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Abstract 
 
Introduction: Axillary lymph node (ALN) status is a an important prognostic factor in patients with 

primary breast cancer. Sentinel lymph node biopsy (SLNB) is standard procedure for staging the 

axillary lymph nodes. However, the procedure is related to some risks on morbidity. To avoid axillary 

surgery in patients with low risk on metastases, a nomogram to predict ALN status based on a 

Chinese population is developed in 2016. The model showed good performance in an internal 

validation population. The aim of this study was to externally validate this model in a Dutch population. 

 

Methods: Early stage breast cancer patients from six Dutch hospitals, diagnosed between January 

2011 and December 2015, and with positive ultrasound findings were included. Patients who received 

primary systemic therapy, patients with bilateral breast cancer or patients with incomplete data on the 

variables in the nomogram were excluded. The validation population was compared to the 

development population. The area under the receiver operating characteristic (ROC) curve (AUC), 

false negative rates (FNR) and false omission rates (FOR) were calculated to determine the predictive 

accuracy. The Hosmer-Lemeshow goodness of fit (HL) test and a calibration plot were used to assess 

its goodness of fit. The model was updated using logistic regression. 

 

Results: 1,416 patients were included in this validation study. Large differences in tumour- and ALN 

characteristics were found in the development- and validation population. Only transverse diameter 

showed no significant difference. 24.93% of all patients in the validation population had ALN 

metastases, compared to 50.62% of the patients in the development population. The AUC was 0.77. 

The HL- test showed a significant difference between the predicted probability and the observed event 

rate. However, the calibration plot showed a good fit. In the updated model, the FNR was 5.67% at a 

cut-off point of 7%. 

 

Discussion: Based on predictive accuracy and calibration, the model seems to perform good in the 

Dutch patient population. The updated model has better predictive accuracy for selecting low-risk 

patients when compared to the original model. Although the model cannot serve as preoperative 

information tool in the Netherlands, the model can be of possible value in other Western European 

countries. For the Dutch situation, it would be worthwhile to adapt the model or to develop a new 

model with preoperative variables only.   

 

Keywords: breast cancer; axillary lymph node status; ultrasound; predictive model; validation 
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1 Introduction 
 

The axillary lymph node (ALN) status is one of the important prognostic determinants in patients with 

primary breast cancer. (1, 2) Ultrasound is considered to be one of the most significant preoperative 

imaging tools for evaluation of the ALNs. (3-6) A systematic review of Alvarez et al. showed that 

sensitivity, however, was moderate and varied between 26.4% (95% CI 15.3 – 40.3%) and 75.9% 

(95% CI 56.4 – 89.7%). (4) Ultrasound has the best sensitivity in lymph nodes that appear abnormal. 

(4, 7) In normal-appearing lymph nodes, ultrasound does not provide sufficient information for good 

classification of the ALNs. (8) For those patients, additional treatment is needed.  

 

In the Netherlands, ultrasound of the axillary area is performed to determine the clinical ALN status in 

women with breast cancer. (9) The cortical thickness and the absence of a hilum are two of the most 

important predictors for ALN metastases. (10, 11) For the cortical thickness a cut-off point of 2.3 mm is 

used. (12) A fine needle aspiration (FNA) is recommended if a suspicious lymph node is found. (12) 

Based on ultrasound or FNA, the physician will decide what axillary treatment a patient receives for 

determining the pathological ALN status. Nowadays, sentinel lymph node biopsy (SLNB) is, as in 

many other countries, indicated for Dutch patients with T1-2N0 breast cancer. (9, 13) ALN dissection 

(ALND) is often reserved for patients with lymph node metastases proven by a positive fine needle 

aspiration or SLNB. (9, 14) The physician can also decide to start with axillary radiotherapy. (14) A 

flowchart of the decision process for axillary surgery is shown in Figure 1.  

 

 
Figure 1 Flowchart of axillary treatment, based on Nori et al. (2007)(15) 

Note: ALNS: axillary lymph node status; ALND: axillary lymph node dissection; SLNB: sentinel lymph 
node biopsy; FNA: fine needle aspiration 
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ALND and SLNB are both associated with disadvantages like lymphedema, limited arm and shoulder 

movement and numbness. (16-19) Although SLNB has significant less side effects and offers 

outcomes comparable to ALND, the risk of morbidity can not completely be eliminated. (17-21) Due to 

improved screening techniques, the incidence of early stage breast cancer has increased and the 

presence of ALN metastases has declined. (22) This results in more patients for whom axillary surgery 

and its possible side-effects could have been omitted. Results of a study of Nori et al. are summarized 

in Figure 1. As can be seen, axillary surgery could have been omitted in 90 patients (68%) without 

metastases. Also, between 23 and 42 patients (18 – 32%) with metastases received both SLNB and 

ALND (dashed line), instead of having them directly receiving the right treatment. (15)  
 

Currently, studies are looking into the possibilities to safely omit ALND in breast cancer patients. (14, 

23) In 2014, a trial demonstrated that radiotherapy could be a safe alternative to ALND in patients with 

sentinel lymph node metastasis. (14) According to Galimberti et al. ALND could be avoided in patients 

with early stage breast cancer. (23) These results lead to doubts about the role of SLNB itself, since 

SLNB is mainly used in decision-making for further axillary treatment. (24) Considering the 

disadvantages of these ALN treatments and to supress overtreatment, it is of great clinical value to 

predict the ALN status preoperatively whereby axillary surgery can be omitted in low risk patients.  

 

Different predictive models are developed to predict ALN status in breast cancer patients. Some 

models tend to predict the general ALN status in proven sentinel lymph node positive patients. (25, 26) 

However, it would be of more value if the ALN status could be determined preoperatively. Currently, 

models with good accuracies (AUC 0.731 (27) and 0.849 (28)) are developed. However, these models 

cannot be used preoperatively, do not include ultrasound variables and/or they are based on a small 

patient population. (27, 28)  

 

In 2016, a nomogram to predict the ALN status was developed on a Chinese patient population. The 

aim of the model was to provide a preoperative tool for assisting clinical decision-making. The model 

includes patients with at least one lymph node detected on ultrasound and tends to predict the overall 

ALN status. The probability on ALN metastases is calculated based on six tumour and axillary 

ultrasound related variables. The model already showed good discrimination (AUC 0.864) in an 

internal validation population. (29) For further generalizability and to evaluate the predictive ability, the 

model needs to be validated in external validation groups. The aim of this study was to validate the 

nomogram for predicting the probability of ALN involvement in Dutch breast cancer patients and to 

assess the possible clinical value for the Dutch population. 
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2 Methods 
 
Setting and subjects 

For this validation study, a population of 2,940 women with early stage invasive breast cancer (C50, 

T1-3, N0-1) and known pathological lymph node status was selected from the Netherlands Cancer 

Registry (NCR). The NCR, managed by IKNL, includes data related to patient, tumour and treatment 

characteristics of all cancer patients in the Netherlands. (30) For this study, patients with positive 

ultrasound findings diagnosed in six Dutch hospitals between January 2011 and December 2015 were 

included. A positive ultrasound was defined as the detection of one or more lymph node(s). 

Participating hospitals were Medisch Spectrum Twente, Ziekenhuisgroep Twente, Isala, Universitair 

Medisch Centrum Groningen, Medisch Centrum Leeuwarden and Martini Ziekenhuis. Patients who 

received primary systemic therapy or patients with bilateral breast cancer were excluded. Breast 

cancer was considered bilateral if a tumour in both breasts was found at time of diagnosis. Patients 

with incomplete data on any of the six variables in the model were also excluded for validation. 

 

Data collection 

Patient-, tumour- and ALN characteristics were gathered from the NCR and patient radiology reports. 

Age at time of diagnosis, menopausal status, three-numbered topography code (localisation and sub 

localisation), histological grade, oestrogen receptor (ER) status, progesterone receptor (PR) status 

and human epidermal growth factor receptor 2 (HER2) status were gathered from the NCR. The 

clinical tumour size and characteristics of the lymph node were additionally collected from ultrasound 

images and patient reports. Characteristics of the lymph node included transverse diameter, cortical 

thickness and presence/absence of hilum.  

 

Radiology reports and ultrasound images of 2,227 patients were checked by one author (MA) after 

receiving a short training. The patients were randomly ordered and there were as many patient reports 

checked as possible. The patient was excluded if there were no images of the axillary area present in 

the radiology reports, or if the absence of lymph nodes on the ultrasound was obvious. If there were 

lymph nodes detected and measured on ultrasound, or if they were relatively easy to measure, the 

patient was included in the study population. If there were any doubts about the presence or measures 

of the lymph nodes, the ultrasound images were reassessed by an experienced radiologist of the 

concerning hospital. At the end of the inclusion phase, the validation population consisted of 1,416 

patients, who met the in- and exclusion criteria. Figure 2 gives an overview of this patient selection.  

 

Definitions 

Topography and morphology were coded according to the International Classification of Diseases for 

Oncology (ICD-O). (31) Staging was coded according to the Tumour, Node and Metastasis (TNM) 

classification system. (32) In this study, HER2, ER- and PR status are categorized in the same way as 

in the article of Qiu et al. Both variables are divided into four subcategories: ER/PR– (<10%); ER/PR + 

(10-25%); ER/PR++ (25-75%) and ER/PR +++ (>75%). (29) Since the NCR registers the ER- and PR 
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status as 0, 10%, 20%, 30%, etc., it was chosen to replace the second cut-off point (25%) with 30% 

and the third cut-off point (75%) with 80%. The coding of HER2 was done according to the Dutch 

clinical guideline for breast cancer. (9) The Molecular subtype is based on the HER2 and hormone 

receptor statuses. The variables were measured on the most suspected lymph node according to 

recent literature, in this study considered as the lymph node with the thickest cortex and/or with an 

absence of hilum. 

  

 

Figure 2 Flowchart: research population  
 

Statistical methods 

To compare the model development population with the validation population, patient-, tumour- and 

ALN characteristics were compared using the Chi2 test for categorical variables and the Mann-Whitney 

U test for continuous variables.  

 

The predictive accuracy of the model was assessed using the area under the receiver operating 

characteristic (ROC) curve (AUC), from now abbreviated to AUC. Since there is no agreement on 

what AUC-value represents a good quality, the estimated accuracy was compared with AUC-values of 

other predictive models regarding ALN status. (33) The false negative rate (FNR) and the false 
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omission rate (FOR) were additionally calculated to assess the predictive accuracy. These were 

compared to FNRs and FORs in other studies, in particular with the internal validation study. The 

Hosmer-Lemeshow goodness of fit test (HL-test) was used to evaluate the goodness of fit of the 

model. Hereby, the validation population was divided into deciles of predicted risk, after which the 

average predicted risk was compared to the observed event rate, separately for each group. A good fit 

is assumed with a p-value above 0.05. Additional information about the goodness of fit is gathered 

from a calibration plot. Sensitivity, specificity, FNR and FOR were calculated for different threshold 

values up to 20%, based on the threshold values chosen in the article of Qiu et al. to make a good 

comparison. (29) Based on these threshold values, it is intended to select patients with low risk on 

having ALN metastases for omission of axillary surgery.  

 

Updating the model was considered by adjusting the intercept and slope of the original model to 

improve performance in the validation population. The linear predictor was separated from the original 

model:  

 

 Linear predictor = 0.063 ∗ transverse diameter + 0.277 ∗ cortical thickness + 

   1.420 ∗  hilum absent + 1.502 ∗ histological grade 2 + 2.090 ∗ histological grade 3 + 

   0.305 ∗  clinical tumour size + 0.379 ∗ ER status) 

 

The correction factor for slope and the new intercept were determined using logistic regression 

analysis, with axillary metastases as dependent variable and the linear predictor as independent 

variable. To assess the models’ improvement, the predictive accuracy of the updated model at 

different threshold values was compared with the predictive accuracy in the original model. Also, the 

HL-test was again performed to see if the updated model was a better fit for the study population, 

compared with the original model.  

 

Stata/SE 14.1 was used for all analyses and a p-value of 5% was considered as statistically 

significant. 

 

Ethical consideration 

This research was based on existing patient data, and did not subject individuals to any intervention. 

Therefore this research was not covered by the Law Medical Research (Wet Medisch 

Wetenschappelijk onderzoek). (34) The results are presented only on aggregated level, so it is not 

possible to trace information on patient level.  
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3 Results 
 

Patient characteristics 

An overview of patients characteristics in the development population (n=322) and validation 

population (n=1,416) is given in Table 1. Only transverse diameter does not show a significant 

difference between the Chinese development and Dutch validation population (p = 0.70). A large 

difference can be seen in clinical tumour size (in mm and as TNM stage). The median of the clinical 

tumour size in the validation population (15mm, 95% CI 10 – 22) is only half of the median of the 

clinical tumour size in the development population (30mm, 95% CI 23 – 40). This is also the case for 

cortical thickness, for which the median is 1.9 mm (95% CI 1.3 – 2.8) in the validation population and 4 

mm (95% CI 3 – 6) in the development population. Another large difference can be seen in the amount 

of patients with absence of hilum in the lymph node. The hilum is absent in a larger proportion of 

patients in the development population (39.13%) than in the validation population (7.98%). Finally, a 

notable difference is seen in the number of patients with pathological proven lymph nodes. There are 

more than twice as much patients diagnosed with ALN metastases in the development population 

(50.62%) as in the validation population (24.93%). 

 
Table 1 Comparing development population and validation population by patient-, tumour- and ALN 

characteristics  

Variable Development population 
No. (%) 
n=322 

Validation population 
No. (%) 
n=1,416 

p-value 

 
Region 

 

China, Guangdong 
 

 

The Netherlands 
 

Age at diagnosis – Median (IQR) 50 (43, 57) 61 (52, 69) <0.001 

Menopausal status   <0.001 
  Premenopausal  182 (56.52) 201 (14.19)  

  Postmenopausal   140 (43.48) 1,069 (75.49)  

  Perimenopausal  - 73 (5.16%)  

  Unknown - 73 (5.16%)  

Clinical tumour size (mm) – Median (IQR) 30 (23, 40) 15 (10, 22) <0.001 
Clinical tumour size (TNM)   <0.001 
   T1 74 (22.98) 926 (65.40)  
   T2 223 (69.25) 459 (32.42)  
   T3 22 (6.83) 31 (2.19)  
   Unknown 3 (0.93) -  
Tumour location   <0.001 

  UOQ  152 (47.20) 573 (40.47)  

  LOQ  42 (13.04) 118 (8.33)  

  UIQ  51 (15.84) 178 (12.57)  

  LIQ  15 (4.66) 127 (8.97)  

  Central  62 (19.25) 102 (7.20)  

  Overlapping lesions  - 309 (21.82)  

  Unknown  - 9 (0.64)  

6   August 2016         Merel Aarnink 



Variable Development population 
No. (%) 
n=322 

Validation population 
No. (%) 
n=1,416 

p-value 

 

 

Histological grade   <0.001 

  I 49 (15.22) 375 (26.48)  

  II 104 (32.30) 676 (47.74)  

  III 154 (47.83) 365 (25.78)  

  Unknown 15 (4.66) -  

ER status   <0.001 

  Negative 119 (36.96) 229 (16.17)  

  1+ 22 (6.83) 25 (1.77)  

  2+ 57 (17.70) 81 (5.72)  

  3+ 124 (38.51) 1,081 (76.34)  

PR status   <0.001 

  Negative 132 (40.99) 388 (27.40)  

  1+ 38 (11.80) 105 (7.42)  

  2+ 63 (19.57) 242 (17.09)  

  3+ 89 (27.64) 681 (48.09)  

Her-2 status   <0.001 

  Negative 223 (69.25) 1,242 (87.71)  

  Positive 99 (30.75) 162 (11.44)  

  Unknown   12 (0.85)  

Molecular subtype   <0.001 

  Luminal A  174 (54.04) 1,066 (75.28)  

  Luminal B  43 (13.35) 116 (8.19)  

  Her-2 enriched  56 (17.39) 46 (3.25)  

  Triple negative  49 (15.22) 176 (12.43)  

  Unknown  - 12 (0.85)  

Transverse diameter (mm) –Median (IQR) 13 (10, 17) 12.6 (9.6, 16.9) 0.70 
Cortical thickness (mm) – Median (IQR) 4 (3, 6) 1.9 (1.3, 2.8) <0.001 
Absence of hilum   <0.001 

  Yes 126 (39.13) 113 (7.98)  

  No 196 (60.87) 1,303 (92.02)  

ALN metastases   <0.001 

  Yes 163 (50.62) 353 (24.93)  

  No 159 (49.38) 1,063 (75.07)  

Note: UOQ: upper outer quadrant; LOQ: lower outer quadrant; UIQ: upper inner quadrant; LIQ: lower inner 
quadrant; IQR: interquartile range; ER: oestrogen receptor; PR: progesterone receptor; HER-2: human epidermal 
growth factor receptor 2; ALN: axillary lymph node. 

 

Model validation  

The AUC (95% CI) is 0.77 (0.74 – 0.80) for the validation population (Figure 3), which is lower than the 

AUC derived from internal validation in the development population (AUC = 0.86). The HL-test showed 

a significant difference between the predicted and observed probability of ALN metastases (p<0.001). 

Figure 4 shows the calibration plot of the model in the validation population. The model gives an 

overestimation of the probability on having metastases in decile 4, 7, 8 and 9, where especially the 

consecutive deciles (7-9) are notable. A relatively large underestimation can be seen for the second 
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decile. The calibration line and the reference line lie very close to each other, both in the 95% 

confidence interval. Table 2 shows the sensitivity, specificity, FNR and FOR at different threshold 

values. At a threshold value of 6%, 4.82% of all patients with pathologically proven metastases had a 

negative test outcome. At a threshold value of 8% the FNR had almost doubled to 9.07%. The FOR is 

7.20% at a threshold value of 7% and 10.22% at a threshold value of 8%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model update 

Since the predicted probability on having ALN metastases differed significantly from the observed 

probability, it was decided to update the slope and intercept of the original model. The new intercept 

was – 5.31 and the correction factor for the linear predictor (lp) was 0.90. Again, the HL-test was used 

to assess the goodness of fit for the validation population. A significant difference between observed 

and predicted probabilities was found (p<0.001). A calibration plot of both the updated and the original 

model is shown in Figure 5. The differences between the original and the updated model look very 

small, in particular in deciles with lower predicted probabilities. Up to a predicted probability of around 

10%, both the original and the updated model show an underestimation of the probability on ALN 

metastases (Figure 5). In this range, the predicted probability of the updated model is higher than the 

original model. Sensitivity, specificity and FNR for the updated model are presented in Table 2.Up to a 

threshold value of 10%, the FNR of the updated model is lower than the FNR of the original model. 

 

 

 

 

 

 

 

Figure 3 Area under the receiver operator 
characteristic curve 

Figure 4 Calibration of the model in the validation 
population 
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Figure 5 Calibration of the original- and updated model in the validation population 

Table 2 Sensitivity, specificity and false negative rate of the original model and the updated model in the validation population at different threshold values 
Threshold 

value 
No. of patients 

beneath threshold (%) 
No. of ALN metastases 

beneath threshold 
Sensitivity (%) Specificity (%) FNR FOR  

 Original 
model 

Updated 
model 

Original 
model 

Updated 
model 

Original 
model 

Updated 
model 

Original 
model 

Updated 
model 

Original 
model 

Updated 
model 

Qui et 
al. 

(2016) 

Original 
model 

Updated 
model 

Qui et 
al. 

(2016) 

<5% 168 113 10 5 97.17 98.58 14.86 10.16 2.83 1.42 - 5.95 4.42 - 
<6% 236 198 17 14 95.18 96.03 20.60 17.31 4.82 3.96 - 7.20 7.07 - 
<7% 286 250 27 20 92.35 94.33 24.37 21.64 7.65 5.67 - 9.44 8.00 - 

< 7.1% 289 258 30 21 91.50 94.05 24.37 22.30 8.50 5.95 0.00 10.38 8.14 0.00 
<8% 313 296 32 30 90.93 91.50 26.43 25.02 9.07 8.50 - 10.22 10.14 - 
<9% 336 319 37 32 89.52 90.93 28.13 27.00 10.48 9.07 - 11.01 10.03 - 
<10% 369 355 37 37 89.52 89.52 31.23 29.92 10.48 10.48 - 10.03 10.42 - 

<13.8 % 510 498 53 51 85.00 85.55 43.00 42.05 15.00 14.45 0.75 10.39 10.24 5.26 
<18.2 % 689 693 82 82 76.77 76.77 57.10 57.48 23.23 23.23 1.50 11.90 11.83 8.70 
<20 % 761 774 93 96 73.65 72.80 62.84 63.78 26.35 27.20 3.76 12.22 12.40 17.24 

Note: ALN: axillary lymph node; FNR = false negative rate; FOR = false omission rate 

 



4 Discussion 
 
Main findings 

The aim of this study was to validate the predictive model of Qui et al. for ALN status in breast cancer 

patients on an external Dutch patient population and to assess the possible value in Dutch clinical 

practice. Based on discrimination and calibration, the model seems to perform good in the Dutch 

patient population and based on this performance the model could be potentially be used in future 

clinical practice after taken into account and removing the limitations of this model. 

 

All variables differed significantly between the validation population and the development population, 

except for transverse diameter. The most remarkable differences were found in the number of patients 

with ALN metastases and in clinical tumour size (in mm and as TNM stage). The Dutch population 

consist mostly of T1 stage breast cancer patients (65.40%) and the Chinese population consist mostly 

of T2 stage breast cancer patients (69.25%). This difference between China and a western country is 

also found in another study. (35) A possible explanation for these differences is that Chinese women 

are diagnosed later. The absence of a nationwide screening programme that is reimbursed by the 

government is a possible reason for later diagnosis in China.(36) In the Netherlands, the screening 

programme led to an earlier diagnosis, leading to an increase of early stage breast cancer (T1N0). 

(22) Second, as confirmed in this study, the age of breast cancer patients is lower in China compared 

to western countries.(35, 37) This in combination with the reduced accuracy of mammography in 

younger patients could also lead later diagnosis. (38)  

 

Despite the differences between the development population and the validation population, the model 

still shows good predictive accuracy with an AUC of 0.77, indicating good generalizability. The HL-test 

showed a significant difference between the observed probability and the predicted probability, which 

implies the model is not a good fit for the Dutch patient population. However, it is common that a 

statistical test tends to be significant if the study population is large enough. When validating a model 

developed on smaller patient population, in a larger number of patients, a significant HL-test does not 

mean that the model is not useful. (39) Based on this information it is chosen to look at the calibration 

plot instead of the p-value of the HL-test. When looking at the calibration plot in Figure 3, the line 

drawn through the scatter plot of the validation population almost overlaps the reference line. Based 

on the calibration plot, it is believed that the model gives a good calibration for the Dutch patient 

population.  

 

Despite the good performance of the original model in the Dutch population, it was decided to update 

the model to see if a better fit of the model was possible. Since we want to select low patients for 

omission of axillary surgery, the lower probabilities should be more accurate. Up to a predicted 

probability of 10%, the underestimation of the updated model is less than the original model. To use 

the model in clinical practice, a threshold value should be chosen to select low-risk patients. Table 2 

shows predictive accuracy at different threshold values. It can be seen that the updated model, 
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indeed, performs better at low threshold values than the original model. The right threshold value was 

chosen based mostly on FNR. Since the FNR of SLNB varies between 5-10%, a FNR around 5% was 

considered acceptable. (40-42) At a threshold value of 7%, the FNR is 5.67% which would still be 

acceptable. At this threshold value, axillary surgery could be omitted in 21.64% of all patients without 

lymph node metastases. This suggests that, despite the underestimation in low predicted probabilities 

seen in Figure 5, the model still performs good enough. 

 

Strengths and limitations 

There are some limitations related with the model itself. First, ER status is treated as a continuous 

variable, where it is actually a categorical variable. It is not known if ER status would still be a predictor 

if it was included as categorical variable. Second, in this predictive model, transverse diameter is a 

predictor for getting ALN metastases. Since the development population consists of more patients with 

metastases, a larger median of transverse diameter is assumed for these patients. However, 

transverse diameter shows no significant difference between the two populations, so the importance of 

this variable for the probability on having ALN metastases is questionable. Last, the model was 

developed to serve as preoperative predictive tool. However, in the Dutch clinical situation, ER-

receptor status and histological grade are based on primary surgery of the tumour. Nowadays axillary 

surgery is often performed at the same time as primary surgery. By splitting these surgeries, axillary 

surgery can be avoided in low-risk patients. However, all other patients will need surgery twice, which 

enlarges the burden on the patient.  

 

This validation study is also related with some strengths and limitations. This study is performed on a 

large patient population (1,416), whereby 353 patients had ALN metastases. This research included 

patients from six different Dutch hospitals and every hospital employed several radiologists. There 

might be some differences in how they measure cortical thickness, transverse diameter or clinical 

tumour size and in how they classify (non)suspicious lymph nodes. This inter-observer variability could 

possibly influence the outcome of this validation study. However, inter-observer variability will be 

present in clinical practice, so this study would be a good representation. 

 

Although it has been tried to use a similar study design as in the development study, small differences 

could not be avoided. The cut-off points used for ER-status in this study are slightly different to the cut-

off points used to develop the model. The original cut-off points for patient classification are 10%, 25% 

and 75%, where the cut-off point used in this study are 10%, 30% and 80%. Patients with an actual 

ER status between 25-30% or 75-80% will have a lower predicted probability than intended, which 

might contributed to the underestimation of the model in some deciles. However, there is still no 

consensus about the relation between ER status and the risk on having ALN metastases. Some 

studies found no relation between ER status and ALN metastases (43, 44) and other studies found 

that a positive ER status is a predictor for ALN metastases. (28, 45) There is no evidence found on a 

linear relation between ER status and ALN metastases, which suggest that the small differences in 

cut-off points not really affect the outcome of this study.  
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This study concerns a retrospective study, whereby radiology reports from January 2011 till December 

2015 were assessed. In this study, only patients with positive ultrasound findings were included. It is 

not known if radiologists made ultrasound images for every patient with positive ultrasound findings, 

and in case they did, if they imaged the most suspected lymph node present. This means that there 

might be patients excluded for this study, for whom there were actually ALN(s) present, but not 

pictured. If this comprises a specific sub-group, it could have resulted in an incomplete dataset, 

affecting the results of validation. This limitation could, in future research, be avoided by performing a 

prospective research. However, since the NCR is a large and reliable database and the patient 

population with imaged lymph nodes was large enough, it is believed that this study still provides 

representative outcomes. 

 

Comparison with other studies 

Comparable internal or external validations of different predictive models for the ALN status showed 

an AUC varying between 0.58 and 0.79. (27, 28, 45-49) The Memorial Sloan-Kettering Cancer Center 

(MSKCC) nomogram has been validated in multiple populations, including a Dutch patient population. 

However, on this population, the model performed moderate with an AUC of 0.67. (50) The model 

validated in this study already showed good discrimination in internal validation, with an AUC of 0.86, 

and compared to other validation studies, the AUC found in external validation shows also good 

discrimination. (29)  

 

The model of Meretoja et al. shows slightly better clinical performance in external validation than found 

in this study. However, there were no Dutch patients included in that study, so it is not sure if that 

model will shows comparable performance in the Netherlands. Also, the model includes variables 

which cannot be assessed before primary tumour surgery, which limitation is also found in the model 

of Qiu et al. (29) 

 

Implications of the findings 

The model is intended to provide as additional information for both physicians, to help in decision 

making, and patients, to help them understand a decision made. Based on the results of this study, it 

is believed that the model can theoretically fulfil this goal.  Although the model performs good in the 

Dutch situation, it does not provide the physicians with preoperative information for making further 

treatment decisions at this moment. Still, it might give some information for other Western European 

countries were histological grade and ER status is based on biopsy. The model might also be helpful 

for physicians in making decisions about adjuvant chemo- and/or radiotherapy for patients where 

axillary surgery for some reason could not be performed. Further research is needed for developing a 

model that can be used as preoperative diagnostic tool in the Dutch clinical practise. Also, the 

validation population consisted of Dutch patients only and clinical practice varies in and between 

countries. Therefore, validation of this model in other countries is still worthwhile.  
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Appendix 1: Developing a new preoperative model 
 

This appendix was intended to include a set up of a study to develop a new predictive model for the 

axillary lymph node status in Dutch early stage breast cancer patients. However, due to limited time 

and lack of accurate knowledge about internal validation methods (bootstrapping), the development of 

the model is the only phase that is performed. The main section of this study forms the base for this 

additional part. Only additions and modifications are mentioned in this appendix.  
 

Methods 

Only additions and modifications to the method in the main section are mentioned in this method. 

 

Setting and subjects 

In this study, 395 patients diagnosed in Medisch Spectrum Twente and Isala were included.  

 

Data collection 

The longitudinal diameter was collected for all patients in addition to the variables mentioned in the 

main section. The transverse/longitudinal axis ratio is calculated by dividing the longitudinal diameter 

by the transverse diameter. 

 

Statistical methods 

For developing the model, a significance level of 15% was maintained. Univariate analyses was 

performed using logistic regression analyses with ALN status as dependent variable and all possible 

predictors separately as independent variable. All significant predictors were included in a multivariate 

analyses, using the backward selection method. The performance of the model was assessed using 

the AUC and the HL-test. 

 

Results 

Patient-, tumour- and ALN characteristics of the development population and the p values resulted 

from univariate analyses are shown in Table 1. 

Table 1 Patient-, tumour- and ALN characteristics; univariate analysis (logistic regression) 
Variable Population No. (%)  

n=395 
p-value 

Age at diagnosis – Median (IQR) 62 (52, 70) 0.01 

Menopausal status  0.71 

   Premenopausal (1) 5 (13.92%)  

   Postmenopausal (0) 294 (74.43%)  

   Perimenopausal (2) 24 (22%)  

   Unknown 22 (5.57%)  

Clinical tumour size (mm) – Median (IQR) 1.5 (1.1, 2.2) <0.001 

Tumour location  0.16 

   UOQ (1) 164 (41.52%)  

   LOQ (2) 33 (8.35%)  
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   UIQ (4) 51 (12.91%)  

   LIQ (3) 26 (6.58%)  

   Central (5) 37 (9.37%)  

   Overlapping lesions (6) 83 (21.01%)  

   Unknown 1 (0.25%)  

Transverse diameter (mm) – Median (IQR) 12.9 (10, 16.5) 0.03 

Longitudinal diameter (mm) – Median (IQR) 5.7 (4.5, 7.4) <0.001 

Diameter ratio – Median (IQR) 0.46 (0.37, 0.57) 0.001 

Cortical thickness (mm) – Median (IQR)  1.8 (1.3, 2.7) <0.001 

Absence of hilum  <0.001 

   Yes 27 (6.84%)  

   No 368 (93.16%)  

ALN metastases   

   Yes 104 (26.33%)  

   No 291 (73.67%)  

Note: UOQ: upper outer quadrant; LOQ: lower outer quadrant; UIQ: upper inner quadrant; LIQ: lower inner 
quadrant; IQR: interquartile range; ER: oestrogen receptor; PR: progesterone receptor; HER-2: human epidermal 
growth factor receptor 2;  ALN: axillary lymph node. 

After univariate analyses, age at diagnosis, clinical tumour size, transverse diameter, longitudinal 

diameter, diameter ratio, cortical thickness and absence of hilum were included in multivariate 

analysis. At a significance level of 15%, age, tumour size and cortical thickness remained in the 

model. The model is as follows: 

𝑙𝑙𝑙𝑙 � 𝑝𝑝
1 − 𝑝𝑝� = −0.02 ∗ 𝑎𝑎𝑎𝑎𝑎𝑎 + 0.61 ∗ 𝑐𝑐𝑙𝑙𝑐𝑐𝑙𝑙𝑐𝑐𝑐𝑐𝑎𝑎𝑙𝑙 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑐𝑐𝑠𝑠𝑎𝑎 + 0.61 ∗ 𝑐𝑐𝑡𝑡𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐𝑎𝑎𝑙𝑙 𝑡𝑡ℎ𝑐𝑐𝑐𝑐𝑖𝑖𝑙𝑙𝑎𝑎𝑠𝑠𝑠𝑠 − 2.30 

The model showed an AUC of 0.82, indicating good clinical accuracy. The HL-test showed an p-value 

of 0.12, indicating a moderate fit for the population.  

 

 
 

The next step 

Now that a model is developed, it is important that is will be internally and externally validated. The 

model can be internally validated by using the bootstrap method. External validation can be performed 

on all patients in the dataset from the main section, who are not included in the development 

population. External validation can also be performed on the Chinese population, used for developing 

the model of Qiu et al.   
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