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Abstract. It is well-established that triple-negative breast 
cancer (TNBC) is a subtype of breast cancer, characterized 
by a poor prognosis and aggressive biological behavior. 
However, the available relevant data on TNBC in non-Western 
populations are limited. In order to analyze the clinicopatho-
logical and molecular biological characteristics and observe 
survival and prognostic factors, 972 breast cancer patients 
(156 of whom had TNBC) who received treatment at the 
First Affiliated Hospital of Medical School of Xi'an Jiaotong 
University and the First Hospital of China Medical University, 
between January, 2004 and January, 2007 were retrospectively 
evaluated. In the univariate analysis, tumor size, TNM stage, 
axillary lymph node status and recurrence or metastasis were 
identified as prognostic factors for 7‑year disease‑free survival 
(DFS) and overall survival (OS). Our multivariate Cox's regres-
sion analysis demonstrated that tumor size and axillary lymph 
node status were significant prognostic factors for 7‑year DFS 
and OS. Notably, tumor subgroup (TNBC vs. non‑TNBC) was 
a significant prognostic factor associated with 7‑year DFS and 

OS in breast cancer. It was suggested that TNBC exhibited 
a worse 7-year survival compared with that in non-TNBC 
patients, most likely due to its more aggressive behavior and 
insensitivity to specific therapy.

Introduction

Breast cancer is the most common malignancy among 
females (1) and the second most common cause of 
cancer-related mortality behind lung cancer (2). Due to 
changes in lifestyle, the incidence of breast cancer, which is 
currently on the increase in developing countries, including 
China, has increased significantly. Based on DNA microarray 
techniques, breast cancer is classified into five subtypes: 
luminal A, luminal B, normal breast-like, human epidermal 
growth factor receptor 2 (HER2/neu)-overexpressing and 
basal-like (3). The basal-like and normal breast-like subtypes, 
which are immunohistochemically characterized by the lack 
of expression of the estrogen receptor (ER), progesterone 
receptor (PgR) and HER2, are defined as triple‑negative breast 
cancer (TNBC) (4).

TNBC is a distinct breast cancer subtype, which accounts 
for ~10-17% of all breast carcinomas (5). TNBC, usually 
occurring in young females, is generally considered to exhibit 
an aggressive clinical behavior and poor prognosis, due to the 
fact that it is insensitive to endocrine and targeted therapy (6). 
Furthermore, the TNBC subgroup is associated with a 
higher risk of distant recurrence and mortality compared 
to its non-triple-negative counterparts, particularly during 
the first 3-5 years of follow-up (6). However, few studies 
have been conducted among non-Western populations (7) 
and the information on the Asian TNBC subtype remains 
confusing and limited (8). Kurebayashi et al (9) reported 
that Japanese patients with TNBC are mostly superimpos-
able for disease‑free survival (DFS) and overall survival 
(OS). Lin et al (10) indicated that Taiwanese TNBC patients 
exhibited a better 5‑year OS compared with HER2‑positive 
patients. Yin et al (7) revealed that recurrence-free survival in 
Chinese TNBC patients was superior to that of HER2-positive 
patients. In order to elucidate whether there are regional 
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differences among patients in different Chinese cities and 
whether they differ from Western populations, it is critical to 
further delve into the clinical characteristics and prognosis of 
TNBC in mainland Chinese patients.

In the present study, a retrospective analysis was perfomed 
on the clinicopathological characteristics of TNBC patients 
who received conventional treatment at the Department of 
Oncology, First Affiliated Hospital of Medical School of Xi'an 
Jiaotong University and the Department of Breast Surgery, 
General Surgery, First Hospital of China Medical University. 
In this study, the aim was to determine the clinicopatho-
logical characteristics of this breast cancer subtype, evaluate 
the survival of patients treated by the currently available 
conventional methods and analyze the prognostic factors. The 
internal information on clinical TNBC cases may elucidate 
the implications of the underlying distinction in tumor biology 
from other breast cancer subgroups.

Materials and methods

Patient characteristics. Between January 1, 2004 and 
December 31, 2007, a total of 972 female patients with breast 
cancer confirmed by surgery and pathological examination 
in the Department of Oncology, First Affiliated Hospital 
of Medical School of Xi'an Jiaotong University and the 
Department of Breast Surgery, General Surgery, First Hospital 
of China Medical University, were retrospectively investi-
gated. The study protocol was approved by the Institutional 
Review Board of the two participating hospitals. The baseline 
data included age, tumor characteristics (including, tumor size, 
lymph node metastasis, distant metastasis, tumor grade, patho-
logical stage, ER/PgR/HER2 expression and histological type) 
and treatment modalities. The quality of the cancer registry 
database was reviewed and approved by the Ethics Committee 
of the First Affiliated Hospital of Medical School of Xi'an 
Jiaotong University.

Tumor characteristics. The pathological diagnosis was in 
accordance with the histological classification of tumors 
developed by the World Health Organization and clinical 
staging was based on the TNM staging of breast cancer 
developed by the American Joint Committee on Cancer. The 
immunohistochemical expression of ER, PgR and HER2 was 
detected with the streptavidin peroxidase conjugated method 
(SP method) using 5‑µm serial sections. The primary anti-
bosdies used were as follows: rabbit monoclonal anti-human 
ER antibody, rabbit monoclonal anti-human PgR antibody 
(Fuzhou Maixin Biotechnology Development Co., Ltd., 
Fuzhou, China) and rabbit anti-human HER2 antibody (Roche 
Diagnostics, Shanghai, China). The secondary antibody used 
was HRP-ploymer anti mouse/rabbit IgG (Fuzhou Maixin 
Biotechnology Development Co., Ltd.). Cells accounting for 
≥10% were considered as positive expression. The size of the 
primary breast tumor was determined by using dual-track 
measurement.

Treatment. Routine preoperative chemotherapy was 
administered to 116 out of the 972 cases (11.9%). All 
patients underwent surgical treatment of breast cancer. The 
postoperative adjuvant therapy was administered based 

on the recommendations of the National Comprehensive 
Cancer Network guidelines. In our study, the majority of 
the patients received the CMF chemotherapy regimen: 
cyclophosphamide, 600 mg/m2; methotrexate, 40 mg/m2; 
and 5-FU, 500 mg/m2. In certain high-risk patients, taxanes 
(paclitaxel, docetaxel) were added to 5-FU, epirubicin and 
cyclophosphamide (FEC regimen).

Follow‑up. The patients were followed-up from the first day 
following surgery to tumor recrudescence, metastasis or death 
from any cause. Our final follow‑up deadline was December 31, 
2011. The required information on therapeutic effect and 
prognosis was collected mainly through letters, telephonical 
communication or outpatient review. Local recurrence was 
defined as clinical or histological recurrence in the ipsilateral 
breast, chest wall or axillary lymph nodes. Distant metastasis 
referred to the clinical and imaging identification of distant 
metastatic lesions. DFS was defined as the time period from 
the first day after surgery to the first local recurrence or distant 
metastasis. OS was measured from the first day of follow‑up.

Statistical analysis. The statistical software SPSS 17.0 
(SPSS Inc., Chicafo, IL, USA) was used to analyze the collected 
data. Data were expressed as means ± SD for continuous 
variables. An independent t-test was used for the comparison 
of continuous variables. Categorical variables were assessed 
using the Chi-square test when appropriate. P<0.05 was 
considered to indicate a statistically significant difference. 
A cumulative survival analysis of breast cancer patients was 
performed with the Kaplan-Meier method and the log-rank 
test was used for single-factor analysis. The multivariate 
analysis was performed using the Cox proportional hazards 
regression model.

Results

Clinical characteristics. All included patients were followed 
up for 6-84 months, without any losses. The patients in the 
TNBC group accounted for 16.05% (156/972). The average 
age of the 156 TNBC patients was 51.7 years, with a median 
age of 52.5 years. The patients with TNBC had a similar age 
at diagnosis with non-TNBC patients (P=0.943). The TNBC 
patients prior to menopause accounted for 43.59% (68/156), 
which was not different from the non-TNBC group.

In the TNBC group, the major pathological type was 
infiltrative ductal carcinoma (82.05%), followed by infiltrative 
lobular (5.77%) and medullary carcinoma (5.13%), which was a 
distribution similar to that of the non-TNBC group (P=0.995). 
The tumor diameter in TNBC patients was commonly 2-5 cm, 
accounting for 60.26% (94/156), with an average tumor diam-
eter of 3.1 cm. The percentage of tumor grade III was 51.92% 
in TNBC, which was significantly higher compared with that 
of the non-TNBC group (P=0.002). The cases with tumor 
stage ≥II accounted for 85.90% (134/156). The percentage of 
axillary lymph node-positive cases was lower in the TNBC 
compared to that in the non-TNBC group (P=0.009). The 
number of positive lymph nodes was most commonly 1-3, 
accounting for 45.45% (25/156), with 4-9 accounting for 
34.55% (19/156) and ≥10 accounting for 20% of the cases 
(11/156). Clinicopathological data are summarized in Table I. 
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The Chi-square test revealed that there was no correlation 
between axillary lymph node metastasis and the tumor size in 
the TNBC group (P=0.536, Table II).

Recurrence and metastasis. In the TNBC group, a DFS was 
reported in 120 cases (76.92%), whereas 36 patients (36/156, 
23.08%) developed recurrence and metastasis. Common 
distant metastatic sites were the lung, bone, brain, liver, supra-
clavicular lymph nodes and pleura. There were significant 
differences in the metastatic sites between the TNBC and 
non-TNBC groups (P<0.001). Compared with non-TNBC, 
TNBC patients exhibited a higher propensity for visceral and 
brain metastasis (42.11 vs. 6.25%) and a lower incidence of 
bone metastasis (15.79 vs. 62.50%). Related data are presented 
in Table III.

Survival analysis. The univariate Cox's regression analysis 
identified tumor subgroup (TNBC or non-TNBC) as an 
independent prognostic factor associated with 7‑year DFS 
and OS. Furthermore, tumor size, TNM stage, axillary lymph 
node status and recurrence or metastasis were also found to 
exert a statistically significant effect on DFS and OS; however, 
regarding other variables, including age, menstrual status, 
pathological type, tumor grade, number of metastatic lymph 
nodes, metastatic site and family history of breast cancer, there 
were no significant differences in DFS and OS (Table IV).

To further analyze the possible factors affecting the 
prognosis of patients with breast cancer, the multifactor Cox 
proportional hazards regression model was used. The incorpo-
rated factors included tumor size, TNM stage, axillary lymph 
node status, tumor subgroups and metastatic or recurrence 

Table I. Clinicopathological characteristics of patients with breast cancer according to tumor subgroup.

  Subgroup, n (%)
 Total -------------------------------------------------------------------------------------------
Characteristics (n=972) TNBC (n=156) Non-TNBC (n=816) P-value

Mean age at diagnosis (years)  51.7 51.5 0.943
Menopausal status (%)    0.887
  Prior to menopause 416 68 (43.59) 348 (42.65)
  Following menopause 556 88 (56.41) 468 (57.35)
Pathological type    0.995
  Invasive ductal carcinoma 790 128 (82.05) 662 (81.13)
  Invasive lobular carcinoma 57 9 (5.77) 48 (5.88)
  Medullary carcinoma 51 8 (5.13) 43 (5.27)
  Other 74 11 (7.05) 63 (7.72)
Tumor size (cm)    0.971
  ≤2 241 38 (24.36) 203 (24.88)
  2-5 592 94 (60.26) 498 (61.03)
  >5 139 24 (15.38) 115 (14.09)
Grade (%)    0.002
  I-II 646 75 (48.08) 571 (69.98)
  III 326 81 (51.92) 245 (30.02)
TNM stage    0.752
  I 144 22 (14.10) 122 (14.95)
  II 300 54 (34.62) 246 (30.15)
  III‑IV 528 80 (51.28) 448 (54.90)
Axillary lymph node status    0.009
  Negative 534 109 (69.87) 425 (52.08)
  Positive 438 47 (30.13) 391 (47.92)
Metastatic lymph nodes    0.891
  1-3 206 25 (45.45) 181 (48.14)
  4-9 139 19 (34.55) 120 (31.91)
  ≥10 86 11 (20.00) 75 (19.95)
Family history    0.969
  Negative 883 141 (90.38) 742 (90.93)
  Breast cancer 63 10 (6.41) 53 (6.50)
  Other tumor 26 5 (3.21) 21 (2.57)

TNBC, triple-negative breast cancer.
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status. The multivariate analysis demonstrated that tumor 
subgroup (TNBC or non‑TNBC) was statistically significant 
in 7‑year DFS and OS. Furthermore, tumor size and axillary 
lymph node status were independent prognostic factors for 
TNBC and non‑TNBC (Table V).

The Kaplan-Meier survival curves are shown in Fig. 1. 
The DFS rate for TNBC patients was 98, 76, 67 and 64% in 
the 1st, 3rd, 5th and 7th years, respectively. The OS rate for 
TNBC patients was 97, 85, 72 and 68% in the 1st, 3rd, 5th and 
7th years, respectively. DFS and OS rates were significantly 
lower in the TNBC compared to those in the non-TNBC group 
in the 3rd, 5th and 7th years; however, in the 1st year, the 
DFS rate of the TNBC was higher compared with that in the 
non-TNBC group (98 vs. 95%).

Discussion

TNBC is a special subtype of breast cancer classified according 
to cell morphology and cell surface receptors. Patients with 
TNBC exhibit a poor prognosis due to its aggressive biological 
behavior and lack of effective treatment, as this type of cancer 
is insensitive to targeted and endocrine therapy. In order to 

improve the outcomes for TNBC patients, ongoing studies on 
TNBC are currently conducted clinically and experimentally. 
In this study, we selected a cohort of 972 patients in order to 
analyze the clinicopathological characteristics and prognosis 
of TNBC patients in China. The included patients were 
selected from two different hospitals in different cities, in 
order to enhance the reliability of our results.

Numerous studies have demonstrated that premenopausal 
African-American females were more prone to develop TNBC. 
Carey et al (11) reported that the morbidity rate of the TNBC 
subtype among African-American breast cancer patients 
<50 years old may be as high as 39%, whereas it is only 16% 
among Caucasian females and 14% among post-menopausal 
African females. In our study, 16.5% of the included patients 
had TNBC and it was demonstrated that age and menopausal 
status did not significantly affect the TNBC incidence in China, 
which is in accordance with the findings of previous studies, 
reporting that the prevalence of TNBC among non-African 
female breast cancer patients ranges between 10 and 17% and 
it is lower compared to that among pre-menopausal African 
females (12-14).

Kandel et al (15) demonstrated that the average tumor size 
of TNBC is 2 cm and 50% of TNBC patients develop lymph 
node metastases. With regard to pathological characteristics, 
this type of breast cancer may exhibit three histological 

Table II. Association between lymph node metastasis and 
primary tumor size in the TNBC group.

  Lymph node metastasis
  --------------------------------------------
T n Positive Negative χ2 P-value

T1 38 16 22 - -
T2 98 40 58 6.349 0.536
T3 20 14 6 - -
Total 156 70 86 - -

TNBC, triple-negative breast cancer.

Table III. Recurrence or metastatic status of breast cancer 
patients according to tumor subgroup (TNBC vs. non-TNBC).

 Subgroup, n (%)
 ------------------------------------------------
Characteristics TNBC Non-TNBC Total (n) P-value

Recurrence    0.866
or metastasis
  Yes 36 (23.08) 180 (22.06) 216
  No 120 (76.92) 636 (77.94) 756
Metastatic site    <0.001
  Bone 3 (15.79) 50 (62.50) 53
  Lung 1 (5.26) 2 (2.50) 3
  Liver 4 (21.05) 10 (12.50) 14
  Brain 8 (42.11) 5 (6.25) 13
  Other 1 (5.26) 7 (8.75) 8
  Multiple 2 (10.53) 6 (7.50) 8

TNBC, triple-negative breast cancer.

Figure 1. Kaplan-Meier survival curves. (A) Disease‑free survival (DFS) 
and (B) overall survival (OS) in triple‑negative breast cancer (TNBC) and 
non-TNBC patients. Cens., censored.
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grades. However, in the present study, we observed that a 
tumor size of 2-5 cm represented the largest percentage in the 
TNBC group and axillary lymph node metastases accounted 
for 30.13%. Histological grade III accounted for the largest 
percentage in the TNBC group (P=0.002). It is hypothesized 
that TNBC in China may differ from that encountered in 
other countries.

Haffty et al (16) reported that TNBC exhibits a higher 
proportion of positive family history of breast cancer. In this 
study, 10 of the 156 TNBC patients (6.41%) had a family 
history of breast cancer, which was not significantly higher 
when compared with the non-TNBC subgroup. Furthermore, 
single- and multifactor analyses did not suggest that TNBC 
was correlated with a family history of breast cancer. 
Zhang et al (17) reported that, in China, family history was 

not statistically different between the TNBC and non-TNBC 
groups (P=0.180), which is in agreement with our findings. 
Therefore, we may infer that triple-negative status is not asso-
ciated with an increased hereditary risk in Chinese females.

The current investigation of the correlation between tumor 
size and lymph node metastasis has produced varying results. 
In a controlled study (13), it was suggested that TNBC exhibits 
a higher tendency for lymph node metastasis, compared to 
other types of breast cancer. By contrast, other studies have 
demonstrated that there is no difference in the frequency of 
lymph node metastasis in TNBC (12,16,18). In an investiga-
tion of 292 cases of breast cancer specimens, Haffty et al (16) 
suggested that tumor size was not associated with lymph node 
metastasis. In this study, for tumor sizes <2 cm, the lymph node 
metastatic rate was as high as 42.1%, whereas it was 70.0% for 

Table IV. Prognostic factors for disease‑free survival and overall survival of breast cancer patients in univariate Cox regression 
analysis.

  Disease-free survival   Overall survival
  ---------------------------------------------------------------------------  --------------------------------------------------------------------------
Characteristics HR 95% CI P-value HR 95% CI P-value

Age (≤50 vs. >50 years) 1.029 0.697‑1.521 0.884 1.028 0.695‑1.519 0.891
Menopausal status (prior to vs. after) 1.016 0.684-1.509 0.937 1.017 0.685-1.511 0.933
Pathological type (invasive 1.019 0.822-1.263 0.865 1.018 0.821-1.261 0.873
ductal carcinoma vs. other)
Tumor size (≤2 vs. >2 cm) 0.099 0.038‑0.257 <0.0001 0.099 0.038‑0.257 <0.0001
Grade (I-II vs. III) 1.202 0.804-1.798 0.371 1.198 0.801-1.792 0.379
TNM staging (I‑II vs. III‑IV) 1.374 1.024‑1.841 0.034 1.371 1.023‑1.838 0.035
Axillary lymph node status 2.466 1.636-3.715 <0.0001 2.438 1.618-3.673 <0.0001
(negative vs. positive)
Metastatic lymph nodes (<4 vs. ≥4) 1.096 0.931‑1.291 0.271 1.098 0.933‑1.294 0.260
Recurrence or metastasis (yes vs. no) 0.639 0.420-0.972 0.036 0.642 0.422-0.976 0.038
Metastatic site (single vs. multiple) 0.976 0.784-1.215 0.828 0.976 0.784-1.215 0.825
Family history (positive vs. negative) 0.948 0.568-1.582 0.837 0.947 0.567-1.580 0.834
Tumor subgroups (TNBC 0.236 0.159-0.350 <0.0001 0.232 0.157-0.344 <0.0001
vs. non-TNBC)

HR, hazard ratio; CI, confidence interval; TNBC, triple‑negative breast cancer.

Table V. Prognostic factors for disease‑free survival and overall survival of breast cancer patients in multivariate Cox regression 
analysis.

  Disease-free survival   Overall survival
  --------------------------------------------------------------------------  --------------------------------------------------------------------------
Characteristics HR 95% CI P-value HR 95% CI P-value

Tumor size (≤2 vs. >2 cm) 0.115 0.044‑0.302 <0.0001 0.113 0.043‑0.298 <0.0001
TNM stage (I‑II vs. III‑IV) 1.252 0.939‑1.668 0.126 1.243 0.932‑1.658 0.138
Axillary lymph node status 2.897 1.897-4.423 <0.0001 2.859 1.873-4.362 <0.0001
(negative vs. positive)
Recurrence or metastasis (yes vs. no) 0.649 0.426-0.988 0.044 0.661 0.434-1.006 0.054
Tumor subgroups (TNBC 0.190 0.127-0.283 <0.0001 0.188 0.126-0.280 <0.0001
vs. non-TNBC)

HR, hazard ratio; CI, confidence interval; TNBC, triple‑negative breast cancer.
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tumor sizes >5 cm (P>0.05). Therefore, tumor size was not 
found to correlate with lymph node metastasis, which is in 
agreement with several studies in China and abroad (12,16,18).

In the univariate Cox's regression analysis, our results 
indicated that tumor size, TNM stage, axillary lymph node 
status and recurrence or metastasis were prognostic factors for 
7‑year DFS and OS. Our multivariate Cox's regression analysis 
demonstrated that tumor size and axillary lymph node status 
were the main prognostic indicators for 7‑year DFS and OS. 
These findings are in accordance with those of previous 
studies (8,19). Tumor subgroup (TNBC or non-TNBC) was 
identified as a significant prognostic factor of breast cancer in 
the univariate and multivariate survival analysis.

TNBC is prone to local recurrence and distant metastasis. 
Dent et al (13) observed that, in the 5th year of follow-up, the 
frequency of distant metastasis was significantly higher among 
TNBC compared to that among non-TNBC patients (33.9 and 
22.4%, respectively) and the risk of distant metastasis was 
higher in the TNBC group (relative risk=2.6). There was a 
gradual increase in the risk of distant metastasis in the TNBC 
group, with a peak in the 2nd and 3rd years, followed by a 
rapid decline, with a lower risk in the 5th year and no distant 
metastasis in the 8th year of follow-up. In non-TNBC patients, 
the risk of distant metastasis during follow-up appeared to 
remain constant over the follow-up period. TNBC exhibits 
a propensity for organ‑specific metastasis. Rakha et al (12)
reported that TNBC is more likely to metastasize to the spinal 
cord, brain, meninges, liver and lungs, but rarely to the bones. 
A study conducted at the M.D. Anderson Cancer Center also 
reported that TNBC was associated with a higher risk of 
visceral and a lower risk of bone metastases (20). TNBC has a 
higher risk of local recurrence or distant metastasis following 
the final diagnosis. This suggests that distant metastasis 
may exhibit a certain organ tendency in TNBC (21-23) and 
the specific target organ metastasis may be associated with 
its specific gene expression (24‑26). Consistently, our study 
demonstrated that, compared to non-TNBC patients, TNBC 
patients had a higher propensity for visceral metastasis (liver, 
21.05 and lung, 5.26%), as well as brain metastasis (42.11%), 
with a lower incidence of bone metastasis (15.79 vs. 62.50%).

The TNBC subgroup exhibited a more aggressive clinical 
course and a higher risk of recurrence and mortality when 
compared to the non-TNBC group, with a 5- and 7-year 
survival rate of 72 and 68%, respectively. Non-Hispanic 
females of African descent exhibited the worst prognosis, with 
a 5-year survival rate of only 14%. Khan et al (20) reported 
that of 282 African-American female patients with a median 
age of 57 years, TNBC accounted for 30% of the cases. In this 
study, in the 1st year, the DFS rate for TNBCs was 98%, which 
was higher compared with that in the non-TNBC group. This 
may be attributed to the currently accepted view that TNBC 
appears to be more sensitive to chemotherapy compared to 
non‑TNBC (27); thus, TNBC patients may achieve higher 
short‑term DFS rates. However, TNBC patients have a worse 
OS (28) and tend to relapse sooner compared to patients with 
other breast cancer subtypes. This is mainly due to the short-
ened disease-free period rendering the tumor more aggressive. 
Yin et al (7) reported that, in multivariate analysis, TNBC 
exhibited a significantly increased recurrence rate within 
2 years after surgery, which is inconsistent with our findings. 

TNBC patients have a worse 7‑year DFS and OS compared to 
non-TNBC patients, with the risk of any recurrence increasing 
sharply from the date of diagnosis, peaking at 1-2 years and 
decreasing quickly thereafter, which was similar to the find-
ings reported by Dent et al (13).

The Cox model regression analysis results revealed that 
axillary lymph node status was an independent prognostic 
factor for TNBC (P=0.001). Our results were in accordance 
with the majority of the previously published literature.

In conclusion, TNBC has its own unique clinical patholog-
ical and molecular characteristics. Due to the lack of specific 
treatment guidelines following surgery, despite the adminis-
tration of chemotherapy and radiotherapy, the prognosis of 
TNBC patients remains poor. Efforts are currently focused 
on developing a specific therapy for TNBC. It was reported 
that TNBC may have a specific signal transduction pathway 
which is crucial in the occurrence and development of breast 
cancer (29-31), which may provide a novel approach for clinical 
treatment based on molecular markers and investigation of this 
specific pathway.
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