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1 Summary

Osteosarcoma is the most common malignant bone tumor and is characterized by early 
micrometastasis. The introduction of systemic chemotherapy in addition to tumor resection has 
significantly improved the prognosis of patients [1,  2]. Therefore, multimodal therapy using 
neoadjuvant chemotherapy followed by wide tumor resection and adjuvant chemotherapy is 
now considered the standard of care. Thus, 5-year survival rates of 70% can be achieved [3]. 
Possible primary metastases must additionally be surgically removed if the goal of therapy is 
curative. High-dose radiotherapy is indicated only in case of incomplete tumor resection. In 
case of recurrence, complete metastasectomy has the highest priority. Second-line chemother-
apy for patients in second surgical remission is frequently performed but is not yet supported 
by prospective studies.

2 Basics

2.1 Definition and basic information

Osteosarcoma is a mesenchymal tumor disease characterized by the formation of immature 
bone substance (osteoid). Hematogenous metastasis must be assumed even at initial diagno-
sis. Predilection sites are the metaphyses of the long tubular bones (especially the knee region 
with distal femur and proximal tibia, but also the distal humerus), while involvement of the 
spine and pelvic skeleton is less common. In most patients, only a singular primary tumor 
lesion occurs [4- 6].

2.2 Epidemiology

Osteosarcoma is rare, with an annual incidence of about 0,2-0,3 per 100,000 persons (crude 
incidence rate). In Germany, 1934 cases were recorded in the regional cancer registries or the 
German Childhood Cancer Registry nationwide between 2010 and 2019, of which 885 occurred 
in women and girls. The disease accounts for just under a quarter of malignant tumors of bone. 
A clear age peak is in the 2nd decade, where osteosarcoma represents more than half of malig-
nant bone tumors. In European registries, another incidence peak is found in the 7th and 8th 
decades of life [7]. The overall slightly higher incidence in males results mainly from the signifi-
cantly higher incidence rates between the ages of 15 and 24 years (Figure 1). Accordingly, the 
median age at onset in men (30 years) is significantly lower than in women (40 years).

Slightly more than half of the cases involve the long tubular bones of the lower extremity, with 
this proportion exceeding 70% in childhood and adolescence and declining progressively with 
age. Relative 10-year survival rates are around 68% in both children and adolescents as well as 
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in young adults (up to 39 years) and decrease significantly in middle and older adulthood 
(40-65 years, 40%, 65 years and older, 15%) (Figure 2).

Figure 1: Annual incidence rates of osteosarcoma in Germany by age and gender (per 100,000 

persons, 2010-2019) 

Figure 2: Relative survival rates after diagnosis of osteosarcoma in Germany, by age group, period 

2015-2019* 

Legend:
* Results for the age group 0-17 years provided by the German Childhood Cancer Registry (2010-2019)

2.3 Pathogenesis

Osteosarcoma is a usually highly aggressive bone-derived sarcoma originating from pluripotent 
mesenchymal progenitor cells. Conventional osteosarcomas are mostly characterized by high 
genomic instability with complex karyotype and numerous numerical and structural aberrations 
[8]. Alterations in TP53 and RB1 are the most common recurrent aberrations. Approximately 
80% of osteosarcomas have additional alterations that are also found in cancers with homolo-
gous recombination repair deficiency [9].
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2.4 Risk factors

There are several known risk factors for the emergence of osteosarcoma:

 Ionizing radiation (typical time interval 12-16 years).

 Chemotherapy (especially alkylating substances)

 Paget's disease (in patients > 40 years)

 Genetic predisposition syndrome (e.g., RB1 mutation in retinoblastoma, TP53 muta-
tion in Li-Fraumeni syndrome, RECQL4 mutation in Rothmund-Thomson syndrome, 
RECQL4 mutation in RAPADILINO syndrome, and BLM and WRN mutations in Bloom and 
Werner syndromes).

3 Prevention and early detection

There is no evidence of effective measures for prevention and early detection in the general 
population. Individuals with known hereditary predisposition are excluded.

4 Clinical characteristics

The leading symptom is pain in the affected region, which often lasts for weeks and is load-
independent. In addition, there may be swelling or functional impairment. In about 10% of 
cases, a pathologic fracture is already present at first diagnosis [10]. General symptoms such 
as fever, weight loss, or a decreased general condition are usually lacking.

In osteosarcomas of the jaw, loosening of teeth and swelling may be early symptoms.

In approximately 10-20% of patients, macrometastases can already be detected at initial stag-
ing. The target organ is most frequently the lung, followed by the bones. In the remaining 
80-90% of patients, micrometastasis must be assumed at initial diagnosis. Detection of metas-
tasis at first diagnosis results in a worse prognosis [11].

5 Diagnosis

5.1 Diagnostic procedures

Careful history taking and complete physical examination are the basis of rational diagnostics. 
The following diagnostic measures are recommended (see Tables 1-3).

Table 1: Diagnostic procedures for new-onset symptoms 

 X-rays of the affected bone and adjacent joints in 2 planes
 Magnetic resonance imaging (MRI) of local findings according to standardized protocol*.
 Biopsy**

Legend:
*Initial diagnosis, MRI must include T1-weighted imaging of the entire tumor-bearing bone in the long axis to detect 
or exclude skip lesions. Subsequently, the scan should switch to a high-resolution coil and image the tumor with the 
adjacent joint (small imaging field) to accurately visualize local tumor spread. The slice orientation in the long axis 
depends on the anatomy of the adjacent joint (coronal at wrist, shoulder and hip joint, sagittal at knee and ankle). 
The following pulse sequences must be performed as a minimum:
Long axis: STIR, T1-weighted before and after intravenous contrast administration (incl. image subtraction)
Short axis: T2-weighted, T1-weighted with fat suppression after intravenous contrast administration
**Biopsy can be performed as punch biopsy or open biopsy. It is important that sufficient material is obtained and 
that a surgeon experienced in bone sarcoma therapy is involved in the diagnosis from the beginning.
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If the suspected diagnosis of osteosarcoma is confirmed on biopsy, staging is indicated (see 
Table 2). It is based on the most frequent localizations of metastases in patients with osteosar-
coma.

Table 2: Staging procedures 

 Thoracic computed tomography (CT)
 Bone scintigram or alternatively whole-body FDG-Positron Emission Tomography/CT or FDG-PET/MRI

Table 3: Optional diagnostic procedures 

Laboratory

 CBC and leukocyte differentiation
 Serum chemistry (incl. alkaline phosphatase and lactate dehydrogenase)
 Coagulation parameters
 Virology (hepatitis A-C, HIV)

Functional diagnostics

 Echocardiography, ECG
 Creatinine clearance
 Audiometry
 Pulmonary function diagnostics in case of pulmonary metastases

No specific laboratory biomarkers exist for osteosarcoma. Certain parameters should be deter-
mined before or also in the course of neo- and adjuvant chemotherapy.

Functional diagnostic tests are used to assess treatment feasibility before or to assess organ 
toxicities during chemotherapy. For patients with the desire for children, fertility-preserving 
measures should be discussed at an early stage and carried out if necessary.

5.2 Classification

5.2.1 Histological subtypes

Histological classification is based on the current WHO classification for tumors of soft tissue 
and bone (2020). Most osteosarcomas are highly malignant tumors (high grade; G3), but cases 
of intermediate (G2) or low malignancy (G1) also occur (see Table 4).

The most common are the highly malignant conventional osteosarcomas (80-90%), which arise 
in the medullary cavity of the bone (intramedullary). Parosteal and periosteal osteosarcomas 
arise from the bone surface.

Extraskeletal osteosarcomas are classified as soft tissue sarcomas according to the WHO classi-
fication.

Rarely, multifocal osteosarcoma may occur. In this case, it is difficult to distinguish whether the 
lesions are multiple, synchronous, primary osteosarcomas or metastases.

Secondary osteosarcomas occur, for example, in the context of Paget's disease of the bone or 
following irradiation.

5



Table 4: WHO classification of osteosarcoma 2020 (modified)  

Malignancy grade Osteosarcoma subtype

Grade 1 (low-grade)  Parosteal osteosarcoma
 Low-grade malignant central osteosarcoma

Grade 2 (intermediate)  Periosteal osteosarcoma

Grade 3 (high-grade)  Osteosarcoma with the following subtypes:
 Conventional osteosarcoma*
 Teleangiectatic osteosarcoma
 Small cell osteosarcoma

 High-grade malignant surface osteosarcoma

Legend:
*Conventional osteosarcoma is subdivided into osteoblastic, chondroblastic, and fibroblastic types depending on the 
histologic pattern. Morphologic variants such as giant cell-rich, osteoblastoma-like, or epithelioid osteosarcoma are 
also attributed to conventional osteosarcoma.

5.2.2 Staging

Classification of the extent of the primary tumor and metastasis is based on the American Joint 
Committee on Cancer (AJCC) TNM criteria (see Table 5).
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Table 5: TNM classification of bone tumors  

T - primary tumor

TX: Primary tumor cannot be assessed

T0: No evidence of primary tumor

 

Extremity skeleton, trunk, skull and facial bones

T1: Tumor 8 cm or less in greatest extension

T2: Tumor more than 8 cm in greatest extension

T3: Discontinuous spread in the primary affected bone

 

Spine

T1: Tumor limited to a single vertebral segment* or two adjacent vertebral segments

T2: Tumor limited to three adjacent vertebral segments*.

T3: Tumor limited to four adjacent vertebral segments*.

T4a: Tumor infiltrates the spinal canal

T4b: Tumor infiltrates the great vessels or tumor thrombosis within the great vessels

*the five spinal segments are: right pedicle, right vertebral body, left vertebral body, left pedicle, posterior element.

 

Pelvis

T1a: Tumor 8 cm or less in greatest extent and confined to a single segment* of the pelvis 
without extraosseous spread

T1b: Tumor more than 8 cm in greatest extent and confined to a single segment* of the 
pelvis without extraosseous spread

T2a: Tumor 8 cm or less in greatest extent and confined to a single segment* of the pelvis 
with extraosseous spread or two adjacent segments* of the pelvis without extraosseous 
spread

T2b: Tumor more than 8 cm in greatest extent and confined to a single segment* of the 
pelvis with extraosseous spread or two adjacent segments* of the pelvis without 
extraosseous spread

T3a: Tumor 8 cm or less in greatest extent and confined to two adjacent segments* of the 
pelvis with extraosseous spread

T3b: Tumor more than 8 cm in greatest extent and confined to two adjacent segments* of 
the pelvis with extraosseous spread

T4a: Tumor involving three segments* of the pelvis or crossing the sacroiliac joint into the 
sacral neuroforamen

T4b: Tumor encircles the external iliac vessels or macroscopically demonstrable tumor 
thrombosis in large iliac vessels

*the four pelvic segments are: Os sacrum, pelvic scapula, acetabulum/periacetabulum and pelvic branches, symphysis.

 

N - Regional lymph nodes

NX: Regional lymph nodes cannot be assessed

N0: No regional lymph node metastases

N1: Regional lymph node metastases
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M - distant metastases

M0: No distant metastases

M1: Distant metastases

M1a: Pulmonary metastases

M1b: Other distant metastases

 

Stage grouping (limb skeleton, trunk, skull, facial bones)

Stage IA T1 N0 M0 G1/GX Low grade

Stage IB T2, T3 N0 M0 G1/GX Low grade

Stage IIA T1 N0 M0 G2, G3 High grade

Stage IIB T2 N0 M0 G2, G3 High grade

Stage III T3 N0 M0 G2, G3 High

Stage IVA Each T N0 M1a Each G

Stage IVB Each T N1 Each M Each G

Each T Any N M1b Each G

6 Therapy

6.1 Treatment structure

Treatment decisions for patients with osteosarcoma should be made in a multidisciplinary 
tumor board and at a center experienced in treating osteosarcoma patients.

In the case of localized high-grade osteosarcoma, occult metastasis must be assumed at the 
time of initial diagnosis. Therefore, neoadjuvant chemotherapy is usually administered, fol-
lowed by resection and subsequent adjuvant chemotherapy. If the primary tumor has already 
been resected, all chemotherapy is adjuvant. The algorithm for first-line therapy is shown in 
Figure 3.
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Figure 3: Treatment of osteosarcoma 

Legend:
= curative intended therapy, = palliative therapy

*includes additionally neoadjuvant intended therapy, if primary surgery has been performed

6.1.1 First-line therapy

6.1.1.1 Low-grade osteosarcomas

In low-grade osteosarcomas (parosteal and low-malignant central osteosarcoma), therapy is 
primarily surgical due to the low metastatic potential. However, in case of detection of a high-
grade component (dedifferentiation), chemotherapy may be considered [12]. Smaller dediffer-
entiated areas are not yet a clear indication for chemotherapy in low-malignant central 
osteosarcoma [13, 14].

6.1.1.2 Periosteal osteosarcoma

In patients with periosteal osteosarcoma (intermediate risk), a benefit from chemotherapy has 
not yet been demonstrated [13- 15].
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6.1.1.3 High-grade osteosarcoma

6.1.1.3.1 Chemotherapy

The value of chemotherapy for high-grade osteosarcoma from the time of primary diagnosis is 
unequivocal. Although no survival advantage has been formally shown for neoadjuvant/adju-
vant versus adjuvant chemotherapy alone [16], the concept of neoadjuvant/adjuvant 
chemotherapy is preferred. This is especially true if an improvement in surgical resectability 
can be achieved by preoperative systemic treatment [6, 17, 18].

Response to neoadjuvant chemotherapy is considered an important prognostic factor. It has 
been shown that 5-year survival rates are much higher for patients with good histopathologic 
response (≥ 90% necrosis rate) than for patients with lower response (71-80% and 45-60% 
necrosis rate, respectively) [6][19- 21].

Doxorubicin, cisplatin, high-dose methotrexate (HD-MTX), and ifosfamide have proven antitu-
mor efficacy in osteosarcoma and are used as part of first-line therapy. Different chemotherapy 
protocols are recommended depending on patient age. HD-MTX at a dose of 12 g/m2 is used as 
a standard regimen only in younger patients (≤ 40 years), due to higher toxicity, and is 
replaced by ifosfamide in older age groups. In case of poor response to ifosfamide, there is an 
option to supplement HD-MTX with a slightly lower dose of 8 g/m2 (see below).

Retrospective data have shown that the time interval between tumor resection and the start of 
adjuvant chemotherapy has an impact on prognosis [22]. Adjuvant chemotherapy should there-
fore be started within 21 days of resection, if possible.

Patients in whom metastasis has already been detected at first diagnosis have a worse progno-
sis than patients with local tumor detection only. Lung metastases are prognostically more 
favorable than bone metastases. Nevertheless, long-term survival of 10-50% can be achieved 
even in these patients by multimodal treatment protocols with chemotherapy and resection 
(primary tumor and metastases) [23- 25]. Regarding the choice of chemotherapy, patients with 
primary metastatic disease are treated in the same way as patients with localized osteosar-
coma.

6.1.1.3.1.1 Patients up to 40 years of age

The treatment in this patient cohort is analogous to the standard arm in the EURAMOS-1 proto-
col with HD-MTX (12 g/m2), doxorubicin and cisplatin (MAP chemotherapy; Figure 4). The first 2 
cycles of MAP are neoadjuvant. This is followed postoperatively by 2 additional cycles of MAP 
and 2 cycles of HD-MTX and doxorubicin (MA). Addition of further agents or intensification of 
chemotherapy depending on histologic response in the EURAMOS-1 trial had not resulted in 
improved treatment outcomes, but in increased toxicity [10, 26, 27].
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Figure 4: MAP chemotherapy protocol 

Based on the results of a randomized American trial, which showed an overall survival benefit 
after the addition of the immunomodulator liposomal muramyl tripeptide phosphatidyl 
ethanolamine (L-MTP-PE) to postoperative chemotherapy, this agent was approved in combina-
tion with chemotherapy for the treatment of completely resected localized osteosarcoma in 
patients younger than 30 years of age [28]. However, according to various European and Amer-
ican osteosarcoma groups, these data are not sufficient to support the routine use of this agent 
outside of controlled clinical trials [29].

6.1.1.3.1.2 Patients older than 40 years

Due to the poorer tolerability of HD-MTX in this age group, therapy is analogous to the Euro-
B.O.S.S. protocol with doxorubicin, cisplatin, and ifosfamide (Figure 5) [30]. Poor histologic 
response is also considered a negative prognostic factor for elderly patients. The addition of 
HD-MTX at a reduced dose (8 g/m²) offers an additional option in this case (< 50% necrosis or 
Salzer-Kuntschik grade 5-6) [30].

Figure 5: Euro B.O.S.S. protocol 

6.1.1.4 High-grade craniofacial osteosarcoma/jaw osteosarcoma

Although the risk of distant metastasis is considered to be somewhat lower, therapy of high-
grade craniofacial osteosarcoma/jaw osteosarcoma should be performed in analogy to high-
grade osteosarcoma in other locations [7]. The prognosis after multimodal treatment with pre-
operative and/or postoperative chemotherapy is considered good [30-   33]. Because of the 
localization, which is usually difficult to access surgically, administration of all perioperative 
chemotherapy in the neoadjuvant setting with close monitoring may prove beneficial [34].
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6.2 Local therapy

6.2.1 Surgery

Surgery should be performed exclusively by surgeons experienced in bone sarcoma surgery 
who are also proficient in the required reconstructive techniques. Achieving R0 resection is the 
defined goal of surgery. In most cases, an extremity-preserving approach is possible.

It is desirable to perform the biopsy of an osteosarcoma at the same specialized center where 
the subsequent tumor resection is to be performed. A large retrospective analysis of data from 
the Cooperative Osteosarcoma Study Group (COSS) showed that the risk of local recurrence 
after an out-of-center biopsy is more than twice as high as when the biopsy is performed in the 
center [35] - a staggering finding considering that the development of local recurrence is asso-
ciated with a dramatic worsening of the probability of survival. The same analysis further 
emphasized the importance of treating patients in experienced centers, as limb preservation 
could be realized in 70% of patients in high-volume clinics compared with 51% in low-volume 
clinics [35].

Depending on the extent of bone destruction, there is a risk of pathologic fracture, especially in 
the region of the long tubular bones [35], which may be further increased after open biopsies. 
To reduce the risk of pathologic fracture in the long tubular bone region during neoadjuvant 
chemotherapy, temporary lower weight-bearing or even complete unloading of the affected 
lower extremity may be useful. However, unloading is also associated with muscle atrophy and 
secondary osteopenia, so it cannot be recommended as a standard. Since there is no estab-
lished risk score for the development of pathologic fractures, the question of the need for lower 
weight-bearing or unloading must be discussed individually with the primary orthopedist or 
trauma surgeon who takes the biopsy.

Taking into account the frequently metaphyseal localization of osteosarcoma in the extremities, 
defect reconstruction using tumor endoprostheses is preferred, with the advantages of rapid 
full weight-bearing of the affected limb and a good functional outcome. The 5-year implant sur-
vival is 78% for proximal femoral replacement, 65% for distal femoral replacement, and 61% 
for proximal tibial replacement. The most common reason for secondary amputation is local 
recurrence (63%) followed by periprosthetic infection (34%) [36].

In very young patients (< 5 years of age), the amputation rate is significantly increased 
because of limited reconstruction options. In the case of osteosarcomas in the femur and proxi-
mal tibia, rotationplasty is a reasonable alternative to amputation or implantation of growth 
endoprostheses in slightly older children. Rotationplasty is generally a one-time surgical proce-
dure. With the appropriate prosthetic fitting, patients are functionally and emotionally almost in 
line with the general population [37].

6.2.2 Radiotherapy

Radiation therapy may be considered for primary unresectable primary tumors or as adjuvant 
therapy in cases of high local recurrence risk and lack of options for R0 resection. Osteosar-
coma is considered relatively resistant to radiation. Therefore, modern, highly conformal radio-
therapy techniques such as IMRT or particle therapy with protons or heavy ions should be con-
sidered especially in case of curative intention in order to achieve high local doses. In case of 
R0 resection, there is no indication for adjuvant radiotherapy. However, radiotherapy can be 
used in a palliative treatment approach as an alternative to surgery and also symptom-directed 
therapy of metastases.
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6.2.3 Local therapy of metastases

Treatment of patients with primary metastatic osteosarcoma may follow the same principles as 
in patients without metastasis. In patients with lung metastases only, in whom all foci can be 
surgically removed, the 5-year survival may be as high as 44%. If other regions were also 
affected, 5-year survival was only 19% [38]. For palliative treatment of metastases in cases of 
fracture risk or pain, local radiotherapy may be considered.

Since L-MTP-PE has not resulted in any survival benefit in this group of patients, it should not be 
used outside of clinical trials in this setting either [39].

6.3 Special settings

6.3.1 Recurrence

Therapy in case of recurrence or metastasis depends on the time interval to primary therapy as 
well as the number and location of metastases [38]. For example, a preceding disease-free 
interval of 18 to 24 months, a maximum of 2 pulmonary metastases, and unilateral pulmonary 
involvement without pleural involvement are considered favorable prognostic factors.

Treatment should preferably be performed at an experienced center.

6.3.1.1 Potentially resectable disease

Therapy is primarily surgical if complete removal of the local recurrence and/or metastases can 
be achieved. About 1/3 of patients after 2nd surgical remissions survive longer than 5 years 
[40]. This is also true for repeated recurrences. If a surgical approach is not possible, alterna-
tive procedures such as (stereotactic) radiotherapy, radiofrequency ablation (RFA) or cryother-
apy can be used to treat lung metastases [7]. RFA and (stereotactic) radiotherapy can option-
ally also be used for the therapy of bone metastases [41].

The role of renewed adjuvant chemotherapy after achieving a 2nd surgical remission is not 
clear. Thus, retrospective analyses showed either no benefit, a benefit only in a subgroup (e.g., 
patients with ≥ 3 pulmonary metastases), or a small benefit [38, 40, 42]. We recommend that 
in patients with early recurrence (within 12 months), multiple metastases (≥ 3 lung metas-
tases), or pleural involvement, the use of second-line chemotherapy in addition to resection of 
all manifest tumor sites should be considered. Carboplatin and etoposide, high-dose ifosfamide 
alone or in combination with etoposide, gemcitabine, and docetaxel [43-  45], and cyclophos-
phamide and topotecan [46] may be used. Patients with late solitary pulmonary recurrence do 
not benefit from additional salvage chemotherapy, according to current knowledge [47]. Fur-
ther treatment in terms of maintenance therapy is not standard of care in second complete 
remission.

6.3.1.2 Non-resectable disease

Patients with non-resectable local recurrence or extensive metastasis are treated with palliative 
intent. In these patients, presentation to a molecular tumor board should be considered.

Depending on the general condition and the chemotherapy given so far, the same therapy regi-
mens as in chapter 6.3.1.1 can be considered. In addition to classical chemotherapeutic agents, 
the use of molecularly targeted drugs (alone or in combination), for which a prolongation of the 
progression-free interval has been reported from phase I/II studies, can also be considered (e.g. 
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sorafenib plus/minus everolimus [48,  49], gemcitabine/sirolimus [50], regorafenib [51,  52] or 
cabozantinib [53]).

Current studies also focus on the use of immune checkpoint inhibitors (ICI) in patients with 
advanced or metastatic osteosarcoma. In case of proven microsatellite instability (MSI-H) or 
mismatch repair deficiency (dMMR) or high tumor mutation burden (TMB-H), treatment with 
pembrolizumab or nivolumab/ipilimumab may be discussed [54- 56].

7 Rehabilitation

Surgery, radiation therapy and systemic tumor therapy can lead to therapy sequelae of varying 
severity that require targeted rehabilitative measures. In addition, there are the special psycho-
logical and social effects of cancer in adolescents and young adults.

Patients should be informed at an early stage about the possibilities of outpatient and inpatient 
rehabilitation measures as well as other claims arising from social law. With regard to the reha-
bilitation clinic, the patients' wishes should be taken into account (§9 SGB IX). Nevertheless, a 
recommendation should be made for a clinic with an oncological focus, which has special expe-
rience also in the age group of osteosarcoma patients. Furthermore, experience with patients 
after major tumor operations of the skeletal system is useful to ensure focussed physiotherapy.

8 Follow-up

The aim of follow-up procedures is the early detection of local recurrence or metastasis with the 
possibility of initiating specific therapy as early as possible, as well as the detection of late 
effects of therapy.

Follow-up (Table 6) includes a physical examination, chest radiography or alternatively low-dose 
chest CT (HR-CT), conventional radiography and MRI of the primary tumor region, and late fol-
low-up diagnostic tests. Imaging intervals are every 3 months for the first 2 years, semiannu-
ally for the 3rd to 5th years, and then annually until 10 years after primary diagnosis. If recur-
rence is suspected, FDG-PET/CT or FDG-PET MRI may be helpful in individual cases.

Table 6: Follow-up schedule 

Modality Time/interval (months)

0-24 24-60 >5 years

Every 3 months Every 6 months 1 x yearly

X-ray thorax or CT thorax x x x

X-ray primary tumor region x x x

MRI primary tumor region x x x
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