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Introduction
Renal cell carcinoma (RCC) is 

the 7th most diagnosed cancer in 
the developed world and one of 
the fastest-growing cancer diagno-
ses in the US.1 It comprises many 
histopathologic variants, the most 
common being the clear cell variant, 
with the rhabdoid variant associat-
ed with higher mortality rate and 
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poorer prognosis.2 Although no 
clear explanation exists, laboratory 
experiments have shown that RCC is 
also relatively radioresistant and evi-
dence suggests that hypofractionated 
radiation therapy with higher doses 
and fewer fractions are necessary 
to overcome these tumor cells.3,4 
Thus, stereotactic body radiation 
therapy (SBRT) is now preferred over 
conventional radiation therapy.4,5 

We present a rare case of radiation 
myonecrosis in a patient with meta-
static RCC, treated with concurrent 
immunotherapy and SBRT. This is 
the first case of radiation myonecro-
sis following radiation therapy for 
RCC, and only the second case of ra-
diation myonecrosis following SBRT. 

Case Summary
Our patient is a 39-year-old woman 

diagnosed with metastatic RCC after 
resection of a left-forearm mass in 
July 2018. Initial x-rays followed by 
MRI revealed a soft-tissue mass and 
ulnar lytic lesion concerning for 
malignancy, and positron emission 
tomography / computed tomography 
(PET/CT) revealed a left renal mass 
presumed to be her primary site of 
disease. Her disease course/time-
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Figure 1. Patient timeline. Renal cell carcinoma (RCC) was diagnosed in July 2018. Cervical stereotactic body radiation therapy (SBRT) was performed 
in August 2019, with concurrent systemic therapy on pembrolizumab and axitinib. Radiation myonecrosis (RM) was not diagnosed by MRI until 
September 2020. Clinical recovery was shown 4 weeks in October 2020 after the diagnosis of radiation myonecrosis.

Figure 2. Pretreatment sagittal and axial 
T1-weighted postcontrast MR images 
show a homogeneously enhancing (A, 
B), T2 hyperintense (C) ovoid metastatic 
deposit (arrowheads, A-C) in the right 
splenius capitis muscle. Post-treatment 
MRI on February 10, 2020, shows no 
residual enhancing mass on the sagittal 
(D, arrowhead) or axial (E) T1-weighted 
postcontrast images consistent with 
treatment response. There is mild 
patchy enhancement (E) and T2 
hyperintensity of the right paravertebral 
muscles consistent with post-treatment 
changes at the radiation treatment 
field. (F) A subcentimeter nonenhancing 
treated lesion with T2 hypointense 
rim (arrowhead, F) is noted. MRI 
on September 16, 2020, revealed 
findings consistent with radiation 
myonecrosis manifesting with central 
hypoenhancing tissue at the site of the 
treated metastatic deposit surrounded 
by radiating (star-like) peripheral 
enhancement at the margins of the 
treatment field (G, arrowhead). The right 
posterior paravertebral muscles show 
T2 hyperintense atrophic changes of 
the muscle around the T2 hypointense 
treated lesion (I, arrowhead). (Affected 
muscle: multifidus, semispinalis 
cervicis, semispinalis capitis, splenius 
capitus and trapezius) 
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line is depicted in Figure 1. Ultra-
sound-guided biopsy followed by left 
radical nephrectomy confirmed clear 
cell RCC. Her forearm received post-
operative RT to 45 Gy in 15 fractions.

Following nephrectomy, systemic 
therapy was initiated with nivolum-
ab. Within 8 months, she developed 
a C7 paravertebral 2.4 x 0.8-cm 
soft-tissue homogeneously enhanc-
ing deposit suspicious for metastasis 
(Figure 2A-C). Given disease pro-
gression, the patient was switched 
to combination pembrolizumab (200 
mg infusion, 3 times weekly) and 
axitinib (5 mg, twice daily) 6 weeks 
after SBRT. The C7 lesion received 
SBRT to 40 Gy in 5 fractions, every 
other day. Radiation dose distribu-
tions are shown in Figure 3. She 
simultaneously had a lumbar spine 
lesion, which received 35 Gy in 5 
fractions to comply with dose con-

straints in the pelvis and abdomen. 
Within several weeks of therapy, she 
reported neck stiffness. MRI of the 
cervical spine 8 weeks later showed 
no residual enhancement, indicating 
desirable treatment response. Twelve 
weeks later, she reported ongoing 
weakness in her neck, and difficulty 
holding up her head. 

Five months following radiation, 
she reported intermittent neck pain. 
MRI of the cervical spine showed 
no nodular enhancement to suggest 
recurrence (Figure 2D and 2E). 
There was only mild, ill-defined right 
paraspinal muscle enhancement cor-
relating with the radiation treatment 
field centered around a subcentime-
ter nonenhancing treated lesion with 
a T2 hypointense rim (Figure 2F). 
These findings suggested inflamma-
tion/myositis and were favored to be 
post-treatment changes.6,7 

Fourteen months following RT, the 
neck pain/weakness worsened, and 
imaging revealed central hypoen-
hancement surrounded by a periph-
eral rim of irregular, patchy and 
“star-like” enhancement correspond-
ing to the radiation field (Figure 2G 
and 2H). An axial T2-weighted image 
showed T2 hyperintensity of the right 
paravertebral muscles around an un-
changed nonenhancing treated lesion 
(Figure 2I). This suggested myone-
crosis within the treatment area.8-10 
Four-week follow-up MRI showed 
the lesion was unchanged, signifying 
myonecrosis (Figure 3A-D). 

After symptoms largely resolved, 
follow-up revealed a left C3 metastat-
ic lesion that extended to the left del-
toid muscle. After discussing treat-
ment options, the patient opted for 
radiation therapy and received SBRT 
(40 Gy, 5 fractions) concurrent with 

Figure 3. Axial (A) and sagittal (B) 
views of radiation plan overlap 
with myonecrosis sites shown on 
MR images taken on October 26, 
2020 (C, D). This stereotactic body 
radiation therapy (SBRT) plan was 
constructed using a 1-cm expansion 
to the planning target volume 
(PTV) directly from the gross tumor 
volume (GTV) (institutional practice). 
The radiation plan display is set to 
the 90% isodose line of the 40 Gy 
plan. Hot spots are labeled in each 
view at midline of the gross tumor.
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systemic therapy to the lesion in Feb-
ruary 2021. She now has radiographi-
cally stable radiation myonecrosis in 
the site at C7 and has only minimal 
pain with excessive movement, but 
has no further development of any 
other site of radiation myonecrosis. 

Discussion
Little is known about radiation-in-

duced myonecrosis. It is believed to 
be caused by vascular insufficiency 
from proliferation of collagen result-
ing in ischemia.11 Use of concurrent 
chemotherapy along with radiation 
increases the risk of acute and de-
layed radiation-related side effects.12 
Just 5 other case reports are pub-
lished regarding myonecrosis, none 
of which are associated with RCC. 
Table 1 summarizes the previous 
cases reported in the literature. 

In 1992, Redvanly et al reported 
myonecrosis in the left sternocleido-
mastoid muscle following radiation 

for a squamous cell carcinoma of 
the pyriform sinus. The maximum 
dose point dose to the sternoclei-
domastoid was 7590 cGy. Necrotic 
muscle was surgically removed, and 
histology revealed myonecrosis. We 
concluded that this is a case of radia-
tion-induced myonecrosis.13

In 1999, Welsh et al described 
radiation myonecrosis in a patient 
who received 45 Gy in 18 fractions 
to the inferior pelvis for a para-
sacral mass from bladder cancer. He 
received adjuvant gemcitabine and 
cisplatin. Five months following RT, 
he developed gluteal pain bilater-
ally and MRI revealed a band-like 
pattern of edema on T2-weighted 
images. He was managed on NSAIDs 
and a short course of prednisone. 
Ten months following RT, he had 
atrophy and loss of the overlying 
subcutaneous fat.14 

In 2007, Velcheti et al reported 
radiation myonecrosis of the left 
trapezius in a patient receiving 70 Gy 

in 35 fractions to his left upper lobe; 
he was on concurrent paclitaxel/
carboplatin. Six months following 
radiation, the patient developed pain 
in his upper back, corresponding to 
the area that received at least 50 Gy. 
Biopsy revealed skeletal muscle with 
necrosis. Four months later, an MRI 
was obtained and findings were con-
sistent with radiation myonecrosis.11

In 2016, Florczynski et al published 
a case of severe myositis of the hip 
flexors in a patient on concurrent 
capecitabine for rectal cancer receiving 
adjuvant FOLFOX. Five months follow-
ing radiation, he developed bilateral 
weakness of the iliopsoas muscles. 
Authors concluded from clinical and 
radiographic findings that this was ra-
diation myonecrosis induced through 
radiation recall after starting FOLFOX 
following the completion of radiation.15

In 2020, Facer et al described a 
case of radiation myonecrosis in 
the iliopsoas muscle following SBRT 
for leiomyosarcoma in the right 

Table 1. Previously Reported Cases of Radiation Myonecrosis in Literature
CASE REPORT SUMMARY RT PRESCRIPTION CHEMOTHERAPY TIME TO RM SYMPTOM 

ONSET/DIAGNOSIS
OUTCOME

Redvanly et al,13 
1992

65 yo, male, SCC of the 
right pyriform sinus, 
developed RM in left 
SCM muscle

EBRT, 39.6 Gy in 22 fx, 
20 Gy boost in 10 fx; 
186 cGy/fx

Max dose: 7590 cGy 
hot spot in the left SCM

N/A 7 mo. Surgically removed

Welsh et al,14 
1999

60 yo, Caucasian, male, 
TCC of the bladder, 
developed RM in b/l 
superior gluteal regions

EBRT, 2-field, 45 Gy in 
18 fx; 250 cGy/fx; no 
max dose reported

Gemcitabine, cisplatin; 
administered 4 weeks 
after RT

5 mo. Muscle atrophy with 
loss of subcutaneous 
fat observed 10 
months after RT

Velcheti et al,11 
2007

60 yo, African 
American, male, SCC 
of LUL lung, developed 
RM in left trapezius 
muscle

EBRT, 70 Gy in 35 fx, 
200 cGy/fx RM site: 
5000 cGy isodose line

Paclitaxel, carboplatin; 
concurrent with RT

6 mo. Spontaneous resolution 
10 months after RT

Florczynski et al,15 
2016

65 yo, male, rectal 
adenocarcinoma of 
distal rectal wall, 
developed RM in b/l 
iliopsoas muscles

EBRT, 6-field, 50 Gy in 
25 fx, 200 cGy/fx

Max dose in iliopsoas: 
4950 cGy (R), 4705 
cGy (L)

Capecitabine 
(neoadjuvant) 
concurrent with RT; 
FOLFOX (adjuvant)

5 mo. Muscle strength 
regained and pain 
reduced after steroid 
treatment

Facer et al,16 
2020

43 yo, female, 
leiomyosarcoma 
metastasized to right 
hip, developed RM in 
right iliopsoas muscles

SBRT, 3 field, 21 Gy in 
3 fx, 700 cGy/fx

Doxorubicin, 
ifosfamide, docetaxel, 
gemcitabine; 
administered 10 
months before RT

5 mo. Spontaneous near-
resolution 7 months 
after RT

Abbreviations: RM, radiation-induced myonecrosis; yo, year old; SCC, squamous cell carcinoma; SCM, sternocleidomastoid; EBRT, external beam radiation 
therapy; fx, fractions; TCC, transitional cell carcinoma; b/l, bilateral; RT, radiation therapy; LUL, left upper lobe, SBRT, stereotactic body radiation therapy

Radiation Myonecrosis Following Stereotactic Body Radiation Therapy RADIATION ONCOLOGY CASE

29Decemberr 2022 Applied Radiation Oncology



iliac bone. This patient completed 
treatment with docetaxel and gem-
citabine and then developed pain 
in the right hip associated with a 
lesion that was treated with SBRT to 
the iliac bone (21 Gy in 3 fractions). 
Five months later, the patient was 
diagnosed with radiation-induced 
myonecrosis by MRI. Similar to other 
cases, the MRI showed band-like 
abnormal signal intensity in the area 
overlapping radiation. Follow-up 
MRI at 7 months showed persistent 
radiographic changes.16

Our report is the first radiation 
myonecrosis case resulting from 
radiation therapy for RCC. Clinical-
ly, the patient experienced general 
stiffness and weakness in the cervi-
cal lesion and was in moderate but 
tolerable pain. She was instructed 
to use heat, ice, and over-the-count-
er medicine as home treatments 
to relieve symptoms. As shown in 
Figure 3, the radiation treatment 
area directly overlaps with the site of 
myonecrosis. Our case demonstrates 
that radiation myonecrosis occurred 
with a dose fractionation of 40 Gy in 
5 fractions (the bioequivalent dose 
would be ~131 Gy, assuming α/β ~3.5 
for muscle).17 This dose is well above 
the reported threshold of 55 Gy, 
which is known to cause late muscle 
morbidity after radiation therapy, 
particularly in sarcomas.18 

Our patient was not treated with 
conventional radiation. Instead, 
similar to the myonecrosis case 
presented by Facer et al in 2020, our 
patient received SBRT, which has a 
much higher dose per fraction (800 
cGy). Previous reports have associ-
ated spinal SBRT with an increased 
risk of radiation-induced myositis, 
which could further cause myonecro-
sis.16,19 These recorded associations 
between SBRT and radiation-induced 
myopathies suggest that our use of 
SBRT may have contributed to our 
patient’s myonecrosis.

Interestingly, our patient re-
ceived no chemotherapies that were 
reported in the previous 5 historical 

radiation myonecrosis cases. Rather, 
she underwent systemic therapy 
using pembrolizumab/axitinib, a 
combination anti-PD-1/L1 immuno-
therapy with a VEGF/VEGFR inhibitor 
(a preferred regimen).20 While there 
are no reports of radiation-induced 
myonecrosis in patients on con-
current pembrolizumab/axitinib, 
it is possible that these agents and 
high-dose radiation contributed to 
the development of her radiation 
myonecrosis. It is also worth noting 
that in the previously reported radi-
ation myonecrosis cases, all patients 
received systemic therapies, which 
suggests that general caution should 
be taken in treating with concurrent 
SBRT and systemic therapies. Case 
reports in the past have suggested 
that one of our patient’s immunother-
apies, pembrolizumab, could induce 
necrotizing myositis in patients.21-23 
It is therefore possible that pembroli-
zumab secondarily influenced the 
formation of radiation myonecrosis. 
Furthermore, the VEGF inhibition 
effect of axitinib might exacerbate 
toxicity by decreasing angiogenesis 
in the lesion. Little is reported on 
concurrent axitinib-radiation therapy, 
but ongoing clinical trials on the com-
bination therapy do not report any 
related adverse effects either.24

Our case features an atypical course 
of radiation myonecrosis. In the 5 re-
ported cases, imaging diagnosis could 
be made approximately 5 to 7 months 
after radiation therapy, but our case 
was diagnosed radiographically at 
14 months. This suggests variability 
in the course of disease for radiation 
myonecrosis and should be considered 
for future diagnoses. Interestingly, 
our patient developed myonecrosis 
overlapping the 40 Gy in 5 fractions in 
her cervical spine but did not develop 
this phenomenon in her lower spine 
where she was simultaneously treated 
to 35 Gy in 5 fractions. She did not have 
other adverse side effects after either 
of the other 2 treatments. 

From the radiographic findings 
and clinical presentations in this 

case, we assumed a true radiograph-
ic diagnosis of radiation-induced 
myonecrosis. The differential diagno-
sis included tumor recurrence, infec-
tion, and radiation recall myositis. 
Stability of radiographic presentation 
over follow-up MRIs rules out tumor 
progression and infection was ruled 
out from clinical and laboratory find-
ings. This case differentiates itself 
from radiation recall myositis in sev-
eral ways. Radiation recall myositis is 
most likely triggered by gemcitabine 
and sometimes triggered by other 
chemotherapeutics.25 The mecha-
nisms of action of these agents are 
either related to DNA damage and 
synthesis or microtubule function, 
which differ from our patient’s ther-
apy of pembrolizumab and axitinib. 
Pembrolizumab is associated with 
cutaneous and pulmonary radiation 
recall reactions,26,27 but not with radi-
ation recall myositis. Axitinib has no 
reports of radiation recall reactions. 
Therefore, it is unlikely that the 
patient’s symptoms were caused by 
radiation recall myositis. 

Conclusion
To our knowledge, only 5 oth-

er reported cases describe this 
postradiation phenomenon. Our 
case shows both similarities and 
differences to the previously re-
ported cases in terms of symptom 
presentation, disease timeline and 
treatments received. In this modern 
era, it is important to consider the 
possible effects of immunotherapy 
and systemic therapies in gener-
al with radiation therapy. We add 
this to the published collection of 
radiation-induced myonecrosis cases 
and caution experts on this rare 
but serious potential side effect of 
radiation therapy. 
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