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Abstract
Objective: To evaluate prospectively the early cardiac changes from doxorubicin based chemotherapy and
radiotherapy in breast cancer patients.
Methods and Materials: 56 patients with early or locally advanced breast cancer were included in the study.
ECG, ECHO and Equilibrium Radionuclide Ventriculography (ERV) was done at baseline, after chemotherapy, after
radiotherapy and at 6 months of follow up.
Results: In Group 1 patients who completed six cycles of chemotherapy before starting radiation, the mean
LVEF decreased after chemotherapy and after RT(from 66.79 ± 3.73 to 63.45 ± 3.54 and 61.64 ± 4.26, p<0.05). In
Group 2 patients who received six cycles of chemotherapy after completion of radiotherapy, mean LVEF decreased
post RT and post chemotherapy (from 66.67 ± 4.33 to 66 ± 4.975 and 62.7 ± 2.92, p<0.05).In Group 3 patients also
who received neoadjuvant chemotherapy, radiation and adjuvant chemotherapy there was a decline in mean
LVEF.In Group 4 patients who received only adjuvant chemotherapy mean LVEF decreased after chemotherapy
(from 67.25 ± 4.33 to 64.75 ± 2.062, p<0.05).
LVEF was also measured by MUGA/ERV. In Group 1, mean LVEF decreased after chemotherapy and RT (from
58.14 ± 2.997 to 56.15 ± 3.144 and 56.21 ± 3.81, p<0.050. In Group 2 mean LVEF decreased after RT and
chemotherapy (from 59.11 ± 1.41 to 58.67 ± 2.872 and 54.44 ± 1.81, p<0.05).In Group 3 patients, there was a
decline in mean LVEF post neoadjuvant chemotherapy, after radiation and after adjuvant chemotherapy. In Group 4
mean LVEF decreased after chemotherapy (from 60 ± 1.63, to 58.75 ± 1.89, p<0.05).
Conclusion: Our prospective study shows that a significant number of patients can develop a significant
transient depression in ventricular function acutely after chemotherapy and radiotherapy as demonstrated by a
decrease in LVEF by conventional ECHO and ERV scan.

Keywords: Anthracycline; Post mastectomy radiotherapy;
Cardiotoxicity; Equilibrium radionuclide ventriculography

Abbreviations:
FAC: 5-Fluorouracil Adriamycin Cyclophosphamide; LVEDD: Left
Ventricular End Diastolic Diameter; LVESD: Left Ventricular End
Systolic Diameter; LVEF: Left Ventricular Ejection Fraction; FS:
Fractional Shortening; MVEPSS: Mitral Vlve E Point Septal
Separation: PEP: Pre Ejection Period; LVET: Left Ventricular Ejection
Time; ERV: Equilibrium Radionuclide Ventriculography; MHD: Mean
Heart Doses
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Introduction
Anthracycline based chemotherapy and radiotherapy are an integral
part in the primary treatment of breast cancer and majority of the
women are offered either one or both the modalities as part of the
treatment. The most serious side effect of anthracyclines is chronic
cardiotoxicity, which can culminate in congestive .the first year after
completion of chemotherapy although in some cases it can present
many years later [1-3].
Portions of heart are often unavoidably included during irradiation
of breast and chest wall. Early effects including pericarditis and
reduced cardiac output have been seen at the completion of radiation
therapy. ECG abnormalities and reduction in left ventricular ejection
fraction were also noticed after radiation treatment of breast cancer
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[4]. Prospective randomized trials and meta-analysis have clearly
demonstrated that there is an improvement in disease free survival and
overall survival with adjuvant anthracycline based chemotherapy [5].
Similarly adjuvant radiation after breast conservation or mastectomy
significantly reduces locoregional recurrences and prolongs survival
[6].
However these survival gains may be diminished by radiation and
chemotherapy associated cardiac morbidity. Many studies have
documented the chronic cardiac morbidity. Few studies have
documented the early side effects of treatment. It is well established
that subclinical cardiac changes can occur during the early phase of
treatment and it can progress to chronic cardiac toxicity especially
when subjected to an additional non treatment related cardiac stress.
The present prospective study investigated non-invasively the
possible early cardiac changes after anthracycline based chemotherapy
and radiotherapy in patients with early stage and locally advanced
carcinoma breast.

Radiation therapy was started after hematologic recovery from the
last chemotherapy cycle or 4 weeks after mastectomy. External beam
radiotherapy [EBRT] was planned using conventional simulation,
diagnostic CT scan of the neck and thorax and 3D treatment planning
system. CT scan of the neck and thorax was taken using a diagnostic
multislice spiral CT scanner with a flat couch.
The position of the patient during diagnostic CT was similar to the
position used during RT i.e. with arms abducted and placed beneath
the head. All slices were used for dose calculation. Eclipse planning
system version 10, AAA algorithm gave the dose delivered to heart.
For chest wall irradiationtangential fields [lateral and medial] were
used. Supraclavicular fossa and ipsilateral axilla was treated with a
direct anterior field prescribed to the mid-plane of axilla. In all
patients 6MV photons were used to deliver 50Gy in 25 fractions to the
chest wall and nodal areas.

Cardiac evaluation

Methods and Materials
This was a descriptive study. Between October 2010 and July 2011,
patients attending the tumour clinic (with early and locally advanced
breast cancer), who underwent mastectomy, subject to the inclusion
and exclusion criteria were included as the sample.
The diagnosis of breast cancer was made after Tru cut biopsy from
the breast lesion. All patients underwent a detailed history and
physical examination followed by staging evaluation with complete
hemogram, liver and renal function tests, blood sugar and serum
electrolytes.
Patients were staged according to the AJCC staging system 7th
edition. ChestX-ray and ultrasound abdomen was done in all patients.
Patients with Stage III disease also underwent a bone scan for
metastatic workup.
All patients with early stage (Stage II) and locally advanced
carcinoma breast (Stage IIIA, Stage IIIB, Stage IIIC) who underwent
mastectomy, received doxorubicin based chemotherapy [neoadjuvant
or adjuvant] and radiotherapy, with ECOG performance score 0 and 1,
no history of previous radiotherapy to chest wall or chemotherapy,
with normal ECG and echocardiography and without history of any
heart disease were included in the study. We did not include patients
who underwent breast conserving surgery as we wanted to have a
uniform protocol for radiation.

Surgery
All patients underwent modified radical mastectomy with level 2
lymph node dissection.

Chemotherapy
All patients received 6 cycles of 5-Fluorouracil (500 mg/m2),
Adriamycin (50 mg/m2) Cyclophosphamide (500 mg/m2) [FAC
regimen] on day 1 every 3 weekly. The cumulative dose of Adriamycin
was 300 mg/m2 in all the patients.
The dose-intensity of chemotherapy in all patients was 100%.
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Radiotherapy

Electrocardiogram: A standard 12 lead electrocardiogram was taken
during the study. Any new changes in ECG were recorded.
Echocardiography: Using 2-dimensional echocardiography by
Teicholl’s method, Left ventricular end diastolic diameter (LVEDD),
Left ventricular end systolic diameter (LVESD), Left ventricular
ejection fraction (LVEF), Fractional shortening(FS), Mitral valve E
point septal separation (MVEPSS), pre ejection period(PEP), Left
Ventricular ejection time(LVET) and any other abnormal findings
were also recorded.
Equilibrium radionuclide ventriculography: ERV (Equilibrium
radionuclide Ventriculography) was performed following in vivo
erythrocyte labelling with 740 mBq technetium-99m Pertechnetate. A
large-field-of-view gamma camera (Siemens symbia dual head) was
used with a low-energy, high-sensitivity collimator to acquire a 16frame gated ventriculogram in a left anterior oblique projection
optimized for best separation of the left and right ventricles and with
15° of caudal tilt. Electrocardiographic gating was used with rejection
of cycles following an RR interval outside 15% of the mean.
Acquisition was terminated at a total of 5 million counts. A
background corrected left ventricular time activity curve was
generated by drawing region of interest over the left ventricle for each
frame of the cardiac cycle. End diastole was the frame demonstrating
the highest counts and end systole was the frame with the fewest
counts.
Ejection Fraction=End diastolic count-End systolic count/End
diastolic count
An LVEF of less than 0.50 was considered abnormal. A decrease in
LVEF of more than 0.10 was considered to indicate significant cardio
toxicity. Wall motion was analysed by viewing a repetitive cinematic
closed Loop display on the computer screen.

Statistical Analysis
Categorical data was presented as frequencies and percentages.
Repeated measures of ANOVA were used to assess change in different
ECHO and ERV parameters during the study. Paired t- test was used
to assess the difference between left and right side for different ECHO
and ERV parameters.
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Results

Cardiac parameters in Group I

56 patients were included in the study.6 patients were lost to follow
up, 1 patient died during study period, 1 patient was excluded from
the study as she developed lung metastasis. The details of 48 patients
were analysed. The patient characteristics are given in Table 1. In all
patients cardiac evaluation was done before treatment, after
chemotherapy and radiotherapy and after six months of follow up.
According to the sequence of chemotherapy and radiotherapy patients
were divided into four groups.

In Group I baseline mean LVEF was 66.79 ± 3.73 which reduced
post chemotherapy to 63.45 ± 3.54 and post RT it further reduced to
61.64+4.26 (Table 3). At 6 months of follow up LVEF was 61.42 ± 3.27.
Pair wise analysis is given in Table 4. Mean LVEF as assessed by ERV
at baseline was 58.14 ± 2.997 which reduced post chemotherapy to
56.15 ± 3.144.Post RT mean LVEF was 56.21 ± 3.806 and at 6 months
of follow up it reduced further to 55.21 ± 2.913, p<0.05. Mean FS
reduced post chemotherapy, post RT and on follow up [from 41.93 ±
4.78 to 40.29 ± 4.7, 38.52 ±4.91, 38.56 ± 4.6] p<0.05.

Patients in Group1 completed all 6 cycles of chemotherapy before
starting radiotherapy. In Group 2, patients received radiotherapy
before starting chemotherapy because of indications like close/positive
margins. Patients in Group 3, received neoadjuvant chemotherapy
following which surgery was done. Radiation was offered before
completing adjuvant chemotherapy. In patients in Group 4 radiation
was not indicated, hence they received only six cycles of chemotherapy
after surgery. Group 1 had 33 patients while Group 2 had 9 patients,
Group 3 had 2 patients and Group 4 had 4 patients. The median age of
all patients at the time of treatment was 46 years (range, 28 to 55
years). No difference in age was found between groups I and II (group
I: median 48 years, (28 to 55 years) group II: median 46 years, (35-53
years) (Table 1).
Characteristics

Group I

Group II

Group III

Group IV

Median age

53

37

48.5

45

Stage

II A

4

II B

11

7

III A

16

2

III B

6

No of patients

33

2
9

2

4

Table 1: Patient characteristics.

Mean (MVEPSS) increased post chemotherapy and post RT from
4.04 ± 0.78 to 4.12 ± 0.83, 4.27 ± 0.72 respectively. On follow up
MVEPSS remained higher than the baseline value [4.2 ± 0.49] p<0.05.
PEP/LVET showed an increase post chemotherapy and RT but it was
not statistically significant.
Para
Meters

(Baseline)
Pre Chemo

Post Chemo Post RT
(Pre RT)

Follow Up

Mean SD

Mean SD

Mean SD

Mean SD

LVEF
(ECHO)
(%)

66.79 3.73

63.45 3.54

61.64 4.2
6

61.42 3.27

<0.000
1

FS (%)

41.93 4.78

40.29 4.7

38.52 4.9
1

38.56 4.6

<0.000
1

MVEPSS
(mm)

4.04

4.12

4.27

4.2

0.49

0.0004

PEP/
LVET

0.276 0.03
6

0.281 0.03
2

0.286 0.0
3

0.283 0.02
4

0.1887

LVEF
(ERV) (%)

58.14 2.99
7

56.15 3.14
4

56.21 3.8
1

55.21 2.91
3

<0.000
1

0.83

0.7
2

Table 3: Analysis of cardiac parameters in Group 1.
Pairwise comparison of LVEF (ECHO) in Group 1

Cardiac evaluation
None of the patients developed any cardiac symptoms, clinically
apparent CHF or any other cardiac complications within the first 6
months after treatment.

Changes in ECG
The most common ECG change was T inversion in the precordial
leads.
The changes in ECG in all the groups are given in Table 2.
ECG
changes

0.78

Pre chemo

Post chemo

Mean

SD

66.79

3.73

63.45

3.54

(Pre RT)
Post RT

61.64

4.26

Mean

SD

p value

Post chemo

63.45

3.54

<0.001

Post RT

61.64

4.26

<0.001

Follow up

61.42

3.27

<0.001

Post RT

61.64

4.26

<0.05

Follow up

61.42

3.27

<0.01

Follow up

61.42

3.27

>0.05

Group
I

14 patients had ECG changes (12 had Twave inversion ,
1 had ST depression & 1 had ST elevation)

Table 4: Pairwise analysis of LVEF (ECHO) in Group 1.

Group
II

2 patients had ECG changes (T wave inversion in both)

Cardiac parameters in Group II

Group
III

No patients had ECG changes

Group
IV

1 patient had T wave inversion

Table 2: ECG changes in all groups.

J Nucl Med Radiat Ther

P
value

Mean LVEF (ECHO) reduced post RT and post chemotherapy
(from 66.67 ± 4.33 to 66 ± 4.975 and 62 ± 2.915).On follow up mean
LVEF reduced further to 61.89 ± 2.934 (p<0.05). In Group II mean
LVEF assessed by ERV reduced post RT (from 59.11 ± 2.472 to 58.67 ±
2.872. Mean LVEF (ERV) post chemotherapy was reduced to 54.44 ±
1.81(p<0.05). On follow up mean LVEF remained reduced at 55.22 ±
1.787 (p>0.05) (Table 5). Mean FS reduced post RT and post
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chemotherapy (from 39.85 ± 5.719 to 39.22 ± 5.73 and 39.3 ± 4.85).
On follow up mean FS reduced further to 38.448 ± 4.024.
Mean MVEPSS increased post RT and post chemotherapy (from
4.14 ± 0.577. to 4.22 ± 0.507 and 4.356 ± 0.475). On follow up mean
MVEPSS remained prolonged (4.33 ± 0.364). PEP/LVET also showed
an increase post RT and chemotherapy (p>0.05).
Para
Meters

Pre RT

Post RT

Post chemo Follow up

p
value

Mea
n

SD

Mea
n

SD

Mea
n

SD

Mean

SD

ECHO
(LVEF)
(%)

66.6
7

4.33

66

4.97
5

62

2.92

61.89

2.93
4

<0.000
1

FS (%)

39.8
5

5.71
9

39.2
2

5.73

39.3

4.85

38.44
8

4.02
4

0.704

MVEPSS
(mm)

4.14

0.57
7

4.22

0.50
7

4.35
6

0.47
5

4.33

0.36
4

0.292

PEP/
LVET

0.26
7

0.02
1

0.27
9

0.02
9

0.27
3

0.02

0.266

0.01
4

0.281

ERV
(LVEF)
(%)

59.1
1

2.47
2

58.6
7

2.87
2

54.4
4

1.81

55.22

1.78
7

0.0001

Table 5: Analysis of cardiac parameters in Group 2.

Cardiac parameters in Group III
Group III had only 2 patients and LVEF (ECHO and ERV)
decreased post NACT, post RT and post adjuvant chemotherapy. This
decrease persisted at 6 months of follow up (Table 6).
Para

Pre Chemo

Post NACT

Post RT

Post ADJ Follow Up
Chemo

Mean

SD

Mea
n

SD

Mea
n

SD

Mea
n

SD

Mea
n

SD

ECHO
(LVEF)
(%)

65

0

63.5

0.70
7

63.5

0.70
7

63

0

60

0

ERV
(LVEF)
(%)

59.5

2.1
2

59

1.41

58

2.83

56.5

2.1
2

55

0

Meters

Table 6: Analysis of ECHO and ERV parameters in Group 3.

Cardiac parameters in Group IV
Group 4 patients received only chemotherapy. LVEF assessed by
both ECHO and ERV showed significant reduction (p<0.05) during
the study (Table 7).
Pre Chemo

Post Chemo

Follow Up

Mean

SD

Mean

SD

Mean

SD

LVEF (ECHO) (%)

67.25

2.217

64.75

2.062

63.25

2.363

0.0037

ERV (LVEF) (%)

60

1.63

58.75

1.89

56.25

2.63

0.0383

Para Meters

Table 7: Analysis of cardiac parameters in Group 4.
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p value

Left-Sided Versus Right-Sided Radiotherapy
Mean heart doses (MHD) were 5.625 Gy for left sided cases and
1.887 Gy for right sided tumours.

Discussion
The effectiveness of doxorubicin is limited by the cumulative dose
related cardiac toxicity and portions of the heart are unavoidably
included during irradiation of breast and chest wall. There are only
few studies in literature which have analysed the acute cardiac effects
of doxorubicin based chemotherapy and radiotherapy in
asymptomatic patients during different phases of treatment.
In the current prospective study, we found immediately after
chemotherapy a mild but significant impairment of the cardiac
function in breast cancer patients treated with relatively low
cumulative doses of Adriamycin. This impairment persisted during 6
months after treatment. This was indicated by a decline in the mean
LVEF, which was seen in 17% of the patients showing a decrease from
the baseline value. The observed drop in LVEF is a clear indication
that even at low cumulative doses, doxorubicin causes impairment of
the systolic function as a result of myocardial damage. The magnitude
of the mean decline in LVEF in our study is similar to that observed by
Cottin et al. who reported a decrease in the mean LVEF from 0.58 to
0.55 twelve months after chemotherapy [7]. None of our patients
however recorded a LVEF below 0.50 or a more than 0.1 drop. We had
followed the patient for only 6 months and whether this change is
stable or progressive can only be determined by serially following the
patients. However what is evident is that some myocardial damage has
occurred in the acute phase and probably increased their risk for
development of congestive heart failure (CHF).
We also studied the effects of radiation on systolic function. We had
2 groups of patients one who received radiation after Adriamycin
chemotherapy and a second group which received radiation before
anthracyclines. In both the groups there was a decline in LVEF.
However only in Group 1, where patients received chemotherapy
before RT there was significant reduction in LVEF post RT. This may
be explained as the combined effect of chemotherapy and radiotherapy
in Group1. Even though in Group 2 post RT there was a decline in
LVEF it did not reach statistical significance because the sample size in
Group 2 may be insufficient to detect this small change.
LVEF determination was done by 2 methods in our study since
intra-observer variation is reported in both the methods. We therefore
evaluated the usefulness of other parameters of systolic function and
other detection techniques (ERV) to validate our findings.
In Group 1pairwise analyses showed a statistically significant
reduction in LVEF (ERV) following chemotherapy, radiotherapy and
at 6 months follow up.
In Group 2, mean LVEF (ERV) decreased following radiotherapy,
(p>0.05). There was a significant reduction following chemotherapy
and LVEF increased during follow up, but it did not reach the pretreatment value.
In Group 3, both the patients analysed showed a decrease in LVEF
(ERV) after neoadjuvant chemotherapy, radiation and adjuvant
chemotherapy. These changes persisted during follow up. In Group 4
patients also there was a reduction in LVEF (ERV) after chemotherapy
which was statistically significant. Perez et al. studied the effect of
cumulative doses of doxorubicin of 240 mg/m2 of doxorubicin on
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LVEF in patients with breast cancer. In this study LVEF measured by
MUGA scan showed a declining trend within 3 weeks of completion of
chemotherapy [8]. We also used lower doses of doxorubicin and our
study also showed similar changes.
Ikahiemo et al. investigated the incidence and severity of possible
radiation induced cardiac changes in breast cancer patients.
Parameters assessed were FS, MVEPSS, PEP/LVET ratio. FS decreased
between the studies before and immediately after radiation. MVEPSS
increased before and immediately after radiation. The PEP/LVET ratio
increased between the studies before and immediately after radiation
without statistical significance which reverted after 6 months. They
concluded that these changes are due to a transient depression in left
ventricular function immediately after radiation [9].
We found similar changes in FS and MVEPSS PEP/LVET
indicating a depression in left ventricular function after chemotherapy
and radiotherapy.
Initial manifestation of chemotherapy/radiation induced heart
changes can be a new ECG change. Daher et al. suggested that the
most acute and chronic effect of irradiation on heart is repolarisation
abnormality [10]. In our study the most common ECG change was T
wave inversion in the precordial leads indicating that an acute
repolarisation abnormality was the commonest abnormality after
chemotherapy and radiotherapy.
We analysed the number of patients who developed a decrease in
LVEF who showed these ECG changes. All patients with ECG changes
developed a reduction in LVEF.
Mean heart dose (MHD) for all patients who received chest wall
radiation were calculated. Mean heart dose for left side was 5.625 Gy ±
2.75 and for right side was 1.887 Gy ± 0.72.There was no statistically
significant difference between in LVEF parameters in the left and right
side probably because mean heart dose of 5.625 Gy is not too high to
produce a significant change in cardiac function.
The main advantage of our study was that acute cardiac changes
due to doxorubicin based chemotherapy and chest wall radiation was
extensively studied at different time periods. We also had a good
follow up during the study. In more than 90% of the patients ECHO
and ERV on various visits were done by the same physicians, thus
avoiding inter-observer variation. The main drawback of our study
was that it was underpowered due to the small sample size. Another
drawback is the shorter period of follow up. Diastolic dysfunction is
known to precede systolic dysfunction. We assessed mainly the systolic
changes and probably assessing the parameters of diastolic dysfunction
would have added to the value of our study.
Schwartz et al. have developed a monitoring algorithm with
scheduled frequent ejection fraction measurements for patients treated
with anthracyclines [11]. Will we recommend such intensive cardiac
monitoring for all patients receiving anthracyclines and radiation to
chest wall? The high incidence of subclinical cardiac dysfunction in
our patients reinforces the need for monitoring patients on
doxorubicin during different phases of treatment. If radiation is
planned after chemotherapy, all the patient detected to have a decrease
in LVEF can be considered for intensity modulated radiotherapy
where more effort can be made to spare as much as cardiac tissue as
possible.

Conclusion
Our prospective study shows that a significant number of patients
can develop a transient depression in ventricular function acutely after
chemotherapy and radiotherapy.
Decrease in LVEF was seen in our patients both by conventional
ECHO and MUGA/ ERV scan during different phases of treatment
which indicate that doxorubicin based chemotherapy and
radiotherapy produces acute abnormality in left ventricular function.
Does an acute cardiac change detected on investigating an
asymptomatic patient predict the development of chronic cardiac
toxicity? This question can only be answered by prolonged follow up,
because of the latency of chemotherapy and radiation induced cardiac
disease.
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