
ABSTRACT

Background: Breast cancer remains the most commonly occurring 
cancer among women across the world and accounts for 69% of 
cancer deaths. Neoadjuvant chemotherapy (NACT) has been 
effective in downstaging a primary tumor before surgery. In this 
study, a fluorine-18, 2-fluoro-2-deoxyglucose positron emission 
tomography/computed tomography (18F-FDG PET/CT) scan was 
used to determine the metabolic and morphological changes of breast 
cancer after therapy. An 18F-FDG PET/CT scan was done before and 
after NACT. The change in maximum standard uptake value 
(SUVmax) ultimately reflects the metabolic status of tumor cells, and 
the change in tumor diameter represents the morphology of the tumor.

Objective: To determine the therapeutic response by assessing 
metabolic and morphologic changes in breast cancer patients using an 
18F-FDG PET/CT scan after NACT.

Patients and methods: The study was conducted at the National 
Institute of Nuclear Medicine and Allied Sciences (NINMAS), 
Bangabandhu Sheikh Mujib Medical University (BSMMU) campus, 
from March 2020 to June 2021, on biopsy-proven female patients 
diagnosed with breast cancer (stage II to stage IV as defined by the 
AJCC). A total of nine patients were enrolled in this study. Before and 
after NACT, a PET/CT scan was performed in accordance with the 
IAEA CRP guidelines (in a prone posture with breast hanging 
supported by a breast cushion) and following the NINMAS protocol. 
Morphological and metabolic data were recorded and analyzed to 
ascertain the tumor's metabolic and morphologic (as per RECIST 1.1) 
outcomes.

A follow-up 18F-FDG PET/CT after NACT was done using the same 
dose and the same number of beds (1 minute per bed) as done before 
NACT.

Results: About 89% of patients showed a reduction in tumor size 
following NACT. The mean tumor size reduction rate was 
23.66±22.19 (%) and the difference was statistically significant 
between prior and after NACT (P < 0.05). Only 11% of patients 
developed higher SUVmax following NACT. According to RECIST 
1.1 criteria, 11.11% of patients had progressive disease, 44.44% had a 
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partial response, and 44.44% were stable. In PET/CT scans, 
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Following NACT, metabolic and morphological changes are visible in 
the 18F-FDG PET/CT scan, distinguishing responder and 
non-responder, which must be compared with pathologic response. 
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INTRODUCTION

Breast cancer is the most common cancer among 
Bangladeshi women, accounting for 69% of all cancer 
fatalities (1). It affects roughly 22.5 per 100,000 women 
in Bangladesh, with women aged 15 to 44 having the 
highest occurrence rate (19.3 per 100,000) (2). An 
estimated 2.1 million women in the world have this 
disease, with one new case being found every 18 seconds, 
and 626,679 women dying from it per year (3).

The cornerstone of breast cancer prevention is early 
detection. Early detection with clinical tests and using 
conventional imaging modalities followed by timely 
treatment can reduce the catastrophic implications and 
significantly improve the survival of breast cancer patients 
(4). Mammography, ultrasonography (USG), and magnetic 
resonance imaging (MRI) are the diagnostic imaging 
modalities used for the initial evaluation of breast cancer, 
including the local disease, the extent of the lesion, and the 
stage of the disease. CT, a radionuclide bone scan, and 
MRI are used to detect distant metastases (5).

Nuclear medicine (NM) has a long history in Bangladesh, 
dating back to 1962. It is a multidisciplinary platform of 
the Bangladesh Atomic Energy Commission (BAEC) that 
extensively emphasizes exceptional care for patients. 
Implementing quality management systems (QMS) is 
essential to ensure the provision of high-quality nuclear 
medicine services (NMS). A quality management system 
is a scheme that specifies the rules, practices, and controls 
required, can help an organization design and provide 
high-quality services (1). QMS significantly raises 
patient satisfaction in health care services. The standard, 
quality policy, and the professionalism of NM institutions 
can be raised significantly, by employing a QMS to 
ensure continuously enhanced effectiveness and 
efficiency. 

The International Atomic Energy Agency (IAEA) has 
long supported member states, including Bangladesh, 
with technical and professional assistance in NMS. In 
2006, an IAEA expert panel comprised of nuclear 
medicine practitioners, medical physicists, radio 
pharmacists, and technologists decided to create the QM 
audit tool. They released a guidebook on 'Quality 
Management Audit in Nuclear Medicine Practices 
(QUANUM)' in 2009 (2, 3). In order to provide 
Bangladesh with high-quality nuclear medicine services, 
QUANAM has the capacity to help create quality 
management systems. The "QUANUM Audit at the 
National Institute of Nuclear Medicine and Allied 
Sciences (NINMAS)" took place in Dhaka, Bangladesh, 
from July 27 to July 31, 2015. It was organized by BAEC 
and IAEA under the IAEA-TC project BGD6025 on 
"Improving Management of Oncological, 
Cardiovascular, and Inflammatory Diseases, Particularly 

Tuberculosis." Five IAEA quality management experts 
participated in this workshop as audit experts and 
conducted the audit. After that, NINMAS undertook a 
number of internal audits to guarantee high-quality 
patient care.

NINMAS has adapted a number of measures to create a 
QMS using QUANUM in order to guarantee the caliber 
of NM services. One of the many initiatives is the 
implementation of the " "National Integrity Strategy 
(NIS): Shuddhachar Koushol ". Thus "NIS: Shuddhachar 
Koushol ", is a national strategy of the Government of 
Bangladesh (GOB), and one of several sustainable 
development goals (SDG) for long-term quality 
management of any institution. NIS has a comprehensive 
set of objectives, strategies, and action plans aimed at 
enhancing the degree of independence, accountability, 
efficiency, transparency, and effectiveness of the public 
and private institutions to improve governance and 
substantially lower corruption (4). NINMAS has 
organized ethical committee meetings, carried out their 
recommendations, effectively included stakeholders 
(patients) in the meetings, trained the working staff about 
the dos and don'ts practically, fostered a positive working 
culture, and solicited feedback in response to these 
actions. According to NIS, some of the many steps taken 
at NINMAS to reduce corruption include implementing a 
grievance redress system to resolve complaints, 
grievances, disputes, and conflicts between patients and 
employees.

The "Annual Performance Agreement" (APA) is another 
initiative undertaken by NINMAS to obtain high-quality 
NM services. The Government Order published on 
December 19, 2013, by the Honorable Prime Minister 
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The treatment strategy for breast cancer depends on the 
stage of the disease. Locally advanced breast cancer 
(LABC) is inoperable and has a poor prognosis; many 
patients may develop progressive disease, distant 
metastases, and ultimately die from the disease. NACT is 
the treatment of choice for LABC (6). In recent years, 
NACT has gained popularity and become the gold 
standard for treating LABC, with several major benefits, 
firstly for downsizing the tumor and secondly for 
monitoring the therapeutic response and conducting 
interim evaluations. In the case of poor responders, NACT 
guides switching to another chemotherapeutic agent, and 
in some cases, unnecessary and extensive surgery can be 
avoided (7). In cases of nodal metastases, NACT may also 
be used to downstage the axillary nodes in patients with 
early-stage breast cancer. NACT regimens are chosen 
depending on cancer immunohistochemistry and are 
indicated for tumors larger than 2 cm in size, 
triple-negative breast cancer, human epidermal growth 
factor receptor 2 (HER2) positive carcinoma, and any 
tumor size with nodal metastasis (6, 7).

The preoperative evaluation of residual tumors after 
NACT is fundamental to overall breast cancer 
management. It may help guide surgical resection to 
achieve negative margins and avoid unnecessary 
interventions. However, post-operative histopathologic 
analysis determines if a pathologic complete response 
(pCR) is achieved (8). Patients who achieve a pCR after 
NACT are expected to have better outcomes than those 
who do not. This emphasizes the need to find the most 
accurate imaging modality for NACT response prediction. 
MRI is a reliable imaging modality for assessing NACT 
response in inoperable breast cancer patients (9). 
However, MRI may be unable to distinguish viable tumor 
tissue from fibrotic scar tissue. Several studies have 
suggested that FDG-PET/CT imaging is useful in 
assessing early tumor response. It can detect response to 
therapy earlier than conventional imaging methods, 
whereas conventional imaging modalities rely on delayed 
gross morphological changes. The whole-body FDG 
PET/CT scan has been shown to be extremely useful in 
monitoring tumor cell activity or the viability of the tumor 
(10–12). So, PET/CT can be used as an essential tool for 
oncologists for accurate staging of breast cancer, detecting 
distant metastases, predicting prognosis, and assessing 

treatment response (13, 14). There was no prospective 
study employing the 18F-FDG PET/CT scan to assess the 
effectiveness of NACT in breast cancer patients in 
Bangladesh. Monitoring therapy response is one of the 
key elements that can help manage breast cancer patients 
successfully and improve quality of life (QOL).

PATIENTS AND METHODS

The study was carried out on the biopsy-proven, 
diagnosed cases of breast cancer patients qualifying for 
NACT. Patients with inflammatory breast cancer or 
ulcerating skin lesions, pregnancy, or a previous or 
present history of other malignancies were excluded. The 
patients' ages, primary tumor size, tumor size after 
NACT, SUVmax value of the primary tumor before and 
after NACT, axillary lymph node size, and nodal 
SUVmax value all changed.

Image interpretation was performed by measuring the 
longest diameter of the tumor size and axillary lymph 
nodes, as well as semi-quantitative data of metabolic 
activity in the form of an SUVmax value in the region of 
interest (ROI), which was each patient's tumor and lymph 
node.A follow-up FDG PET/CT scan was done after at 
least 4 cycles of NACT, following the NINMAS protocol 
and using the same dose and the same number of beds (1 
minute per bed) as done before NACT.

The metabolic response was evaluated using the study 
conducted by Rousseau et al., where more than 50% 
reduction in SUVmax value was considered responder 
and up to 50% reduction in SUVmax value was 
considered non-responder (15). Morphologic response 
evaluation was done considering Response Evaluation 
Criteria in Solid Tumors (RECIST 1.1) by measuring the 
longest diameter of the primary tumor and axillary lymph 
node size and comparing their values (16).

Statistical analyses were carried out using Microsoft 
Excel 2016 for Windows 10 (Microsoft Corporation, 
Redmond, Washington, USA). Categorical data were 
expressed in numbers and percentages. The data results 
were presented in tables, as necessary. The result of 
significance has been expressed as a p-value, and 
statistical analysis was performed by an unpaired t-test 
using computer-based statistical package for social 
sciences (SPSS) software (versions are presented in 
tables as necessary).

established APA guidelines to formalize the Government 
Performance Management System (GPMS) (5). The most 
important goal that the ministry or division expects to 
achieve throughout the fiscal year is outlined in a 
performance agreement. This document includes the 
agreed-upon goals as well as performance metrics and 
implementation targets to track progress. Performance 
management benefits from employee understanding and 
dissemination of the performance indicators for objective 
achievement. By providing the nuclear medical staff with 
constructive criticism and setting growth objectives, APA 
also offers strategies for enhancing performance. 
Introducing a performance-based culture at all levels of 
government is a management technique. The NINMAS 
authority also upholds their performance while tracking 
the APA. The aim of performance management is to 
ensure that employees and teams have the resources they 
need to grow, the recognition they deserve to be 
motivated, and the accountability to know what is 
expected. This strategy has been successfully carried out 
at NINMAS, which has also accomplished all of the 

half-year goals outlined in this year's APA monthly 
reports.

Simply explained, a QMS aids a healthcare organization 
in meeting regulatory obligations, patient demands, and 
ongoing operational improvements. The two most 
effective and sustainable quality management methods 
should be adopted by every institution in our nation 
delivering nuclear medical services: the "National 
Integrity Strategy (NIS): Shuddhachar Koushol ", and the 
"Annual Performance Agreement." Then, any nuclear 
medical facility may achieve top-notch NM services, 
assuring the best possible patient care. 
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ABSTRACT

Background: Breast cancer remains the most commonly occurring 
cancer among women across the world and accounts for 69% of 
cancer deaths. Neoadjuvant chemotherapy (NACT) has been 
effective in downstaging a primary tumor before surgery. In this 
study, a fluorine-18, 2-fluoro-2-deoxyglucose positron emission 
tomography/computed tomography (18F-FDG PET/CT) scan was 
used to determine the metabolic and morphological changes of breast 
cancer after therapy. An 18F-FDG PET/CT scan was done before and 
after NACT. The change in maximum standard uptake value 
(SUVmax) ultimately reflects the metabolic status of tumor cells, and 
the change in tumor diameter represents the morphology of the tumor.

Objective: To determine the therapeutic response by assessing 
metabolic and morphologic changes in breast cancer patients using an 
18F-FDG PET/CT scan after NACT.

Patients and methods: The study was conducted at the National 
Institute of Nuclear Medicine and Allied Sciences (NINMAS), 
Bangabandhu Sheikh Mujib Medical University (BSMMU) campus, 
from March 2020 to June 2021, on biopsy-proven female patients 
diagnosed with breast cancer (stage II to stage IV as defined by the 
AJCC). A total of nine patients were enrolled in this study. Before and 
after NACT, a PET/CT scan was performed in accordance with the 
IAEA CRP guidelines (in a prone posture with breast hanging 
supported by a breast cushion) and following the NINMAS protocol. 
Morphological and metabolic data were recorded and analyzed to 
ascertain the tumor's metabolic and morphologic (as per RECIST 1.1) 
outcomes.

A follow-up 18F-FDG PET/CT after NACT was done using the same 
dose and the same number of beds (1 minute per bed) as done before 
NACT.

Results: About 89% of patients showed a reduction in tumor size 
following NACT. The mean tumor size reduction rate was 
23.66±22.19 (%) and the difference was statistically significant 
between prior and after NACT (P < 0.05). Only 11% of patients 
developed higher SUVmax following NACT. According to RECIST 
1.1 criteria, 11.11% of patients had progressive disease, 44.44% had a 

partial response, and 44.44% were stable. In PET/CT scans, 
approximately 66.67% of patients responded to NACT.

Conclusion: 18F-FDG PET/CT can be used as a potential state-of-the 
art imaging approach in breast cancer patients before and after NACT. 
Following NACT, metabolic and morphological changes are visible in 
the 18F-FDG PET/CT scan, distinguishing responder and 
non-responder, which must be compared with pathologic response. 

Keywords: Breast Cancer, Neoadjuvant chemotherapy, 18F-FDG 
PET/CT, SUVmax.
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INTRODUCTION

Breast cancer is the most common cancer among 
Bangladeshi women, accounting for 69% of all cancer 
fatalities (1). It affects roughly 22.5 per 100,000 women 
in Bangladesh, with women aged 15 to 44 having the 
highest occurrence rate (19.3 per 100,000) (2). An 
estimated 2.1 million women in the world have this 
disease, with one new case being found every 18 seconds, 
and 626,679 women dying from it per year (3).

The cornerstone of breast cancer prevention is early 
detection. Early detection with clinical tests and using 
conventional imaging modalities followed by timely 
treatment can reduce the catastrophic implications and 
significantly improve the survival of breast cancer patients 
(4). Mammography, ultrasonography (USG), and magnetic 
resonance imaging (MRI) are the diagnostic imaging 
modalities used for the initial evaluation of breast cancer, 
including the local disease, the extent of the lesion, and the 
stage of the disease. CT, a radionuclide bone scan, and 
MRI are used to detect distant metastases (5).

Nuclear medicine (NM) has a long history in Bangladesh, 
dating back to 1962. It is a multidisciplinary platform of 
the Bangladesh Atomic Energy Commission (BAEC) that 
extensively emphasizes exceptional care for patients. 
Implementing quality management systems (QMS) is 
essential to ensure the provision of high-quality nuclear 
medicine services (NMS). A quality management system 
is a scheme that specifies the rules, practices, and controls 
required, can help an organization design and provide 
high-quality services (1). QMS significantly raises 
patient satisfaction in health care services. The standard, 
quality policy, and the professionalism of NM institutions 
can be raised significantly, by employing a QMS to 
ensure continuously enhanced effectiveness and 
efficiency. 

The International Atomic Energy Agency (IAEA) has 
long supported member states, including Bangladesh, 
with technical and professional assistance in NMS. In 
2006, an IAEA expert panel comprised of nuclear 
medicine practitioners, medical physicists, radio 
pharmacists, and technologists decided to create the QM 
audit tool. They released a guidebook on 'Quality 
Management Audit in Nuclear Medicine Practices 
(QUANUM)' in 2009 (2, 3). In order to provide 
Bangladesh with high-quality nuclear medicine services, 
QUANAM has the capacity to help create quality 
management systems. The "QUANUM Audit at the 
National Institute of Nuclear Medicine and Allied 
Sciences (NINMAS)" took place in Dhaka, Bangladesh, 
from July 27 to July 31, 2015. It was organized by BAEC 
and IAEA under the IAEA-TC project BGD6025 on 
"Improving Management of Oncological, 
Cardiovascular, and Inflammatory Diseases, Particularly 

Tuberculosis." Five IAEA quality management experts 
participated in this workshop as audit experts and 
conducted the audit. After that, NINMAS undertook a 
number of internal audits to guarantee high-quality 
patient care.

NINMAS has adapted a number of measures to create a 
QMS using QUANUM in order to guarantee the caliber 
of NM services. One of the many initiatives is the 
implementation of the " "National Integrity Strategy 
(NIS): Shuddhachar Koushol ". Thus "NIS: Shuddhachar 
Koushol ", is a national strategy of the Government of 
Bangladesh (GOB), and one of several sustainable 
development goals (SDG) for long-term quality 
management of any institution. NIS has a comprehensive 
set of objectives, strategies, and action plans aimed at 
enhancing the degree of independence, accountability, 
efficiency, transparency, and effectiveness of the public 
and private institutions to improve governance and 
substantially lower corruption (4). NINMAS has 
organized ethical committee meetings, carried out their 
recommendations, effectively included stakeholders 
(patients) in the meetings, trained the working staff about 
the dos and don'ts practically, fostered a positive working 
culture, and solicited feedback in response to these 
actions. According to NIS, some of the many steps taken 
at NINMAS to reduce corruption include implementing a 
grievance redress system to resolve complaints, 
grievances, disputes, and conflicts between patients and 
employees.

The "Annual Performance Agreement" (APA) is another 
initiative undertaken by NINMAS to obtain high-quality 
NM services. The Government Order published on 
December 19, 2013, by the Honorable Prime Minister 

The treatment strategy for breast cancer depends on the 
stage of the disease. Locally advanced breast cancer 
(LABC) is inoperable and has a poor prognosis; many 
patients may develop progressive disease, distant 
metastases, and ultimately die from the disease. NACT is 
the treatment of choice for LABC (6). In recent years, 
NACT has gained popularity and become the gold 
standard for treating LABC, with several major benefits, 
firstly for downsizing the tumor and secondly for 
monitoring the therapeutic response and conducting 
interim evaluations. In the case of poor responders, NACT 
guides switching to another chemotherapeutic agent, and 
in some cases, unnecessary and extensive surgery can be 
avoided (7). In cases of nodal metastases, NACT may also 
be used to downstage the axillary nodes in patients with 
early-stage breast cancer. NACT regimens are chosen 
depending on cancer immunohistochemistry and are 
indicated for tumors larger than 2 cm in size, 
triple-negative breast cancer, human epidermal growth 
factor receptor 2 (HER2) positive carcinoma, and any 
tumor size with nodal metastasis (6, 7).

The preoperative evaluation of residual tumors after 
NACT is fundamental to overall breast cancer 
management. It may help guide surgical resection to 
achieve negative margins and avoid unnecessary 
interventions. However, post-operative histopathologic 
analysis determines if a pathologic complete response 
(pCR) is achieved (8). Patients who achieve a pCR after 
NACT are expected to have better outcomes than those 
who do not. This emphasizes the need to find the most 
accurate imaging modality for NACT response prediction. 
MRI is a reliable imaging modality for assessing NACT 
response in inoperable breast cancer patients (9). 
However, MRI may be unable to distinguish viable tumor 
tissue from fibrotic scar tissue. Several studies have 
suggested that FDG-PET/CT imaging is useful in 
assessing early tumor response. It can detect response to 
therapy earlier than conventional imaging methods, 
whereas conventional imaging modalities rely on delayed 
gross morphological changes. The whole-body FDG 
PET/CT scan has been shown to be extremely useful in 
monitoring tumor cell activity or the viability of the tumor 
(10–12). So, PET/CT can be used as an essential tool for 
oncologists for accurate staging of breast cancer, detecting 
distant metastases, predicting prognosis, and assessing 

treatment response (13, 14). There was no prospective 
study employing the 18F-FDG PET/CT scan to assess the 
effectiveness of NACT in breast cancer patients in 
Bangladesh. Monitoring therapy response is one of the 
key elements that can help manage breast cancer patients 
successfully and improve quality of life (QOL).

PATIENTS AND METHODS

The study was carried out on the biopsy-proven, 
diagnosed cases of breast cancer patients qualifying for 
NACT. Patients with inflammatory breast cancer or 
ulcerating skin lesions, pregnancy, or a previous or 
present history of other malignancies were excluded. The 
patients' ages, primary tumor size, tumor size after 
NACT, SUVmax value of the primary tumor before and 
after NACT, axillary lymph node size, and nodal 
SUVmax value all changed.

Image interpretation was performed by measuring the 
longest diameter of the tumor size and axillary lymph 
nodes, as well as semi-quantitative data of metabolic 
activity in the form of an SUVmax value in the region of 
interest (ROI), which was each patient's tumor and lymph 
node.A follow-up FDG PET/CT scan was done after at 
least 4 cycles of NACT, following the NINMAS protocol 
and using the same dose and the same number of beds (1 
minute per bed) as done before NACT.

The metabolic response was evaluated using the study 
conducted by Rousseau et al., where more than 50% 
reduction in SUVmax value was considered responder 
and up to 50% reduction in SUVmax value was 
considered non-responder (15). Morphologic response 
evaluation was done considering Response Evaluation 
Criteria in Solid Tumors (RECIST 1.1) by measuring the 
longest diameter of the primary tumor and axillary lymph 
node size and comparing their values (16).

Statistical analyses were carried out using Microsoft 
Excel 2016 for Windows 10 (Microsoft Corporation, 
Redmond, Washington, USA). Categorical data were 
expressed in numbers and percentages. The data results 
were presented in tables, as necessary. The result of 
significance has been expressed as a p-value, and 
statistical analysis was performed by an unpaired t-test 
using computer-based statistical package for social 
sciences (SPSS) software (versions are presented in 
tables as necessary).

established APA guidelines to formalize the Government 
Performance Management System (GPMS) (5). The most 
important goal that the ministry or division expects to 
achieve throughout the fiscal year is outlined in a 
performance agreement. This document includes the 
agreed-upon goals as well as performance metrics and 
implementation targets to track progress. Performance 
management benefits from employee understanding and 
dissemination of the performance indicators for objective 
achievement. By providing the nuclear medical staff with 
constructive criticism and setting growth objectives, APA 
also offers strategies for enhancing performance. 
Introducing a performance-based culture at all levels of 
government is a management technique. The NINMAS 
authority also upholds their performance while tracking 
the APA. The aim of performance management is to 
ensure that employees and teams have the resources they 
need to grow, the recognition they deserve to be 
motivated, and the accountability to know what is 
expected. This strategy has been successfully carried out 
at NINMAS, which has also accomplished all of the 

half-year goals outlined in this year's APA monthly 
reports.

Simply explained, a QMS aids a healthcare organization 
in meeting regulatory obligations, patient demands, and 
ongoing operational improvements. The two most 
effective and sustainable quality management methods 
should be adopted by every institution in our nation 
delivering nuclear medical services: the "National 
Integrity Strategy (NIS): Shuddhachar Koushol ", and the 
"Annual Performance Agreement." Then, any nuclear 
medical facility may achieve top-notch NM services, 
assuring the best possible patient care. 
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The result of significance has been expressed as a 

p-value, and statistical analysis was performed by an 

unpaired t-test using computer-based statistical package 

for social sciences (SPSS) software (Version 23), and a 

value of p < 0.05 was considered statistically significant.

RESULTS 

In this study, it was observed that the majority of the 

patients (44.45%) belonged to the age group 50 to 59 

years, and the mean age was 45.78±12.9 years (Table 1). 

About 89% of patients showed a reduction in tumor size 

following NACT. The mean tumor diameter was 

36.61±20.16 mm at the baseline scan, and the following 

NACT was 29.30±19.59 mm. The mean tumor size 

reduction rate was 23.66±22.19 (%) and the difference 

was statistically significant between prior and after 

NACT (P<0.05) (Table 2). The mean SUVmax of the 

primary tumor was 9.185.14, and the SUVmax of the 

follow-up was 4.763.45. The mean SUVmax value 

reduction rate of the primary tumor was 44.44±43.43. 

Only 11% of patients developed higher SUVmax values 

following NACT. The difference was statistically 

significant between prior and after NACT (P < 0.05) 

(Table 3). The mean metastatic axillary node diameter 

was 19.68±7.58 mm at the baseline scan, and the 

following NACT was 13.87±5.38 mm. The mean lymph 

node size reduction rate was 28.04±14.67 (Table 4). The 

mean SUVmax value for metastatic axillary lymph 

nodes was 7.406.06, and the follow-up SUVmax value 

was 2.982.89. The mean SUVmax value reduction rate 

of the metastatic lymph node was 52.22±38.49. The 

difference was statistically significant between prior and 

after NACT (P < 0.05) (Table 5).

Table 6 shows, partial response was achieved by 44.44% 

of patients according to RECIST 1.1 criteria, 44.44% of 

patients remained in a stable diseased condition, and 

only 11.11% of patients developed progressive disease. 

No one achieved a complete response to NACT. 

According to Rousseau C. et al. about 66.67% of 

patients were responders to NACT (considering > 50% 

reduction as responders and <50% reduction as 

non-responders) (Table 7).

Table 1: Distribution of the study patients according to age 
(n=9)

Table 2: Comparison of primary tumor size on CT scan

Table 3: Comparison of primary tumor SUVmax prior to 

NACT and after NACT with percent change

Table 4: Comparison of lymph node size prior NACT, 

after NACT and percent change

 

Table 5: Comparison of SUVmax of axillary lymph node 

prior and after NACT with percent change
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Table 6: NACT response evaluation according to RECIST 

1.1 criteria

Table 7: Responder and non-responder patients according 

to SUVmax reduction rate

DISCUSSION

This study showed alteration of the primary breast 

tumor diameter, changes in SUVmax value or metabolic 

activity after NACT, and alteration of the diameter and 

SUVmax value of the axillary lymph nodes. In this 

study, it was observed that the majority of the patients 

belonged to the age group between 50 and 59 years, and 

the mean age was 45.78 years, with an age range of 26 

to 62 years (Table 1). Koolen et al. and Ogino et al. 

found similar mean ages in their studies: 47 and 48.6 

years, respectively (17, 18).

A study with 25 patients by Ogino et al reported the mean 

primary tumor diameter and SUVmax value at baseline 

scanning to be 30.7 mm and 7.9 mm, respectively (18). In 

another study of 23 patients, Kumar et al reported that the 

mean size of the primary tumor in their population at 

baseline before NACT was 46.7 mm and the mean 

SUVmax was 11.7 (19). In this study, the baseline mean 

primary tumor diameter was 36.61 mm (Table 2) and the 

mean SUVmax value was 9.18 mm (Table 3). The current 

study and Kumar et al. found comparatively higher tumor 

size and SUVmax than Ogino et al., possibly due to 

delayed diagnosis in a similar middle-income 

socio-economic condition (18, 19). 

On follow-up scan after NACT, there is a morphological 

and metabolic reduction of the mean tumor diameter of 

29.30 mm (Table 2) and the mean SUVmax value of 4.76 

(Table 3); which is almost identical to Kumar et al's 

findings (19). On the contrary, Ogino et al. reported a 

greater reduction of the mean tumor diameter and the 

mean SUVmax value (the mean diameter was 6.8 mm and 

the mean SUVmax value was 1.6) compared to this study 

(18). The dissimilarity with Ogino et al. might be due to 

geographical variations and socio-economic factors.

Kumar et al reported on axillary lymph node size and 

SUVmax, and they found the mean axillary lymph node 

size at baseline was 18.71 mm, and this current study 

found nearly a similar result of about 19.68 mm (Table 

4). In a follow-up study, Kumar et al found the mean 

axillary lymph node size to be 11.45 mm, whereas the 

current study found the mean diameter to be about 13.87 

mm (Table 4). The mean nodal SUVmax in the baseline 

study described by Kumar et al was 4.67, whereas this 

study described 7.40 (Table 5), which is higher than 

Kumar et al's finding. They reported complete resolution 

of the axillary lymph node in their follow-up study, but 

this study found no axillary lymph node resolution. On 

follow-up, they reported the mean SUVmax of the 

metastatic axillary lymph node was 0.71, while this 

study found 2.98 (Table 5), which is much higher than 

their findings and could be the outcome of performing 

PET/CT at different cycles of NACT (19).

Rousseau et al. conducted a study with 64 patients and 

evaluated the metabolic and morphologic changes of 

breast cancer by doing an 18F-FDG PET/CT scan before 

and after NACT. All 64 patients underwent surgical 

resection after the completion of six cycles of 

chemotherapy and were histopathologically evaluated. 

Among 64 patients, 36 showed minimal residual disease 

and 28 showed gross residual disease. They also reported 

that the 18F-FDG PET/CT scan could distinguish 

microscopic and macroscopic residual disease after the 

second cycle of NACT with a sensitivity and specificity 

of 89% and 95%, and after the first cycle with a 

sensitivity and specificity of 61% and 96%, respectively. 

The 36 patients with minimal residual disease had a 

reduction in SUVmax of more than 50% on PET/CT and 
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were considered responders. In contrast, 28 patients with 

gross residual disease had a reduction in SUVmax value 

of up to 50% after NACT and were classified as 

non-responders (15). In this current study, according to 

Rousseau et al., a 50% reduction of SUVmax was used 

as a cut-off value to determine responder and 

non-responder status for the evaluation of NACT. Kumar 

et al. also conducted almost a similar study and evaluated 

the role of the 18F-FDG PET/CT scan for the assessment 

of response after two cycles of NACT in breast cancer 

patients and also used the same cut-off value of 50% 

reduction of SUVmax to differentiate responders and 

non-responders, referencing Rousseau et al. (15, 19). 

Kumar et al. studied a total of 23 patients and reported 

that 16 patients (69.57%) were responders and seven 

patients (30.43%) were non-responders, which was 

histologically proven. In this study, of the nine patients, 

six (66.67%) showed more than 50% reduction in 

SUVmax and were considered responders, while three 

(33.33%) showed less than 50% reduction in SUVmax 

and were considered non-responders (Table 7), which 

was similar to the study conducted by Kumar et al. 

According to the Response Evaluation Criteria in Solid 

Tumors (RECIST 1.1) (16) definition, we found four 

patients (44.44%) who achieved 30% or more 

regression of primary tumor diameter and were 

considered to have a partial response, four cases 

(44.44%) who showed none of the criteria for a partial 

response or progressive disease and were considered to 

have stable disease, and only one patient who showed a 

20% increase of tumor diameter after NACT and was 

classified as having progressive disease (11.11%). 

Neither one showed a complete response (Table 6). 

Kitajima et al. notified 78.1% of partial responses, 6.3% 

of stable disease, 15.6% of complete responses, and 0% 

of progressive disease. The achievement of a complete 

response in 15.6% of patients by Kitajima et al might be 

due to early diagnosis, early intervention, and early 

commencement of NACT based on tumor 

immunohistochemistry. It may be due to the availability 

of newer-generation drugs from their socioeconomic 

perspective (20).

The timing of response evaluation after NACT varies 

greatly. The majority of studies looked at treatment 

response after one chemotherapy cycle and found 

promising outcomes (21–26). However, Rousseau et al 

reported that the best time to evaluate therapy response 

is after two cycles of NACT using a PET/CT scan, 

which was the biggest sample (15). Kumar et al also 

evaluated the response to NACT in 23 patients after 2 

cycles of NACT (19). In this study, follow-up PET/CT 

was done in six patients after receiving eight cycles of 

NACT, two patients after four cycles of NACT, and one 

patient after six cycles of NACT. Based on Rousseau et 

al. and Kumar et al., this study showed that after 

completion of NACT, an 18F-FDG PET/CT scan could 

distinguish between responders and non-responders (15, 

19). According to studies, a PET/CT scan is a simple 

imaging protocol that can detect metabolic and 

morphological changes, ultimately indicating a response 

to NACT, and is extremely useful in determining the 

best therapeutic approach (10, 15, 19, 20). 

CONCLUSION

Metabolic and morphological changes are evident in the 
18F-FDG PET/CT scan after NACT distinguishing 

responder and non-responder, which is a relatively 

accurate predictor of pathologic response. However, a 

small patient population and lack of pathological 

response evaluation are inconclusive and need further 

study with a large population and a comparison of 

multimodality imaging with pathological response 

evaluation. 
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