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Abstract 
Introduction: Breast cancer is the most common cancer in women and the second most frequent 
cause of cancer death. Several factors affect response to chemotherapy including nodal status, 
hormonal status and human epidermal growth factor receptor (Her-2). Aim of Study: The study is 
aiming at evaluating Caspase-3, 7 levels in serum of patients with locally advanced and metastatic 
breast cancer and establishing the relation between Casepase level and response to chemotherapy. 
Patients and Methods: The study was performed at Al Bairouni University Hospital and the Faculty 
of Pharmacy (Damascus-Syria). We have included 60 patients with histologic confirmation of in-
vasive ductal carcinoma of the breast treated with the combination (Docetaxel + Doxorubicin) 
with Caspase-3, 7 levels to be evaluated before treatment and 24 hours after the first and third cy-
cle. Results: Caspase-3 level increases in serum 24 hours after the 1st cycle correlated with differ-
ent kinds of response in 39 patients (P value 0.0002) with better results in those with Estrogen 
Receptors (ER) positive patients (P 0.005). In a similar manner, Caspase-7 level increases 24 hours 
after the 1st cycle correlated with response in 40 patients (P 0.005). However, ER status had no 
impact on response in Caspase-7 group (P 0.2). Conclusion: Caspase-3 and 7 levels in serum are 
useful as a predictive marker of response to chemotherapy in both locally advanced and metas-
tatic breast cancer especially when tittered 24 hours after the first chemotherapy. 
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1. Introduction 
In the United States, breast cancer remains the most common cancer in women and the second most frequent 
cause of cancer death [1]. There are a number of factors which determine the prognosis of disease and response 
to treatment. Prognostic factors are those which determine the outcome of disease in the absence of systemic 
treatment whereas predictive factors predict response to treatment [1]. Estrogen receptor (ER) and progesterone 
receptor (PR) expression are the most important and useful predictive factors currently available. ER and PR are 
intracellular steroid hormone receptors which have received substantial attention since 1986. Measurable 
amounts of ER and PR are found in about 50% - 85% of patients with breast cancer. The frequency of positivity 
and the level of ER and PR increase with age, reaching their highest levels in postmenopausal women [2]. 
Apoptosis (programmed cell death) plays an important role in tissue homeostasis and development. It is regu-
lated by a wide variety of survival signals as well as cellular mechanisms that are in charge of DNA integrity [3]. 
The apoptosis execution mechanism results in the development of characteristic morphological features such as 
nucleus and chromatin condensation, cell shrinkage and cytoplasmic blebs. The measure for quantification of 
apoptosis is the apoptotic index (AI). Many publications have proved that breast cancers with a high apoptosis 
index (programmed cell death) have a better prognosis compared with the same type of cancer with less or no 
apoptosis [4]. 

Although multiple genes are involved in apoptosis, the key mediators of the process are the Caspases. Cas-
pases are Aspartate-specific Cysteine proteases, which cleave their substrates on the carboxyl side of the Aspar-
tate residue [5] [6]. Currently at least 14 different Caspases are known to exist, of which two thirds play a role in 
apoptosis. The Caspases involved in apoptosis can be divided into two main groups, the initiator Caspases (e.g., 
Caspases 8, 9, and 10) and the downstream effector Caspases (e.g., Caspases 2, 3, 6, and 7). It is the members of 
the latter group that degrade multiple cell proteins and are responsible for the morphological changes in apop-
tosis. Caspase-3 is the most widely studied of the effector Caspases. It plays a key role in both the death receptor 
pathway, initiated by Caspase-8, and the mitochondrial pathway, involving Caspase-9. In addition, several stud-
ies have shown that Caspase-3 activation is required for apoptosis induction in response to chemotherapeutic 
drugs e.g., Taxanes, 5-fluorouracil, and doxorubicin [7]-[10]. Some studies investigated Caspases and their role 
in breast cancer, some of which studied Caspase levels and expression in breast carcinoma at mRNA level, 
however, little work has been made to evaluate levels of Caspases in serum of patients under treatment, there-
fore, the aim of this study is to titer the concentration of both Caspase-3 and 7 in serum of patients with locally 
advanced and metastatic breast cancer, then to evaluate the relation between Caspase concentration (fold in-
crease) and response to chemotherapy. 

2. Patients and Methods 
2.1. Patients 
The study is prospective, initiated in September 2012 and included 102 persons (21 disease free patients on fol-
low up, 21 healthy volunteers and 60 patients diagnosed with locally advanced and metastatic invasive ductal 
carcinoma of the breast). 25 patients presented with hepatic metastasis, 22 with pulmonary metastasis, 3 with 
bone metastasis and 10 others with locally advanced disease as illustrated in Table 1. Age of patients was be-
tween 28 and 62 years (51 years in median), good performance status (0, 1 and 2), normal hepatic and renal 
functions and pathologic confirmation of disease. The study was performed at the Breast cancer unit (al Bairouni 
university cancer center) and the faculty of Pharmacy Labs in Damascus (SYRIA). Both locally advanced and 
metastatic group received the same combination chemotherapy (Docetaxel 75 mg/m2 and Doxorubicin 75 mg/m2) 
repeated every 21 days for 3 cycles then evaluated by CT-Scan and bone scan for those with metastatic disease 
and by clinical exam for those with locally advanced disease. 

2.2. Methods 
Blood samples were taken from healthy cohort, disease-free then from patients before beginning of treatment, 24 
hours after the first cycle and 24 hours after the completion of the third cycle. Samples were centrifuged and se-
rum was collected and Caspase-3 and Caspase-7 levels were calibrated by means of (ELISA) from Sunred 
(China) and catalogue number 201-12-2258 for Caspase-7 Kit and catalogue number 201-12-0970 for Caspase-3 
Kit. 
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Table 1. Characteristics of patients.                       

Type Number Percentage 

Invasive ductal carcinoma 55 91% 

Invasive lobular carcinoma 5 9% 

Metastatic disease 50 83% 

Locally advanced 10 17% 

Hepatic metastasis 25 41% 

Pulmonary mrtastasis 22 36% 

Skin metastasis 3 5% 

ER+ 36 60% 

PR+ 42 70% 

Her-2+ 35 58% 

2.3. Biostatistics 
Correlation between parameter was assessed by Spearman’s test, while Mann-Whitney test was employed to 
compare between means. To assess the relation between types of response and Caspase-3/7 levels after 24 hours 
of the first chemotherapy, Qui square was used. Statistical significance was assigned to P value less than 0.05. 

3. Results 
Of the 60 patients included in the study, the disease progressed in 21 patients (35%) with less than 0.5 fold in-
crease in Caspase-3 concentration after 24 hours of the first cycle. 7 patients (11%) with Caspase-3 concentra-
tion fold increase between 0.5 - 0.9 showed stable disease while the remaining 22 patients (54%) showed partial 
response with Caspase-3 fold increase between 1 - 1.6 fold increase. In the other hand, the 10 complete re-
sponders showed a fold increase between (1.7 - 3), 24 hours after the completion of the first cycle as illustrated 
in Table 2 and concentration overtime are seen in Figure 1. 

To evaluate the statistical relation between Caspase-3 fold increase (before and 24 hours after the first cycle) 
and response to treatment, Chi square was employed showing P value 0.002. Also, Caspase-3 level was com-
pared between patient group and control group showed a mean Caspase-3 level of 2.3 ng/ml and 2 ng/ml respec-
tively. The Mann-Whitney test was used to compare Caspase-3 concentrations in both groups (patients and con-
trol) showing a substantial difference and P value of 0.0001. The same former statistical method was used also 
to compare Caspase-3 concentration before treatment (mean of 2.3 ng/ml), 24 hours after the first cycle (mean of 
3.5 ng/ml) and after the end of the third cycle (mean of 3.13 ng/ml) showed a statistical difference and P value 
of 0.0003. 

36 patient had Estrogen receptors positive disease (60%), 25 patients of which showed both partial and com-
plete response on treatment with P value of 0.005 meaning that there is a direct proportion between Estrogen re-
ceptor status (+) and response to treatment. In the other hand, Her-2 was positive in 35 patients, 12 of which 
showed response while 7 out of 25 with Her-2 (−) showed response with P value of 0.06 showing that there is no 
Her-2 status impact on response to treatment. 

In a similar manner, Caspase-7 concentration was evaluated in 60 patients and the relation between fold in-
crease and response is illustrated in Table 3 and concentration overtime in Figure 2. 

Of the 60 patients included in the study, the disease progressed in 20 patients (34%) with less than 0.5 fold 
increase in Caspase-7 concentration after 24 hours of the first cycle. 8 patients (13%) with Caspase-7 concentra-
tion fold increase between 0.5 - 0.9 showed stable disease while the remaining 27 patients (45%) showed partial 
response with Caspase-7 fold increase between 1 - 1.6 fold increase. In the other hand, the 8 complete respond-
ers showed a fold increase between (1.7 - 3), 24 hours after the completion of the first cycle as illustrated in  
Table 2. 

To evaluate the statistical relation between Caspase-7 fold increase (before and 24 hours after the first cycle) 
and response to treatment, Chi square was employed showing P value 0.005. Also, Caspase-7 level was com- 
pared between patient group and control group showed a mean Caspase-3 level of 2.635 ng/ml and 2.995 ng/ml  
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Table 2. The relation between Caspase-3 concentration 24 hours after the 1st cycle and type of response.                           

Number of patients Caspase-3 fold increase Type of response Percentage 

21 <0.5 Progression 35 

7 0.5 - 0.9 Stable 11 

22 1 - 1.6 Partial response 37 

10 1.7 - 3 Complete response 17 

 

 
Figure 1. Caspase-3 concentrations in each patient before and during the chemotherapy.   

 
Table 3. The relation between Caspase-7 concentration 24 hours after the 1st cycle and type of response.                  

Number of patients Caspase-7 fold increase Type of response Percentage 

20 <0.5 Progression 34 

8 0.5 - 0.9 Stable 13 

27 1 - 1.6 Partial response 45 

5 1.7 - 3 Complete response 8 

 
respectively. The Mann-Whitney test was used to compare Caspase-7 concentrations in both groups (patients 
and control) showing a substantial difference and P value of 0.0001. The same former statistical method was 
used also to compare Caspase-7 concentration before treatment (mean of 2.635 ng/ml), 24 hours after the first 
cycle (mean of 3.968 ng/ml) and after the end of the third cycle (mean of 3.752 ng/ml) showed no statistical dif-
ference and P value of 0.07. 

Regarding ER and Her-2 status, no relation was found between response and (ER, Her-2 status) with P value 
of 0.2. 

We studied the relation between Caspase-3 and Caspase-7 fold increase 24 hours after the 1st cycle using 
Pearson correlation showed r = 0.796 and P value 0.003 which confirm a strong relation between the two types 
of Caspases 3 and 7. Two responders are seen in Image 1 and Image 2 (hepatic metastasis and bone metastasis 
respectively). 

4. Discussion 
A failure to undergo apoptosis is widely believed to be a key event in cancer formation and progression [11]  
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Figure 2. Caspase-7 concentrations in each patient before and during the chemotherapy. 

 

  
before                                                      after 

Image 1. A patient with hepatic metastasis with complete response.                                               
 

  
before                                                      after 

Image 2. A patient with bone metastasis with a major response.                                                   
 
[12]. Several studies on Caspase-3 lost MCF-7 showed resistance to chemotherapy while restoring Caspase-3 in 
those cells which showed regain of chemosensitivity [13]. As illustrated in Figure 3, Apoptosis has an intrinsic 
and pathway meeting at the same point called execution point where Caspase-3 is considered as the most im-
portant factor of execution. Caspase-3 in turn activates Caspase-7, therefore, elevation in Caspase-3 concentra-
tion will lead to a similar increase in Caspase-7 level. 

In our study, we measured serum Caspase-3 and Caspase-7 levels in patients with both locally advanced and 
metastatic breast cancer to reveal the relation between Caspase levels and response to chemotherapy protocol 
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Figure 3. Illustrates the relation between Caspase-3 and dif-
ferent types of Caspases (Cas = Caspase).                 

 
(Docetaxel + Doxorubicin). In neoadjuvant and metastatic setting, we do not know which patient will respond to 
chemotherapy. Response to chemotherapy is considered a good prognostic factor and may predict a long pro-
gression free survival period [14]. Our study showed that Caspase-3, 7 elevation especially 24 hours after the 
first cycle is the most important predictor of response on the short term, and there is a direct proportion between 
fold increase and degree of clinical and radiologic response with P value of 0.0003. 

Death of tumor cells generates detectable protein products in the patient’s circulation, which may be used for 
cancer diagnostics and/or monitoring of therapy efficacy [15]. Apoptosis is a form of regulated cell death that is 
characterized by specific structural changes, mediated by proteases of the Caspase family [16]. Epirubicin/ 
5-fluorouracil treatment led to a heterogeneous response with regard to cell death mode [17] [18]. In preclinical 
models, studies have shown an increase of apoptotic proteins 1 - 3 days after chemotherapy [19]-[21]. In our 
study and in a similar way, Caspase-3, 7 levels are elevated after 24 hours after the first cycle with a serum level 
decreasing over time to reach a lower concentration after the 3rd cycle which could be attributed to decrease in 
tumor volume and consequently apoptotic proteins in responders, however, low level of Caspases after the first 
cycle accompanied with lower levels over time revealed a non responsive disease. This finding may help re-
searchers and clinicians to best tailor the treatment of locally advanced and metastatic breast cancer and to pre-
dict the chemoresistant patients from the very beginning. But, if we find low levels after the first cycle, are we 
able to change chemotherapeutic protocol? It is still a hard question to answer so far, because other factors may 
affect response to chemotherapy such as ER status, Her-2 status and nodal status. 

Regarding chemotherapy, Taxanes induce mitotic catastrophe, characterized by the occurrence of aberrant 
mitosis followed by cell division. Mitotic catastrophe is not a cell death mode, but will trigger cell death, either 
by apoptosis or by nonapoptotic mechanisms [22]-[24] and our study is supporting this concept through eleva-
tion of Caspase-3, 7 in vivo after treatment with Docetaxel in combination with Doxorubicin. Therefore, we can 
conclude that Caspase-3, 7 level in serum could be used as a predictive factor of response in patients with meas-
urable disease breast cancer only when measured 24 hours after the 1st cycle, however, further studies with other 
protocols are warranted to tailor our treatment in a better way. 
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All authors declare no conflict of interest. 
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