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. The value of sentinel lymph node biopsy (SLNB) in post-neoadjuvant chemotherapy (NCT) patients

. is still controversial. We aimed to identify predictors and construct a nomogram for predicting the
pathologically complete response (pCR) of axillary lymph nodes (ALNSs) after NCT in node positive

. breast cancer patients. In total, 426 patients with pathologically proven ALN metastasis before NCT

. were enrolled, randomized 1:1 and divided into a training set and a validation set. We developed a

. nomogram based on independent predictors for ALN pCR identified by multivariate logistic regression
as well as clinical significant predictors. The multivariate logistic regression analysis showed that
hormone receptor (HR) status, human epidermal growth factor 2 (HER2) status and Ki67 index were

. independent predictors. The nomogram was thereby constructed by those independent predictors as

. well as tumor size and NCT regimens. The areas under the receiver operating characteristic curve of

. the training set and the validation set were 0.804 and 0.749, respectively. We constructed a nomogram

. for predicting ALN pCR in patients who received NCT. Our nomogram can improve risk stratification,
accurately predict post-NCT ALN status and avoid unnecessary ALN dissection.

Breast cancer has been reported to be the most common malignant tumor and the second leading cause of cancer

death among women in America. The incidence of breast cancer is increasing’. The utilization of neoadjuvant

chemotherapy (NCT) can reduce tumor burden, help to increase the curative intervention as well as the breast

conservation rate, and provide the opportunity to assess the response to treatment?.

Mastectomy together with routine axillary lymph node (ALN) dissection used to be the standard type of sur-

gery for breast cancer patients®. However, the dissection of the ALN can cause several physical and psychological
: morbidities, including swelling, weakness and stiffness of the upper limb, pain and numbness in the axillary, and
. movement disorders of the shoulder girdle as well as damage to social functions**. Sentinel lymph node biopsy
. (SLNB) is the alternative treatment to ALN dissection. Several randomized clinical trials showed that SLNB was

associated with similar therapeutic effects as well as reduced arm morbidities (including edema and nerve injury)

and a better quality of life compared with standard ALN dissection®’.

The use of SLNB in patients after receiving NCT is still in doubt because chemotherapy can cause fibrosis of

the lymphatic duct leading to the sentinel lymph nodes, thus interfering with the accuracy of SLNBS. Previous
. research demonstrated that the false negative rate (FNR) of biopsy proven node positive breast cancer patients
- who received SLNB post-NCT ranged from 5.1% to 25%°'2. Therefore, performing SLNB post-NCT is contro-
. versial. However, none of the previous studies focused on screening node positive breast cancer patients who had
: ahigh probability of achieving ALN pathological complete response (pCR) or increasing the accuracy of SLNB
© post-NCT.
: Our current research is intended to identify possible predictors and construct a nomogram for predicting
© pCR of ALN post-NCT among node positive breast cancer patients, which will increase the accuracy of SLNB
. post-NCT. In combination with SLNB and nomogram prediction, it may be possible for patients with a high
. probability of ALN pCR to avoid ALN dissection.
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Methods

Patient population. Relevant clinical information (age, menopausal status, tumor size and NCT cycles),
ALN status, core needle biopsy (CNB) samples from primary tumors and surgical specimens were collected from
1244 consecutive patients who received NCT as well as standard surgery at the Fudan University Shanghai Cancer
Center (FUSCC) between January 1, 2003 and April 30, 2015.

The eligibility criteria included: 1) diagnosed with primary breast cancer, 2) received NCT, and 3) had
pre-NCT axillary nodal disease confirmed by pathology. Patients with missing data, uncertain pre-NCT axillary
nodal status or negative nodal disease confirmed by pathology, or with distant metastatic disease were excluded.
The eligible patients were randomized 1:1 and divided into a training set (nomogram construction) and a valida-
tion set (nomogram validation).

Pathology. The ALN status before NCT was evaluated by fine needle biopsy. The hormone receptor (HR)
status, the human epithelial growth factor receptor 2 (HER2) status and the Ki67 index were evaluated by
immunohistochemical (IHC) and fluorescence in situ hybridization (FISH) analyses, which were performed on
formalin-fixed, paraffin-embedded tissue sections by the pathology department of FUSCC using standard proto-
cols for specimens from CNB. The cut-oft value for estrogen receptor (ER) positivity and progesterone receptor
(PR) positivity was set at 1%. The absence of both ER and PR was defined as HR negative; the presence of either
was defined as HR positive. HER2 positive was defined as 3(+) according to IHC analysis or amplification con-
firmed by FISH; lower scores were defined as HER2 negative. The Ki67 expression was divided into two groups:
Ki67 >20% and Ki67 < 20%"°. Each specimen was examined independently by two experienced pathologists at
FUSCC.

The pCR of the ALN was defined as the complete disappearance of invasive carcinoma of the regional lymph
nodes after the patients received mastectomy with axillary lymph node dissection'*>.

Treatment. The patients in our cohort received an NCT regimen consisting of epirubicin + paclitaxel
contained (E + P, include cyclophosphamide + epirubicin + 5-fluorouracil followed by paclitaxel as well as
docetaxel + epirubicin) and PC (paclitaxel and carboplatin or paclitaxel and cisplatin) for a median of 4 cycles
(range, 1-8 cycles). After 2007, trastuzumab (Herceptin, H) was recommended for HER2 positive patients com-
bined with chemotherapy as the neoadjuvant therapy regimen.

Nomogram construction and validation. To develop a well-calibrated nomogram for predicting the
probability of pCR of the ALN, we performed univariate as well as multivariate logistic regression analyses to
screen the fit predictors’®. The correlation between clinicopathological variables and ALN pCR of overall pop-
ulation, training set and validation set were Variables that were statistically significant (P < 0.05) in the univar-
iate logistic analysis in the training set were included in the multivariate logistic regression analysis, which was
performed to screen independent predictors for ALN pCR. Independent predictors (P < 0.05 in the multivariate
logistic regression analysis) as well as clinical significant predictors were included in the nomogram construction.
The goodness of fit of the model was assessed by the Hosmer and Lemeshow test, and P > 0.05 indicated a good
fit'?. The odds ratios (ORs) and 95% confidence intervals (CIs) were also calculated.

Evaluating nomogram performance. The nomogram was validated internally in the training set and
externally in the validation set. The internal validation was performed by a calibration method and the area under
the receiver operating characteristic (ROC) curve (AUC). The external validation was performed by calculating
the AUC. The calibration plot with bootstrapping was used to illustrate the association between the actual prob-
ability and the predicted probability'®. The AUC ranged from 0 to 1, with 1 indicating perfect concordance, 0.5
indicating no better than chance, and 0 indicating discordance. Statistical differences between different AUCs
were investigated by the DeLong method'®. The diagnostic odds ratio was calculated to further evaluate the per-
formance of the nomogram?. The diagnostic odds ratio ranges from 0 to infinity (higher values indicating better
performance of a discriminatory test). A value of 1 means that a test does not discriminate between patients with
the disorder and those without it?°.

All reported P values are two-sided. The statistical analysis was carried out using SPSS (version 20.0; SPSS
Company, Chicago, IL) and R software version 3.13 (http://www.r-project.org). The R package with the rms,
pROC, Hmisc, and ggplot2 (available at URL: http://cran.r-project.org/web/packages/) was used (last accessed
on March 9, 2015). All relevant R code were shown in Supplementary material.

Ethical approval. All the procedures followed were in accordance with the Helsinki Declaration (1964,
amended in 1975, 1983, 1989, 1996 and 2000) of the World Medical Association. This study was approved by the
Ethics Committee of FUSCC, and each participant signed an informed consent document.

Results

Patient characteristics. Among 1244 patients, 605 of them were pathologically confirmed ALN metas-
tasis before NCT. After excluding 179 patients with incomplete relevant information, 426 eligible patients were
included in the study (Fig. 1). The 426 patients were randomized 1:1 and divided into a training set (N=213) and
avalidation set (N =213). The clinicopathological characteristics and the univariate logistic regression analysis of
the total population, the training set and the validation set are shown in Table 1. Of the 426 patients, 128 (30.0%)
showed ALN pCR after receiving NCT. Younger patients (<40y, 30.7%) had an ALN pCR rate similar to that
of elder patients (>40y, 29.9%, P =0.897). Similar results were observed among pre-menopausal patients and
post-menopausal patients (P = 0.849). Patients with a tumor size of T1 had a higher probability of showing axil-
lary pCR than those with sizes T2, T3 or T4 (OR: 1 vs 0.391 [95% CI: 0.193-0.793], 0.195 [95% CI: 0.082-0.465]
and 0.304 [95% CI: 0.138-0.670]). The HR negative patients were more likely to show axillary pCR than the other
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Figure 1. Flow diagram of the study design. A total of 426 patients with axillary lymph node (ALN) metastasis
pathologically confirmed by fine needle biopsy who received neoadjuvant chemotherapy (NCT) were enrolled
in this study.

patients (OR: 1 vs 0.215 [95% CI: 0.137-0.388]). HER2 positive with H treated patients (P < 0.001) but not those
without H treated (P = 0.361) had statistically significant higher probability of ALN pCR rate than HER2 negative
patients (OR: 6.004 [95% CI: 3.256-11.072] vs 1). The axillary pCR rate of patients with high levels of Ki67 expres-
sion (Ki67 > 20%) was higher than that of patients with low levels of Ki67 expression (P < 0.001, OR =2.627 [95%
CI: 1.651-4.179] vs 1). Patients received PC regimen had statistically significant higher ALN pCR rate than those
received E+P (P =0.003, OR=2.220 [95% CI: 1.320-3.735] vs 1). No significant difference in the axillary pCR
rate was observed among patients with different NCT cycles (P =0.341). Univariate analysis of the training set
and the validation set showed similar results compared with patients in the total population.

Predictors for ALN pCR. Multivariate logistic regression analysis was performed to identify independent
variables for predicting the pCR of the ALN post-NCT (Table 2). Predictors that were statistically significant
(P <0.05) in the univariate logistic analysis (tumor size, Ki67, HR status, HER2 status and NCT regimens) were
included in the multivariate logistic regression analysis. According to the results, HR positive patients (P <0.001,
OR=10.162 [95% CI: 0.074-0.353]) were less likely to show ALN pCR than HR negative patients. In contrast,
HER?2 positive patients received H (P =0.024, OR =3.443 [95% CI: 1.178-10.060]) were more likely to show ALN
PCR than HER2 negative patients, and patients with Ki67 >20% (P =0.037, OR=2.258 [95% CI: 1.049-4.862])
were more likely to show ALN pCR than those with Ki67 <20%. Tumor size and NCT regimens were not signif-
icantly associated with ALN pCR.

Construction and Validation of the Nomogram. Independent predictors identified in the multivariate
logistic regression analysis (P < 0.05), including HR status, HER2 status and Ki67 index as well as tumor size and
NCT regimens were utilized to construct the nomogram. The total points were summed up by the points of each
variable (top plotting scale). The ALN pCR probability was subject to the total points (bottom plotting scale). The
P-value for the Hosmer and Lemeshow test was 0.626, indicting a good fit to the model. The final nomogram is
shown in Fig. 2.

The calibration of the nomogram was performed internally by a calibration plot with bootstrap sampling
(n=1000) (Fig. 3). Calibration plot of an accurate model may fall along the 45-degree line. Our bias-corrected
curve was close to the ideal curve, which indicated that the nomogram was well calibrated.

Next, the ROC was performed to validate the nomogram internally in the training set (Fig. 4A) and externally
in the validation set (Fig. 4B). In the training set, the AUC was 0.804 (95% CI: 0.741-0.867). In the validation
set. The AUC was 0.749 (95% CI: 0.679-0.819). The difference between two AUCs was not statistical significant
(P=0.253). These results illustrated that the predicted and observed ALN pCR probabilities were in good con-
cordance, and the goodness of fit of the nomogram was favorable.

Values of sensitivity, specificity, and predictive values of the predicted probability at different cutoff values
of the nomogram were shown in Supplementary material 2. Higher cutoft value resulted in the increasing of
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Table 1. Clinicopathological characteristics and univariate logistic regression analysis of different
variables predicting ALN pCR of the total population, the training set and the validatio set. Abbreviations:
ALN, axillary lymph node; CI, confidence interval; E 4 P, epirubicin + paclitaxel contained; H, Herceptin; HR,
hormone receptor; HER2, human epithelial growth factor receptor 2; NCT, neoadjuvant chemotherapy; OR,
odds ratio; PC, paclitaxel and carboplatin or paclitaxel and cisplatin; pCR, pathological complete response.

specificity and positive predictive value, sensitivity and negative predictive value decreased. The diagnostic odds
ratios of the nomogram at different cutoff values were shown in Supplementary material 3. The cutoff values for
the good performance for the nomogram ranged between >0.2 to >0.6 in the training set and >0.2 to >0.4 in the
validation set. At last, the optimal cutoft values of the training and validation sets were 0.34 (sensitivity: 66.7%,
specificity: 82.0%, positive predictive value: 60.9%, negative predictive value: 85.4%) and 0.27 (sensitivity: 67.7%,
specificity: 75.0%, positive predictive value: 54.3%, negative predictive value: 84.1%), respectively (Supplementary
Material 4).

The Application of the Nomogram. To display the application of the nomogram, we took two pathologi-
cally proven node positive breast cancer patients who had received NCT as examples. The first patient’s tumor size
was T1 (75 points). Her HR status was negative (100 points), and her HER? status was positive and she received H
for treatment (75 points). Her Ki67 index was more than 20% (53 points). Her NCT regimen was PC (46 points).
According to her total points (349 points), she had a high probability (>0.9) of showing ALN pCR post-NCT,
and her actual ALN status after NCT was pCR. The second patient’s tumor size was T4 (0 points). Her HR status
was negative (100 points), and her HER2 status was negative (0 points). Her Ki67 index was no more than 20%
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Tumor Size

T1 1

T2 0.754 1.257 (0.300-5.364)

T3 0.104 0.25 (0.047-1.330)

T4 0.577 0.637 (0.130-3.111)
HR Status

HR negative 1

HR positive <0.001 0.162 (0.074-0.353)
HER?2 Status

HER2 negative 1

HER?2 positive without H 0.185 1.876 (0.739-4.758)

HER?2 positive with H 0.024 3.443 (1.178-10.060)
Ki67

<20 1

>20 0.037 2.258 (1.049-4.862)
NCT Regimens

E+P 1

PC 0.177 1.899 (0.749-4.811)

Table 2. Multivariate logistic regression analysis of variables (P < 0.05 in univariate logistic regression
analysis) predicting ALN pCR. Abbreviations: ALN, axillary lymph node; CI, confidence interval; E+ P,
epirubicin + paclitaxel contained; H, Herceptin; HR, hormone receptor; HER2, human epithelial growth factor
receptor 2; NCT, neoadjuvant chemotherapy; OR, odds ratio; PC, paclitaxel and carboplatin or paclitaxel and
cisplatin; pCR, pathological complete response.
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Figure 2. A nomogram predicting the probability of pathological complete response (pCR) of axillary
lymph nodes (ALNs) after neoadjuvant chemotherapy (NCT). E + P, epirubicin + paclitaxel contained;
H, Herceptin; HER2, human epithelial growth factor receptor 2; HR, hormone receptor; PC, paclitaxel and
carboplatin or paclitaxel and cisplatin.

(0 points). Her NCT regimen was E + P (0 points). According to her total points (100 points), she had a relatively
low probability of reaching ALN pCR post-NCT (0.1-0.2), and her actual ALN status after NCT was not pCR.

Discussion

In our current research, we first randomized the population containing 426 pathologically proven ALN positive
patients who received NCT into a training set and a validation set. Based on the multivariate logistic regression
analysis, we identified independent variables for predicting the ALN pCR after NCT. Patients who were HR
positive were less likely to show ALN pCR than those who were HR negative. Patients who were HER2 positive
and reveived H were more likely to show ALN pCR than those who were HER2 negative, and patients with
Ki67 > 20% were more likely to show ALN pCR than those with Ki67 <20%. Tumor size and NCT regimens did
not showed statistically significance in the multivariate logistic regression analysis. Next, we constructed a nom-
ogram on the basis of these predictors as well as clinical significant predictors (tumor size and NCT regimens).
The AUC:s of the ROC:s in the training (internal validation) and validation sets (external validation) were 0.804
and 0.749, respectively.
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Figure 3. Calibration plot of the nomogram for the probability of pathological complete response (pCR) of
axillary lymph node (ALN) (bootstrap 1000 repetitions).
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Figure 4. Validation of the nomogram. (A) Internal validation using the receiver operating characteristic
(ROC) curve. The area under the ROC curve (AUC) is 0.804, 95% confidence interval (95% CI, 0.741-0.867).
(B) External validation using ROC. The AUC is 0.749 (95% CI, 0.679-0.819).

At present because of the lack of reliable diagnostic approaches to evaluate lymph node status after receiving
NCT for pathologically proven node positive breast cancer patients?,, the standard treatment for them is mas-
tectomy together with ALN dissection. However, several previous studies concluded that the ALN dissection
might cause physical complications, including numbness, weakness, pain, limb swelling and stiffness as well as
psychological disorders*?2-26, Consequently, it is of great importance to improve the accuracy of SLNB post-NCT
and to avoid unnecessary ALN dissection.

According to our results, patients who were HR negative, HER2 positive and reveived H or had higher Ki67
expression were more likely to show ALN pCR than the other patients. Previous studies showed high concord-
ance rates of receptor status (ER, PR and HER2) between primary and ALN metastatic lesions?”-*%. Because we
could not assess the expression of HR, HER2 or Ki67 in the ALN, we presumed that the expression of HR, HER2
and Ki67 in the primary tumor could be substituted for that in the ALN metastasis. The HR negative and HER2
positive patients had higher ALN pCR rates because HR negative and HER2 positive tumor cells are more sensi-
tive to NCT?-32, Alvarado et al. reported that HER2 positive patients had a higher rate of ALN pCR than HER2
negative patients, which was consistent with our data®. Schipper et al. enrolled 291 patients with clinically proven
node positive breast cancer®. Similar to our study, their results showed that HR negative patients and HER2 pos-
itive patients were more likely to show ALN pCR than other patients. However, they did not perform the multi-
variate logistic regression analysis to identify independent variables for predicting the ALN pCR post-NCT. Ki67
is a proliferation marker, and it provides a quick method to evaluate the proportion of proliferating cells within a
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tumor (higher Ki67 levels indicate more proliferating cells)*. Previous research showed that patients with higher
Ki67 levels showed higher frequencies of pCR*, which was consistent with our current research.

The nomogram, a simple graphical prediction tool, allows oncologists to assess the predictive risk of individ-
uals®. Another advantage of the nomogram that it is noninvasive. One previous study constructed a nomogram
to predict ALN pCR among clinically proven node positive patients post-NCT?. The defect of that study was that
it did not screen the predictors and perform the multivariate logistic regression analysis to identify independent
variables for predicting the ALN pCR post-NCT. Moreover, the investigators did not perform an external vali-
dation of the model. The nomogram we constructed is concise (5 predictors) and powerful for predicting ALN
pCR. It thus increases the accuracy of SLNB post-NC T and helps to assess the actual ALN status post-NCT.
ACOSOG Z1071 trial reported that placing clips in suspicious nodes before NCT could decrease the FNR of SNB
after NCT®. But clips of only half patients could be found in surgery so this technique was not recommended®.
Previous investigators proposed that applying a dual agent mapping method together with removing more than 3
SLNs might minimize the FNR of SLNB post-NCT*!!12,

Recently, You et al. evaluated the diagnostic value of ultrasound, MRI and PET/CT for ALN metastases after
NCT?%. Combination of all three imaging tests showed highest sensitivity for the detection of positive ALN
metastases.

Combined with our nomogram, the accuracy of SLNB post-NCT can be further improved. According to our
nomogram, patients with high points were more likely to show ALN pCR. If their SLNB post-NCT showed no
metastases in the lymph nodes, they could safely avoid receiving ALN dissection.

One major limitation of our study was that the design was a single-center retrospective analysis and we did
not compare the predictive power of SLNB together with the nomogram with the SLNB alone because of the
lack of data. In the future, two related randomized prospective clinical trials in progress may help to validate
the nomogram. The first one is NCT01901094, which evaluates the efficacy of ALN dissection compared with
ALN radiation therapy in ALN positive breast cancer patients convert to negative after NCT. The second one is
NSABP B-51 (NCT01872975), which evaluates whether comprehensive radiation therapy in ALN after surgery
may improve prognosis in ALN positive breast cancer patients convert to negative after NCT. Those researches
will also investigate the survival benefits of avoiding ALN dissection for some patients.

Conclusion
We constructed a nomogram for predicting post-NCT ALN pCR. With the nomogram, we can predict post-NCT
ALN status accurately and avoid unnecessary ALN dissection.

References
1. DeSantis, C., Siegel, R., Bandi, P. & Jemal, A. Breast cancer statistics, 2011. CA Cancer ] Clin 61, 409-418, doi: 10.3322/caac.20134
(2011).
2. Generali, D. et al. Neoadjuvant Treatment Approach: The Rosetta Stone for Breast Cancer? ] Natl Cancer Inst Monogr 2015, 32-35,
doi: 10.1093/jncimonographs/Igv019 (2015).

. Donegan, W. L. Prognostic factors. Stage and receptor status in breast cancer. Cancer 70, 1755-1764 (1992).

4. Maunsell, E., Brisson, J. & Deschenes, L. Arm problems and psychological distress after surgery for breast cancer. Can J Surg 36,
315-320 (1993).

5. Hack, T. E, Cohen, L., Katz, J., Robson, L. S. & Goss, P. Physical and psychological morbidity after axillary lymph node dissection for
breast cancer. ] Clin Oncol 17, 143-149 (1999).

6. Veronesi, U. et al. A randomized comparison of sentinel-node biopsy with routine axillary dissection in breast cancer. N Engl ] Med
349, 546-553, doi: 10.1056/NEJMoa012782 (2003).

7. Mansel, R. E. et al. Randomized multicenter trial of sentinel node biopsy versus standard axillary treatment in operable breast
cancer: the ALMANAC Trial. ] Natl Cancer Inst 98, 599-609, doi: 10.1093/jnci/djj158 (2006).

8. Assi, H., Sbaity, E., Abdelsalam, M. & Shamseddine, A. Controversial indications for sentinel lymph node biopsy in breast cancer
patients. Biomed Res Int 2015, 405949, doi: 10.1155/2015/405949 (2015).

9. Boileau, J. E. et al. Sentinel node biopsy after neoadjuvant chemotherapy in biopsy-proven node-positive breast cancer: the SN FNAC
study. J Clin Oncol 33, 258-264, doi: 10.1200/JC0O.2014.55.7827 (2015).

10. Yagata, H. et al. Sentinel node biopsy after neoadjuvant chemotherapy in cytologically proven node-positive breast cancer. Clin
Breast Cancer 13, 471-477, doi: 10.1016/j.clbc.2013.08.014 (2013).

11. Kuehn, T. et al. Sentinel-lymph-node biopsy in patients with breast cancer before and after neoadjuvant chemotherapy (SENTINA):
a prospective, multicentre cohort study. The Lancet Oncology 14, 609-618, doi: 10.1016/s1470-2045(13)70166-9 (2013).

12. Boughey, J. C. et al. Sentinel lymph node surgery after neoadjuvant chemotherapy in patients with node-positive breast cancer: the
ACOSOG Z1071 (Alliance) clinical trial. JAMA 310, 1455-1461, doi: 10.1001/jama.2013.278932 (2013).

13. Coates, A. S. et al. Tailoring therapies—improving the management of early breast cancer: St Gallen International Expert Consensus
on the Primary Therapy of Early Breast Cancer 2015. Annals of Oncology 26, 1533-1546, doi: 10.1093/annonc/mdv221 (2015).

14. Cortazar, P. et al. Pathological complete response and long-term clinical benefit in breast cancer: the CTNeoBC pooled analysis. The
Lancet 384, 164-172, doi: 10.1016/s0140-6736(13)62422-8 (2014).

15. von Minckwitz, G. et al. Definition and impact of pathologic complete response on prognosis after neoadjuvant chemotherapy in
various intrinsic breast cancer subtypes. J Clin Oncol 30, 1796-1804, doi: 10.1200/jc0.2011.38.8595 (2012).

16. Rouzier, R. et al. Nomograms to predict pathologic complete response and metastasis-free survival after preoperative chemotherapy
for breast cancer. ] Clin Oncol 23, 8331-8339, doi: 10.1200/JC0.2005.01.2898 (2005).

17. Hosmer, D. W. & Lemeshow, S. In Applied Logistic Regression 143-202 (John Wiley & Sons, Inc., 2005).

18. Harrell, F. E,, Lee, K. L. & Mark, D. B. Multivariable prognostic models: issues in developing models, evaluating assumptions and
adequacy, and measuring and reducing errors. Statistics in Medicine 15, 361-387, doi: 10.1002/(SICI)1097-0258(19960229)15:4<
361::AID-SIM168>3.0.CO;2-4 (1996).

19. DeLong, E. R., DeLong, D. M. & Clarke-Pearson, D. L. Comparing the areas under two or more correlated receiver operating
characteristic curves: a nonparametric approach. Biometrics 44, 837-845 (1988).

20. Glas, A. S, Lijmer, J. G., Prins, M. H., Bonsel, G. J. & Bossuyt, P. M. M. The diagnostic odds ratio: a single indicator of test
performance. Journal of Clinical Epidemiology 56, 1129-1135, doi: 10.1016/50895-4356(03)00177-x (2003).

w

SCIENTIFICREPORTS | 6:32585 | DOI: 10.1038/srep32585 7



www.nature.com/scientificreports/

21. Boughey, J. C. et al. Axillary Ultrasound After Neoadjuvant Chemotherapy and Its Impact on Sentinel Lymph Node Surgery: Results
From the American College of Surgeons Oncology Group Z1071 Trial (Alliance). J Clin Oncol 33, 3386-3393, doi: 10.1200/
JCO.2014.57.8401 (2015).

22. Downing, R. & Windsor, C. W. Disturbance of sensation after mastectomy. Br Med ] (Clin Res Ed) 288, 1650 (1984).

23. Ivens, D. et al. Assessment of morbidity from complete axillary dissection. Br ] Cancer 66, 136-138 (1992).

24. Lin, P. P. et al. Impact of axillary lymph node dissection on the therapy of breast cancer patients. J Clin Oncol 11, 1536-1544 (1993).

25. Tasmuth, T., von Smitten, K., Hietanen, P., Kataja, M. & Kalso, E. Pain and other symptoms after different treatment modalities of
breast cancer. Ann Oncol 6, 453-459 (1995).

26. Tasmuth, T., von Smitten, K. & Kalso, E. Pain and other symptoms during the first year after radical and conservative surgery for
breast cancer. Br ] Cancer 74, 2024-2031 (1996).

27. Zhao, S. et al. Comparison of the expression of prognostic biomarkers between primary tumor and axillary lymph node metastases
in breast cancer. Int ] Clin Exp Pathol 8, 5744-5748 (2015).

28. Nedergaard, L., Haerslev, T. & Jacobsen, G. K. Imnmunohistochemical study of estrogen receptors in primary breast carcinomas and
their lymph node metastases including comparison of two monoclonal antibodies. Apmis 103, 20-24 (1995).

29. Precht, L. M., Lowe, K. A., Atwood, M. & Beatty, J. D. Neoadjuvant chemotherapy of breast cancer: tumor markers as predictors of
pathologic response, recurrence, and survival. Breast ] 16, 362-368, doi: 10.1111/j.1524-4741.2010.00935.x (2010).

30. Caudle, A. S. et al. Predictors of Tumor Progression During Neoadjuvant Chemotherapy in Breast Cancer. Journal of Clinical
Oncology 28, 1821-1828, doi: 10.1200/jc0.2009.25.3286 (2010).

31. Tan, M. C. et al. Predictors of complete pathological response after neoadjuvant systemic therapy for breast cancer. Am J Surg 198,
520-525, doi: 10.1016/j.amjsurg.2009.06.004 (2009).

32. Thor, A. D. et al. erbB-2, p53, and efficacy of adjuvant therapy in lymph node-positive breast cancer. ] Natl Cancer Inst 90, 13461360
(1998).

33. Alvarado, R. et al. The role for sentinel lymph node dissection after neoadjuvant chemotherapy in patients who present with node-
positive breast cancer. Ann Surg Oncol 19, 3177-3184, doi: 10.1245/510434-012-2484-2 (2012).

34. Schipper, R. J. et al. A model to predict pathologic complete response of axillary lymph nodes to neoadjuvant chemo(immuno)
therapy in patients with clinically node-positive breast cancer. Clin Breast Cancer 14, 315-322, doi: 10.1016/j.clbc.2013.12.015
(2014).

35. Gerdes, J., Schwab, U., Lemke, H. & Stein, H. Production of a mouse monoclonal antibody reactive with a human nuclear antigen
associated with cell proliferation. Int ] Cancer 31, 13-20 (1983).

36. Denkert, C. et al. Ki67 levels as predictive and prognostic parameters in pretherapeutic breast cancer core biopsies: a translational
investigation in the neoadjuvant GeparTrio trial. Ann Oncol 24, 2786-2793, doi: 10.1093/annonc/mdt350 (2013).

37. Iasonos, A., Schrag, D., Raj, G. V. & Panageas, K. S. How to build and interpret a nomogram for cancer prognosis. J Clin Oncol 26,
1364-1370, doi: 10.1200/JC0O.2007.12.9791 (2008).

38. You, S. et al. Evaluation of lymph node status after neoadjuvant chemotherapy in breast cancer patients: comparison of diagnostic
performance of ultrasound, MRI and (1)(8)F-FDG PET/CT. Br ] Radiol 88, 20150143, doi: 10.1259/bjr.20150143 (2015).

Acknowledgements

The authors are grateful to Jiong Wu, Guang-Yu Liu and Zhen-Zhou Shen for their excellent data management.
This work was supported by grants from the Research Project of the Fudan University Shanghai Cancer Center
(YJ201401); the National Natural Science Foundation of China (81572583, 81502278, 81372848, 81370075); the
Municipal Project for Developing Emerging and Frontier Technology in Shanghai Hospitals (SHDC12010116);
the Cooperation Project of Conquering Major Diseases in the Shanghai Municipality Health System
(2013ZYJB0302); the Innovation Team of the Ministry of Education (IRT1223); and the Shanghai Key Laboratory
of Breast Cancer (12DZ2260100).

Author Contributions

X.J. and Y.-Z.J. contributed to the concept of the study, the data analysis and interpretation, and the writing of
the manuscript. X.J. helped in the nomogram construction. S.C. made tissue sections and participated in IHC
analysis. G.-H.D. and Z.-M.S. contributed to the collection and assembly of data. All authors read and approved
the final manuscript.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Jin, X. et al. A Nomogram for Predicting the Pathological Response of Axillary Lymph
Node Metastasis in Breast Cancer Patients. Sci. Rep. 6, 32585; doi: 10.1038/srep32585 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

O oy other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

© The Author(s) 2016

SCIENTIFICREPORTS | 6:32585 | DOI: 10.1038/srep32585 8


http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	A Nomogram for Predicting the Pathological Response of Axillary Lymph Node Metastasis in Breast Cancer Patients

	Methods

	Patient population. 
	Pathology. 
	Treatment. 
	Nomogram construction and validation. 
	Evaluating nomogram performance. 
	Ethical approval. 

	Results

	Patient characteristics. 
	Predictors for ALN pCR. 
	Construction and Validation of the Nomogram. 
	The Application of the Nomogram. 

	Discussion

	Conclusion

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Flow diagram of the study design.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ A nomogram predicting the probability of pathological complete response (pCR) of axillary lymph nodes (ALNs) after neoadjuvant chemotherapy (NCT).
	﻿Figure 3﻿﻿.﻿﻿ ﻿ Calibration plot of the nomogram for the probability of pathological complete response (pCR) of axillary lymph node (ALN) (bootstrap 1000 repetitions).
	﻿Figure 4﻿﻿.﻿﻿ ﻿ Validation of the nomogram.
	﻿Table 1﻿﻿. ﻿  Clinicopathological characteristics and univariate logistic regression analysis of different variables predicting ALN pCR of the total population, the training set and the validatio set.
	﻿Table 2﻿﻿. ﻿  Multivariate logistic regression analysis of variables (P < 0.



 
    
       
          application/pdf
          
             
                A Nomogram for Predicting the Pathological Response of Axillary Lymph Node Metastasis in Breast Cancer Patients
            
         
          
             
                srep ,  (2016). doi:10.1038/srep32585
            
         
          
             
                Xi Jin
                Yi-Zhou Jiang
                Sheng Chen
                Zhi-Ming Shao
                Gen-Hong Di
            
         
          doi:10.1038/srep32585
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 The Author(s)
          10.1038/srep32585
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep32585
            
         
      
       
          
          
          
             
                doi:10.1038/srep32585
            
         
          
             
                srep ,  (2016). doi:10.1038/srep32585
            
         
          
          
      
       
       
          True
      
   




