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Background: While patients with ataxia telangiectasia are known to have increased radia-

tion sensitivity, patients with germline heterozygous ataxia telangiectasia mutated (ATM)

mutations can have widely varying functional and clinical effects, which can make manage-

ment decisions difficult. With an increased prevalence of gene panel-based testing for breast

cancer patients, radiation oncologists are increasingly confronted with patients who carry

germline ATM variants of uncertain clinical significance. This study describes the clinical

courses and outcomes of 5 breast cancer patients with varying germline heterozygous ATM

mutations undergoing radiation therapy at our institution in order to provide additional

knowledge of the varying clinical effects to aid future decision making.

Case Series: We identified 5 patients with breast cancer and varying germline heterozygous

ATM mutations treated at the University of North Carolina Hospitals between 2015 and 2017.

The median age at breast cancer diagnosis for the patient series was 46. Clinical effects

of  radiation treatment varied amongst the 5 patients. The one patient with a pathogenic

ATM mutation had no increased radiation related toxicity. Of the 4 patients with ATM vari-

ants  of uncertain significance, one patient had increased radiation sensitivity with Grade 3

dermatitis. All patients have remained recurrence free with a median duration of 18 months.

Conclusion: Our data illustrates that patients with germline heterozygous ATM mutations
can have widely varying clinical effects with radiation therapy. Given the possibility of

unpredictable deleterious effects, our study highlights the importance of caution and careful

consideration when devising the multi-modality management strategy in these patients.

Published by Elsevier B.V. on behalf of Greater Poland Cancer Centre.
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.  Background

 hallmark of cancer development is defective DNA damage
epair leading to genomic instability and genetic mutation.1,2

n a given cell, multiple forms of DNA damage can occur with
he potential of leading to genetic mutation if not properly
epaired. In order to attempt repair, cells can activate multi-
le different DNA repair pathways (e.g., base excision repair,
ucleotide excision repair, mismatch repair, homologous
ecombination, non-homologous end joining) and mutations
n genes encoding proteins involved in these repair pathways
ave been associated with increased cancer risk.3

Germline homozygous mutation in the ataxia telangiec-
asia mutated (ATM) gene, which is involved in the cellular
esponse to DNA double strand breaks, results in the ataxia
elangiectasia (AT) syndrome that is characterized by cere-
ellar atrophy, vascular abnormalities, cancer susceptibility

including breast cancer), and marked radiation sensitivity.4

utations leading to the syndrome can occur in any func-
ional domain of the ATM gene and several hundred mutations
ave been linked thus far. Most of these mutations disrupt
rotein production, resulting in nonfunctional versions of the
TM protein that do not respond normally to DNA damage and

hus are hypersensitive to radiation.
While the AT syndrome is extremely rare (1 in

0,000–100,000 people worldwide),5 germline ATM het-
rozygosity occurs in about 1% of the population and has
een associated with increased cancer susceptibility and
adiation sensitivity.6–9 Similar to the AT syndrome, germline
arriers of ATM mutations may have decreased production of

 functional ATM protein that results in defective DNA repair
n irradiated tissues (i.e., haploinsufficiency). Experiments
erformed in genetically engineered mouse models support
aploinsufficiency of heterozygous ATM mutations with
egards to radiation sensitivity and cancer risk.10 However, it
s important to note that not every identified heterozygous
ermline ATM mutation leads to a functional gene effect
esulting in increased radiation sensitivity, and the clinical
ignificance of many  mutations are unknown. Thus, it can
e difficult to predict whether a given mutation without a
resently known effect, will lead to a negative clinical effect
r have no clinical significance. Many  patients exist that have
TM gene mutations classified as variants of uncertain signif-

cance (VUS) in which the functional effect is uncertain and
here is insufficient clinical evidence to support an increased
ancer susceptibility risk. However, due to uncertainty of clin-
cal impact and lack of available data, it is difficult to know

hether radiation oncologists should alter management of
atients with ATM germline variants due to the possibility
f increased radiation sensitivity in patients presenting with
ermline ATM VUS mutations.

In this study, we  report a clinical series of breast cancer
atients with germline ATM heterozygosity receiving radi-
tion therapy at our institution. One patient has a known
athogenic ATM mutation while the other four have VUS (one

f which thought to be potentially pathogenic). Here we detail
he cases, focusing on the clinical courses of the patients with
nown pathogenic ATM mutation and potentially pathogenic
US mutation while highlighting key features of the other
therapy 2 4 ( 2 0 1 9 ) 672–680 673

three VUS cases. Our study highlights the variability of clinical
effect and radiation sensitivity amongst those with germline
ATM heterozygosity with the goal of increasing the knowl-
edge base on how to manage patients presenting with these
findings.

2.  Case  series

This Institutional Review Board-approved series describes five
patients with breast cancer and germline heterozygous ATM
mutations treated at the University of North Carolina Hospi-
tals between 2015 and 2017. Patient demographics including
age at diagnosis, sex, race, and treatment details and out-
comes were obtained through medical record abstraction
(Tables 1 and 2). Genetic assessment was obtained through
either the Ambry Genetics or Myriad myRisk Hereditary Can-
cer assessments.11,12 Here we detail the clinical course of the
two patients with less expected radiation reactions, and briefly
describe the clinical course of the three remaining patients, to
highlight the genetic assessment, radiation therapy decision
making, and treatment-related responses.

2.0.1.  Case  1:  Patient  A  (known  pathogenic  ATM
mutation)

2.0.1.1.  Initial  history
Patient A is a 46-year-old female who initially presented
with clinical T1N3 right breast cancer (see Table 1 for
additional patient and tumor-related details). Given the
extent of disease, patient received neoadjuvant chemother-
apy completing 4 cycles of dose-dense Adriamycin and
Cyclophosphamide followed by 4 cycles of dose-dense Taxol.
She tolerated chemotherapy fairly well with mild arthralgias
and transaminitis. Five weeks after chemotherapy comple-
tion, right segmental mastectomy and right axillary lymph
node dissection (ALND) were performed with post-surgical
pathology revealing a partial breast tumor response to
chemotherapy. Thirteen lymph nodes were examined from
the ALND, which revealed fibrous scarring consistent with
a complete pathologic response to treatment (1 lymph node
with treatment effect). She was pathologically staged as ypT2,
ypN0. She was then referred to radiation oncology for post-
breast conserving surgery radiation therapy.

2.0.1.2.  Genetics
Prior to radiation therapy consultation, genetic testing was
performed, and identified a pathogenic mutation in the ATM
gene. Patient had a heterozygous germline c.901 + 1 G > A
intronic pathogenic mutation resulting from a G to A sub-
stitution one nucleotide after coding exon 6 (Table 3). This
sequence alteration affects a donor splice site in intron 7
and likely results in an absent or truncated protein prod-
uct. This loss-of-function variant in ATM was classified as
pathogenic.13 On meeting with the genetic counselor, she was
advised that pathogenic mutations in ATM have been asso-

ciated with increased risk of breast cancer; however, there
was insufficient evidence at the time to recommend risk-
reducing bilateral mastectomy. She was advised to remain
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Table 1 – Patient and tumor characteristics of the breast cancer series.

Patient Age at
diagnosis

Sex Race Breast
cancer
laterality

Breast
cancer
stage

Breast cancer
pathology

ATM mutation

A 46 F Hispanic Right cT1N3
ypT2N0

IDC  ER+, PR+,
Her2− Grade 2

Pathogenic Mutation
c.901 + 1 G > A Splice
Site Mutation

B 48 F Caucasian Left cT3N0
ypTisN0

IDC  ER−, PR−,
Her2- Grade 3

VUS  p.R451C (c.1351
C > T) Missense
Mutation

C 44 F Caucasian Left cT1N0 pT1N0 Solid Papillary
Carcinoma ER+,
PR+, Her2−
Grade 2

VUS  p.Y583C (c. 1748
A > G) Missense
Mutation

D 42 F African
American

Right  cT1N0 pT1N0 IDC ER+, PR+,
Her2− Grade 3

VUS p.Ala112Thr
(c.334 G > A)
Missense Mutation

E 56* F Caucasian Right cT1N0 pT1N1 IDC ER+, PR+,
Her2+ Grade 2

VUS Del of exons
47-50 Exon Deletion

Abbreviations: IDC, Invasive Ductal Carcinoma; ER, Estrogen Receptor; PR, Progesterone Receptor; Her2, Human Epidermal Growth Factor
Receptor 2.
∗ Diagnosed with contralateral DCIS at age 41.

Table 2 – Treatment and outcomes of the breast cancer series.

Patient Surgery Chemotherapy Radiation
target

Radiation
Dose/Fraction

Radiation
toxicity
(CTCAE)

Duration of
local
control

Overall
survival

A Segmental
Mastectomy
& ALND

Neoadjuvant
ddAC  + T

Right Breast
& SCV
(3-Field)

59  Gy/32
fractions

Grade 2 Skin
Dermatitis

18  months 18 months

B Mastectomy
& SLNB

Neoadjuvant
TC  & ddAC

Left Chest
Wall & SCV
(3-Field)

45  Gy/25
fractions

Grade 3 Skin
Dermatitis

20  months 20 months

C Lumpectomy
& SLNB

None  Left Breast
(Tangents)

62  Gy/31
fractions

Grade 2 Skin
Dermatitis

38  months 38 months

D Lumpectomy
& SLNB

None  Right Breast
(Tangents)

59.4 Gy/33
fractions

Grade 1-2
Skin
Dermatitis

9  months 9 months

E Lumpectomy
& ALND

Adjuvant
TCH

Left  Breast &
SCV (3-Field)

50.4 Gy/28
fractions

Grade 1-2
Skin
Dermatitis

10  months 10 months

tinel 

hami

Abbreviations: ALND – Axillary Lymph Node Dissection; SLNB – Sen
phamide; TC – Taxol & Cyclophosphamide, TCH – Taxol, Cyclophosp

in contact annually to ensure communication of additional
findings related to her genetics.

2.0.1.3.  Radiation  consultation  and  treatment
Post-lumpectomy radiation was recommended to the right
whole breast and regional nodes (IMN and supraclavicular)
for breast conservation and treatment of potentially unre-
sected internal mammary  disease. Due to her pathogenic
ATM mutation, and possibility of increased radiation sensi-
tivity and acute toxicity, it was decided to reduce the dose per
fraction from the institution’s typical post-lumpectomy treat-
ment dose (50 Gy to the whole breast ± at-risk nodal regions
[based on nodal disease status] with a 10 Gy boost to the
lumpectomy cavity, all in 2 Gy/fractions). For Patient A, the

right whole breast and regional nodes were treated to 45 Gy
in 1.8 Gy/fractions with a subsequent boost to the lumpec-
tomy cavity and previously PET-avid right IMN of 14 Gy in
Lymph Node Biopsy; ddAC – Dose Dense Adriamycin & Cyclophos-
de, Herceptin.

2 Gy/fractions to a total of 59 Gy. The potential risk of added
radiation toxicity (given her ATM mutation) was thoroughly
discussed, patient was consented to treatment, and CT simu-
lation for radiation planning commenced.

During the first 2 weeks of treatment, her radiation course
was unremarkable without skin erythema or hyperpigmen-
tation. She noted continued right arm edema and soreness,
which had been present since her surgery and worked with
physical therapy for additional benefit. There was no worsen-
ing of her edema during treatment. She continued to apply
emollients for moisturizing. By fraction 17 (30.6 Gy), mild ery-
thema over the upper right breast was noted. There was
no desquamation present. By fraction 22 (39.6 Gy), mild ery-
thema was noted over the upper right breast and right axilla.

No desquamation again was noted. After completing 45 Gy
to the right breast and regional nodes, a 14 Gy boost to the
right lumpectomy cavity and IMN  commenced. By fraction

https://doi.org/10.1016/j.rpor.2019.09.008
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Table 3 – ATM sequence variants of the breast cancer series.

Patient ATM location Variant designation Allele frequency Amino acid
substitution

Expected functional effect

A Intron 7 c.901 + 1 G > A 0.00003%± None Pathogenic Mutation – Splice
Site Mutation Predicted to be
Pathogenic*

B Exon 9 c.1351 C > T 0.008%* Arginine replaced by
Cysteine

VUS  – Missense Mutation
Uncertain –  Though Predicted
to be “Probably Damaging”1

and “Tolerated”2

C Exon 10 c. 1748 A > G 0.002%* Tyrosine replaced by
Cysteine

VUS – Missense Mutation
Uncertain –  Though Predicted
to be “Benign”1 and
“Tolerated”2

D Intron - Unspecified c.334 G > A 0.0002± Alanine replaced by
Threonine

VUS  – Missense Mutation
Uncertain –  Though Predicted
to Likely be Benign¥

E Exons 47-50 Del exons 47-50 Unspecified None VUS – Deletion Unknown
Functional Effect¥

∗ From Ambry Genetics.13

¥ From Myriad myRisk.12

± From Clinvar.25
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1 Predicted by PolyPhen in silico analysis.15

2 Predicted by SIFT in silico analysis.16

6 (46.8 Gy), moderate erythema had developed in both the
ight upper breast and right axilla with a small amount
f dry desquamation over the right clavicle. By fraction 32

57.6 Gy), more  dry desquamation was present in the axilla but
ry desquamation over the clavicle had improved. Through-
ut her course, she continued to have the moderate right
rm/axillary post-surgical discomfort and worked with phys-
cal therapy. Overall, she tolerated her treatment well with
xpected radiation-related side effects. Her germline het-
rozygous pathogenic ATM mutation did not seem to clinically
mpact her radiation treatment.

.0.1.4.  Post-Treatment
fter completing treatment, her lymphedema improved with
hysical therapy and her radiation related skin changes
esolved. At 18 months post-treatment, she had no evidence
f recurrence, good breast cosmesis, and no residual radiation
ffect.

.0.2.  Case  2:  Patient  B  (ATM  VUS  with  uncertain  but
otentially  pathogenic  mutation)

.0.2.1.  Initial  history
atient B is a 49-year-old female who  initially presented with
linical T3N0 left breast cancer (see Table 1 for additional
atient and tumor-related details). Due to the large tumor size

7.6 cm)  and triple negative pathology, the patient received
eoadjuvant chemotherapy with 4 cycles of weekly Taxol
ith every three week Carboplatin followed by 4 cycles of
ose-dense Adriamycin and Cyclophosphamide, as per clin-

cal trial CALGB 40603.14 She had a great clinical response to
axol/Carboplatin with tumor no longer palpable by cycle 4.

he also tolerated chemotherapy reasonably well, only suf-
ering grade 2 nausea and grade 2–3 fatigue. 5 weeks after
ompletion of chemotherapy, left mastectomy with sentinel
ymph node biopsy (SLNB) was performed with pathology
revealing 0.7 cm of DCIS with no residual invasive cancer
and 5/5 lymph nodes negative for cancer. Thus, her pathol-
ogy was consistent with a pathologic complete response
(pCR), ypTis ypN0. After a balanced discussion regarding the
potential benefits of adjuvant radiotherapy for clinical T3
triple-negative breast cancer, the patient elected to proceed
with post-mastectomy radiation therapy.

2.0.2.2.  Genetics
Prior to radiation therapy consultation, genetic testing was
performed and identified an ATM VUS. The patient had a
heterozygous germline ATM missense variant, c.1351 C > T
substitution in coding exon 9 of ATM, resulting in an amino
acid substitution at position 451 (p.R451C). The mutation
results in an arginine (i.e., positively charged residue) being
replaced by a cysteine at codon 451, which is an amino acid
with highly dissimilar properties. This amino acid position is
also highly conserved in vertebrate species (Fig. 1). Interest-
ingly, this alteration was predicted to be “probably damaging”
by the PolyPhen in silico analysis15 but “tolerated” by the SIFT in
silico analysis,16 but there was limited supporting evidence and
it was deemed that the clinical significance of the alteration
was unclear.13 Thus, the patient’s germline ATM mutation was
classified as a variant of uncertain significance (VUS), and it
was further unknown whether it may result in increased sen-
sitivity to the effects of radiation therapy.

2.0.2.3.  Radiation  consultation  and  treatment
When Patient B was seen for consultation, the potential clini-
cal significance of this ATM variant was very highly considered
in treatment decision-making. Due to the patient’s young age
and the possibility of unconfirmed pathological lymph node

positivity prior to neoadjuvant chemotherapy, it was felt that
the benefits of adjuvant radiation therapy outweighed the risk
of increased radiation sensitivity. Thus, a decision was made
to radiate her left chest wall and regional nodes (axillary, supr-

https://doi.org/10.1016/j.rpor.2019.09.008
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e Na
Fig. 1 – Figure Showing the Highly Conservativ

aclavicular, and the first three intercostal spaces of internal
mammary  nodes). Due to the possibility of the variant caus-
ing deleterious radiation sensitivity, it was decided to reduce
the dose from the institution’s typical post-mastectomy treat-
ment dose. Typically in post-mastectomy patients, the chest
wall and regional nodal volumes are treated to a dose of 50 Gy
(2 Gy fractions) with a chest wall scar boost of 10 Gy (2 Gy frac-
tions). However, due to the VUS, it was decided to treat the

chest wall and regional nodes to 45 Gy (1.8 Gy fractions) with a
possibility of a chest wall scar boost of 5.4 Gy (1.8 Gy fractions)
depending on her normal tissue toxicity. The potential added
ture of the Amino Acid Position for Patient B.

toxicity risks given her ATM VUS were thoroughly discussed,
she was consented to treatment, and she proceeded with CT
simulation for radiation planning.

During the first 2 weeks of treatment, her radiation
course was unremarkable with minimal radiation-related skin
changes. During this time, she only experienced mild ery-
thema and mild hyperpigmentation. She continued to apply
daily emollients for moisturizing. During weekly status check

after fraction 15, patient experienced slightly more  toxicity
with her skin experiencing mild erythema around the treat-
ment field match-line without any desquamation. She also

https://doi.org/10.1016/j.rpor.2019.09.008
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ad mild breast itching to which she applied hydrocortisone as
eeded. During weekly status check after fraction 20, patient’s
kin had developed moderate erythema and folliculitis with
inimal dry desquamation. There was no moist desquama-

ion at this time. However, after fraction 22, she reported that
er skin reaction had greatly increased. When she was seen

or her weekly treatment status check after fraction 24, she
ad developed severe erythema as well as moderate patches
f moist desquamation in the treatment field, most promi-
ent in the left axilla (Grade 3 skin dermatitis, CTCAE). She
as provided silvadene cream and a decision was made not

o pursue an additional chest wall scar boost due to the severe
adiation-related skin reaction (possibly potentiated by her
TM VUS).

.0.2.4.  Post-Treatment
t 1-month post-treatment follow-up, patient had expe-

ienced great recovery from toxicity. The previous moist
esquamation had completely healed, there was no appre-
iable dissymmetry, and her skin appeared healthy with only
ild hyperpigmentation. Patient had a great recovery overall.
Patient had left breast reconstruction 7 months post-

reatment and her surgeon was impressed by the extent of
lasticity and the good cosmetic appearance of the breast
espite her radiation treatment. At 20-months post-treatment
ollow-up, patient remained recurrence free with healthy
ppearing skin and good cosmetic appearance with only
ubtle dissymmetry. No evidence of long-term deleterious
adiation-related effect.

.0.3.  Cases  3-5:  Patients  C-E  (ATM  VUS  with  uncertain
ut likely  tolerable  mutation)

.0.3.1.  Initial  history
atients C–E all had earlier stage, hormone receptor posi-
ive, breast cancer (Table 1). Patient E was also Her2 mutation
ositive. They all underwent breast-conserving surgery with
atient E additionally undergoing adjuvant systemic therapy
ith Taxol, Cyclophosphamide, and Herceptin (TCH), given
er Her2+ mutation status, which she tolerated well without
nexpected toxicity.

.0.3.2.  Genetics
n genetic analysis, they were all found to have ATM VUS
issense mutations that were stated to have uncertain clin-

cal effect. Patient C had a heterozygous germline p.Y583C
issense variant, resulting from nucleotide substitution in

oding exon 10 (c.1748 A > G). The mutation results in a tyro-
ine being replaced by cysteine at codon 583. Similar to Patient
, it was noted that these amino acids have highly dissimilar
roperties; however, Patient C’s alteration was poorly con-
erved in available vertebrate species (Fig. 2) and was predicted
o be “benign” and “tolerated” by the Polyphen and SIFT in
ilico analyses respectively.15,16 Although, given the limited
upporting evidence, again it was deemed that the clinical sig-
ificance of the alteration remained unclear.13 Patient D had
 heterozygous germline variant of p.Ala112Thr (also known
s c.334 G > A) which is a missense variant resulting from a

 to A substitution at nucleotide position 334. The mutation
esults in an alanine being replaced by a threonine at codon
therapy 2 4 ( 2 0 1 9 ) 672–680 677

112. Patient D’s mutation was thought to likely be benign,
but again there was limiting supporting evidence and thus
it was deemed that the clinical significance of the variant
was unclear.12 Patient E had a heterozygous germline variant
labeled as del exons 47–50 which resulted in the deletion of
exons 47–50 of the ATM gene. The deletion is in-frame and
occurs in a region of unknown function and therefore is con-
sidered a variant of uncertain significance. Again, there was
insufficient evidence to definitively determine whether or not
this variant is associated with increased cancer risk.12

2.0.3.3.  Radiation  consultation  and  treatment
Given the concern for potential radiation sensitivity given the
VUS mutations, all three patients received radiation courses
that differed from the institution’s traditional fractiona-
tion scheme (whole breast radiation [with/without additional
regional nodal coverage given nodal disease status] to 50 Gy
with a 10 Gy tumor bed boost all in 2 Gy fractions). Patient
C received whole breast radiation to 46 Gy (2 Gy fractions)
with a 16 Gy (2 Gy fractions) boost to the tumor bed. Patient
D received whole breast radiation to 46.8 Gy (1.8 Gy frac-
tions) with a 12.6 Gy (1.8 Gy fractions) boost to the tumor bed.
Patient E received 50.4 Gy (1.8 Gy fractions) to the whole breast
and regional nodal levels (given pathologic nodal positivity)
without a tumor bed boost. These alterations in radiation
course were all done in consideration of potential potenti-
ated radiation toxicity. Fortunately, all three patients did very
well through their radiation course with only expected grade
1–2 radiation-related skin dermatitis (CTCAE) improved with
emollient use.

2.0.3.4.  Post-Treatment
All three patients recovered well after treatment within the
expected time period. They have had no significant late
radiation-related breast effects and have good breast cosme-
sis. Additionally, they have had no evidence of recurrence
during follow-up. Patient C, D, and E are 38, 9, and 10 months
post-treatment, respectively, without evidence of recurrence
or new disease (Table 3).

3.  Discussion  and  conclusions

As demonstrated by our case series, there are varying clinical
effects to heterozygous germline ATM mutations. As illus-
trated by Patient A, “pathogenic mutations”, that are known
to cause pathogenic effects to the ATM gene, will not always
lead to adverse clinical effects when patients undergo radia-
tion treatment. In the literature, there are 2 known reports of
other patients harboring similar mutations who  had a delete-
rious clinical response (though one patient did have a second
pathogenic ATM variant).17,18 This highlights the variability of
clinical response given that Patient A, with a similar mutation,
did not have potentiated radiation-related skin toxicity when
undergoing a full course of treatment.

Additionally, while ATM VUS may have historically been

viewed as clinically insignificant to many,  our series illustrates
the contrary. ATM VUS may lead to adverse clinical effects and
radiation sensitivity in some patients while having no adverse
effects in others, as evidenced by Patient B’s relatively sudden

https://doi.org/10.1016/j.rpor.2019.09.008
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e Na
Fig. 2 – Figure Showing the Poorly Conservativ

onset of grade 3 skin toxicity compared to relatively mild grade
1–2 skin toxicity in Patients C–E, even at a lesser total radia-
tion dose (45 Gy vs. 50–62 Gy). Three of the four patients with
VUS had missense mutations and yet their degree of radiation
sensitivity varied. A potential reason for Patient B’s increased
sensitivity to radiation lies within the location of her germline
missense variant. There is evidence that missense mutations
in highly-conserved residues can act as dominant-negative
mutations and be associated with even greater functional and
clinical effect than protein truncating mutations.19–21 Thus,
the highly conservative nature of her mutation could have
contributed to the functional detriment and increased radia-
tion sensitivity, despite presence of one copy of non-mutated
ATM. Patient C’s mutation was noted to be poorly conserved in

species evolution while the conservative nature of Patient D &
E’s mutations were not known. Overall, as evidenced by these
patients, it can be difficult to predict which ATM variants will
ture of the Amino Acid Position for Patient C.

lead to potentiated radiation-related reactions. These results
highlight the importance of maintaining caution when treat-
ing patients with any form of ATM mutation, whether known
to be pathogenic or of uncertain clinical significance. This is of
additional importance when appreciating that many  VUS’ are
classified as having unknown clinical effect merely based on
a lack of currently available evidence on whether they cause
an effect.12,13

Interestingly, in the literature, there is also report that
heterozygous germline ATM mutations can lead to potenti-
ated reactions and toxicity in conjunction with chemotherapy.
Hasmats et al reported an association with increased carbo-
platin and paclitaxel toxicity with ATM mutation.22 In our
series, Patient A, B, and E all received chemotherapy. Notably,

none of the patients in our series, including Patient A with
the pathogenic mutation, had an exacerbated response to
chemotherapy. However, given that there has been prior report

https://doi.org/10.1016/j.rpor.2019.09.008
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f additional toxicity, consideration to this should be main-
ained when seeing patients with ATM mutations, pathogenic
r VUS, given these variable clinical responses.

Additional notable findings in our series were the rela-
ively younger age at diagnosis and treatment outcomes. The

edian age of breast cancer diagnosis in our patient series was
6, which is 15 years younger than the average age of breast
ancer diagnosis in the general population. This potentially
elates to the increased cancer risk that can be seen in patients
ith germline heterozygous ATM mutations, particularly the

ncreased relative risk of breast cancer in those younger than
ge 50.23 Additionally, all five of our patients have remained
ecurrence free post-treatment at a median of 18 months.

hile Patients C & D both had early-stage, localized, hormone
ositive disease and good expected outcomes, Patients A, B,
nd E all had higher risk for recurrence based on their tumor
haracteristics. Patient A had clinical node-positivity, Patient

 had a large tumor and triple negative receptor biology, and
atient E had pathologic node-positivity and triple positive
eceptor biology. Thus, no recurrences in our series thus far
s not trivial. There are reports in the literature of improved
ancer responses in ATM mutated patients. Ma  et al reported

 series of 8 patients with alternations in ATM demonstrat-
ng dramatic clinical responses to palliative radiotherapy.24

hether the ATM mutation had any relevance in breast cancer
reatment response of our patients is unknown; however, it is
nother interesting finding in our series. With additional long-
erm follow-up, any unexpected potential recurrence and/or
urvival outcomes can be further evaluated.

In conclusion, our case series highlights that patients
ith heterozygous germline ATM mutations can have widely

arying clinical responses to radiation therapy. While some
atients with known pathogenic mutations will not have
eleterious effects to radiation therapy, some patients with
ariants of uncertain significance that are seemingly benign
ay have serious radiation-related effects. Thus, when

ssessing patients with heterozygous ATM mutations in con-
ultation, it is imperative to be mindful of this spectrum of
ffects and utilize caution when making management deci-
ions to optimize patient care. Our findings suggest that
eterozygous ATM mutations should not be considered a
ontraindication to adjuvant breast radiotherapy. However, a
autious approach with lower dosage per fraction is prudent
o allow for close monitoring and potential adaptation of the
otal delivered dose according to the development of acute
linical toxicity.
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