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A B S T R A C T   

We present the case of a 53-year-old woman treated with analgesic radiotherapy for a multiple myeloma bone 
lesion of the forearm. After a first fraction of 5 Gray (Gy), she presented with an acute respiratory syndrome with 
fever a few hours after the treatment. The same symptoms occurred after the second fraction 3 days later. The 
patient recovered quickly thanks to intravenous hydration and suspension of the radiotherapy. Biological tests 
revealed a tumor lysis syndrome. We concluded that the clinical symptoms could be defined as cytokine release 
syndrome. This is the second time in the literature that cytokine release syndrome has been described following 
radiotherapy. First, we synthesize TLS and radiotherapy to determine how radiotherapy could be a trigger 
associated with other well-known factors. Furthermore, we discuss radiotherapy and cytokine release syndrome. 
Summary: We present the case of a woman treated with analgesic radiotherapy for a multiple myeloma bone 
lesion. Following the first and the second treatment fraction, the patient presented with an acute respiratory 
syndrome with fever and biological tests revealed a tumor lysis syndrome. We concluded that the clinical 
symptoms could be defined as cytokine release syndrome. Furthermore, we discuss how radiotherapy could be a 
trigger of cytokine release syndrome and tumor lysis syndrome in association with chemotherapy drugs.   

Introduction 

Using radiotherapy in hematologic malignancies is common, 
whether to irradiate lymph node sites in lymphoma, or perform total 
body irradiation in leukemia or symptomatic bone lesions in multiple 
myeloma (MM). Recently, innovative treatments such as CAR-T cells 
have changed the prognosis of lymphoma or leukemia and are coming to 
the forefront in multiple myeloma management [1]. These new treat
ments are associated with rare toxicities such as cytokine release syn
drome (CRS), defined by fever, tachypnea, headache, tachycardia, 
hypotension, skin rash, and/or hypoxia [2]. The physiopathology of CRS 
is caused by the release of effector cytokines (IFNγ, TNFα, Interleukin 2) 
which are responsible for activating monocytes and macrophages, 

resulting in the production of pro-inflammatory cytokines (Interleukin 
6, IFNγ,Interleukin 10, MCP1). CRS as a toxicity of radiotherapy is 
poorly described in the literature, and to our knowledge only one article 
describes a case of CRS during RT [3]. 

Tumor lysis syndrome (TLS) is more common in hematology and is 
one of the best-known emergencies defined with biological and labo
ratory settings [4]. It can occur spontaneously or after the use of cyto
toxic agents such as chemotherapy. In radiotherapy, this syndrome is 
more unusual so we wanted to make the synthesis of TLS and radio
therapy to determine how the radiotherapy could be a trigger associated 
with other well-known factors. 
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Case history 

A 53-year-old woman presented spontaneously at the emergency 
room with a headache. A brain CT scan showed a frontoparietal extra
dural hematoma, with no brain herniation, but several cranium osteol
ysis lesions suggesting MM. Neurosurgeons drained the hematoma and 
found some bone tissue damage that was sent to a pathologist, who 
concluded there was plasma cell proliferation. The rest of the balance 
sheet revealed the following facts: monoclonal gammopathy 31 g/L, IgG 
kappa with hypogammaglobulinemia A and M. Free light chain kappa 
464 mg/L, lambda 10.1 g/L. Anemia 8.1 g/dL, no plasma cell leukemia, 
myelogram: 4% abnormal plasma cells. Fluorodeoxyglucose-positron 
emission tomography/computed tomography (FDG-PET/CT) showed 
diffuse bone marrow uptake, disseminated focal lytic bone lesions, and 
several extramedullary disease (EMD) lesions, especially an unusual 
extensive right forearm soft tissue lesion (Fig. 1). The diagnosis of MM 
with multiple bone lesions was made. 

We started a treatment with lenalidomide 25 mg/days 1–14 per os; 
bortezomib 1.3 mg/m2 subcutaneous injection days 1,4,8,11; dexa
methasone 20 mg/days 1–2,4–5,8–9, 11–12. 

Her principal symptom was pain in the right arm. 
She was referred to the radiation oncologist who decided to treat 

only the forearm with 20 Gray in 4 fractions (5 Gy/fraction)(Fig. 2). At 
this time, she has received 8 days of dexamethasone, bortezomib twice, 
and lenalidomide 25 mg per day (Fig. 3). 

Two hours after the first session, she experienced acute respiratory 
distress associated with a temperature of 39.5 ◦C, cyanosis, oxygen 
saturation 89%, heart rate 116 bpm, blood pressure 100/66 mmHg. She 
was treated with oxygen therapy and antibiotics (piperacillin-tazo
bactam) assuming that she had pneumonia. Intravenous hydration was 
also increased (1L/24 h) after 500 cc in 30 min in the emergency room 
according to the heart rate. A complete blood test revealed slight 
hyperkaliemia (5.1 mmol/L), blood cultures were sent to the laboratory. 
Symptoms decreased quickly the next day and she had 3 days without 
any radiotherapy. We decided to stop dexamethasone (Fig. 3), assuming 
she had an infectious process, and to continue with the antibiotics. The 
blood cultures were still ongoing. 

She returned to radiotherapy three days later, and again experienced 
respiratory distress one hour after the treatment: heart rate 112, tem
perature 40.1 ◦C. A complete blood test revealed the followings ele
ments: hyperkalemia 5.5 mmol/L, hypocalcemia 2 mmol/L, 
hyperphosphatemia 2.21 mmol/L, creatinine 128 µmol/L versus 70 
µmol/L before radiotherapy, uric acid 305 µmol/L versus 132 µmol/L 
(Fig. 3). We decided to increase hydration (2L/24 h). She recovered in 
twelve hours with a standard rate of creatinine and ionics. We decided to 
continue with lenalidomide and bortezomib and restart dexamethasone 
as the blood cultures remained sterile. The antibiotics were suspended 
and the radiotherapy was stopped. 

The biological settings were consistent with grade 3 tumor lysis 
syndrome [2] with laboratory and clinical criteria [4]. We associated 

Fig. 1. 18FDG-PET CT Scan: Hypermetabolic lytic bone lesion to the radius, 
femur, humerus and cranium. 

Fig. 2. Coronal representation of the dose distribution to the lesion of the 
forearm. Isodose 100% represented in yellow. (For interpretation of the refer
ences to colour in this figure legend, the reader is referred to the web version of 
this article.) 
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respiratory distress with a cytokine release syndrome, grade 2 after the 
first radiotherapy fraction, grade 1 after the second fraction. [2,5] 

Discussion 

The physiopathology of TLS is well known but remains a deadly 
complication: tumor cell destruction leads to the release of intracellular 
content which overloads renal excretion. This is why it occurs in he
matology malignancies because of chemosensitivity. In the same way, 
radiotherapy treatment leads to DNA damage which results in cellular 
lysis. And all of that in a large radiation field can explain the possibility 
of tumor lysis syndrome after radiotherapy. 

Yet, in the literature, radiotherapy is rarely identified as a triggering 
factor, only in 3% of TLS cases [6], all pathologies combined. It becomes 
even more unusual when we associate radiotherapy, TLS and myeloma : 
only two cases in the literature to our knowledge (Table 1). 

An expert consensus published guidelines to identify patients and 
treatments at risk [7,8]. Radiotherapy and multiple myeloma are clas
sified as low risk [7]. This means that no prophylaxis is needed. 

However, certain other risk factors, such as hyperuricemia, bulky 
disease, advanced lactate dehydrogenase (LDH) disease and unfavorable 
cytogenetics should be added. Our patient presented several of these 
risks: LDH > 500 UI/L and a bulky disease (Fig. 1), meaning that pre
vention with hydration and rasburicase should have been discussed. 

Here, the patient had already received dexamethasone, lenalidomide 
and bortezomib injections, all described in the literature as TLS triggers 
in hematology malignancies [9–12]. However, the timeline underlines 
an obvious link between the radiotherapy and TLS as the symptoms 
appeared twice, each time only a few hours after the radiotherapy 
treatment. In the literature, the number of radiotherapy treatments 
before the onset of TLS is variable (Table 1): it seems that the syndrome 
appears either prematurely, in line with the commonly observed post- 
chemotherapy delay [4], or late, after the last radiotherapy treatment 
[8,13–16]. More, it seems more frequent with hypofractionated radio
therapy. Another argument supporting our theory is that there was no 
recurrence of the problem once the radiotherapy had been completed 
while the patient was still on lenalidomide, bortezomib and dexameth
asone. Furthermore, the metabolic volume value (determined with a 
standardized uptake value threshold of 2.5) of the right forearm soft 
tissue lesion, corresponding to the PTV was 460 cc, which is very large 
and unusual in classic MM related bone lesions (Figs. 1 and 2). This is 
consistent, as TLS is most common in large mass tumors with systemic 
treatment. 

Here, the reaction appeared quickly, with acute respiratory distress, 
so we were able to react rapidly and avoid renal failure, or even a fatal 
outcome as commonly seen [14,17]. The symptoms may potentially 
come from cytokine release syndrome. Some studies suggest that the 
systemic effects of radiotherapy are associated with the immune system 

Fig. 3. Timeline of events before, during and after radiotherapy. The timeline starts on Day 4 after initiation of a treatment with lenalidomide 25 mg/day 1–14 per os; 
bortezomib 1.3 mg/m2 subcutaneous injection days 1,4,8,11/dexamethasone 20 mg/day 1–2,4–5,8–9, 11–12 per os. Data from day 1 to day 3 are not shown because 
no side effects occurred. In red: clinical and biological abnormalities after the first and the second fraction of radiation therapy. After the first fraction: tachycardia, 
acute respiratory distress with fever and hypoxia (CRS). After the second fraction: tachycardia, tachypnea, fever (CRS) and biological TLS with acute renal failure. *: 
µmol/L $: mmol/L. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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[18]. Radiation therapy activates the immune system (DAMPS and cy
tokines production) and affects the immune tumoral microenvironne
ment [19]. Radiotherapy-induced release of pro-inflammatory factors 
could initiate the immune response, which could be a way to enhance 
the efficacy of CAR T Cells in treating solid tumors [20,21]. However, 
since the first case of CRS after radiotherapy was described [3], with no 
TLS and proved by laboratory studies (cytokine measurements), we can 
believe that the CRS symptoms described in our case may also be the 
result of a systemic immune effect of the radiation[22]. 

There are well-established guidelines for treating and supporting 
patients with CRS; it depends on the grade of CRS and the use of different 
agents, such as corticosteroids, anti-interleukins (tocilizumab) and 
supportive care [5]. We can see in Fig. 3 that no dexamethasone was 
delivered on the day of the radiotherapy treatment, which could have 
prevented the CRS. 

Finally, better knowledge of TLS and CRS associated with RT would 
avoid having to interrupt the treatment. Here, discontinuing the radio
therapy led to ineffective analgesia and decreased quality of life for the 
patient. It is interesting to note that some authors restarted the radio
therapy treatment once the TLS had been resolved, with some pre
cautions, such as continued allopurinol, phosphate binder, and 
hydration [23]. These authors believe that both preventive measures 
and a progressive reduction in tumor load prevented the lysis syndrome. 
In the same way, we should discuss to continue radiotherapy with cor
ticosteroids prophylaxis when CRS occurs. 

Conclusion 

The findings in our report show that CRS and TLS are possibilities in 
a patient with multiple myeloma treated with local radiotherapy. It is 
important to consider this as an alternative diagnosis for patients with 
multiple dysfunctions and many symptoms. Our findings also emphasize 
the systemic effects of radiotherapy, with systemic symptoms such as 
associated cytokine release syndrome. For the future we need further 
description of this side effect because prevention is the main treatment, 
and it is crucial for a successful treatment. 

No statistical analysis was performed. 
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