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[ Abstract | Background and purpose: Breast cancer has overtaken lung cancer as the most common malignant tumor in women.
Early breast cancer patient can achieve a long survival time after comprehensive treatment, however the cardiotoxicity caused by
radiotherapy may affect its long-term prognosis. Therefore, early monitoring of radiation-induced heart disease is important for
improving the survival of breast cancer patients. Speckle-tracking echocardiography (STE) is a new technique to study myocardial
deformation. Global longitudinal strain (GLS) is a good parameter for evaluating early cardiotoxicity caused by radiotherapy. The
purpose of this study was to evaluate the value of GLS in evaluating radiotherapy-induced early cardiotoxicity in breast cancer.
Methods: PubMed, EMBASE, Web of Science, Cochrane Library, Wanfang and China National Knowledge Infrastructure (CNKI)
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databases were searched by computer from January 2010 to March 2022. According to the pre-set inclusion and exclusion criteria,
screening studies was performed using GLS and left ventricular ejection fraction (LVEF) to evaluate myocardial function changes
during and after radiotherapy for breast cancer. Two researchers independently conducted literature screening and data extraction.
Review Manager5.4 analysis software was used for data analysis. Results: Finally, 9 studies were included, involving a total of 543
patients. Meta-analysis results showed that LVEF of patients with left breast cancer decreased slightly immediately after radiotherapy,
and WMD was -0.98. LVEF of those patients increased at 6 months after radiotherapy, and the WMD was -0.83, which was still lower
than baseline. LVEF was almost unchangeable after radiotherapy for right breast cancer. GLS of left-sided breast cancer patients
decreased significantly immediately after radiotherapy, at 6 weeks, 6 months and 12 months after radiotherapy, and WMD was
1.57, 1.84, 1.04 and 1.69, respectively. The differences were statistically significant. There was no significant heterogeneity among
the studies. However, there was no significant change in GLS after radiotherapy for right breast cancer. There was no significant
difference in GLSr between breast cancers of different sides. Conclusion: GLS may be a good predictor of radiation-induced heart
disease in patients with left-sided breast cancer.

[ Keywords | Breast cancer; Speckle-tracking echocardiography; Radiotherapy; Cardiotoxicity
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Tab. 1 Characteristics of included studies

Patient Numbe':r Chemotherapy n(%)  Targeted therapy 7(%) Radiotherapy Cardioprotective
Study Country ~ Mean age/year of left side N
umber 0 Left Right Left Right dose agents 7(%)
n(%)
. Left: 54413 50 Gy/25 f
[12] -
Erven Belgium Right: 5211 30 20(66.7)  12(60) 4(40) 4(20) 1(10) 16 Gy"
. Left: 54+8 50 Gy/25 f
4] _
Erven Belgium Right:s247 75 51(68) 51(100)  24(100)  11(22) 4(17) 16 Gy"
50 Gy/25 f
Lo™ Australia 60.2+9.1 40 40(100) 0(0) 0(0) 0(0) 0(0) 42.4 Gy/16 f -
10 Gy/16 Gy’
50 Gy/25 f 7(12)"
: +
Tuohinen® Finland L.eft' 63668 80 60(75) 0(0) 0(0) 0(0) 0(0) 42.56 Gy/16 £ 15(25)°
Right: 62.9+4.7 B .
16Gy 8(13)
50 Gy/25 f 36y
Yo' America 52 47 26(55.3)  26(55.3) 43(91) 42.4 Gy/16 f 6(13)
10 Gy/16 Gy
50 Gy/25 f
Walker"! France 58+9 79 64(81.0)  0(0) 0(0) 0(0) 0(0) 47 Gy/20 f -
9-15 Gy’
50 Gy/25 f
-[10] .. . y:
Fourati Tunisia 50 103 60(58.3)  portion 32(31.1) 16 Gyf
50 Gy/25 f
Trivedi® Australia 60.2+9.1 40 40(100) 0(0) 0(0) 42.4 Gy/16 f -
10 Gy/16 Gy
Heggemann"® Germany 55 49 49(100)  20(40) 3(6) g;ég g§ )

All the studies were prospective. : In the case of breast-conserving surgery, an additional dose was delivered (10 Gy in 5 fractions or 16
Gy in 8 fractions) as the “boost phase” to the tumoral cavity at the radiation oncologists’ discretion. “: Beta blockers; ": Angiotensin-converting
enzyme inhibitors/angiotensin receptor blockers; °: Diuretics; 147 This study didn’t show the separate clinical characteristic of left and right side
breast cancer. "°’: This study included patients that be in line with Lo 2015, but only 37 patients agreed to undergo a 12-month speckle-tracking
echocardiography, 61.29 Gy including boost; 52.35 Gy including the whole breast.

Follow-up Baseline Mean difference Mean difference
Study or subgroup Xt Total Xt Total Weight/% 1V, fixed (95% CI range) IV, fixed (95% CI range)

A
Erven K, et al'"”! 66.2+6.6 20 70.8+68 20 47 ~4.60 (-8.75, 0.45)
Erven K, et al™” 60.0+3.7 51 614%+39 51 36.9 -1.40 (-2.88, 0.08) —i—
Lo, et al™! 62.0+4.0 40 63.0+50 40 20.4 -1.00 (-2.98, 0.98) —
Trivedi, et al”! 62.5+4.0 40 622450 40 20.4 0.30 (-1.68, 2.28) T
Tuohinen, et al” 65.0+7.0 60 65.0+7.0 60 12.8 0.00 (-2.50, 2.50) -1
Yu, et al"! 587+76 26 609+73 26 49 -220(-6.25,1.85) o |
Total 237 237 100.0 -0.98 (~1.88, -0.08) <
Heterogenity Chi*=5.77, df=5 (P=0.33), =0%
Test for overall effect: Z=2.15 (P=0.03)

B
Walker, et al""! 66.0+£9.0 64 61.0%7.0 64 65.6 -1.00 (-3.97, 1.79) —
Yu, et al™¥ 604+69 26 609+73 26 34.4 -0.50 (—4.36, 3.36) -
Total 90 90 100.0 -0.83 (-3.09, 1.43) -l
Heterogenity Chi*=0.04, df=1 (P=0.84), '=0%
Test for overall effect: Z=0.72 (P=0.47)

G20 2 4

E2 ZAMFREMTTEIELVEFELHRRE
Fig. 2 Forest plot of LVEF changes before and after radiotherapy for left breast cancer
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Follow-up Baseline Mean difference Mean difference
Study or subgroup Xt Total Xt Total Weight/% 1V, fixed (95% CI range) IV, fixed (95% CI range)
Erven K, et al™” 70.1+45 10 69.0+£73 10 12.7 1.10 (-4.22, 6.42) S
Erven K, ct al™” 61.8+42 24 626+36 24 T35 ~0.80 (-3.01, 1.41) —il—
Tuohinen, et al” 66.06.0 20 64.0+£10.0 20 13.8 2.00 (-3.11,7.11) =
Total 54 54 100.0 -0.17 (-2.07, 1.72)
Heterogenity Chi’=1.22, df=2 (P=0.54), F=0% .
Test for overall effect: Z=0.18 (P=0.86) 4 2 0 2 4
Follow up Baseline
E3 A BRERITRIELVEFZL AR E
Fig.3 Forest plot of LVEF changes before and after radiotherapy for left breast cancer
Follow—up Baseline Mean difference IV, Mean difference
Study or subgroup Xt Total Xt Total Weight/% fixed (95% CI range) IV, fixed (95% CI range)
A
Erven K, et al"™” -17.60£1.50 20 -19.504+2.10 20 19.1 1.90(0.77, 3.03) I
Erven K, et al"” -17.50£1.90 51 -19.404+2.40 51 34.7 1.90 (1.06, 2.74) -
Lo, et al™ -18.60+2.70 40 —20.44+2.66 40 17.7 1.84 (0.67,3.01) _
Tuohinen, et al™ -17.20+3.30 60 -18.30+3.10 60 18.6 1.10 (-0.05, 2.25) S S
Yu, et al™¥ -18.70£3.00 26 -18.90+2.80 26 9.8 0.20 (-1.38, 1.78) <&
Total 197 197 100.0 1.57 (1.08, 2.07)
Heterogenity Chi’=4.67, df=4 (P=0.32), =14%
Test for overall effect: Z=6.23 (P<0.000 01)
B
Lo, et al™” -18.34+2.86 40 -20.44+2.66 40 34.4 2.10(0.89, 3.31) .'
Trivedi, et al” -1890+2.00 40 -20.6%2.00 40 656 1.70 (0.82,2.58) N
Total 80 80 100.0 1.84 (1.13, 2.55)
Heterogenity Chi*=0.28, df=1 (P=0.60), ’=0%
Test for overall effect: Z=5.07 (P<0.000 01)
C
Heggemann, et al'"”! -19.10£5.44 20 -20.10+6.10 26 43 1.00(-2.33, 4.33)
Walker, et al” -15.00+3.00 64 -16.00+2.60 64 50.3 0.11 (0.03, 1.97) -
Yu, et al™¥ -18.60+£2.30 26 -18.90+2.80 26 24.5 ~2.20 (~1.09, 1.69) - .
Fourati, et al"”’ -19.40+5.10 60 -21.40£3.10 60 20.9 -2.20 (0.49, 3.51) -
Total 170 176 100.0 1.04 (0.35, 1.73)
Heterogenity Chi’=2.64, df=3 (P=0.45), '=0%
Test for overall effect: Z=2.95 (P=0.003)
D
Trivedi, et al®” -18.90+3.00 40 -20.60%+2.00 40 53.2 1.70(0.58, 2.82) _.
Heggemann, et al"” -18.60+£5.50 15 -20.10+6.10 26 5.0 1.50(-2.14, 5.14) -
Fourati, et al'"” -19.70£3.90 60 -21.40£3.10 60 418 1.70(0.44, 2.96) -
Total 80 80 100.0 1.69 (0.88, 2.50)
Heterogenity Chi’=0.01, df=2 (P=0.99), '=0%
Test for overall effect: Z=4.06 (P<0.000 1) . . :
R/ > 4

B4 AMERERTT R EGLS L AR K E

Follow up Baseline

Fig. 4 Forest plot of GLS changes before and after radiotherapy for left breast cancer

Follow—up Baseline Mean difference Mean difference
Study or subgroup Xt Total Xt Total Weight/% 1V, fixed (95% CI range) IV, fixed (95% CI range)
Erven K, et al™” -18.7+1.6 10 -184+1.6 10 27.0 -0.30 (-1.70, 1.10)
Erven K, et al™” -184+1.5 24 -189+1.8 24 60.5 0.50 (-0.44, 1.44)
Tuohinen, et al” -17.242.8 20 -169+3.8 20 12.4 -0.30 (-2.37, 1.77)
Total 54 54 100.0 0.18 (-0.55, 0.91)

Heterogenity Chi*=1.10, df=2 (P=0.58), '=0%

Test for overall effect: Z=0.50 (P=0.62)
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/R
Follow up Baseline

Fig. 5 Forest plot of GLS changes before and after radiotherapy for right breast cancer
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Follow—up Baseline Mean difference Mean difference
Study or subgroup X+ Total Xts Total Weight/% 1V, fixed (95% CI range) IV, fixed (95% CI range)
A
Erven K, et al™™” -1.20+0.10 20 -1.30%£020 20 26.9 0.10 (0.00, 0.20) [~ =
Erven K, et al"” -1.224+0.15 51 -1.40+026 51 38.0 0.18 (0.10, 0.26) —
Lo, et al™ -1.06+0.18 40 -1.19+021 40 35.1 0.13 (0.04, 0.22) =
Total 111 111 100.0 0.14 (0.09, 0.19) >
Heterogenity Chi*=1.60, df=1 (P=0.45), '=0%
Test for overall effect: Z=5.44 (P<0.000 01)
B
[13] _ _
Lo, et al . 1.06£0.16 40 -1.19£021 40  41.8 0.13(0.05, 0.21) N
Trivedi, et al -1.04£020 40 -1.15£0.10 40 58.2 0.11 (0.04, 0.18) S
Total 80 80 100.0 0.12 (0.07, 0.17) -
Heterogenity Chi*=0.13, df=1 (P=0.71), F=0%
Test for overall effect: Z=4.39 (P<0.0001)
02 01 0 01 02

Follow up Baseline

E6 ML EGLSI L BRI E
Fig. 6 Forest plot of GLSr changes before and after radiotherapy for left breast cancer

Follow—up Baseline Mean difference Mean difference
Study or subgroup Xt Total Xts Total Weight/% 1V, fixed (95% CI range) IV, fixed (95% CI range)
ErvenK, et al'” -1.30£0.20 10 -1.30£0.20 10 14.0 0.00 (-0.18, 0.18) —
Erven K, et al™ 1244013 24 -136+0.12 24 86.0 0.12 (0.05, 0.19) X 3
Total 34 34 100.0 0.10 (0.04, 0.17)
<>

Heterogenity Chi*=1.55, df=1 (P=0.21), ’=35%
Test for overall effect: Z=3.08 (P=0.002)

05 025 0 025 05
Follow up Baseline

E7 AMELARERTEIEGLSIE R ARKE
Fig. 7 Forest plot of GLSr changes before and after radiotherapy for right breast cancer
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