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Debate on the connection between heart dose and mortality 
in non-small-cell lung cancer (NSCLC) has been existing 
for years. In the article that accompanies this editorial, 
Zhang and colleagues (1) reported the first systemic 
assessment and intended meta-analysis to evaluate the 
relevance between cardiac dose and outcomes. Completion 
of this study is not trivial because an obvious rise in the 
amount of studies researching the correlation between 
cardiac dose and outcomes in NSCLC after the publication 
of RTOCG 0617. In addition, we do not know the strength 
of connection and the optimal limits of the cardiac dose yet.

Is there a significant effect of cardiac dose on 
survival in NSCLC?

The systematic review and meta-analysis reported by 
Zhang and colleagues (1) aimed to make an evaluation on 
the relevance between heart dose and mortality among 
the patients with NSCLC, which was based on evidence. 
This systematic review was carried out in term of PRISMA 
guidelines. From the beginning to January 31, 2018, 
information retrieval was conducted in the MEDLINE and 
Excerpta Medica Databases. Consensus has been reached 
on that such studies incorporate the concept of carcinoma 
of lungs, heart disease, and radiation dosage.

This systematic review failed to demonstrate consistent 
relationships among heart dose parameters, overall 
survival and heart events. Among 5,614 patients from 22 
studies, totally 214 heart dosimetries had been examined 

as potential predictors of cardiotoxicity or death, with the 
broadest analyzed parameters including mean heart dose 
(MHD), heart V5, and heart V30. For survival, only one of 
the 11 studies found significant association with heart V5 in 
multivariable analysis (MVA) and 2 of the 12 studies found 
significant association with heart V30; in 8 studies, MHD 
was not statistically significant. For cardiotoxicity, heart V5 
was significant by MVA analysis in 1 of 2 studies; heart V30 
was significant in 1 of 3 studies, and MHD was significant 
in 2 of 4 studies. 

Is higher heart dose related to poor survival rate in 
NSCLC? The evidence is controversial; a consensus has not 
been reached in this area. RTOG 0617 trial (2) suggested 
that higher heart dose was significantly related with poor 
survival. Several studies have confirmed this relation (3,4), 
while others failed to determine such similar correlation 
(5,6).

Which heart dosimetric parameter is most important? 
The effect of individual heart dose on survival was 
controversy. Heart V5 and V30 were remarkably related 
to poor survival in RTOG 0617 (1). Obvious correlations 
between heart V5/V30 and overall survival were reported 
by Stam Group, but not heart V50 (7). One study by Speirs 
Group reported a significant association between heart V50 
and survival (8). On the contrary, although these factors are 
related to cardiotoxicity, recently, several secondary analyses 
on random experiments didn’t report any significant 
correlation between heart dosage and overall survival in 
NSCLC patients (9-12). It was reported by Wang Group 
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that the MHD, heart V5 and V30 did not correlated with 
survival (9), and it was reported by Guberina Group that 
heart V5 hadn’t been identified as a prognostic factor for 
survival (10). A previous study in Michigan also reported 
that MHD, heart V5, V30 and V50 were not correlated 
with survival (11) . No independent effect of heart dose 
on the survival of 468 patients with NSCLC was found by 
Tucker et al. (5).

What limit should we set? In practice, heart dosimetry 
is generally applied in limiting the risks from radiation-
related cardiotoxicity, although the reported evidence varies 
substantially. No clear consensus has been achieved on the 
surest and safest cut-off level for the dosimetric factors 
studies, in part since the intense association among the dose 
parameters (13). There are several studies indicating that 
certain cardiac dose parameters, for instance, mean heart/
pericardial dosage, maximum heart/pericardial dosage, 
pericardial V30 and total radiation dosage to mediastinum, 
are significantly related to cardiotoxicities including 
pericardial effusion (PCE) (14-18). Failure from generating 
consensus findings from this review makes this task even 
more challenging. 

What are the reasons for the inconsistent effect 
of cardiac dose factors on survival in NSCLC?

First, the above conflicting results can be partially explained 
by changes in the contours of the heart. Actually, there is no 
uniform and strict definition for contour of the heart, and 
most researches haven’t specified the definition of the heart. 
This review did not mention the potential confounding 
effect of variations of the confounding effect. But the 
editorial comment from Banfill and colleagues made a great 
discussion on this issue and the various substructure of the 
heart (19). Our experience of the reviewed patients enrolled 
in RTOG1106 (FM Kong, unpublished experience) showed 
there are big differences in the definition of heart among 
institutions. Heart is one of the organs with remarkable 
variations from Center to Center, particularly regarding 
superior border in terms of inclusion of the full pericardium 
or not, despite the fact that the protocol atlas specified 
clearly for the contour of heart, with starting superiorly at 
one slide below the pulmonary trunk passing the midline. 
Some centers include the whole pericardium within big 
vessels in superior mediastinum, but others include nothing 
but the heart cavities. The heart can’t be separated from 
the lower pericardium, and the dose parameters of the 
pericardium are remarkably related to the heart, thus 

determining the function of the individual structure is 
becoming challenging (14). Using guideline of Kong 
Group (13) (which was also used as RTOG atlas, http://
www.rtog.org/CoreLab/ContouringAtlases/LungAtlas.
aspx), Xue and colleagues (20) found that the risks of PCE 
were related to multiple cardiac parameters (such as heart/
pericardial mean dose, V5, V55 and pericardial V30). These 
associations were also confirmed by the DVH atlas analysis, 
which illustrated the high-risk area for toxicity. Should the 
heart structure be consistently contoured, more consistent 
dosimetric correlates be likely generated in future studies.

Second, most reports were retrospective studies from 
single institutional data with inclusions of heterogeneous 
patients with poorly defined cardiac toxicity endpoints. 
Particularly for cardiac toxicity events, some include 
arrhythmia or pericardial effusion as toxicity, while others 
may only include ischemic event. For retrospective study, 
record of the toxicity often depends on the thoroughness 
of the medical record generated by the treating physicians. 
Furthermore, studies rarely proposed a priori assumption to 
testify the included events in analysis. 

Third, the inconsistencies of the cardiac dosimetric 
parameters included in different studies made the 
comparison difficult. As most of dosimetric factors are 
DVH generated point parameters which are sensitive to 
the shape of the DVH, the field arrangement and radiation 
technique. These point parameters may not represent the 
dose and damage of the whole organ. It may still be related 
to other untested cardiac dosimetric factors that we can’t 
totally determine. Furthermore, researches with smaller-
size samples may not prove their association with overall 
survival. Finally, most studies have not adjusted for the dose 
parameters, causing the increased error rates of type I.

The last, not the least, heterogeneous treatments 
including radiotherapy itself may have an impact on 
overall survival. It was found that concurrent or induced 
chemotherapy may increase the occurrence of cardiac 
events, while in Ning’s study (21) by multivariate analysis, 
adjuvant chemotherapy was the most relevant factor 
for PCE, but not concurrent or induced chemotherapy. 
Chun and colleagues (2) found that IMRT technique 
is related to decrease of severe pneumonia and cardiac 
doses in the NRG clinical trial RTOG 0617, and this 
study provided supports for the routine use of IMRT 
for locally advanced NSCLC. Cardiotoxicity is also 
related to some chemotherapeutic drugs in treating 
NSCLC, for example, platinum-based agents (22), 
taxanes (23), vinorelbine (24) and gemcitabine (25).  

http://www.rtog.org/CoreLab/ContouringAtlases/LungAtlas.aspx
http://www.rtog.org/CoreLab/ContouringAtlases/LungAtlas.aspx
http://www.rtog.org/CoreLab/ContouringAtlases/LungAtlas.aspx
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Cardiotoxicity is also occurred after targeted therapy (26), 
and severely with high mortality after using of immune 
checkpoint inhibitors (27-31).

In summary, this systemic review shows that no consistent 
heart dose factors are found to associate with survival and 
cardiotoxicity in NSCLC patients receiving radiotherapy. 
This finding challenges some part of assumption regarding 
the association between heart dose and inferior survival 
under current practice. However, as discussed above, we 
agree with the comments from Banfill (19) and Badiyan (32) 
that many factors may have contributed to this inclusive 
conclusion. Unless there are some studies with large-
size samples with consistent structure delineation, the 
debate will continue, and the physicians will continue to 
be challenged with the decision of appropriate cardiac dose 
and parameters in NSCLC. 

Learning from the review (1) of many published studies, 
we strongly propose the following for current practice and 
future research: (I) contour the heart structure consistently 
(reviewers shall also at least ask all the investigators to 
provide the information so we know what structure we 
are studying at), RTOG atlas (13) shall be used until a 
better atlas becomes available; (II) study this question in a 
prospective manner and define the cardiac toxicity endpoint 
consistently according to updated CTCAE criteria which is 
the criteria used by all clinical trials around the world and 
is available online for investigators all over the world; (III) 
consider the co-linearity of the various dosimetric factors 
and avoid testing the significance of multiple correlated 
dosimetric variables; (IV) build and test novel predictive 
models by considering all the DVH parameters like 
biologically representative parameters (like effective dose 
or effective volume) based or atlas based model prediction. 
Additionally, baseline heart disease also should be recorded 
and integrated in risks prediction models. It’s necessary 
that studies in the future pay more attention to injury to 
the immune substructures included in the conventionally 
defined “heart” and possibly differentiate them from the 
true cardiac structural damage. Finally, long-term follow 
up is necessary to further identify the effect of cardiac dose 
parameters on cardiac toxicities and survival.

Acknowledgments

Funding: This work is supported in parts by NIH/NCIR 
01CA142840 (FMK) and KQTD 2018041118502879 
(FMK).

Footnote

Provenance and Peer Review: This article was commissioned 
and reviewed by the Section Editor Dr. Chun-Ru Chien 
(Director, Department of Radiation Oncology, China 
Medical University Hsinchu Hospital, Hsinchu; Professor, 
Department of Radiation Oncology, China Medical 
University, Taichung).

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at http://dx.doi.
org/10.21037/atm-2020-51). The authors have no conflicts 
of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Zhang TW, Snir J, Boldt RG, et al. Is the Importance of 
Heart Dose Overstated in the Treatment of Non-Small 
Cell Lung Cancer? A Systematic Review of the Literature. 
Int J Radiat Oncol Biol Phys 2019;104:582-9.

2.	 Chun SG, Hu C, Choy H, et al. Impact of Intensity-
Modulated Radiation Therapy Technique for Locally 
Advanced Non-Small-Cell Lung Cancer: A Secondary 
Analysis of the NRG Oncology RTOG 0617 Randomized 
Clinical Trial. J Clin Oncol 2017;35:56-62.

3.	 Stam B, van der Bijl E, van Diessen J, et al. Heart dose 
associated with overall survival in locally advanced NSCLC 
patients treated with hypofractionated chemoradiotherapy. 
Radiother Oncol 2017;125:62-5.

4.	 Speirs CK, DeWees TA, Rehman S, et al. Heart Dose Is 
an Independent Dosimetric Predictor of Overall Survival 
in Locally Advanced Non-Small Cell Lung Cancer. J 
Thorac Oncol 2017;12:293-301.

http://dx.doi.org/10.21037/atm-2020-51
http://dx.doi.org/10.21037/atm-2020-51
https://creativecommons.org/licenses/by-nc-nd/4.0/


Xue et al. Is heart dose associated with survival? 

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(19):1252 | http://dx.doi.org/10.21037/atm-2020-51

Page 4 of 5

5.	 Tucker SL, Liu A, Gomez D, et al. Impact of heart and 
lung dose on early survival in patients with non-small cell 
lung cancer treated with chemoradiation. Radiother Oncol 
2016;119:495-500.

6.	 McWilliam A, Kennedy J, Hodgson C, et al. Radiation 
dose to heart base linked with poorer survival in lung 
cancer patients. Eur J Cancer 2017;85:106-13.

7.	 Socinski MA, Blackstock AW, Bogart JA, et al. 
Randomized phase II trial of induction chemotherapy 
followed by concurrent chemotherapy and dose-escalated 
thoracic conformal radiotherapy (74 Gy) in stage III non-
small-cell lung cancer: CALGB 30105. J Clin Oncol 
2008;26:2457-63.

8.	 Bradley JD, Bae K, Graham MV, et al. Primary analysis of 
the phase II component of a phase I/II dose intensification 
study using three-dimensional conformal radiation therapy 
and concurrent chemotherapy for patients with inoperable 
non-small-cell lung cancer: RTOG 0117. J Clin Oncol 
2010;28:2475-80.

9.	 Wang K, Eblan MJ, Deal AM, et al. Cardiac Toxicity After 
Radiotherapy for Stage III Non-Small-Cell Lung Cancer: 
Pooled Analysis of Dose-Escalation Trials Delivering 70 to 
90 Gy. J Clin Oncol 2017;35:1387-94.

10.	 Guberina M, Eberhardt W, Stuschke M, et al. Heart 
dose exposure as prognostic marker after radiotherapy 
for resectable stage IIIA/B non-small-cell lung cancer: 
secondary analysis of a randomized trial. Ann Oncol 
2017;28:1084-9.

11.	 Dess RT, Sun Y, Matuszak MM, et al. Cardiac Events After 
Radiation Therapy: Combined Analysis of Prospective 
Multicenter Trials for Locally Advanced Non-Small-Cell 
Lung Cancer. J Clin Oncol 2017;35:1395-402.

12.	 Wang K, Pearlstein KA, Patchett ND, et al. Heart 
dosimetric analysis of three types of cardiac toxicity in 
patients treated on dose-escalation trials for Stage III non-
small-cell lung cancer. Radiother Oncol 2017;125:293-300.

13.	 Kong FM, Ritter T, Quint DJ, et al. Consideration of 
dose limits for organs at risk of thoracic radiotherapy: atlas 
for lung, proximal bronchial tree, esophagus, spinal cord, 
ribs, and brachial plexus. Int J Radiat Oncol Biol Phys 
2011;81:1442-57.

14.	 Wei X, Liu HH, Tucker SL, et al. Risk factors for 
pericardial effusion in inoperable esophageal cancer 
patients treated with definitive chemoradiation therapy. Int 
J Radiat Oncol Biol Phys 2008;70:707-14.

15.	 Cosset JM, Henry-Amar M, Pellae-Cosset B, et 
al. Pericarditis and myocardial infarctions after 
Hodgkin's disease therapy. Int J Radiat Oncol Biol Phys 

1991;21:447-9.
16.	 Hancock SL, Tucker MA, Hoppe RT. Factors affecting late 

mortality from heart disease after treatment of Hodgkin's 
disease. JAMA 1993;270:1949-55.

17.	 Gagliardi G, Lax I, Ottolenghi A, et al. Long-term cardiac 
mortality after radiotherapy of breast cancer--application 
of the relative seriality model. Br J Radiol 1996;69:839-46.

18.	 Martel MK, Sahijdak WM, Ten Haken RK, et al. 
Fraction size and dose parameters related to the incidence 
of pericardial effusions. Int J Radiat Oncol Biol Phys 
1998;40:155-61.

19.	 Banfill KE, McWilliam A, van Herk M, et al. In 
Regard to Zhang et al. Int J Radiat Oncol Biol Phys 
2019;104:1179-80.

20.	 Xue J, Han C, Jackson A, et al. Doses of radiation to the 
pericardium, instead of heart, are significant for survival in 
patients with non-small cell lung cancer. Radiother Oncol 
2019;133:213-9.

21.	 Ning MS, Tang L, Gomez DR, et al. Incidence and 
Predictors of Pericardial Effusion After Chemoradiation 
Therapy for Locally Advanced Non-Small Cell Lung 
Cancer. Int J Radiat Oncol Biol Phys 2017;99:70-9.

22.	 Thatcher N, Hirsch FR, Luft AV, et al. Necitumumab 
plus gemcitabine and cisplatin versus gemcitabine and 
cisplatin alone as first-line therapy in patients with stage 
IV squamous non-small-cell lung cancer (SQUIRE): an 
open-label, randomised, controlled phase 3 trial. Lancet 
Oncol 2015;16:763-74.

23.	 Fossella FV, Lee JS, Murphy WK, et al. Phase II study of 
docetaxel for recurrent or metastatic non-small-cell lung 
cancer. J Clin Oncol 1994;12:1238-44.

24.	 Bergeron A, Raffy O, Vannetzel JM. Myocardial ischemia 
and infarction associated with vinorelbine. J Clin Oncol 
1995;13:531-2.

25.	 Kido H, Morizane C, Tamura T, et al. Gemcitabine-
induced pleuropericardial effusion in a patient with 
pancreatic cancer. Jpn J Clin Oncol 2012;42:845-50.

26.	 Kastoon T, Stump CS, Thomson SP, et al. Erlotinib-
associated exacerbation of hypothyroidism with pericardial 
tamponade. Endocr Pract 2012;18:e111-3.

27.	 Kushnir I, Wolf I. Nivolumab-Induced Pericardial 
Tamponade: A Case Report and Discussion. Cardiology 
2017;136:49-51.

28.	 Moslehi JJ, Salem JE, Sosman JA, et al. Increased 
reporting of fatal immune checkpoint inhibitor-associated 
myocarditis. Lancet 2018;391:933.

29.	 Mahmood SS, Fradley MG, Cohen JV, et al. Myocarditis 
in Patients Treated With Immune Checkpoint Inhibitors. 



Annals of Translational Medicine, Vol 8, No 19 October 2020 Page 5 of 5

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(19):1252 | http://dx.doi.org/10.21037/atm-2020-51

J Am Coll Cardiol 2018;71:1755-64.
30.	 Ganatra S, Neilan TG. Immune Checkpoint Inhibitor-

Associated Myocarditis. Oncologist 2018;23:879-86.
31.	 Agrawal N, Khunger A, Vachhani P, et al. Cardiac Toxicity 

Associated with Immune Checkpoint Inhibitors: Case 

Series and Review of the Literature. Case Rep Oncol 
2019;12:260-76.

32.	 Badiyan SN, Robinson CG, Bradley JD. Radiation Toxicity 
in Lung Cancer Patients: The Heart of the Problem? Int J 
Radiat Oncol Biol Phys 2019;104:590-2.

Cite this article as: Xue J, Lu Y, Kong FM. Why aren’t we 
getting consistent results for heart dose and mortality during 
thoracic radiotherapy? Ann Transl Med 2020;8(19):1252. doi: 
10.21037/atm-2020-51


