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Abstract 
Cervical cancer is an abnormal growth or cell changes in the cervical wall, which is the 4th rank in the 
most common cancer among female and the 2nd most common cancer in female aged fifteen until fourty 
four years old worldwide. Neovascularization becomes an important step in determining the onset and 
progressive cancer. Neoadjuvant chemotherapy has been evaluated as a treatment strategy in the stages 
IB2 and IIA2. The use of chemotherapy drug becomes more effective in adjacent and regular 
vascularization, and it allows the blood flow to the organs more quickly. This study aims to determine 
the correlation of tumor vascularization using Spectral Pulse Wave Doppler with neoadjuvant 
chemotherapy response in IB2 and IIA2 stages of cervical cancer. This research is a cohort analytic 
study which involves thirty six of patient in IB2 and IIA2 stages. The sampling is selected by using 
consecutive sampling technique. The data includes the result of ultrasound examination and were 
analyzed by using the Chi-square test. The results of the research on good and poor tumor 
vascularization had a good response to thirty of patient (83.3%) who were given neoadjuvant 
chemotherapy. There was no significant effect between tumor vascularization using Spectral Pulse 
Wave Doppler to the responses of neoadjuvant chemotherapy in IB2 and IIA2 stages of cervical cancer.  
Keywords: tumor vascularization using Spectral Pulse Wave Doppler, responses of neoadjuvant 
chemotherapy, IB2 and IIA2 stages of cervical cancer 
 
INTRODUCTION 
Cervical cancer is defined as an abnormal growth or cell changes in the cervical wall. Cervical 
cancer ranks as the fourth most common cancer among female and second most common 
cancers in female aged between 15 – 44 years worldwide. There were 527,624 new cases 
worldwide and 265,672 deaths caused by cervical cancer in 2012. The incidence of cervical 
cancer in 2012 showed that there were 284,823 new cases recorded in the Asian region and 
50,566 new cases recorded in the region of Southeast Asia. Southeast Asia ranks in the third 
in the number of cases of cervical cancer in the Asian region, with Indonesia occupying the 
tenth spot in incidence of cervical cancer in the Asian region at 17,3% per 100,000 female per 
year.1 
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The total population of cervical cancer cases in West Sumatra in 2013 was 2,285 cases 
and was ranked eight position throughout Indonesia.2 According to the research on the 
description of risk factors for cervical cancer at Dr. M. Djamil General Hospital, Padang, there 
was an increase in the incidence of cervical cancer, with 37 cases in 2009, 58 cases in 2010 
and 2011, 42 cases in 2012, 251 cases in 2014, 214 cases in 2015, 151 cases in 2016, and 287 
cases from January to September 2017.3 

Management of cervical cancer patients is distinghuished based on the classification of 
the International Federation of Gynecology and Obstetrics (FIGO). Patients with IB1 and IIA 
stages of cervical cancer with tumors smaller than 4cm are given radical hysterectomy with 
pelvic lymphadenectomy or radiation therapy, while patients with stages IB2 and IIA with 
tumors greater than 4cm are treated with radiation therapy and cisplatin as chemotherapy, 
hysterectomy followed by adjuvant radiation therapy or cisplatin chemotherapy given after 
hysterectomy.4 The treatment choice for stages IIB – IIIB is chemoradiothreapy with 
additional neoadjuvant chemotherapy followed by surgery or radiaton therapy. Stage IVA 
patients can undergo chemotherapy and pelvic exenteration.5 The use of neoadjuvant 
chemotherapy is believed to reduce tumor size, increase tumor vascularization, reduce the 
number of hypoxic cells, increase radiosensitivity to tumors, and suppress the course of 
metastases by eliminating metastasized lesions.6, On the other hand, the use of neoadjuvant 
chemotherapy is receiving attention because patients who do not respond to chemotherapy 
can have their curative treatment plans delayed, thus it is important to find markers that can 
determine the response of chemotherapy for patients.7 

Sardi’s 1997 study, using Randomized Clinical Trial (RCT) of neoadjuvant chemotherapy 
in IB squamous cell carcinoma patients, compared results between patients who used 
neoadjuvant chemotherapy before surgery with those who only used surgery as treatment. 
The results of this study indicate that management using neoadjuvant chemotherapy before 
surgery has a higher rate of completion of surgery in patients with tumor diameters greater 
than 4cm. This shows that the use of neoadjuvant chemotherapy can significantly prolong 
survival by reducing the factor of poor pathological prognosis.8 Similar results were obtained 
in the study of Loizzi et al. in 2018, out of 23 patients using neoadjuvant chemotherapy as 
many as 20 patients (87%) responded well to chemotherapy, receiving a complete response 
of 17% and partial response of 70%, which included progressive disease by 9% and stable 
disesase by 4%.9 From the results of existing studies, it is necessary to do further research to 
prove the effectiveness of the use of neoadjuvant chemotherapy in cervical cancer therapy.10 

The formation of new blood vessel or neovascularization is an important step in 
determining the onset and progression of cancer in humans.11 Tumor vascularization in 
cervical cancer can be assessed in vivo with Trasvaginal Colour Doppler (TVCD).12 In one study, 
97 patients with cervical tumors could be evaluated with a 3D-Power Doppler Ultrasound 
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where Vascularization Index (VI), Flow Index (FI), and Vascularization Flow Index (VFI) patients 
with tumors could be detected significantly higher than normal cervix or cervix that has 
undergone prior conization. Several studies have focused on changes in this index before and 
during chemotherapy. One study with 30 cervical cancer patients compared with 35 normal 
female showed that VI adn VFI were significantly higher in the cervical cancer group, and 
patients showed a significant reduction after neoadjuvant chemotherapy session. The use of 
VI was also assessed in predicting the response of cervical carcinoma to neoadjuvant 
chemotherapy.13 Study shows the use of chemotherapy drugs is more effective in adjacent 
and regular blood vessels, allowing blood flow to these organs faster.14 
 

METHOD 
This research is an analytic cohort study that examines the correlation of tumor 
vascularization using Spectral Pulse Wave Doppler with neoadjuvant chemotherapy response 
in IB2 and IIA2 stages of cervical cancer. The independent variable in this study is tumor 
vascularization using Spectral Pulse Wave Doppler and the dependent variable in this study is 
the neoadjuvant chemotherapy response. 

This study was carried out in the Gynecology ward of Department Obstetrics and 
Gynecology Dr. M. Djamil General Hospital Padang from May 2018 – March 2019. The target 
population is patients with stage IB2 and IIA2 cervical cancer in Dr. M. Djamil General Hospital 
Padang who underwent neoadjuvant chemotherapy. 

Samples of this study were cervical cancer patients who met the inclusion and exclusion 
criteria. Inclusion criteria: patients with a diagnosis of IB2 and IIA2 cervical cancer, who 
underwent neoadjuvant chemotherapy, and were willing to take part in the study. Exclusion 
criteria: patients that transrectal ultrasound examination cannot be done either because of 
hemorrhoids, perianal pain, or anal stenosis, and who can’t continue as a study sample 
(dropped out). 

The sample size for the Doppler variable is 16.81 by adding the possibility of a 10% drop 
out rate to 18 for each group, with 36 total sample.15,16  The selection of sample is done by 
non-probability sampling technique that is consecutive sampling from the population of IB2 
and IIA2 cervical cancer patients in Dr. M. Djamil General Hospital Padang who underwent 
neoadjuvant chemotherapy. 

Data were analyzed statistically based on variables assessed using a computerized 
system that is univariate and bivariate analysis. Univariate analysis aims to explain the 
characteristics of each of the variables studied, namely age, stage, histopathology, 
hemoglobin levels, tumor size, and tumor valume. The bivariate analysis aims to see the effect 
between the two variable in the study, namely tumor vascularization using Spectral Pulse 
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Wave Doppler and neoadjuvant chemotherapy responses. In this study bivariate analysis was 
performed by Chi-square statistical test with Statistical Program for Social Science (SPSS). 
 
RESULT 
This research was carried out in the Department Obstetrics and Gynecology Dr. M. Djamil 
General Hospital Padang. The target population of this study was IB2 and IIA2 stages of 
cervical cancer patients at Dr. M. Djamil General Hospital Padang who underwent 
neoadjuvant chemotherapy. Subjects were 36 people who met the inclusion criteria and 
exclusion criteria for conducting the study. The study subjects were taken by consecutive 
sampling. 

Tumor vascularizaion is determined using Spectral Pulse Wave Doppler, namely by 
transrectal ultrasonography before undergoing neoadjuvant chemotherapy which is 
categorized as good vascularization and poor vascularization. Neoadjuvant chemotherapy 
response is measured according to RECIST 1.1 criteria where the results of neoadjuvant 
chemotherapy response measurements are categorized as good response and poor response. 
The research data is then computerized. 
 
Frequency Distribution of IB2 and IIA2 Stages of Cervical Cancer Patients Based on Tumor 
Vascularization using Spectral Pulse Wave Doppler 
Table 1. Frequency Distribution of IB2 and IIA2 Stages of Cervical Cancer Patients Based on Tumor 
Vascularization using Spectral Pulse Wave Doppler 

Characteristics Vascularization 
Good (n = 18) Poor (n = 18) 

Age f (%) 
20-30 
> 30-40 
> 40-50 
> 50 

 
0 (0) 

4 (11.1) 
5 (13.9) 
9 (25) 

 
0 (0) 

1 (2.8) 
8 (22.2) 
9 (25) 

Stage f (%) 
IB2 
IIA2 

 
8 (22.2) 

10 (27.8) 

 
10 (27.8) 
8 (22.2) 

Histopathology type f (%) 
Squamous cell carcinoma 
Adenocarcinoma 
Lainnya 

 
13 (36.1) 

3 (8.3) 
2 (5.6) 

 
13 (36.1) 
4 (11.1) 
1 (2.8) 

Hemoglobin levels (gr/dl) f (%) 
10 - 12 
> 12 

 
13 (36.1) 
5 (13.9) 

 
14 (38.9) 
4 (11.1) 

Tumor size (cm) f (%) 
4 - 6 
> 6 

 
11 (30.6) 
7 (19.4) 

 
10 (27.8) 
8 (22.2) 
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Tumor Volume (cm3) 
Begining  

Mean 
Median  
SD 
Minimum  
Maximum 

End  
Mean 
Median  
SD 
Minimum  
Maximum 

 
 

70.72 
50.49 
66.71 
16.72 

255.02 
 

10.38 
6.06 

10.37 
0.93 

37.54 

 
 

48.29 
35.55 
35.31 
10.38 

134.50 
 

22.92 
5.88 

54.03 
0.77 

235.65 
 
Based on table 1, it can be seen that the distribution of patient characteristics in tumor 

vascularization is good, it is mostly found at age >50 years which is 25%, while for the stage 
the most in stage IIA2 is 27.8%, for histopathological type, there are many squamous cell 
carcinoma 36.1%, with a dominant hemoglobin level of 10 – 12 gr/dl of 36.1%, and the most 
tumor size was found with a size of 4 – 6 cm which is 30.6%, as well as an average reduction 
in tumor volume from 70.72cm3 to 10.38cm3 or around 74.40%. 

The distribution of patients characteristics in poor vascularization was found at >50 
years of age at 25%, for the most cancer stage at IB2 stage which was 27.8%, the most 
histopathological type was squamous cell carcinoma with 36.1%, with hemoglobin levels 
dominant 10 – 12 gr/dl of 38.9%, and tumor size of 4 – 6 cm by 27.8%, and there was a 
decrease in the average tumor volume from 48.29cm3 to 22.99cm3 or about 35.62%. 
 
Analysis of the Correlation between Tumor Vascularization using Spectral Pulse Wave 
Doppler with Neoadjuvant Chemotherapy Response in IB2 and IIA2 Stages of Cervical 
Patients 
Table 2. Analysis of the Correlation between Tumor Vascularization using Spectral Pulse Wave Doppler 
with Neoadjuvant Chemotherapy Response in IB2 and IIA2 Stages of Cervical Patients 

Spectral Pulse Wave 
Doppler 

Neoadjuvant Chemotherapy Response 
Total p-value Good Poor 

f % f % 
Good Vascularization 16 88.9 2 11.1 18 (100%)  

0.658 
 

Poor Vascularization 14 77.8 4 22.2 18 (100%) 
Total 30 83.3 6 16.7 36 (100%) 

 
Table 2 shows the correlation of tumor vascularization using Spectral Pulse Wave 

Doppler with neoadjuvant chemotherapy response. The results obtained are good tumor 
vascularization which will show a good chemotherapy response result of 88.9% and poor 
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chemotherapy response 11.1%. Poor tumor vascularization will show a good chemotherapy 
result of 77.8% and poor chemotherapy response of 22.2%. Statistical test results with chi-
square test obtained p value = 0.658, (p>0.05) it can be concluded that there is no significant 
correlation between tumor vasculariation with neoadjuvant chemotherapy response. 
 

DISCUSSION 
Neovascularization is an important step in determining the onset and progression of cancer, 
which is involved in tumor growth, invasion, metastasis, and chemotherapy resistance. 
Vascularization assessment of tumors can be a way to predict tumor aggressiveness and can 
be used as a marker of susceptibility to antiangiogenic treatment.17 Study found the use of 
chemotherapy drugs is more effective in adjacent and regular blood vessels so as to allow 
blood flow to these organs fasters.14 Several studies have found that angiogenesis is an 
independent prognostic factor in cervical cancer and functions in predicting recurrence.18 
Tumors with dense consistency in developing require new vascular to supply blood. This 
vascularization, also known as neovascularization, is derived from normal blood vessel tissue 
that has been formed previously through the process of angiogenesis, but this 
neovascularization can be formed more slowly when compared to the progression or growth 
of the tumor itself so that the new vascularizatoin cannot meet the oxygenation and nutrient 
requirements of the cell and cause hypoxia. It is therefore found that, good vascularization 
will have a better response to chemoradiation than tumors with poor or minimal 
vascularization.19 

Based on research that has been done on 36 IB2 and IIA2 stages of cervical cancer 
patients undergoing neoadjuvant chemotherapy showed that there was no significant 
correlation between tumor vascularization with neoadjuvant chemotherapy response (p = 
0.658). The results of this study has found that the good and poor tumor vascularization both 
gave a good therapeutic response after neoadjuvant chemotherapy. The results of this study 
are in line with research conducted by Muhammad et al. in 2017 obtained from 58 patients 
with cervical cancer, 46 patients had a good clinical response after radiation therapy was 
given by 27 patients (58.7%)  with good vascularization and patients with poor vascularization 
were 19 patients (41.3%).19 Based on the results of the study of Mangla and Singla (2015), of 
56 cervical cancer patients, 58% patients had a complete response, 32% of patients had a 
partial response and 10% of patients did not response to the chemotherapy. From these 
results there’s an increase of value of Resistive Index (RI) and Pulsatality Index (PI) significantly 
increased in patients with complete response while in patients with partial response were 
less significant and in patients with no response to chemotherapy there was no change in PI 
and RI values.12 In the study of Greco et al. of 14 patients, there was an increase in RI and PI 
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in 10 patients who had good responses to chemotherapy, while 4 other patients who had 
poor responses found no difference in RI and PI values after chemotherapy.20  

According to Zhu et al. in seeing the Pre-operative Radiochemotherapy (PRCT) response 
to tumor vacularization using VEGF and HIF-1α biomarkers, the value of VEGF and HIF-1α 
before PRCT were significantly higher than after PRCT. The results of this study also obtained 
from 43 IB2 and IIA2 stages of  cervical cancer patients as many as 35 patients had a good 
therapeutic response (81.39%) consisting of 5 patients with complete responses found 
negative VEGF and HIF-1α values and 30 patients with partial response found VEGF and HIF-
1α  values of 70% and 63.33% after PCRT.21 According to Chen et al. of the 12 patients who 
responded well to neoadjuvant chemotherapy, tumor size decreased from 21.33 ± 28 cm2 to 
5.71 ± 1.57 cm2, and a decrease in Power Doppler Vascularity Index (PDVI) was found before 
administering neoadjuvant chemotherapy 12.28 ± 7.06% to 9.3 ± 5.4% after administration of 
neoadjuvant chemotherapy compared with patients who did not respond to neadjuvant 
chemotherapy obtained high PDVI values.22  

In this study, although there was no significant correlation between tumor 
vascularization and neoadjuvant chemotherapy responses, a significant reduction in mean 
tumor volume in good tumor vascularization from 70.72cm3 to 10.38cm3 or about 74.40%, 
while for poor vascularization, the average tumor volume decreased from 48.29cm3 to 
22.92cm3 or about 35.62%. Based on this study also found two patients with good 
vascularization but had a poor therapeutic response, this could be due to one patient having 
a histopathologial type of adenocarcinoma who had a worse prognosis due to having a less 
sensitive nature to therapy and often associated with previous disease metastases.23 One 
other patients was not affected by the factors that exist, the decrease in therapeutic response 
could be due to neovascularization of the tumor itself. Neovascularization itself can reduce 
the delivery of drugs to tumors, this happens because of the structure and function 
neovascularization is abnormal and immature and are easily broken. Unlike normal blood 
vessels, neovascularization has smaller diameters, different vascular densities, high 
permeability to larger molecules and the same microvascular and interstitial pressures, this 
causes a gradient pressure in the blood flow of the tumor which can cause hypoxia and 
disruption of supply to the target cell. This can also interfere with the delivery of therapeutic 
drugs and make tumor cells resistant to treatment, thus the decrease in effectiveness of 
chemotherapy.24 

The use of better chemotherapy drugs can also improve the results of neoadjuvant 
chemotherapy. Based on study conducted by Santoso and Askandar, there were significant 
differences in the success of operablity in patients with cervical cancer with histopathological 
type squamous cell carcinoma given paclitaxel and carboplatin chemotherapy with the 
administration of cisplatin, vincristine, and bleomycin chemotherapy. The results of this study 
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indicate that the administration of chemotherapy paclitaxel and carboplatin gave operability 
success of 22.4%, while the administration of chemotherapy chisplatin, vincristine, and 
bleomycin gave a success rate of 14.6%. The successful combination of paclitaxel and 
arbolatin is due to having high cytotoxic activity as a single agent.25 Carboplatin is known to 
having milder side effects compared to cisplatin, with the most common side effects with 
chemotherapy using cisplatin are ototoxicity (23 – 50%), peripheral neuropathy (60%), 
myelosuppression (<5%), and nephrotoxicity (20 – 41%), while chemotherapy using 
carboplatin side effects are myelosuppresion (20 – 90%), neurotoxicity with rare cases (6%), 
and nephrotoxicity (usually reported in patients with impaired kidney functions).26 
 

CONCLUSION 
Based on the results of this study, it was concluded that there were no correlation between 
tumor vascularization using spectral pulse wave doppler and neoadjuvant chemotherapy 
responses in IB2 and IIA2 stages of cervical cancer patients. 
 
SUGESSTION 
Patients with stage IB2 and IIA2 cervical cancer can be given neoadjuvant chemotherapy as 
an alternative therapy. Further research with better designs on other factors that influence 
neoadjuvant chemotherapy responses such as the degree of differentiation in tumors and 
other angiogenesis factors. 
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