS inside or within several millimetres surrounding the invasive tumour; major associated 

DCIS represents an extended DCIS component surrounding the invasive tumour. There were no 

differences in patient age, tumour type, tumour diameter, tumour stage, or amount of associated DCIS 

amongst the different excision groups (all p > 0.05). 
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Table 2. Margin status for the various methods of tumour excision.  

  

Excision method 

 

 WL 

N = 117 

US 

N = 52  

ROLL 

N = 32  

Total  

N = 201 

Negative 92 (78.6 %) 50 (96.2%)* 24 (75.0%) 166 (82.6%) 

Focally 

positive 

17 (14.5%) 2 (3.8%) 6 (18.8%) 25 (12.4%) 

Margin status for 

invasive carcinoma 

Positive 8 (6.9%) 0 (0.0%) 2 (6.2 %) 10 (5.0%) 

Negative 86 (73.5%) 43 (82.7%)** 22 (68.7%) 151 (75.1%) 

Focally 

positive 

20 (17.1%) 4 (7.7%) 6 (18.8%) 30 (14.9%) 

Margin status for 

invasive carcinoma 

plus unexpected  

DCIS component 

Positive 11 (9.4%) 5 (9.6%) 4 (12.5%) 20 (10.0%) 

 

* p = 0.023 (negative margins between US and WL or ROLL); Fisher’s exact test. 

** p = 0.3 (negative margins between US and WL or ROLL); Fisher’s exact test. 

A “negative” margin status represents clear margins; “focally positive” represents focally tumour- 

involved (or “close”) margins; and “positive” represents tumour-involved margins.  
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Excision method  WL 

N = 117  

US 

N = 52  

ROLL 

N = 32  

p-Value Total  

N = 201  

ORV  (median) 

(cm³) 

(range) 

16.60  

(6.37–113.10) 

17.16  

(6.37–87.11) 

16.38  

(6.37–87.11) 

0.05* 17.16  

(6.37–113.10) 

TRV (median) 

(cm³) 

(range) 

54.89  

(3.93–381.70) 

71.08  

(20.94–383.86) 

61.79  

(6.28–321.62) 

0.16* 60.75  

(3.93–383.86) 

CRR TRV/ORV 2.8 (0.3–29.9) 3.2 (0.4–18.1) 3.8 (0.3–14.7) 0.55* 

0.043** 

3.1 (0.3–29.9) 

 

Table 3. The optimal resection volumes (ORVs), the total resection volumes (TRVs), and the calculated 

resection ratios (CRRs) for the various methods of tumour excision.  

* One-way analysis of variance; **Mann-Whitney test between WL and ROLL 

ORVs (cm³) were calculated by adding a chosen 1.0-cm tumour-free margin to the tumour volumes, as 

calculated by using the diameters given in the pathology report; TRVs (cm³) were calculated using the 

three dimensions of the surgical specimen given in the pathology report; CRRs were calculated by 

dividing TRVs by ORVs. 
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